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{ALPHA- SUBSTITUTED ARALKYLAMING AND HETERCARYLALKYLAMING)
PYRIMIDINYL AND
1,3,5 -TRIAZINYL BENZIMIDAZOLES , PHARMACEUTICAL COMPOSITIONS
CONTAINING THEM, AND THESE COMPOUNDS FOR USE IN TREATING
PROLIFERATIVE DISEASES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the priority of U.S. Provisional
Application Nos. 61/468,502, filed March 28, 2011; 61/530,859, filed September 2, 2011;
and 61/560,699, filed November 16, 2011; the disclosure of cach of which is incorporated

herein by reference in its entirety.
FIELD

[0002] Provided herein are (alpha-substituted aralkylamino or heteroarylalkylamino)
pyrimidiny! and 1,3,5-triazinyl benzimidazoles, and their pharmaccutical compositions,

preparation, and usc as agents or drugs for treating proliferative diseases.
BACKGROUND

[0003] Phosphoinositide-3-kinases (P13Ks) arc a group of lipid kinases, which
phosphorylate the 3-hydroxyl of phosphoinositides. They are classified into at Jeast three
classes (classes 1, 11, and 1) and play an important role in cellular signaling (Stephens er al.,
Curr. Opin. Pharmacol. 2005, 5,357). Class | enzymes arc further classified into classes fa
and 1b based on their mechanism of activation. Class la PI3Ks are heterodimeric structures
consisting of a catalytic subunit (p110a, pL10f, or pl 108) in complex with a regulatory p85
subunit, while class-1b PI3K (p110y) is structurally similar but lacks the p85 regulatory
subunit, and instead is activated by By subunits of heterotrimeric G-proteins {Walker er al.,

Mol .Cell. 2000, 6, 909).

[0004] PI3Ks play a variety of roles in normal tissue physiology (Foukas & Shepherd,
Biochem. Soc. Trans. 2004, 32, 330; Shepherd, Acta Physiol. Scand. 2005, 183, 3), with
pl10a having a specific role in cancer growth, pl10[ in thrombus formation mediated by
integrin onfPs (Jackson ef al., Nat. Med. 2005, 11, 507), and p110y in inflammation,
rheumatoid arthritis, and other chronic inflammation states (Barber ef al., Nat. Med. 2005, 11,

933; Camps et al., Nat. Med. 2005, 11, 936; Rommel et al., Nat. Rev. 2007, 7, 191, and Tto, et
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al., J. Pharm. Exp. Therap. 2007, 321, 1). Therefore, there is a need for PI3K inhibitors for

treating cancer and/or inflammatory diseascs.
SUMMARY OF THE DISCLOSURE

[0005] Provided herein is a compound of Formula I
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or an enantiomer, a mixture of enantiomers, a mixture of two or more diastercomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof, wherein:

X, Y, and Z are cach independently N or CR, with the proviso that at least
two of X, Y, and Z are nitrogen atoms; where R™ is hydrogen or €6 alkyl;

R' and R* are cach independently (a) hydrogen, cyano, halo, or nitro; (b)
Cie alkyl, Cog alkenyl, Cos alkynyl, Cs 1o cycloalkyl, Cg.1a aryl, Cyy5 aralkyl, heteroaryl, or
heterocyelyl; or (¢) —C(OR™, ~C(O)YOR™, ~C(ONR"R'S, -C(NR'NR PR, —OR ",
~OC(O)R", ~OC(OYOR ', -OC(OINRPR, ~OC(=NR™NR'PR', -OS(OIR", ~OS(O)LR,
~OS(OYNR'PR’, —~O8(0),NRPR'C, -NRM RS, -NRMC(O)R'4, -NR"'C(OYOR ",
“NRPC(OINR"R', -NRC(E=NRMONR PR, -NRUS(O)R 'Y, -NR/*S(0),R ™,
“NRMS(O)NRR'C, -NR"S(0),NR"R'¢, -8R ", =S(OIR™, —S(O)R ", ~S(O)NR'"R, or
~S(0),NR'PR®; wherein each R™, R'*, R*, and R' is independently (i) hydrogen; (if)
Cys alkyl, Cyg alkenyl, Cog alkynyl, Ca_ip cycloalkyl, Ce14 aryl, Cr.15 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R'® and R'® together with the N atom to which they are attached form
heterocyclyl;

R’ and R* are each independently hydrogen or Cy alkyl; or R and R* are
linked together to form a bond, C, ¢ alkylene, Cys heteroalkylene, Cos alkenylene, or
(o heteroalkenylene;

R>"is (a) hydrogen or halo; (b) Cy.4 alkyl, Cypg alkenyl, Co alkynyl,

o
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Ca.10 cycloallyl, Cg.ia aryl, Crs aralkyl, heteroaryl, or heterocyclyl; or (¢) —C(O)R",
~C(OYOR'™, —C(OINR PR, -C(NR'NR "R, ~OR'*, ~OC(O)R", ~OC(O)ORY,
~OC(OINR""R!®, ~OC(=NR™NR PR, —OS(OIR "™, ~OS(0),R"", ~OS(ONR'PR ',
~OS(0),NRPR'S, NRPRY, “NRPC(O)RY, -NR™*C(O)OR Y, - NR*C(O)NR PR,
SNRUCENRONRIRY, SNRHUS(OR, -NRPS(O),R Y, -NRUS(OINRIPRY,
“NR'S(0),NRPRY, -SR'*, —=S(OIR'*, —S(O),R ™, ~S(OINR'R, or —S(0),NR PR,
5

R*" is (a) halo; (b) C)4 alkyl, Cyg alkenyl, Cy6 alkynyi, Cayo cycloalkyl,
Cs.14 aryl Cois aralkyl hetemaryl or hctcrocyc]yi' or (c) ~C{OYR, —C(O)ORI?l

—OC(:NR‘ ‘)NR“)R", --»OS(O_)R‘ *, -~-05(0)7_Rf —OS(O)NR “’R“, -OS(O)ZNR”’ 1‘%, —NR"-’R“,
“NRC(O)R', -NRUC(O)OR, -NRUC(O)NR PR, =NR'*C(=NR')NR'"R',
~NR"MSO)RY, -NRIS(0)R"Y, -NRS(ONRR'®, -NRS(0),NR "R, =SR'* ~S(O)R™,
g (0)25‘11&, g (O)NR_”’RIC, or ~S(0),NR leic;

R i§ ~(CRR®),~(Ce.14 aryl) or (CR*'R*®),~heteroaryl;

R and R™ arc cach independently (a) hydrogen or halo; (b) C alkyl,
Cy alkenyl, Cyp alkynyl, Caiig cycloalkyl, Ceiq aryl, Coys aralkyl, heteroaryl, or heterocyclyl,
or (¢) ~C(O)R'®, —C(DYOR™, —C(OINRR ", ~-C(NR"NR PR ¢, ~OR™, ~OC(O)R"®,
—OC(0)OR'®, —OC(OINRPR'®, ~OC(=NR'NR"R'®, —~OS(O)R’?, ~OS(O),R ™,
~OS(OWNRPR™, —OS(0),NR R’ -NR'R® -NR"C(O)R"?, -NR*C(O)OR,
——NR“‘C(O)N’R“’R“ ~--NR“‘C(ZNRM)NR”’R’“ ~--»’\TR““§(O)RM -~--NR“‘<§((})QR”

—S(O}ZNR”’R“;

R and R*® are cach independently (a) hydrogen or halo; (b) Cy alkyl
Cy alkenyl, Cy 6 alkynyl, Ci1g cycloalkyl, Cs14 aryl, Cqys aralkyl, heteroaryl, or heterocyclyl;
or (c) —C(O)‘{“‘ ~C(O)OR", --~C(0}NR”“R“‘ —C(NR“‘)NR“’R e --OR“‘ —0(*(0)1{*“,

--03(0)\'1{”’““, —Os{b)zN““R“ ~-NR‘b“]° w‘“f (O)R} NR“C(O}OR"’,
NR“”(O)NR”’R“ —\IR“Q(W\““‘)NR“’R“ mzw'R“S,(O)REd —NR"‘S(O%P i

—S(O)zNR"bRi‘; or (d) when one occurrence of R* and one occurrence of R’ are attached to
the same carbon atom, the R¥ and R together with the carbon atom to which they arc
attached form a Cy g cycloalkyl or heterocyclyl;

RS is hydrogen, C . alkyl, =S—C ¢ alkyl, ~S(0)-Cy alkyl, or



~SO»—C,; ¢ alkyl;

misQorl;and

nis0,1,2,3,0r4;

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl in R', R R,
R* RS R¥ R™ R'™ R'™ R R™ R® R* R R* R and R* is optionally substituted with
one or more, in one embodiment, one, two, three, or four, substituents Q, wherein each
substituent Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) C;.¢ alkyl,
Cy alkenyl, Co6 alkynyl, Cs.q9 cycloalkyl, Ce.14 aryl, C7.15 aralkyl, heteroaryl, and
heterocyelyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q%; and (c) —~C(O)R?, -C(O)OR?,
~C(O)NRR®, ~C(NR*)NRPR’, ~OR?, ~OC(O)R?, ~OC(O)OR?, ~OC(O)NRR®,
~OC(=NR*NR’R®, ~OS(O)R?, ~OS(0),R?, ~OS(O)NR"R®, ~OS(0),NR’R®, -NRR’,
~NR’C(O)RY, -NR*C(O)ORY, -NR*C(O)NRR®, -NR*C(=NRH)NR°R®, -NR*S(O)R",
~NR*S(O)R?, -NR*S(O)NRR’, -NR*’S(O),NRR’, ~SR?, ~S(O)R?, —S(O),R?, ~S(O)NR R,
and —S(O),NRR’, wherein each R*, R”, R®, and R? is independently (i) hydrogen; (ii)
C,.¢ alkyl, Cy¢ alkenyl, Co4 alkynyl, Cs_19 cycloalkyl, Ce.14 aryl, Co.y5 aralkyl, heteroaryl, or
heterocyclyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q% or (iii) R” and R® together with the N
atom to which they are attached form heterocyclyl, which is further optionally substituted
with one or more, in one embodiment, one, two, three, or four, substituents Q%

wherein each Q" is independently selected from the group consisting of (a)
0X0, cyano, halo, and nitro; (b) C,.6 alkyl, Co alkenyl, Cy.6 alkynyl, Cs.j¢ cycloalkyl,
Ce.14 aryl, Cy.15 aralkyl, heteroaryl, and heterocyclyl; and (¢) ~C(O)R®, ~C(O)ORF,
~C(O)NR'RE, -C(NR®NR'RE, ~OR®, ~OC(O)R¢, ~OC(O)OR, ~OC(O)NR'RE,
~OC(=NRY)NR'RE, ~OS(O)R®, ~OS(O),R*, ~OS(O)NR'RE, ~OS(0),NR'RE, “NR'RE,
—NRC(O)R", -NR°C(O)OR", -NRC(O)NR'RE, -NR°C(=NR")NR'RE, ~-NR*S(O)R",
~NR°S(O),R", -NR°S(O)NR'RE, -NR°S(0),NR'RE, —SR*, ~S(O)R, —S(0):R®, =S(O)NR'RE,
and —~S(0),NR'R®; wherein each R%, R', R€, and R" is independently (i) hydrogen; (ii)
Ci.¢ alkyl, Cyp6 alkenyl, Co alkynyl, Cs.yo cycloalkyl, Ce.14 aryl, Cr.y5 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R"and RE to gether with the N atom to which they are attached form
heterocyclyl. ‘



{0005a] In a first aspect, there is provided a compound of Formula I:
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or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof;
wherein:

X, Y, and Z are each independently N or CR*, with the proviso that at least
two of X, Y, and Z are nitrogen atoms; where R* is hydrogen or C.¢ alkyl;

R’ and R? are each independently (a) hydrogen, cyano, halo, or nitro;
(b) Cy.6 alkyl, Cy. alkenyl, Co¢ alkynyl, Cs.g cycloalkyl, Ce.14 aryl, Cy.;5 aralkyl, heteroaryl,
or heterocyclyl; or (¢) —C(O)R'?, —C(O)OR™, —C(O)NR'PR'®, -C(NR')NR'*R ", ~OR"?,
~OC(O)R'?, —OC(OYOR™, ~OC(O)NR'*R'®, ~OC(=NR'*)NR'PR°, ~OS(O)R'?, ~OS(O),R ",
~OS(O)NR'R'®, —OS(0),NR'*R®, -NR'*R", -NR"*C(O)R 'Y, -NR*C(0)OR ",
~“NRM2C(O)NR'PR¢, -NR*C(=NR')NR'*R', -NR*S(O)R ', -NR'*S(0),R ¢,
~NR"™S(O)NR’R¢, -NR'*S(0),NR'’R*¢, ~SR'®, ~S(O)R'*, —S(0),R"?, ~S(O)NR'*R°, or
~S(0),NR'"R'; wherein each R'*, R'*, R'®, and R'" is independently (i) hydrogen;
(ii) Cy.6 alkyl, Co alkenyl, Cy6 alkynyl, Cs.1¢ cycloalkyl, Ce.14 aryl, Cy.i5 aralkyl, heteroaryl,
or heterocyclyl; or (iii) R'® and R'® together with the N atom to which they are attached form
heterocyclyl;

R? and R* are each independently hydrogen or Cy.s alkyl; or R* and R* are
linked together to form a bond, C;¢ alkylene, C, heteroalkylene, C,.¢ alkenylene, or
Cy.¢ heteroalkenylene;

R is (a) hydrogen or halo; (b) Cy.¢ alkyl, Co.¢ alkenyl, Ca.g alkynyl,
Cs.10 cycloalkyl, Ce.14 aryl, Cq.15 aralkyl, heteroaryl, or heterocyclyl; or (¢) wC(O)Rla,
~C(O)OR™, —C(O)NR'"R'¢, —-C(NR'™)NR'"R', ~OR", ~OC(O)R"*, ~OC(O)OR'?,
~OC(O)NR'R¢, ~OC(=NR)NR'PR ', ~OS(O)R"?, ~OS(0),R"*, ~OS(O)NR'*R*,
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~OS(0),NR'®R" —_NR™R', -NR"*C(O)R, -NR"C(O)OR ¢, -NR*C(O)NR'*R ",
~NREC(ENRINRPR®, -NRS(O)R 'Y, ~NR'*S(0),R ¢, -NR'*S(O)NR "R,
~NR"S(0),NR"PR’, ~SR'?, ~S(O)R ', —S(O),R ', =S(O)NR '*R*, or —-S(0),NR'°R"";

R is (a) halo; (b) Cy.6 alkyl, Ca.6 alkenyl, Cy6 alkynyl, Cs.10 cycloalkyl,
Cé.14 aryl, Cy.is aralkyl, heteroaryl, or heterocyclyl; or (c) —C(O)R'?, ~C(O)OR ™,
~C(O)NR'PR'®, -C(NR')NR'"R'®, ~OR'*, ~OC(O)R", ~OC(O)OR ", ~-OC(O)NR'*R",
~OC(E=NRIMNRPRY, ~OS(0)R™, ~OS(0),R"?, ~OS(O)NR'PR'®, —~OS(0),NR'®R'¢, -NR'®R',
~NR"™C(O)R!, -NR'*C(O)OR ¢, ~NR*C(O)NR'°R'®, -NR*C(=NR'$)NR'°R ",
~NR™S(O)R'¢, -NR'*S(0),R !¢, -NR*S(O)NR'’R'°, -NR'*S(0),NR'’R'®, -SR", —S(O)R %,
~S(0),R", —S(O)NR'PR'®, or —~S(O)NR'PR!S;

R is «(CRR®);~(Cg.14 aryl) or ~(CR*'R>%)~heteroaryl;

R> and R* are each independently (a) hydrogen or halo; (b) Ci.6 alkyl,
Cy¢ alkenyl, Cy.¢ alkynyl, Cs.y¢ cycloalkyl, Cq.j4 aryl, Cr.i5 aralkyl, heteroaryl, or heterocyclyl;
or (¢) ~C(O)R'®, ~C(O)OR'™®, ~C(O)NR'*R'*, ~-C(NR')NR!’R¢, ~OR"®, ~OC(O)R ",
—OC(0)OR'™®, ~OC(O)NR'PR'®, ~OC(=NR'*)NR'®R'®, ~OS(O)R"?, ~OS(O),R ",
~OS(O)NRPR®, ~0S(0),NR'PR'®, -.NR'* R, -NR'*C(O)R'?, -NR"*C(O)OR Y,
~NR"“C(O)NR'"R!, -NR*C(=NR')NR'°R ¢, -NR!*S(0O)R¢, -NR*S(0),R "¢,
-NR"™S(O)NR!°R'®, -NR'*S(0),NR'"R ¢, ~SR"?, ~S(O)R'?, =S(0O),R ", ~S(O)NR'*R¢, or
~S(0),NR'R®:

R and R’® are each independently (a) hydrogen or halo; (b) Cy.6 alkyl,
Cs. alkenyl, Cy4 alkynyl, Cs.19 cycloalkyl, Cs.14 aryl, C7.;5 aralkyl, heteroaryl, or heterocyclyl;
or (c) ~C(O)R", -C(O)OR', ~C(O)NR'PR'*, -C(NR')NR'’R ', -OR"*, ~OC(O)R",
~OC(0)OR'™, ~OC(O)NR'R, ~OC(=NR'*)NR'°R'®, ~OS(O)R**, ~OS(O).R ",
~OS(O)NRPR™, ~OS(0),NR'PR'®, -NR'PR', -NR"*C(O)R %, -NR"*C(O)OR ",
“NR™C(O)NR'® R, -NR*C(=NR!)NR'’R'®, -NR'*S(O)R !¢, -NR'™*S(0),R ",
~NR™S(O)NRPR', -NR™S(0),NR'’R'®, ~SR™* ~S(O)R'?, =S(0),R ", =S(O)NR'®R'¢; or
~S(0),NR'R'; or (d) when one occurrence of R and one occurrence of R°® are attached to
the same carbon atom, the R* and R*® together with the carbon atom to which they are
attached form a Cs_jo cycloalkyl or heterocyclyl;

R® is hydrogen, Cy.¢ alkyl, —S—C). alkyl, —S(0)~Cj.¢ alkyl, or
—S0,-Ci.¢ alkyl;

mis0orl;and

nis0,1,2,3,or4;
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wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl in R, R%, R,
RY RS, RX R™ R™, R R R™ R® R R R R and R* is optionally substituted with
one or more, in one embodiment, one, two, three, or four, substituents Q, wherein each
substituent Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) C,.¢ alkyl,
Cys alkenyl, Cy4 alkynyl, Cs_59 cycloalkyl, Cq.14 aryl, Cr.q5 aralkyl, heteroaryl, and
heterocyclyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q%; and (c) -C(O)R?, ~C(O)OR?,
~C(O)NRR®, <C(NR*NRR®, ~OR? ~OC(O)R?, ~OC(O)OR?, ~OC(O)NR R,
~OC(=NRY)NRPRE, ~OS(O)R?, —~OS(O),R?, ~OS(O)NRR®, ~OS(0),NR"R®, -NR"R",
—NR*C(O)RY, ~NR*C(O)OR?, -NR*C(O)NRR®, ~NR*C(=NR)NRR®, -NR*S(O)R,
~NR*S(0),RY, -NR*S(O)NR°R®, -NR*S(0),NR°R®, ~SR?, ~S(O)R?, —S(O),R?, ~S(O)NRR’,
and —S(O),NRR®, wherein each R?, R®, R®, and R® is independently (i) hydrogen;
(i1) Ci6 alkyl, Co6 alkenyl, Co.¢ alkynyl, Cs.1g cycloalkyl, Ce.14 aryl, Cy.15 aralkyl, heteroaryl,
or heterocyclyl, each of which 1s further optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q% or (iii) R® and R® together with the N
atom to which they are attached form heterocyclyl, which is further optionally substituted
with one or more, in one embodiment, one, two, three, or four, substituents Q%

wherein each Q" is independently selected from the group consisting of (a) oxo,
cyano, halo, and nitro; (b) C, alkyl, Cs¢ alkenyl, Co alkynyl, Cs.19 cycloalkyl, Ce_14 aryl,
C.15 aralkyl, heteroaryl, and heterocyclyl; and (¢) ~C(O)R®, ~C(O)OR®, ~C(O)NR'RE,
—C(NR®NR'RE, ~OR®, ~OC(O)RE, ~OC(O)ORE, ~OC(OINR'RE, ~OC(=NR*)NR'RE,
~OS(0)R®, ~OS(O),R, ~OS(0)NR'RE, ~OS(O),NR'RE, ~NR'RE, -NR°C(O)R”,
~“NR°C(O)OR", ~NR°C(O)NR'RE, -NRC(=NR"NR'RE, -NR°S(O)R", -NR*S(O),R",
~NR°S(O)NRRE, ~NR°S(0),NR'RE, ~SR®, ~S(O)R®, —S(O),R®, ~S(O)NR'RE, and
~S(O),NR'RE; wherein each R®, RY, R€, and R" is independently (i) hydrogen; (ii) Cy. alkyl,
Cy.6 alkenyl, Co¢ alkynyl, Csq cycloalkyl, Ce.14 aryl, Co.y5 aralkyl, heteroaryl, or heterocyclyl;

or (iii) R' and RE together with the N atom to which they are attached form heterocyelyl.

[0006] In one embodiment, m is 0; and R* and R are each independently (a) halo:

4¢



(b) Cy.6 alkyl, C,4 alkenyl, Cy4 alkynyl, Cs.10 cycloalkyl, Cg.14 aryl, C7.i5 aralkyl, heteroaryl,
or heterocyclyl; or (c) =C(O)R'?, —C(O)OR %, ~C(O)NR'°R'®, -C(NR'*)NR'*R'¢, -OR ",
~OC(O)R"?, ~OC(O)OR'®, ~OC(O)NR'’R®, ~OC(=NR')NR'’R!‘, ~OS(O)R", ~OS(O),R ",
~OS(O)NR!®R*, ~OS(0),NR"R'®, -NR™R®, -NR*C(O)R"¢, -NR"*C(O)OR ",
~NR®*C(O)NR'R', -NR"®*C(=NR'YNR'*R*, -NR"S(O)R"?, -NR"S(0),R 9,
~NRS(O)NR'®R'®, -NR'*S(0),NR'"R'®, —=SR"*, ~S(O)R'%, =S(0),R"?, ~S(O)NR'R'®, or
~S(0),NR'*R".

[0007] Also provided herein are pharmaceutical compositions comprising a
compound disclosed herein, e.g., a compound of Formula I, or an enantiomer, a mixture of
enantiomers, a mixture of two or more diastereomers, or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof; and one or more

pharmaceutically acceptable excipients.

[0007a] In a second aspect, there is provided a pharmaceutical composition comprising
the compound as defined above, or an enantiomer, a mixture of enantiomers, or a mixture of
two or more diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof; and one or more pharmaceutically acceptable excipients.

[0008] Furthermore, provided herein is a method for treating, preventing, or
ameliorating one or more symptoms of a PI3K-mediated disorder, disease, or condition in a
subject, comprising administering to the subject a therapeutically effective amount of a
compound disclosed herein, e.g., a compound of Formula I, or an enantiomer, a mixture of
enantiomers, a mixture of two or more diastereomers, or an isotopic variant thereof; or a

pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof.

[0009] Provided herein is a method for treating, preventing, or ameliorating one or
more symptoms of a PI3Kd-mediated disorder, disease, or condition in a subject, comprising
administering to the subject a therapeutically effective amount of a compound disclosed
herein, e.g., a compound of Formula 1, or an enantiomer, a mixture of enantiomers, a mixture
of two or more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable

salt, solvate, hydrate, or prodrug thereof.



[0010] Provided herein is a method for treating, preventing, or ameliorating one or
more symptoms of a proliferative disease in a subject, comprising administering to the
subject a therapeutically effective amount of a conipound disclosed herein, e.g., a compound
of Formula I, or an enantiomer, a mixture of enantiomers, a mixture of two or more
diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,

hydrate, or prodrug thereof.

[0010a] In a third aspect, there is provided the use of a compound as defined above or
the pharmaceutical composition as defined above in the manufacture of a medicament for the
treatment, prevention, or amelioration of one or more symptoms of a PI3K-mediated disorder,

disease, or condition in a subject.

Sa



[0011] Provided herein is a method for modulating PI3K activity, comprising
contacting a PI3K with an effective amount of a compound disclosed herein, e.g., a
compound of Formula I, or an enantiomer, a mixture of enantiomers, a mixture of two or
more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt,

solvate, hydrate, or prodrug thereof.

[0012] Provided herein is a method for modulating PI3KS$ activity, comprising
contacting PI3K with an effective amount of a compound disclosed herein, e.g., a compound
of Formula I, or an enantiomer, a mixture of enantiomers, a mixture of two or more
diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,

hydrate, or prodrug thereof.

[6013] Provided herein is a method for selectively modulating PI3K$ activity,
comprising contacting P13K6 with an effective amount of a compound disclosed herein, e.g.,
a compound of Formula I, or an enantiomer, a mixture of enantiomers, a mixture of two or
more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt,

solvate, hydrate, or prodrug thereof.

[0013a] In a fourth aspect, there is provided an in vifro method for modulating PI3K
enzymatic activity, comprising contacting a PI3K enzyme with the compound as defined

above or the pharmaceutical composition as defined above.

DETAILED DESCRIPTION
[0014] To facilitate understanding of the disclosure set forth herein, a number of
terms are defined below.
[0015] Generally, the nomenclature used herein and the laboratory procedures in

organic chemistry, medicinal chemistry, and pharmacology described herein are those well
known and commonly employed in the art. Unless defined otherwise, all technical and
scientific terms used herein generally have the same meaning as commonly understood by

one of ordinary skill in the art to which this disclosure belongs.



[0016] The term “subject” refers to an animal, including, but not limited to, a primate
(e.g., human), cow, pig, sheep, goat, horse, dog, cat, rabbit, rat, or mouse. The terms “subject”
and “patient” are used interchangeably herein in reference, for example, to a mammalian

subject, such as a human subject, in one embodiment, a human.

[0017] The terms “treat,” “treating,” and “treatment” are meant to include alleviating

or abrogating a disorder, disease, or condition, or one or more of the symptoms associated
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with the disorder, disease, or condition; or alleviating or eradicating the cause(s) of the

disorder, discase, or condition itself

2% 4<

[0018] The terms “prevent,” “preventing,” and “prevention” are meant to include a
method of delaying and/or precluding the onsct of a disorder, discase, or condition, and/or its
attendant symptoms; barring a subject from acquiring a disorder, disease, or condition; or

reducing a subject’s risk of acquiring a disorder, discase, or condition.

[0019] The term “therapcutically effective amount” are meant to include the amount
of a compound that, when administered, i1s sufficient to prevent development of, or alleviate
to some extent, one or morc of the symptoms of the disorder, disease, or condition being
treated. The term “therapeutically cffective amount” also refers to the amount of a compound
that is sufficient to elicit the biological or medical response of a biological molecule (e.g., a
protein, enzyme, RNA, or DNA), cell, tissue, syster, animal, or human, which is being

sought by a rescarcher, veterinarian, medical doctor, or clinician.

[0020] The term “pharmaccutically acceptable carricr,” “pharmaceutically acceptable

ERINSS

cxcipient,” “physiologically acceptable carrier,” or “physiologically acceptable excipient”
refers to a pharmaceutically-acceptable material, composition, or vehicle, such as a liquid or
solid filler, dilucat, solvent, or encapsulating material. In one embodiment, cach component
1s “pharmaceutically acceptable” in the sense of being compatible with other ingredients of a
pharmaccutical formulation, and suitable for use in contact with the tissue or organ of
humans and animals without excessive toxicity, irritation, allergic response, immunogenicity,
or other problems or complications, commensurate with a reasonable benefit/risk ratio. See,
Remington: The Science and Practice of Pharmacy, 21st Edition, Lippincott Williams &
Wilkins: Philadelphia, PA, 2005; Handbook of Pharmaceutical Excipients, 5th Edition, Rowe
et al., Eds., The Pharmaceutical Press and the American Pharmaceutical Association: 2005,
and Handbook of Pharmaceuticul Additives, 3rd Edition, Ash and Ash Eds., Gower
Publishing Company: 2007, Pharmaceutical Preformulation and Formulation, 2nd Edition,

Gibson Ed., CRC Press 1LLL.C: Boca Raton, FL, 2009,

[0021] The term “about” or “approximately™ means an acceptable error for a
particular value as determined by one of ordinary skill in the art, which depends in part on
how the value is measured or determined. In certain embodiments, the term “about” or

“approximately” means within 1, 2, 3, or 4 standard deviations. In certain embodiments, the
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term ““about” or “approximately” mcans within 50%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%,

4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or range.

[0022] The terms “active ingredient” and “active substance” refer to a compound,
which is administered, alone or in combination with one or more pharmaceutically acceptable
excipients, to a subject for treating, preventing, or ameliorating one or more symptoms of a
disorder, disease, or condition. Asuscd herein, “active ingredient” and “active substance”

may be an optically active isomer of a compound described herein.

[0023] The terms “drug,” “therapeutic agent,” and “chemotherapcutic agent” refer to
a compound, or a pharmaceutical composition thereof, which is administered to a subject for
treating, preventing, or ameliorating one or more symptoms of a disorder, discase, or

condition.

[0024] The term “naturally occurring” or “native” when used in connection with
biological materials such as nucleic acid molecules, polypeptides, host cells, and the like,
refers to materials which are found in nature and are not manipulated by man. Similarly,
“non-naturally occurring” or “non-native” refers to a material that is not found in nature or

that has been structurally modified or synthesized by man.

[0025] The term “PI3K” refers to a phosphoinositide 3-kinase or variant thercof,
which is capable of phosphorylating the inositol ring of PI i the D-3 position. The term
“PI3K variant” is intended to include proteins substantially homologous to a native PI3K, i.e.,
proteins having onc or more naturally or non-naturally occurring amino acid deletions,
msertions, or substitutions (e.g., PI3K derivatives, homologs, and fragments), as compared to
the amino acid sequence of a native PI3K. The amino acid sequence of a PI3K variant is at
least about 80% identical, at Ieast about 90% identical, or at least about 95% identical to a
native PI3K. Examples of PI3K include, but are not limited to, p110a, pl 108, pl103, p110y,
PI3K-C2q, PI3K-C2B, PI3K-C2y, Vps34, mTOR, ATM, ATR, and DNA-PK. See, Fry,
Biochem. Biophys. Acta 1994, 1226, 237-268, Vanhaescbroeck and Waterfield, Exp. Cell.
Res. 1999, 253, 239-254; and Fry, Breast Cancer Res. 2001, 3, 304-312. PI3Ks are classified
into at least four classes. Class I includes pl10a, pl108, p1103, and pl10y. Class I includes
PI3K-C2a, PI3K-C28, and PIZK-C2y. Class Il includes Vps34. Class IV includes mTOR,
ATM, ATR, and DNA-PK. In certain embodiments, the PI3K 1s a Class 1 kinase. In certain
embodiments, the PI3K 1s p110a, p110B, p1103, or p110y. In certain embodiments, the PI3K

8-



WO 2012/135168 PCT/US2812/030640

is a variant of a Class 1 kinase. In certain embodiments, the PI3K is a p110a mutant.
Examples of p1 100 mutants include, but arc not himited to, R38H, G106V, K111N, K227E,
N345K, C420R, P539R, ES542K, ES45A, ES45G, E545K, Q546K, Q546P, E453Q, H710P,
18001, T1025S, M10431, M1043V, HI047L, H1047R, and H1047Y (Ikenoue et al., Cancer
Res. 2005, 65, 4562-4567; Gymnopoulos et al., Proc. Natl. Acad. Sci., 2007, 104, 5569-5574).
In certain embodiments, the PI3K 1s a Class T kinase. In certain embodiments, the PI13K is
PI3K-C2¢, PI3K-C2P, or PI3K-C2y. In certain embodiments, the PI3K is a Class 1 kinase,
In certain embodiments, the PI3K is Vps34. In certain embodiments, the PI3K is a Class IV

kinase. In certain cmbodiments, the PI3K 1s mTOR, ATM, ATR, or DNA-PK.

[0026] The terms “Pl3K-mediated disorder, discase, or condition” and “a disorder,
discase, or condition mediated by PI3K” refer to a disorder, discase, or condition
characterized by abnormal or dysregulated, e.g., less than or greater than normal, PI3K
activity. Abnormal PI3K functional activity might arisc as the result of PI3K overexpression
o cells, expression of PI3K in cells which normally do not express PI3K, or dysregulation
due to constitutive activation, caused, for example, by a mutation in PI3K. A PI3K-mediated
disorder, disease, or condition may be completely or partially mediated by abnormal PI3K
activity. In particular, PI3K-mediated disorder, diseasc, or condition is one in which
modulation of & PI3K activity results in some cffect on the underlying disorder, disease, or
condition, e.g., a PI3K inhibitor results in some Improvement in at least some of patients

being trcated.

[0027] The terms “p1103-mediated disorder, disease, or condition,” “a disorder,
disecasce, or condition mediated by p1109,” “P13Ké-mediated disorder, disease, or condition,”
and *‘a disorder, disease, or condition mediated by PI3K3" refer to a disorder, disease, or
condition characterized by abnormal or dysregulated, e.g., less than or greater than normal,
p1108 activity. Abnormal p1108 functional activity might arisc as the result of p1103
overexpression in cells, expression of p110d in cells which normally do not express p1 103, or
dysregulation due to constitutive activation, caused, for example, by a mutation in p1103. A
pl103-mediated disorder, disease, or condition may be completely or partially mediated by
abnormal p1106 activity. In particular, pl10d-mediated disorder, disease, or condition is one
in which modulation of a p1108 activity results in some effect on the underlying disorder,
disease, or condition, e.g., a pI 100 inhibitor results in some improvement in at {east some of

patients being treated.
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[0028] The term “alky!” refers to a linear or branched saturated monovalent
hydrocarbon radical, wherein the alkylene may optionally be substituted with onc or more
substituents (} as described herein. The term “alkyl” also encompasses both linear and
branched alkyl, unless otherwise specified. In certain embodiments, the alkyl is a linear
saturatcd monovalent hydrocarbon radical that has 1 to 20 (Ci0), | to 15 (C11s), 110 10
(Ciy0), or 1 to 6 (Ci) carbon atoms, or branched saturated monovalent hydrocarbon radical
of 3 10 20 (Cyp0), 310 15 (Cays), 3 to 10 (Cs ), or 3 to 6 (Cag) carbon atoms. As used
herein, lincar Cj.6 and branched Cag alkyl groups are also referred as “lower alkyl.”
Examples of alkyl groups include, but are not limited to, methyl, ethyl, propy! (including all
1someric forms), n-propyl, isopropyl, butyl (including all isomeric forms), n-butyl, isobutyl,
sec-butyl, r-butyl, pentyl (including all isomeric forms), and hexy! (including all isomeric
forms). For example, Ci¢ alkyl refers to a linear saturated monovalent hydrocarbon radical
of 1 to 6 carbon atoms or a branched saturated monovalent hydrocarbon radical of 3 to 6

carbon atoms.

[0029] The term “alkylene” refers to a linear or branched saturated divalent
hydrocarbon radical, wherein the alkylene may optionally be substituted with one or more
substituents Q as described herein. The term “alkylene” encompasses both linear and
branched alkylene, unless otherwise specified. In certain embodiments, the alkylenc is a
linecar saturated divalent hydrocarbon radical that has 1 to 20 {(C50), 1 to 15 (Cy45), 1 to 10
(Cilip), or 1 to 6 (Cy.4) carbon atoms, or branched saturated divalent hydrocarbon radical of 3
to 20 (Cia0), 3 to 15 (Cays), 3 to 10 (Cayg), o1 3 to 6 (Csg) carbon atoms. As used herein,
lincar Ci and branched Ca4 alkylene groups are also referred as “lower alkylenc.”
Examples of alkylene groups include, but are not limited to, methylene, ethylene, propylene
(including all isomeric forms), n-propylene, isopropylene, butylene (including all isomeric
forms}, n-butylene, isobutylene, f-butylene, pentylene (including all isomeric forms), and
hexylene (including all isomeric forros). For example, Ci alkylene refers to a linear
saturated divalent hydrocarbon radical of 1 to 6 carbon atoms or a branched saturated divalent

hydrocarbon radical of 3 to 6 carbon atoms.

{0030] The term “heteroalkylene” refers to a linear or branched saturated divalent
hydrocarbon radical that containg one or more heteroatoms cach independently sclected from
0, S, and N in the hydrocarbon chain. For example, Ci heteroalkylenc refers to a linear

saturated divalent hydrocarbon radical of | to 6 carbon atoms or a branched saturated divalent
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hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the heteroalkylene is a
linear saturated divalent hydrocarbon radical that has 1 to 20 (Ci40), 1 to 15 (Cy15), 1 to 10
(Cy10), or 1 to 6 (Cy) carbon atoms, or branched saturated divalent hydrocarbon radical of 3
t0 20 (Cs.20), 3 t0 15 (Cao1s), 3 to 10 (Caig), o1 3 to 6 (Cs6) carbon atoms. As used herein,
linear Cy4 and branched Cs.s heteroalkylene groups are also referred as “lower

heteroalkylene.” Examples of heteroalkylene groups include, but are not limited to, —-CH,O—,

and ~CH,CH,5~. In certain embodiments, heteroalkylene may also be optionally substituted

with one or morc substituents Q as described herein.

[0031] The term “alkeny!” refers to a lincar or branched monovalent hydrocarbon
radical, which contains onc or more, in onc embodiment, one, two, three, four, or five, in
another embodiment, one, carbon-carbon double bond(s). The alkenyl may be optionally
substituted with one or more substituents Q as described hercin, The term “alkenyl” also
embraces radicals having “cis” and “frans” configurations, or alternatively, “Z” and “E”
configurations, as appreciated by those of ordinary skill in the art. As used herein, the term
“alkeny!l” encompasses both linear and branched alkenyl, unless otherwise specified. For
example, Cy¢ alkeny! refers o a linear unsaturated monovalent hydrocarbon radical of 2 to 6
carbon atoms or a branched unsaturated monovalent hydrocarbon radical of 3 to 6 carbon
atoms. In certain cmbodiments, the alkenyl is a linear monovalent hydrocarbon radical of 2
10 20 (Cra0), 2 to 15 (Coys), 2 to 10 (Cap), o1 2 to 6 (Cry) carbon atoms, or a branched
monovalent hydrocarbon radical of 3 to 20 (Cz ), 3 to 15 (Css), 3 to 10 (Csy9), 0r 310 6
(Cs.¢) carbon atoms. Examples of alkenyl groups include, but are not limited to, cthenyl,

rropen-1-yl, propen-2-yl, allyl, butenyl, and 4-methylbutenyl.
proy proj Y y y y

[0032] The term “alkenylene” refers to a lincar or branched divalent hydrocarbon
radical, which contains onc or more, in onc cmbodiment, one, two, three, four, or five, in
another embodiment, one, carbon-carbon double bond(s). The alkenylene may be optionally
substituted with one or more substituents ( as described herein. Similarly, the term
“alkenylenc” also embraces radicals having “cis” and “frans” configurations, or alternatively,
“E” and “Z” configurations. As used herein, the term “alkenylene” encompasses both linear
and branched alkenylene, unless otherwise specified. For example, Cy6 alkenylene refers to a
linear unsaturated divalent hydrocarbon radical of 2 to 6 carbon atoms or a branched

unsaturated divalent hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the
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alkenylenc is a linear divalent hydrocarbon radical of 2 to 20 (Cap0), 2 to 15 (Coas), 2 to 10
(Cao10), or 2 t0 6 {Cy6) carbon atoms, or a branched divalent hydrocarbon radical of 3 to 20
(Csa0), 310 15 (Ciias), 3 to 10 (Cagp), or 3 to 6 (Cse) carbon atoms. Examples of alkenylene
groups include, but are not limited to, ethenylene, allylenc, propenylene, butenylene, and 4-

methylbutenylene.

[0033] The term “heteroalkenylene” refers to a linear or branched divalent
hydrocarbon radical, which contains one or more, in one embodiment, onc, two, three, four,
or five, in another embodiment, one, carbon-carbon double bond(s), and which containg one
or more hetercatoms each independently selected from O, S, and N in the hydrocarbon chain.
The heteroalkenylene may be optionally substituted with one or more substituents @ as
described herein. The term “hetcroalkenylene” embraces radicals having a “cis” or “trans”
configuration or a mixture thercof, or alternatively, a “2” or “E” configuration or a mixture
thereof, as appreciated by those of ordinary skill in the art. For example, Cog
heteroalkenylene refers to a linear unsaturated divalent hydrocarbon radical of 2 to 6 carbon
atoms or a branched unsaturated divalent hydrocarbon radical of 3 to 6 carbon atoms. In
certain embodiments, the heteroalkenylene is a linear divalent hydrocarbon radical of 2 to 20
(Caon), 210 15 (Cyys), 2 to 10 (Cayo), or 2 to 6 (Ca6) carbon atoms, or a branched divalent
hydrocarbon radical of 3 to 20 (Cs.20), 3 to 15 (Caas), 3 10 10 (Cs.p), or 3 to 6 (Cs6) carbon
atoms. Examples of heteroalkenylenc groups include, but are not limited to, -CH=CHO-,
~CH=CHOCH,, ~CH=CHCH,0-, -CH=CHS—, -CH=CHSCH,~, ~-CH=CHCH,5-, or
~CH=CHCH,;NH--.

[0034] The term “alkynyl” refers to a linear or branched monovalent hydrocarbon
radical, which contains one or more, in onc embodiment, one, two, three, four, or five, in
another embodiment, one, carbon-carbon triple bond(s). The alkynyl may be optionally
substituted with one or more substitucnts Q as described hercin, The term “alkynyl” also
encompasses both linear and branched alkynyl, unless otherwise specified. In certain
embodiments, the alkyny! 1s a linear monovalent hydrocarbon radical of 2 to 20 (Cy0), 2 to
15 (Coys), 2 10 10 (Ca.yg), or 2 10 6 (Cy ) carbon atoms, or a branched monovalent
hydrocarbon radical of 3 to 20 (Csa0), 3 to 15 (Caas), 3 to 10 (Csg), or 3 to 6 (Cs6) carbon.
atoms. Examples of alkynyl groups include, but are not limited to, ethyny! (-C=CH) and
propargyl (-CH,C=CH). For example, Co alkynyl refers to a linear unsaturated monovalent

hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated monovalent
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hydrocarbon radical of 3 to 6 carbon atoms.

[6035] The term “cycloalkyl” refers to a cyclic saturated bridged and/or non-bridged
monovalent hydrocarbon radical, which may be optionally substituted with onc or more
substituents Q as described herein. In certain embodiments, the cycloalkyl has from 3 to 20
(Caa0), from 3 to 15 (Csis), from 3 to 10 (Cse), or from 3 to 7 (Cs.9) carbon atoms.
Examples of cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[2.1. 1Thexyl, bicyclo]2.2.1]heptyl, decalinyl,

and adamantyl.

10036] The term “cycloalkenyl” refers to a cyclic unsaturated, nonaromatic bridged
and/or non-bridged monovalent hydrocarbon radical, which may be optionally substituted
with onc or more substituents Q as described herein. In certain embodiments, the
cycloalkenyl has from 3 to 20 {Csap), from 3 to 15 {Css), from 3 to 10 (Cao), or from 3 to 7
(Cs.7) carbon atoms. Examples of cycloalkyl groups include, but are not limited to,

cyclobutenyl, cyclopentenyl, cyclohexenyl, or cycloheptenyd,

[0037] The term “aryl” refers to a monocyclic aromatic group and/or multicyclic
monovalent aromatic group that contain at least one aromatic hydrocarbon ring. In certain
embodiments, the aryl has from 6 to 20 (Cgao), from 6 to 15 (Ceys), or from 6 to 10 (Ce.y0)
ring atoms. Examples of aryl groups include, but are not limited to, phenyl, naphthyl,
fluorenyl, azulenyl, anthryl, phenantheyl, pyrenyl, biphenyl, and terphenyl. Aryl also refers
to bicyclic or tricyclic carbon rings, where one of the rings is aromatic and the others of
which may be saturated, partially unsaturated, or aromatic, for example, dihydronaphthyl,
indenyl, indanyl, or tctrahydronaphthy! (tetralinyl). In certain cmbodiments, aryl may be

optionally substituted with one or more substituents Q as described herein.

[0038] The term “aralkyl” or “arylalkyl” refers to a monovalent alkyl group
substituted with one or more aryl groups. In certain embodiments, the aralkyl has from 7 to
30 (Crs0), from 7 to 20 (Crp0), or from 7 to 16 (Cq.16) carbon atoms. Examples of aralkyl
groups include, but are not limited to, benzyl, 2-phenylethyl, and 3-phenylpropyl. In certain
embodiments, the aralkyl arc optionally substituted with one or more substituents Q as

described herein.

[0039] The term “heteroaryl” refers to a monovalent monocyclic aromatic group or
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monovalent polycyclic aromatic group that contain at least one aromatic ring, wherein at least
one arormatic ring contains one or more heteroatoms independently selected from O, S, N,

and P i the ring. A heteroaryl group is bonded to the rest of a molecule through its aromatic
ring. Bach ring of a heteroaryl group can contain one or two O atoms, one or two S atoms,
one to four N atoms, and/or one or two P atoms, provided that the total number of
heteroatoms in each ring i four or less and each ring contains at least onc carbon atom. In
certain embodiments, the heteroaryl has from 5 to 20, from 5 to 15, or from 5 to 10 ring
atoms. Examples of monocyclic heteroaryl groups include, but are not limited to, furanyl,
mmidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, tetrazolyl, triazinyl,
and triazolyl. Examples of bicyclic heteroaryl groups include, but are not limited to,
benzofuranyl, benzimidazolyl, benzoisoxazolyl, benzopyranyl, benzothiadiazolyi,
benzothiazolyl, benzothienyl, benzotriazolyl, benzoxazolyl, furopyridyl, imidazopyridinyl,
imidazothiazolyl, indolizinyl, indolyl, indazelyl, isobenzofuranyl, isobenzothienyl, isoindolyl,
1soquinolinyl, isothiazolyl, naphthyridinyl, oxazolopyridinyl, phthalazinyl, pteridinyl, purinyl,
pyridopyridyl, pyrrolopyridyl, quinolinyl, quinoxalinyl, quinazolinyl, thiadiazolopyrimidyl,
and thienopyridyl. Examples of tricyclic heteroaryl groups include, but are not limited to,
acridinyl, benzindolyl, carbazolyl, dibenzofuranyl, perimidinyl, phenanthrolinyl,
phenanthridinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and xanthenyl. In
certain cmbodiments, the heteroaryl may also be optionally substituted with one or morc

substituents  as described herein as described herein.

[0040] The term “heterocyelyl” or “heterocyelic” refers to a monovalent monocyclic
non-aromatic ring system or monovalent polycychic ring system that contains at least onc
non-aromatic ring, wherein one or more of the non-aromatic ring atoms arc heteroatoms
independently selected from O, S, N, and P; and the remaining ring atoms are carbon atoms.
In certain embodiments, the heterocyclyl or heterocyclic group has from 3 to 20, from 3 to 15,
from 3 to 10, from 3 to §, from 4 to 7, or from 5 to 6 ring atoms. A heterocyelyl group is
bonded to the rest of a molecule through its non-aromatic ring. In certain cmbodiments, the
heterocyelyl is a monocyclic, bicyclic, tricyclic, or tetracyclic ring system, which may be
spiro, fused, or bridged, and in which nitrogen or sulfur atoms may be optionally oxidized,
nitrogen atoms may be optionally quatcrnized, and some rings may be partially or fully
saturated, or aromatic. The heterocyclyl may be attached to the main structure at any

heteroatom or carbon atom which results in the creation of a stable compound. Examples of
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such heterocyclic groups include, but are not limited to, azepinyl, benzodioxanyl,
benzodioxolyl, benzofuranonyl, benzopyranonyl, benzopyranyl, benzotetrahydrofuranyl,
benzotetrahydrothienyl, benzothiopyranyl, benzoxazinyl, f-carbolinyl, chromanyl, chromonyl,
cinnolinyl, coumarinyl, decahydroisoquinolinyl, dihydrobenzisothiazinyl,
dihydrobenzisoxazinyl, dihydrofuryl, dihydroisoindolyl, dihydropyranyl, dihydropyrazolyl,
dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl,
I,4-dithianyl, furanonyl, imidazolidinyl, imidazolinyl, indolinyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isochromanyl, isocoumarinyl, iscindolinyl, isothiazolidinyl,
1soxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindelyl, oxazolidinonyl,
oxazolidinyl, oxiranyl, pipcrazinyl, piperidinyl, 4-piperidonyl, pyrazolidinyl, pyrazolinyl,
pyrrolidinyl, pyrrolinyl, quinuclidinyl, tetrahydrofuryl, tetrahydroisoquinolinyl,
tetrahydropyranyl, tetrahydrothienyl, thiamorpholinyl, thiazolidinyl, tetrahydroquinolinyl,
and 1,3,5-trithianyl. In certain embodiments, the heterocyelyl may also be optionally

substituted with one or more substituents (3 as described herein.

[0041] The term “halogen”, “halide” or “halo” refers to fluorine, chlorine, bromine,

and/or iodine.

[0042] The term “optionally substituted” is intended to mean that a group or
substituent, such as an alkyl, alkylene, heteroalkylene, alkenyl, alkenylene, heteroalkenylene,
alkynyl, cycloalkyl, cycloalkenyl, aryl, aralkyl, hetcroaryl, heteroaryl-C, 4 alkyl, and
heterocyclyl group, may be substituted with one or more substitucnis Q, each of which is
independently selected from, e.g., (a) oxo {=0), halo, cyano (—CN), and nitro (-NGy);

(b) Ci atkyl, Cop alkenyl, Cog alkynyl, Cs.q0 cycloalkyl, Coaa aryl, Cqys5 aralieyl, heteroaryl,
and heterocyclyl, each of which is further optionally substituted with one or more, in one
embodiment, one, two, three, four, or five, substitucnts Q"; and (¢) ~C(O)R", -C(O)OR?,
~C(OINRPR®, ~C(NRYNRR®, ~OR?, ~OC(O)R?, ~OC(0)OR", ~OC(O)NR RS,
~OC(=NRYNR R, ~OS(O)R?, “0S(0),R?, ~OS(ONRRE, ~OS(0),NR R®, ~NRR,
~NR*C(O)RY, ~NR*C(O)YOR?, -NR*C(O)NRR®, ~NRC(=NR“)NRR®, -NR*S(O)R",
~NR*S(0),R?, -NRS{OYNR RS, -NR*S(O),NR"R¢, ~P(O)R*R?, ~P{OYORMRY,
—P(OYORM(ORY), —SR*, ~S(O)R?, ~S(O)1R*, ~S(OINR"R®, and ~S(0),NR RE, wherein each
R* R" R and R%is independently (1) hydrogen; (i) Cig alkyl, Co.s alkenyl, Cy alkynyl,
Ca.1o cycloalkyl, Cyg aryl, Cos aralkyl, heteroaryl, or heterocyelyl, each of which is

optionally substituted with one or more, in one embodiment, one, two, three, or four,
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substituents Q% or (iii) R” and R® together with the N atom to which they arc attached form
heteroaryl or heterocyclyl, optionally substituted with one or more, in onc embodiment, one,
two, three, or four, substituents Q. As used herein, all groups that can be substituted are

“optionally substituted,” unless otherwise specified.

[0043] In one embodiment, cach substituent Q" is independently selected from the
group consisting of (a) oxo, cyano, halo, and nitro; and (b) Ci alkyl, Co atkenyl,

Ty alkynyl, Cq 9 cycloalkyl, Ce 14 aryl, Cqs aralkyl, heteroaryl, and heterocyclyl; and

(¢) —C(OIR®, ~C(OYORY, ~C(O)NR'RE, ~C(NRYNR'RE, ~OR®, ~OC(O)R®, ~OC(O)OR®,
—OC(O)NR'RE, “OC(=NRIINR'RE, --OS(0)R®, ~OS(0):R°, “OS(OINR'RE, —OS(0),NRRE,
~NRRE, -NRC(OR", -NRC(O)OR"®, ~NR*C(O)NR'RE, “NRC(=NR™NR'R®, -NR°S(O)R",
~NRS(O),R", -NRS(OINR'RE, ~NRS(0),NRRE, ~P(ORR", -P(O)OR)R”,
~P{O}OR*(OR™), -8R, —S(O)R®, -S(O);R", —S(OINR'RE, and —S(0),NR'R?, wherein each
R®, Rf, RE and R is independently (1) hydrogen, Cig alkyl, Cog alkenyl, Cog alkynyl, Caag
cycloalkyl, C4 aryl, Crs aralkyl, heteroaryl, or heterocyclyl; or (i) R" and R® together with

the N atom to which they are attached form heteroaryl or heterocyclyl.

100441 In certain embodiments, “optically active” and “enantiomerically active” refer
to a collection of molecules, which has an enantiomeric excess of no less than about 50%, no
less than about 70%, no less than about 80%, no less than about 90%, no less than about 91%,
no less than about 92%, no less than about 93%, no less than about 94%, no less than about
95%, no less than about 96%, no less than about 97%, no less than about 98%, no lcss than
about 99%, no less than about 99.5%, or no lcss than about 99.8%. In certain embodiments,
the compound comprises about 95% or more of the desired enantiomer and about 5% or less

of the less preferred enantiomer based on the total weight of the racecmate in question.

{00451 In describing an optically active compound, the prefixes R and 5 arc used to
denote the absolute configuration of the molecule about its chiral center(s). The (+) and (+)
are used to denote the optical rotation of the compound, that is, the direction in which a planc
of polarized light is rotated by the optically active compound. The () prefix indicates that
the compound is levorotatory, that is, the compound rotates the plane of polarized light to the
left or counterclockwise. The (+) prefix indicates that the compound is dextrorotatory, that
15, the compound rotates the plane of polarized light to the right or clockwise. However, the

sign of optical rotation, (+) and (), is not related to the absolute configuration of the
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molecule, R and S.

[0046] The term “isotopic variant” refers to a compound that contains an unnatural
proportion of an isotope at one or more of the atoms that constitute such a compound. In
certain embodiments, an “isotopic variant” of a compound containg unnatural proportions of
one or more isotopes, including, but not limited to, hydrogen ('H), deuteriura (“H), tritium
(*H), carbon-11 (**C), carbon-12 (**C), carbon-13 (*C), carbon-14 (**C), nitrogen-13 (°N),
nitrogen-14 (“N), nitrogen-15 (N, oxygen-14 (“0), oxygen-15 (°0), oxygen-16 ("°0),
oxygen-17 (70), oxygen-18 (**0), fluorine-17 (*'F), fluorine-18 (**F), phosphorus-31 'P),
phosphorus-32 (*P), phosphorus-33 (PP), sulfur-32 (28), sulfur-33 (¢ *8), sulfur-34 (**S),
sulfur-35 (°8), sulfur-36 (*°S), chlorine-35 (*>CY), chlorine-36 (*°Cl), chlorine-37 (*'CI),

iodine-129 ('*1), and iodine-131 (*'1). In certain embodiments, an “isotopic variant” of a
compound is in a stable form, that is, non-radioactive. In certain embodiments, an “isotopic
variant” of a compound contains unnatural proportions of one or more isotopes, including,
but not limited to, hydrogen ('H), deuteriam ("H), carbon-12 (*2C), carbon-13 (**C), nitrogen-
14 (™), nitrogen-15 ("°N), oxygen-16 (*°0), oxygen-17 (170), oxygen-18 (**0), fluorine-17
(""F), phosphorus-31 ('P), sulfur-32 (*2S), sulfur-33 (**S), sulfur-34 (**8), sulfur-36 (*°s),
chiorine-35 (*°Cly, chlorine-37 (*C1), bromine-79 (*Br), bromine-81 (*'Br), and iodine-127
(**"1). In certain embodiments, an “isotopic variant” of a compound is in an unstable form,
that is, radioactive. In certain embodirnents, an “isotopic variant” of a compound countaing
unnatural proportions of one or more isotopes, including, but not limited to, tritium (CH),
carbon-11 ("'C), carbon-14 (*C), nitrogen-13 (*N), oxygen-14 (**0), oxygen-15 (°0),
fluorine-18 ("*F), phosphorus-32 (**P), phosphorus-33 (**P), sulfur-35 (*°8), chlorine-36
(°Ch, iodine-123 ("1, iodine-125 ("1, iodine-129 (**1), and iodine-131 (**'1). 1t will be
understood that, in a compound as provided herein, any hydrogen can be “H, for example, or
any carbon can be *C, for example, or any nitrogen can be N, for example, or any oxygen
can be "0, for example, where feasible according to the judgment of one of skill. In certain
embodiments, an “isotopic variant” of a compound contains unnatural proportions of

deutertum (D).

(0047} The term “solvate” refers to a complex or aggregate formed by one or more
molecules of a solute, e.g., a compound provided herein, and one or more molecules of a

solvent, which present in a stoichiometric or non-stoichiometric amount. Suitable solvents
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include, but are not limited to, water, methanol, ethanol, n-propanol, isopropanol, and acetic
acid. In certain embodiments, the solvent is pharmaceutically acceptable. In one
embodiment, the complex or aggregate is in a crystalline form. In another embodiment, the
complex or aggregate Is in a noncrystalline form. Where the solvent is water, the solvate is a
hydrate. Examples of hydrates include, but are not limited to, a hemihydrate, monohydrate,

dihydrate, trihydrate, tetrahydrate, and pentahydrate.

{0048} The phrase “an enantiomer, a mixture of enantiomers, a mixture of two or
more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof” has the same meaning as the phrase “an enantiomer, a
mixture of enantiomers, a mixturc of two or more diastereomers, or an isotopic variant of the
compound referenced therein; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug of the compound referenced therein; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug of an cnantiomer, a mixturce of cnantiomers, a mixture of two or more

diastereomers, or an isotopic variant of the compound referenced therein.”

Compounds
[6049] In one embodiment, provided herein is a compound of Formula 1:
Rl
2
R -\’;\ N N
(\:” »\RG
h
. = 5d s
R3 X~ j: R\/R L se
,/\”\N >z }\11/\ :
¥ a Sb
o\/\J R™ R
R4
{d

or an epantiomer, a mixturc of enantiomers, a mixture of two or more diastercomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof, wherein:

X, Y, and Z are each independently N or CR®, with the proviso that at least
two of X, Y, and Z are nitrogen atoms; where R¥is hydrogen or Cy¢ alkyl;

R’ and R? are cach independently (2) hydrogen, cyano, halo, or nitro;

(b) Cy 5 alkyl, Cog alkenyl, Cys alkynyl, Cs.jo cycloalkyl, Ce.14 aryl, Cyys aralkyl, heteroaryl,
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or heterocyclyl; or () ~C(O)R ", ~C(O)OR™, ~C{O)NR'*R'¢, -CINR'JNR "R <, ~OR %,
—OC(O)R™, ~OC(OYOR™, “OC(OINR PR, ~OC(=NR"NR'*R'¢, “OS(O)R™, ~0S(0),R",
~OS(O)NRR'®, ~O8(0),NRR¢, -NR'"R'®, -NR"*C(O)R", -NR™*C(O)OR,
“NRPC(O)NRPR', -NRC(=NR')NR'"R', -NR"“S(O)R'!, -NR'*S(O),R',
~NRUESOINRPRC, -NRPS(0),NRPR!C, ~SR* ~S(OIRM, ~S(O),R", —S(O)NR''R™®, or
~§(0),NR'PR'¢; wherein each R™ R'", R', and R' is independently (i) hydrogen; (ii)

Cy. alkyl, Cyg alkenyl, Cyg alkynyl, Cso cycloalkyl, Csi4 aryl, Cy s aralkyl, heteroaryl, or
heterocyclyl; or (iif) R'® and R'® together with the N atom to which they arc attached form
heterocyelyl;

R* and R” are each independently hydrogen or Cys alkyl; or R* and R” are
linked together to form a bond, Cs alkylene, Ci g heteroalkylenc, C, ¢ alkenylene, or Cys
heteroalkenylene;

R* is (a) hydrogen or halo; (b) Cy.6 alkyl, Cos alkenyl, Cog alkynyl,

Cs0 cycloalkyl, Coa aryl, Crys aralkyl, heteroaryl, or heterocyelyl; or (¢) —C(OR'™,
~C(O)OR", ~C(OINR'R™, —C(NR'™NR'PR'S, ~OR"*, ~OC(O)R ", ~OC(O)OR ™,

~OS(0O),NR'PR', -NR'"R'", NR"“C(OWR", NRPC(OYORM, ~-NR™“C(O)NR'PR',
—NR_]&(j(:_‘NR_ld)NRIbRIC, _NRIHS(O){{JC’, —NRMS(OhRId, _NR]dS(O)NREBRiC,

~C(ONRPR', —CONR'HNR "R, —OR, “OC(O)R ", ~OC(OYOR™, ~OC(O)NR PR,
—OC(=NR™NR PR, —~OS(OIR ", ~O8(0)R"*, —~OS(OINR "R, ~OS(0),NR'PR", -NR PR,
------ NR®C(OIRY, -NR"C(O)OR'’, -NR™C(O)NR'*R", -NR "*C(=NR")NR PR,
“NRMS(O)R'Y, -NRS(O)RM, NRMS(ONRR', “NR*S(0),NR '°R'¢, -SR'* —S(O)R"*,
~S(O)R'"™, ~S(OYNR "R, or —=S(0)NR'*R*;

R is ~(CRR®),~(Cg.14 aryl) or —(CR“RSQ’)nwheieroaryi;

R™ and R arc cach independently (a) hydrogen or halo; (b) C 6 alkyl,
Co.¢ alkenyl, Co alkynyl, Cyig cycloalkyl, Ce.1q aryl, Co5 aralkyl, heteroaryl, or heterocyclyl;
or (¢) —C{OIR'®, —C(OYOR™, —C(OINR RS, -C(NR™NR'’R*, -OR™, ~OC(O)R",
~OC(O)OR'™, ~OC(O)NRPR'S, “OC(=NR')NR "R, ~OS(O)R ™, ~OS(O),R ",
~OS(OINR™R®, ~OS(0)NRR’, -NR'"R', -NR*C(O)R", ~NR*C(OYOR ',
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~NR"S(O)NRPRIS, -NR™S(0),NR'PR', -SR™, —S(O)R"®, ~S(0),R*, ~S(O)NR'*R'®, or
—S(0),NR"R’S;

R and R*® are each independently (a) hydrogen or halo; (b) C,.6 alkyl,
Cy6 alkenyl, Cog alkynyl, Caig cycloalkyl, Ce.ig aryl, Cois aralkyl, heteroaryl, or heterocyelyl;
or () —C(OR'?, —C(OYOR™™, —C{OINRPR®, -C(NR'™NRPR'®, ~OR*, ~OC(O)R™,
~OC(OYOR '™, ~OC(O)NR PR, ~OC(=NR"™NRR'*, ~OS(O)R", ~OS(O)R ",
~OS(O)NRIR'™, ~OS(O),NRPRS, NR'R', -NR™C(O)RY, -NR"™C(OYOR,
~NRECONRPR'S, -NRPCENRONRIPR'S, -NRS(OR ', -NR*S(0),R Y,
~NRSOINR PR, -NR'*S(0),NRPR ™, —SR™ ~-S(O)R, ~S(0),R"*, ~S(OYNR'PR*; or
~S(O)NR™R'®; or (d) when one occurrence of R™ and onc occurrence of R’ are attached to
the same carbon atom, the R™ and R* together with the carbon atom to which they arc
attached form a Cs_jq cycloalkyl or heterocycelyl;

R%is hydrogen, C s alkyl, ~S—C s alkyl, =S{O}-C, ¢ alkyl, or
~S0—-Cy 4 alkyl;

misQorl;and

nis0,1,2,3,or4,

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylenc,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyelyl in R' R% R?,
RY RS RY RM™ R R RM R™ R R™, RY R™, R, and R7® is optionally substituted with
one or more, in one embodiment, one, two, three, or four, substituents Q, wherein each
substituent Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) Ci4 alkyl,
Cy.¢ alkenyl, Cog alkynyl, Cs.yp cycloalkyl, Ce.4 aryl, Cys aralkyl, heteroaryl, and
heterocyclyl, each of which is further optionally substituted with one or more, in onc
embodiment, one, two, three, or four, substituents Q% and (¢) —-C(O)R", -C(O)OR",
~C(OINRPR®, ~CONRYNR"R®, —OR®, ~OC(O)R", ~OC(O)OR?, ~OC(OINRR®,
------ OC(=NRYNRRE, “OS(O)R*, —OS(O)R*, —~OS(OINR RS, ~OS(0);NR R, ~NR"R®,
“NRIC(OIRY, ~NR*C(O)ORY, -NR*C(OINRR®, -NR'C(=NRHNRR®, “NR*S(O)R®,
“NRS(0),RY, ~NR*S(OINR RS, -NR'S(0),NR"R®, =SR", ~S(O)R?, -S(O)R*, —S(O)NRR®,
and ~S(0),NRR®, whercin cach R*, R®, R®, and R is independently (i) hydrogen;
(11} Cyo alkyl, Crg alkenyl, Cog alkynyl, Csyp cycloalkyl, Ce 14 aryl, Cyy5 aralkyl, heteroaryl,
or heterocyclyl, each of which is further optionally substituted with onc or more, in one
embodiment, one, two, three, or four, substituents Q% or (iii) R” and R° together with the N

atom to which they are attached form heterocyclyl, which is further optionally substituted
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with one or more, in one cmbodiment, one, two, three, or four, substituents Q%
wherein each Q" is independently selected from the group consisting of (a)

oxo, cyano, halo, and nitro; (b) Cy atkyl, Cy e atkenyl, Cy 4 alkynyl, Ca0 cycloalkyl,

“NREC(O)R", -NR°C(O)OR", -NR°C(O)NR'RE, -NR*C(=NR")NR'R®, -NR°S(O)R”,
~NR®S(0),R", -NRS(O)NR'RE, -NR°S(0),NR'R?, —SR°®, ~S(O)R®, ~S(O),R®, ~S(O)NR RS,
and —S(0),NR'R®; wherein each R®, R, R&, and R" is independently (i) hydrogen;

(i1) Cy alkyl, Cos alkenyl, Cyg alkynyl, Csio cycloalkyl, Cqya aryl, Cos aralkyl, heteroaryl,
or heterocyelyl; or (111) R'and R® together with the N atom to which they are attached form

hetcrocyelyl.

{0050] In one cmbodiment, in Formula 1,

X, Y, and Z are each independently N or CR™ with the proviso that at least

R' and R? arc cach independently (a) hydrogen, cyano, halo, or nitro;
(b) Cy6 alkyl, Cog alkenyl, Cos alkynyl, Cs.q0 cycloalkyl, Ceaq aryl, Co5 aralkyl, hetercaryl,
or heterocyelyl; or (¢) —C(OR™, —C(OYOR™, —~C(OYNR'R'®, -C(NR™)NR'R'®, ~OR ™,
~OC(O)R"?, —“OC(O)OR, —OC(ONR'PR'®, ~OC(=NR'™NR'R'®, ~OS(O)R™, ~OS(0O),R",
—OS(O)NR 'R, —OS(O),NR™R', -NR'PR'®, -NR"*"C(O)R ", -NR'*C(O)OR ',
~NR®C(ONRR', -NRPCE=NRHNR PR, -NR*S(O)R ¢, -NR'*S(0),R
SNRPS(OINRPR', -NR¥S(0),NR'R', ~SR ', —S(O)R™, —5(0),R'*, ~S(OINR'PR'®, or
~S(O),NR'R'; wherein each R', R'® R', and R is independently (i) hydrogen;
(i) Cs alkyl, Cos alkenyl, Cyq alkynyl, Csig cycloalkyl, Cqy4 aryl, Coys aralkyl, heteroaryl,
or heterocyclyl; or (i) R'® and R'® together with the N atom to which they are attached form
heterocyclyl;

R* and R” are each independently hydrogen or Cy alkyl; or R* and R* are
tinked together to form a bond, C, ¢ alkylenc, C; 5 heteroalkylene, Cog alkenylene, or
Cy.¢ heteroalkenylene;

R™is {(a) bydrogen or halo; (b} C s alkyl, Cy6 alkenyl, Co alkynyl,
Csyo cycloalkyl, Ce1a aryl, Coys aralkyl, heteroaryl, or heterocyelyl; or (¢) —C{OR ',
~C(OYOR™, ~C(OYNR PR, —C(NR'HNR'PR®, ~OR ", —OC(O)R ", ~OC(OYOR ",
—OC(OINR'R™®, ~OC(=NR™)NR PR, ~OS(O)R"™, ~OS(O)R ", ~OS(O)NR'PR'”,
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—OS(0),NRR', -NR'"R'®, -NRMC(O)R, ~NR'*"C(O)OR ", -NR*C(O)NR°R’®,
~NRPCENRMNRIPR'™ -NRSOIR, -NRS(0),R Y, -NR'*S(O)NR PR,
~NR™S(0),NR'"R, -8R, —S(O)R"®, =S(O),R"*, =S(O)NR'"R*®, or —S(0),NR "R,

R is {(a) halo; (b) C, 5 alkyl, Cyg alkenyl, Cy alkynyl, Ci 0 cycloalkyl,
Ce14 aryl, Cois aralkyl, heteroaryl, or heterocyelyl; or (¢) ~C(O)R'®, <C(OYOR™,
~C(ONRR' —CNR'™NR PR, —~OR™, —OC(O)R", ~OC(O)OR™, ~OC(O)NR'PR',
—OCENR™INRPR, —OS(OR ™, ~0S(0),R"™, ~OS(O)NR'R'®, —OS(0),NR'PR!®, -NR'PR®,

SNRPS(OIR'Y -NRS(0),R M, -NRUS(OINR'PR ™, -NRS(O),NR R, SR —S(OR™,
—S(O)R"™, —S(OINR'PR', or —=S(O)NR'R'®;

R is —(CR¥R*),(Cg.14 aryl) or ~(CR’R®),-heteroaryl;

R and R™ are each independently (2) hydrogen or halo; (b) C1 alkyl,
Co.e alkenyl, Cos alkynyl, Cayg cycloalkyl, Ce1q aryl, Cq.ps aralkyl, heteroaryl, or heterocyclyl;
or (¢) —C(OR™, ~C(OYOR'®, —C(OINR'PR™, —C(NR'™NRPR'C, —OR™®, ~OC(O)R™®,
~OC(OYOR™, —OC(O)NRR', -OC(=NR'NR'"R'®, ~OS(OIR"®, —OS(O),R ",
~OS(ONRPR, ~OS(0),NR™R', -NRPR', -NRPC(O)RY, -NR*C(O)OR Y,
“NR""C(ONR'™R'®, -NR"*CENRNR PR -NR"S(OR Y, -NRS(0),R Y,
“NRMSONRR', -NR'*S(0),NR PR, -8R, =S(OR ", —S{O)R'*, ~S(OINR'"R®, or
~S(O),NR'PR';

R’ and R® are each independently (a) hydrogen or halo; (b) C alkyl,
Cy.g alkenyl, Cos alkynyl, Csyg cycloalkyl, Ce.14 aryl, Cojs aralkyl, heteroaryl, or heterocyclyl;
or (¢) —C(O)R™, —C{OYOR'®, —C(ONR PR, ~C(NR'NR PR®, -OR ™ ~OC(OIR™,
—OC(OYOR™, —OC(OINRPR 'Y, ~OC(=NR"™MNR "R, —OS(O)R'?, —OS(O)R ",
—OS(O)NRPR'®, ~OS(0),NRRS, -NRPR®, -NR"'C(O)R, -NR*C(O)OR ",
“NRPCONRR™, -NRCENRIONRIR'C, NRS(OR Y, -NR*S(0),R",
“NRMS(OINR PR, -NRS(0),NR "R, -8R ", —S(O)R ", ~S(O)R ", ~S(OYNR'R'S; or
—S(0)RNR'PRS; or (d) when one occurrence of R* and one oceurrence of R*® are attached to
the same carbon atom, the R*" and R together with the carbon atom to which they are
attached form a Cs.19 cycloalkyl or heterocyclyl;

R® is hydrogen, Cy.s alkyl, —5—C;.5 alkyl, ~S(0)-C\¢ alkyl, or
—S0,—Cr6 alkyl;

mis Corl;and

nisQ, 1,2, 3,0r4,;
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with the proviso that the compound is neither 4-(2-(difluoromethyl)-1H-
benzo[d]imidazol-1-yl)-6-morpholino-N-(2-phenyl-2-(pyrrolidin-1-ylethyl)-1,3,5-triazin-2-
aming nor 6-(2-(difluoromethyl)-1H-benzo[d]imidazol-1-y1)-N-(1-(4-((R)-3-
(methoxymethylymorpholino)phenyl)cthyl)-2-morpholinopyrimidin-4-amine;

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl is optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents Q as

defined herem.

{0051] In another embodiment, in Formula I,

X, Y, and Z are each independently N or CR*, with the proviso that at least
two ot X, Y, and Z are nitrogen atoms; where R*is hydrogen or C 4 alkyl;

R' and R? arc cach independently (a) hydrogen, cyano, halo, or nitro;
(b) Cig alkyl, Cy alkenyl, Co alkynyl, Cao cycloalkyl, Ce.y4 aryl, Cy 5 aralkyl, heteroaryl,
or heterocyelyl; or (c) ~C(G)R", ~C(OYOR™, —C(ONR’R', -C(NR'™NR'R'¢, ~OR %,

~OS(OINR PR, —OS(O)NR'PR'®, -NR'PR'®, -NR™C(O)R', -NR™C(OYOR ',
rrrrr NRPC(OINR'PR', - NRMC(=NR'HNR PR, -NR*S(O)R¢, -NR*S(0),R,
“NRMS(OINRPR'S, -NRPS(0),NR R, —SR™, —S(O)R'®, —S(OLRY, ~S(OINR'R'®, or
—S(0),NR"R™; wherein each R™ R™, R', and R is independently (i) hydrogen:
(if) Cys alkyl, Cos alkenyl, Cog alkynyl, Ca.qo cycloalkyl, Co1q aryl, Cqis aralkyl, heteroaryl,
or heterocyclyl; or (iii) R'® and R'® together with the N atom to which they are attached form
heterocycelyl;

R* and R” are each independently hydrogen or Cy alkyl; or RY and R are
linked together to form a bond, C,¢ alkylene, C, ¢ heteroalkylene, Cy 4 alkenylene, or
(.6 heteroalkenylene;

R* i3 (a) hydrogen or halo; (b) Cs alkyl, Cp.s alkenyl, Cys alkynyl,
Ca.10 cycloalkyl, Caiq aryl, Coys5 aralkyl, heteroaryl, or heterocyclyl; or (¢) ~C(O)R ',
~C(OYOR™, ~C(ONR R, ~CINR™NRPR', -OR™, -OC(O)R™, ~OC(O)OR™,
~OC(O)NR'R', “OCENRMNR PR, ~OS(O)R™, ~OS(0),R ™, ~OS(O)NR PR,
—OS(O),NRPR', -NR'PR' - NRMC(ORY, -NR*C(O)OR Y, -NR*C(O)NR'PR'®
444444 NRMCENRNRPRY, -NR “S(0)RY, -NRMS(0),R ', -NR*S(O)NR PR,
~NRMS(0),NR"R'®, -8R ~S(O)R', —=S(O),R", ~S(OINR'®R', or ~S(O),NR¥R'®;

R is (a) halo; (b) C16 alkyl, Co alkenyl, Cy alkynyl, Cayo cycloalkyl,
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Co.14 aryl, Cr.is aralkyl, heteroaryl, or heterocyclyl; or (¢) ~C(O)R ', ~C(OYOR™,
~C(OYNR'PR', —~C(NR')NR'"RY, —OR* —OC(O)R™, ~OC(0)OR, ~OC(O)NR'*R',
—OCENRIMNRPR, ~OS(ORY, ~OS(0),R", ~OS(OINR*RY, ~OS(0),NR""R", -NR""R',
“NR"C(OIRY, -NRMC(0YOR™, -NR"*C(O)NR "R, -NR*C(=NR " )NR°R ",
~“NRS(OIRM, -NR'S(0),R', ~NR™S(ONR "R, -NR"*S(0);NR PR, SR, ~S{O)R ™,

R is «(CR'R#),~(Cg_14 aryl) or (CRR ), ~heteroaryl;

R* and R* are each independently (a) hydrogen or halo; (b) Cys alkyl,
Cy.6 alkenyl, Gy alkynyl, Cs.io cycloalkyl, Ce4 aryl, Cqy5 aralkyl, heteroaryl, or heterocyclyl,
or (¢) —C{OIR™, ~C(OYOR', —C(OINR'PR™, ~C(NR'™NR'PR ¢, ~OR™ ~OC(O)R™,

“NRES(OINRPR'S, -NRIES(0),NRPR®, —SR'*, ~S(OIR™, ~S(O)LR'?, ~S(OINR'*R', or
—S(O),NRPR'S;

R and R*® are each independently (a) hydrogen or halo; (b) Cy aliyl,
Cos alkenyl, Co alkynyl, Cao cycloalkyl, Coa aryl, Crs aralkyl, heteroaryl, or heterocyelyl;

~OC(0)OR?, ~OC(OINR PR, “-OCENRNRIPR, —OS(O)R"?, ~OS(0)R",
~OS(O)NRPR®, ~OS(0),NR"R', -NR'PR', -NRMC(OIR", -NR"“C(O)ORY,

—S(0)NR'PR'; or (d) when one occurrence of R™ and one occurrence of R’ are attached to
the same carbon atom, the R and R’® together with the carbon atom to which they are
attached form a Cs.10 cycloalkyl or heterocyclyl;

R% is hydrogen, C ¢ alkyl, ~8-C s alkyl, ~S(O)»-C) alkyl, or
~S0—Crs alkyl;

mis 0 or 1; and

nis 0, 1, 2,3, or4;

with the proviso that, when X, Y, and Z are N, and R is hydrogen, R is not
pyrrolidinyl; and when X and Z are N, Y is CH, and R™ is hydrogen, R is not 4-((R)-3-
(mecthoxymethylymorpholino)phenyl;

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,

Y
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heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl 1s optionally
substituted with onc or more, in one embodiment, one, two, three, or four, substituents Q as

defined herein.

|0052] In yet another embodiment, in Formula I,

X, Y, and 7 are each independently N or CR*, with the proviso that at least
two of X, ¥, and Z are nitrogen atoms; where R™ is hydrogen or C,.¢ alkyl;

R' and R? are each independently (a) hydrogen, cyano, halo, or nitro;

(b) Cy4 alkyl, Cpp alkenyl, Cop alkynyl, Cyio cycloalkyl, Co g aryl, Cr s aralkyl, heteroaryl,

~OC(OR™, ~OC(OYOR™, ~OC(ONRPR'®, —~OC(ENRM™MNRIPR, ~OS(O)R?, ~OS(ORR",
~OS(O)NR'PR', ~0S(0),NR'°R'®, -NR'"R', NR*C(O)R?, ~-NR™*C(G)OR Y,

—S(0)NR'PR™; wherein cach R™ R'™ R, and R is independently (i) hydrogen;
(11) Cyg alkyl, Cop alkenyl, Cog alkynyl, Cs.0 cycloalkyl, Ce s aryl, Cr s aratkyl, heteroaryl,
or heterocyelyl; or (iii) R'® and R'® together with the N atom to which they are attached form
heterocyclyl;

R’ and R” arc cach independently hydrogen or C alkyl; or R® and R* are
linked together to form a bond, €y alkylene, C, 5 heteroalkylene, C, ¢ alkenylenc, or

(o6 heteroalkenylene;

R g (a) halo; (b) Cy4 alkyl, Cys alkenyl, Cy g alkynyl, Ciy cycloalkyl,

~C(OWNRPR', —CONR™INRPR ™, —OR™, —OC(O)R "™, ~OC(O)OR™, ~OC(O)NR'R®,
~QC(ENRMNR PR, —OS(OIR™, —OS(0),LR", “OS(OINRPR, ~OS(0),NR'*R e, -NR'PR",
SNREC(OIRYM, -NRPCOYOR ', -NRPC(ONRPR', -NRYUC(=NRHNR PR,
SNRMSO)RY, -NRMS(0),RY, --NRS(OINR R, “NR¥S(0),NRR'®, SR, ~S(O)R",
—S(0)R"™, ~S(ONRR™, or —S(0),NR'"R'®;

R s {a) halo; (b) Ci alkyl, Cog alkenyl, Cy5 alkynyl, Cso cycloalkyl,
Co.14 aryl, Crys aralkyl, heteroaryl, or heterocyelyl; or (¢) —C(O)R'™, —~C(OYOR™,

~NR™S(O)R'", -NR'S(0),R", -NRMS(O)NR "R, -NR"*S(O),NR PR, ~SR'*, -S(O)R™,

5.
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—S(0)R™, —S(OWNR™R, or —S(0),NR'"R";

R is -(CRR®),~(Cg.14 aryl) or —(CRVR®),~heteroaryl;

R and R™ are each independently (a) hydrogen or halo; (b) Cy.6 alkyl,
Cy6 alkenyl, Cog alkynyl, Ca g cycloalkyl, Co14 aryl, Cyys aralkyl, heteroaryl, or heterocycelyl;
or {¢) —~C(OIR™, —~C(O)YOR™, ~C(O)NR'PR, ~C(NR')NR"R'®, ~OR ', ~OC(O)R",
~OC(OYOR™, ~OC(OINR™RY, ~OCENRMNRPR', ~OS(OIR", ~OS(0),R ™,
—OS(ONRPR™, —OS(0),NR PR, NR "R, -NR"*C(O)R, -NR™C(0)OR ",
SNRPCONRPR'S, ~-NRPC(ENRMNR PR -NRMS(O)R', -NRS(O)R,

—S(0);NR'°R";

R* and R*® are cach independently (a) hydrogen or halo; (b) C alkyl,
Cog alkenyl, Cog alkynyl, Ciyp cycloalkyl, Cs 4 aryl, Cq 5 aralkyl, heteroaryl, or heterocyclyl;
or {¢) ~C(O)R™, =C(O)OR", ~C(OINR'R™®, ~C(NR'™NRPR'¢, ~OR™, ~OC(O)R™,
~OC(OYOR™, —OC(ONR PR, —OCENR™MNR RS, ~OS(O)R', ~OS(0)R ™,
—OS(OINR PR, —OS(0),NR "R, -NR"™R"S, NR"C(O)R"?, -NR"“C(O)OR™,
~NRPCOINRRY, -NRPCENRIONR PR, -NRPS(OR, -NRS(O),R ',
~NR"S(OINR "R, -NR"“S(0),NR'*R', =SR™, ~-S(O)R ", ~S(0),R*, ~S(OINR'*R'®; or
—S(0),NR'"R™; or (d) when one occurrence of R and one occurrence of R*® are attached to
the same carbon atom, the R* and R’® together with the carbon atom to which they are
attached form a Cs_1 cycloalkyl or heterocyclyl;

R®is hydrogen, Cy.s alkyl, —S—Ci¢ alkyl, ~S(O)-C, ¢ alkyl, or
—50,—Cy alkyl;

mis Oorl;and

nis0, 1,2, 3, or4;

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,
heteroalkenylene, atkynyl, cycloalkyl, aryl, arallkyl, heteroaryl, and heterocyclyl is optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents Q as

defined herein.

[0053] In still another embodiment, in Formula i,

X, Y,and Z are N;

R' and R” are each independently (a) hydrogen, cyano, halo, or nitro;
(b) Cy6 alkyl, Cog alkenyl, Cog alkynyl, Csyq cycloalkyl, Ce. 4 aryl, Cq5 aralkyl, heteroaryl,
or heterocyclyl; or (¢) —C(O)R", —~C(OYOR™, —C{OINR'®R'®, -CNR'NR PR, ~OR ",

06-
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—OC(ORY, ~OC(0YOR", ~OC(OINR'R ', ~OC(=NR'")NRR'¢, ~OS(O)R?, ~OS(O),R',

~NR"S(OINRR', —NR'*S(0),NRPR'®, ~SR™* —S(O)R", —=S(0),R", ~S(O)NR'R®, or
~S(0)NR'PR’; wherein cach R'™, R™, R’ and R' is independently (i) hydrogen;
(11) Ci alkyl, Cog alkenyl, Cog alkynyl, Csog cycloalkyl, Co 4 aryl, Cr.s aralkyl, heteroaryl,
or heterocyclyl; or (i) R™ and R'® together with the N atom to which they are attached form
heterocyelyl;

R* and R* arc each independently hydrogen or Cp.s alkyl; or R? and R* are
linked together to form a bond, Cy alkylene, Cys heteroalkylene, C; ¢ alkenylene, or
(Cy.¢ heteroalkenylenc;

R™ is (a) hydrogen or halo; (b) Cy alkyl, Cos alkenyl, Cog alkynyl,
Cs.10 oycloalkyl, Cera aryl, Coys aralkyl, heteroaryl, or heterocyelyl; or (¢) ~C(OR ',

~OS(0);NRR', -NR'PR', -NR™C(OIR', ~-NRMC(OYOR ', -NR*C(O)NR'PR®,
“NRECENRMNRR' -NRMS(OIR Y, -NRMS(0),R ", -NR¥S(O)NR'PR ",
----- NRS(0),NRPR', SR, ~S{OIR, —S(O)R'*, ~S(ONR'*R'®, or ~S(0),NR"R;

R*® s (a) halo; (b) Cy 4 alkyl, Cyg alkenyl, Cog alkynyl, Csyp cycloalkyl,
Cg.1a aryl, Cyis aralkyl, or heteroaryl; or (¢) ~C(O)R'®, ~C(OYOR'®, —C(O)NR™R®,
----- CINR'NR™R', ~OR'*, ~OC(O)R™, —OC(0)OR™, ~OC(OINRR", —~OC(=NR"™NR'"R",
------ OSOR"™, —OS(0)R", —OS(O)NRR'®, —OS(O),NR™R'®, -NR'" R, -NR*C(O)R ',
~NRPCOYOR', -NR™C(O)NR PR, “NR'*C(=NRINR PR, -NR"S(O)R ',

R and R™ are each independently (a) hydrogen or halo; (b) Cy alkyl,
Co.g alkenyl, Cyg alkynyl, Cy g cycloalkyl, Co 14 aryl, Cq. 15 aralkyl, heteroaryl, or heterocyelyl;
or (¢) —C(O)R™, ~C(OYOR"™, ~C(O)NR'R'®, —~C(NR'NR'PR'®, ~OR ™, ~OC(O)R',
—OC(O)OR™, —~OC(OINR'R", ~OC(=NR"NR "R, ~OS(O)R ™, —~OS(O)R™,
~OS(O)NR'PR*, —O8(0),NR "R, -NR'"R'*, -NR*C(O)R', -NR"*C(O)OR ",
~NR"PC(OINRPR', -NR"*C(=NR"HNR *R®, -NRMS(OIR'?, ~NR'“S(0),R",
~NRMS(OINRPR', -NR¥S(O),NRRY, ~SR™, —S(O)R*, =S(ORR™, ~S(O)NR'R, or

27-
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—S(O)NR'PR';

R and R are each independently (a) hydrogen or halo; (b) Cy.¢ alkyl,
Co6 alkenyl, Cog alkynyl, Csy0 cycloalkyl, Cy.ia aryl, Crys aralkyl, heteroaryl, or heterocyclyl;
or (¢) ~C{OR", ~C(OYOR'®, ~C(ONR PR, —-C(NR'™NRPR', —~OR™, ~OC(O)R ',
~OC(0)OR", ~OC(OINR'RS, ~OC(=NR'")NR'R', ~OS(O)R ", ~OS(O)R ",
—OS(OINR 'R, ~08(0),NR "R, -NR PR, -NR*C(O)R", -NR"*C(OYOR ',
“NR“C(O)NR'PR'S, -NR*CENRMNR PR -NRIPS(O)RY, ~NRMS(0),R ",
AAAAA NR"S(OYNRPRY, -NRY“S(O)NR PR, SR —S(O)R"", ~S(ORLR'*, =S(O)NR''R'®; or
44444444 S(O)NRPR'; or (d) when one occurrence of R* and one occurrence of R are attached to
the same carbon atom, the R™ and R’® together with the carbon atom to which they are
altached form a Cs_4¢ cycloalkyl or heterocyclyl;

R® is hydrogen, C).4 alkyl, -S—C1 alkyl, =S(0)—Ci alkyl, or
~S0,—Cy6 alkyl;

mis 0 orl; and

nis0,1,2,3,0r4;

whercin cach alkyl, alkylene, heteroalkylene, alkenyl, alkenylenc,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl is optionally
substituted with onc or more, in onc embodiment, one, twe, three, or {our, substituents Q as

defined hercin.

| noene embo ilIlCﬂt, Ne cCompound o1 formuia as the structure O‘TFOI’mU a
0054 i bod th D ofF la I has th { {
ia:
!
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or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof, wherein RY, R?, R?, R*, R®, R™, R, R, R° R™, m, X, Y, and Z are each as

defined herein. In one embodiment, m is 0. In another cmbodiment, mis 1.
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[6055] In another embodiment, the compound of Formula T has the structure of
Formula 1b:
R.l
2
— »\R(’
N

’)’\YI

R3 X7 R
A~ \' R.;C
e \51*/‘%\% g
R#
(1b)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein RERE R R RS R™ R R R’ R™, m, X, Y, and Z arc each as

defined herein. In onc embodiment, m is 0. In another embodiment, m is 1.

[0056] In one embodiment, provided herein is a compound of Formula 1, la, or Ib as
described herein, or an enantiomer, a mixture of enantiomers, a mixturc of two or more
diastercomers, or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thercof, wherein m is 0; R and R are each independently (a) halo;

(b) Ci6 alkyl, Cyg alkenyl, Cog alkynyl, Csio cycloalkyl, Ce.ia aryl, Coys aralkyl, heteroaryl,
or heterocyclyl; or (¢) ~C(O)R'®, —C(OYOR™, —C{OINR'PR'®, -C(NRINR PR, ~OR ',
—OC(O)R'®, —OC(OJOR ", ~OC(OINR PR, ~OC(=NR'"NR "R, —OS(O)R™, <OS(O)LR'",
—OS(O)NR'PR'®, ~OS(0);NR'R', -NR'"R'®, -NR"*C(O)R"!, -NR"C(OYOR™,
SNRPCOYNRPR' -NRUCENRNR PR, -NRMS(OR ', -NRMS(0),R Y,
“NRMS(O)NRPR', -NRS(0)NR'R™, -SR'*, —S(O)R ", ~S(0)R ", ~S(OINR'R'®, or
—S(O)NR™R!; and R, R?, R, R R, RS, X, Y, Z, R™ R, R, and R' arc defined herein

elsewhere.
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[6057] In yet another embodiment, provided hercin is a compound of Formula I1:

R3 X !Y RS'& RSI)
r\’\N Sz N R
0 ) H

R4
(1)

or an cnantiomer, a mixture of enantiomers, a mixture of two or more diastercomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof;, whercin:

X, Y, and Z are each independently N or CR™, with the proviso that at least
two of X, Y, and 7 are nitrogen atoms; where R is hydrogen or C, ¢ alkyl;

R' and R are each independently (a) hydrogen, cyano, halo, or nitro;
(b) Cyi alkyl, Cog alkenyl, Cos alkynyl, Csqo cycloalkyl, Ceq aryl, Cr.5 aralkyl, heteroaryl,
or heterocyelyl; or (¢) —C(O)R', ~C(OYOR™, ~C(O)NR'PR’®, ~C(NR')NR'PR', ~OR ",
~OC(OR, ~OC(OYOR™, “-OC(ONR'PR', “OC(=NR'™NR'R¢, ~OS(O)R", ~OS(O),R",
—OS(O)NR RS, ~OS(O),NR'R'®, -NR'°R"*, -NR “C(O)R'?, ~NR "*C(O)OR ",
SNRMC(OINR/PR'®, -NRPCENRMNR PR -NR"S(O)R ', -NR*S(0),R Y,
NRPS(O)NR PRY, -NRMS(0),NR PR, —SR ', ~S(O)R™, -S(0),R"®, ~S(O)NR'" R, or
~S(0),NR™R ', whercin each R' R'®, R', and R'? is independently (i) hydrogen;
(i) Cyg alkyl, Cpg alkenyl, Cos alkynyl, Csio cycloalkyl, Co4 aryl, Crs aralkyl, heteroaryl,
or heterocyelyl; or (1) R'™ and R together with the N atom to which they are attached form
heterocyclyl;

R* and R” are each independently hydrogen or Cyg alkyl; or R? and R* are
linked together to form a bond, Ci alkylene, Cy.6 heteroalkylenc, Cy6 alkenylene, or
Cy. heteroalkenylene;

R is (a) hydrogen or halo; (b) Cpg alkyl, Cos alkenyl, Cy alkynyl,
Ca.10 cycloalkyl, Coa aryl, Crys aralkyl, heteroaryl, or heterocyelyl; or (¢) ~C(OR ',
~C(O)OR™, ~C(OINR'PR', -C(NR')NR "R, ~OR'®, ~OC(O)R !, ~OC(O)OR™,
~OC(OINR'PR'S, ~-OC(=NRNR PR, ~OS(O)R", ~OS(0),R", ~OS(O)NR 'R,
—OS(0)LNRPR'S, -NR'PR', -NR*C(O)R'Y, -NR™*C(0)OR ", -NR"*C(O)NR "R,
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NRPCENRNRR™S, -NRPS(O)R, -NRMS(0),R ", -~NR'“S(O)NR'*R®,

R™ is (a) halo; (b) C1 alkyl, Cpe alkenyl, Cyu alkynyl, Cs.pq cycloalkyl,
Cs.14 aryl, C.y5 aralkyl, heteroaryl, or heterocyclyl; or (¢) —C(O)R', —C{OYOR™,
~C(OINR'™R, -CINRNR'®R ¢, ~OR™, ~OC(O)R"*, ~OC(O)OR', ~OC(O)NR'"R,
~OC(=NRMNRPRY, —OS(OR™, —OS(0),R "™, —OS(OINRPR', ~OS(0),NR'PR', -NR'PR',
~NRC(O)R, -NRMC(OYOR', -NRUC(OINRPR, “NR"C(=NR")NR'PR",
“NRUS(O)R', -NR™S(O),R, ~NRS(OYNR PR, -NR"™“S(0),NR "R, SR, —S(O)R"?,
~S(O)R'*, —S(O)NR'PR', or —S(0),NR "R,

R i3 --(CR*R),~(Ce.14 aryl) or (CR*'R ), ~hcteroaryl;

R and R’% are each independently (a) hydrogen or halo; (b) Cy 4 alkyl,
Co altkenyl, Cos alkynyl, Ca.i cycloalkyl, Coi4 aryl, Cqys aralkyl, heteroaryl, or heterocyclyl;
or (¢) —C{OR™, —C(MHOR™, ~CLONRR®, —C(NR'HNRPR', ~OR™, ~OC(O)R™,
~OC(OYOR™, —OC(OINR PR, —OC(=NR')NR PR, ~OS(OIR"*, ~OS(O),R ",
~OS(O)NR'PR', —OS(O),NR RS, -NRPR'®, -NR"*C(O)R?, -NR""C(O)OR ',
NRPUCOINRPR', -NRPCENRNR PR -NRPS(OIR' -NRS(0),R ',

~S(0),NR"R'; or (d) when one occurrence of R¥ and one occurrence of R arc attached to
the same carbon atom, the R* and R’ together with the carbon atom to which they are
attached form a Csyp cycloalkyl or heterocyclyl; ]

R’ is hydrogen, C g alkyl, —=S—C\.6 alkyl, ~S(0)-C alkyl, or
—S0,—C, 6 alkyl; and

nis 0, 1,2, 3, or4;

wherein each alkyl, alkylene, heteroalkylene, alkenyl, alkenylene,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyelyl in R', R?, R?

RY RS RS RM™ R R™ R R™ R R R and R is optionally substituted with one or
» ’ ; 1 Y

kS

more, in one cmbodiment, one, two, three, or four, substituents Q, wherein each substituent
15 independently selected from (a) oxo, cyano, halo, and nitro; (b) Cy alkyl, Cy alkenyl,
Cos alkynyl, Csyo cycloalkyl, Ce.14 aryl, Coys aralkyl, heteroaryl, and heterocyclyl, each of
which is further optionally substituted with one or more, in one embodiment, one, two, three,
or four, substituents Q% and (¢) ~C(OIRY, —C(O)YOR?, —C(OINRR®, ~C(NR*NR"R®, ~OR",
—OC(O)RY, ~OC(O)YOR®, ~OC(OINRR®, ~OC(=NR*NR"R®, ~OS(O)R?, ~OS(0),R",
—OS(O)NRR®, ~OS(0),NRRS, ~-NRR®, -NR*C{O)RY, “NR*C(O)OR?, -NR*C(O)NR"R®,
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—S(OIR", —S(0),R*, —~S(OYNRR®, and —S(O),NRR®, wherein cach R?, R®, R®, and RY is
independently (i) hydrogen; (i) Cy4 alkyl, Cos alkenyl, Co s alkynyl, Cs.y4 cycloalkyl,
Cs.14 aryl, Cys aralkyl, heteroaryl, or heterocyclyl, each of which is further optionally
substituted with one or more, in one embodiment, one, two, three, or four, substituents Q% or
(iii) R” and R together with the N atom to which they are attached form heterocyelyl, which
1s further optionally substituted with one or more, in one embodiment, one, two, three, or four,
substituents Q%

wherein cach Q" is independently selected from the group consisting of
(a) oxo, cyano, halo, and nitro; (b} Ci4 alkyl, Cys alkenyl, Cyg alkynyl, Cs ¢ cycloalkyl,
Co.14 aryl, Cq_ys aralkyl, heteroaryl, and heterocyclyl; and (¢) - C(O)R®, ~C{OYOR®,
~C(O)NR'RE, —C(NRONRRE, ~OR®, ~OC(O)R®, ~OC(O)OR®, ~OC(ONRRE,
—OC(=NR%NRRE, ~OS(O)R®, ~OS(0),R", ~OS(O)NR'RE, —OS(0),NR'RE, -NR'RE,
~“NRC(O)R", -=NR°C(O)OR", ~NRC(O)NRRE, -NR°C(=NR"NR'RE, -NR°S(O)R",

and ~S(0),NR'RE, wherein each R°, R', R®, and R" is independently (i) hydrogen;
(11) Cr6 alkyl, Cyg alkenyl, Cyp alkynyl, Cs.o cycloalkyl, Coaaq aryl, Crys aralkyl, heteroaryl,

or heterocyelyl; or (i) R" and R® together with the N atom to which they are attached form

heterocyclyl.
[0058] In yet another crmbodiment, provided herein 1s a compound of Formula ii:
R.}
2
=N RS

3 X \" Rsﬂ 1{}{)
R \/‘\ e /I‘\ > Se
(VN7 TZT N R
O\ ) H

R?

(I
or an enantiomer, a mixture of cnantiomers, a mixture of two or more diastercomers, or an
isctopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereot, wherein:
X, Y, and Z are each independently N or CR®, with the proviso that at least

two of X, Y, and Z arc nitrogen atoms; where R*is hydrogen or C) 4 alkyl;
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R' and R” are each independently (a) hydrogen, cyano, halo, or nitro;
(b) Cy.s alkyl, Cos alkenyl, Cos alkynyl, Cayg cycloalkyl, Ce 14 aryl, Co s aralkyl, heteroaryl,
or heterocyelyl; or (¢) ~C(O)R', —<C(OYOR ", =C(ONR*R'®, ~CONR'™)NR"R'®, —OR ",
~OC(O)R', “OC(0)OR™, —OC(O)NR'R', ~OC(=NRMNRPR'®, —OS(OIR™, ~OS(O)R',
~OS(O)NR 'R, ~OS(0),NR PR, -NR'"R'*, -NR"*C(O)R', -NRMC(0)OR ',
NRPC(OINRR', “NR"*C(=NRINR IR, -NRIS(OR M, ~NRS(0),R Y,

~S(0),NR'PR'S; wherein each R'® R'", RY, and R' is independently (i) hydrogen;
(11) Ci alkyl, Co.s alkenyl, Cos alkynyl, Csyo cycloalkyl, Co.ia aryl, Cr4s aralkyl, heteroaryl,
or heterocyelyl; or (i) R'® and R'* together with the N atom to which they are attached form
heterocyclyl;

R* and R* are each independently hydrogen or Ci alkyl; or R* and R arc
linked together to form a bond, C alkylene, €y heteroalkylene, Co s alkenylene, or
(.6 heteroalkenylene;

R is (a) hydrogen or halo; (b) Cg alkyl, Cyg alkenyl, Cog alkynyl,
Cayg cycloalkyl, Cgya aryl, o5 aralkyl, heteroaryl, or heterocyclyl; or (¢) —C(O)R'?,
~C(OYOR™, —C(ONRPR, -CNR™NR'PR'®, -OR"®, ~OC(O)R™, ~OC(0)OR™,

—OS(0),NR PR, -NR PR, -NR""C(O)R', -NR*C(OYOR M, -NR*C(OYNRIR',
~NRPCENRNR PR, -NRES(O)R, -NR*S(0),R Y, ~NR*S(O)NR'PR*,
NR'S(0),NRR™, -8R ~S(O)R™, —S(O)R"*, ~S(OWNR'PR'®, or ~S(0),NR°R';

R is (a) halo; (b) Cy alkyl, Cog alkenyl, Cog alkynyl, Cs o cycloalkyl,
Co.14 aryl, Cy.y5 aralkyl, hetcroaryl, or heterocyclyl; or (¢) —C{O)R"™, ~C(OYOR™,
~C(O)NR'PR™, -C(NR'NR'PR¢, ~OR"™, —~OC(O)R", ~OC(O)OR", ~OC(O)NR PR’
~OC(=NR"™)NR'R’, ~OS(0)R'*, —0S(0),R"™, ~OS(O)NR'"R®, —~OS(0),NR"R’S, -NR'*R*,
NRPCORY, -NRC(GYORY, -NRPC(OINRPR'e, -NRPC(=NR'YNR'°R,
~NRMS(O)R™, NR™S(0)R', ~NR*S(O)NR PR, -NR"*S(0),NR'*R', -SR'*, ~S(O)R™,
~S(O),R", —S(ONR'R ', or —S(O),NR'*R";

R>®is Cg.14 aryl or heteroaryl; and

RC is hydrogen, Ci alkyl, =S—Cy¢ alkyl, -S(0)-C) 6 alkyl, or
~80,—C, ¢ alkyl;

wherein each alkyl, alkylene, beteroalkylene, alkenyl, alkenylene,

heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and hetcrocyclyl in R?, R?, R?,
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RY RS RY R™ R, R R, R™ R™, and R* is optionally substituted with one or more, in
one embodiment, one, two, three, or four, substituents Q, wherein each substituent Q is
mdependently selected from (a) oxo, cyano, halo, and nitro; (b) C, 4 alkyl, C,.6 alkenyl,
Cys alkynyl, Cs.10 cycloalkyl, Cs.14 aryl, Crys aralkyl, heteroaryl, and heterocyclyl, cach of
which is further optionally substituted with onc or more, in one embodiment, one, two, three,
or four, substituents Q°; and (c) —C(O)R*, —C(O)OR®, ~C(O)NRR®, -C(NR*NR"R®, —OR",
—OC(O)R", —~OC(OYOR?, ~OC(O)NR R, ~OC(=NRNR"RE, ~OS(O)R?, ~OS(O),R",
~OS(O)NRPR®, —0S(0):NRPR®, -NR°R¢, -NR*C(OIRY, “NR*C(0)OR?, “NRC(O)NR'R®,
SNRUCENRYNRRS, -NR'S(O)RY, “NRUS(0),RY, -NRS(OINRPR®, ~NR*S(0),NR°R®, —SR?,
~S(O)R", —=S(OLRY, —S(OYNRRS, and —8(0),NR"R®, wherein cach R*, R”, R®, and R s
dependently (1) hydrogen; (i) Cy6 alkyl, Cy ¢ alkenyl, Cy alkynyl, Cayg cycloalkyl,
Co.14 aryl, Crs aralkyl, heteroaryl, or heterocyelyl, each of which is further optionally
substituted with one or more, in one cmbodiment, one, two, three, or four, substituents Q°; or
(iii) R” and R® together with the N atom to which they are attached form heterocyelyl, which
is further optionally substituted with one or more, in one embodiment, one, two, three, or four,
substituents Q%

wherein cach Q" is independently selected from the group consisting of

(a) oxo, cyano, halo, and nitro; (b) Cy alkyl, Cog alkenyl, Co g alkynyl, Cag cycloalkyl,

—OC(=NRNR'RE, “OS(0)R, —0S(0),R, ~OS(O)NR'RE, —OS(0),NR'R¥, -NR'RE,
“NRC(OIR", -NRC(O)OR", -NRC(O)NR'RE, -NR°C(=NR"NRRE, -NR°S(O)R”,

and ~S(0),NR'R®; wherein each R®, R, R%, and R" is independently (i) hydrogen:
{(11) Ci6 alkyl, Co alkenyl, Cos alkynyl, Ciip cycloalkyl, Coi4 aryl, Cq s aralkyl, heteroaryl,
or heterocyclyl; or (iii) R and R® together with the N atom to which they arc attached form

heterocyelyl.
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[0059] In one embodiment, the compound of Formula il has the structure of Formula
Ha:
R’x
RASE Ny

e \
N)\R()
,,J\

R‘} R‘Si R‘Sb
!
(\’\N S R

o
o\/\J
R4
(I1a)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
. p2 p3 Sa 1pSh g Se o .
prodrug thereof, wherein RYLRZE R, RY RS, R™ R R X, Y, and Z are each as defined

herein.

[0060] In another embodiment, the compound of Formula IT has the structure of

Formula {Tb:

Rl
Rz\fls N N
o ) 6
e
R’» }f/ /I\f\ Rs,a RSb
1/\’\1\:{/"‘\\\2 N RS&.
O\/\J H
R4
(11b)

or an 1sotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
5l 12 3 pd p6 pi s : - .
prodrug thereof, wherein R, R%, R7, R™, R, R™, R°°, R X, Y. and Z are each as defined

herein.

[0061] In one embodiment, provided herein is a compound of Formula 11, 11a, or IIb
as described herein, or an enantiomer, a mixture of enantiomers, a mixture of two or more
diastercomers, or an isotopic variant thereof] or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thercof; wherein R™ and R are each independently (a) halo

(b) Ci alkyl, Cy alkenyl, Cog alkynyl, Ciyp cycloalkyl, Cs.i4 aryl, Coys aralkyl, heteroaryl,
or heterocyelyl; or () ~C(O)R™, ~C(OYOR™, ~C(OINR PR, -C(NR*)NRPR'®, ~OR ',
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~OC(O)R™, ~OC(O)OR™, ~OC(ONRR'®, “~OC(=NRINR IR, ~OS(O)R ™, ~OS(O )R ",
----- OS(O)NR'R'e, “OS(0),NR R, -NR*R*®, -NR™*C(O)R", -NR"*C(O)OR ™,
~NR*C(O)NRR', -NRPC(=NR'NRPR, -NR"*S(O)R", -NR"*S(0),R ",
~NR™S(O)NRR, -NR "S(0),NRPR'¢, ~SR'*, ~S(O)R™, ~S(O)R"*, ~S(O)NR'*R', or
~S(O)LNR™R' and R, R%, RY, R R RS X, Y, Z, R™ R™, R™, and R' are defined herein

elsecwhere.

[0062] In yet another embodiment, provided herein is a compound of Formula HI:

am
or an enantiomer, a mixture of cnantiomers, a mixturc of two or more diastereomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thercof; wherein R', R%, R, R R®, R™ R R™ R™, R™, and m arc each as defined herein.

In one embodiment, mis 0. In another embodiment, mis 1.

[06063] In onc embodiment, the compound of Formula 1 has the structure of Formula
Hia:
R'l
RN

D
)\

N RM Ric
r\ N %P\SC
0. \J B R R
R4
(ITa)

ot an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R', R R R RS R™ R R R R™ and m arc cach as defined

herein. In one embodiment, mis 0. In another embodiment, m is 1.
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[0064] In another embodiment, the compound of Formula HI has the structurc of

Formula Hlb:

(111b)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof: wherein R', R% R, R R® R™ R™, R*, R*, R*, and m are each as defined

herein. In one embodiment, mis 0. In another embodiment, mis 1.

[0065] In one embediment, provided herein 1s a compound of Formula 11, IHa, or
[1Ib as described herein, or an enantiomer, a mixture of enantiomers, a mixture of two or
more diastereomers, or an isotopic variant thercof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thercof; wherein m is 0; R*® and R™ are each independently

(a) halo; (b) Cy alkyl, Co alkenyl, C, 4 alkynyl, Cs¢ cycloalkyl, Coyg aryl, Cqys aralkyl,
heteroaryl, or heterocyclyl; or (c) ~C(OR™, ~C(OYOR '™, ~C(OINR PR, ~C(NR')NR "R,

~OS(0)R™, ~OS(OWNR PR, —0S(0),NR PR, -NR PR, -NR*C(O)R ", -NR"C(O)OR®
“NRMCOWNRPR', -NR“CENR'NR PR -NRUS(O)R, —NRS(0O),R ™,

M

~SORNRRI and R, RE R R R RE R R R, and R™ are defined herein

elsewhere.
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[0066] In yet another embodiment, provided herein is a compound of Formula IV:
R]
2
5 )N

= s
A

3 ]}]/ N 1{5&1 ARSb
%“N”\\Ni RS
0\,\/' M
R
(1v)

or an enantiomer, a mixturce of enantiomers, a mixture of two or more diastercomers, or an
isotopic variant thercof;, or a pharmaceutically acceptable salt, solvatce, hydrate, or prodrug

S . 3 R oy 56 5 . o -~ .
thereof: wherein R!, R%, RY, RY, R®, R™ R™, and R are each as defined herein.

[0067] In one embodiment, the compound of Formula 1V has the structure of Formula
Va:
RE
2

(1Va)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or

s 2 13 nd 6 54 51 S¢ .
prodrug thercof; whercin RYL RY R RY RO R R, and R are each as defined hercin.
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[0068] In another embodiment, the compound of Formula IV has the structure of
Formula 1'Vb:
Ri
Rz\ N
N)\ R6
J\ Rﬁd R’)b
\/\ S /k /'4@ RSe
N
{)\/\J H
(IVb)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or

. i 2 3 4 G 54 5k 5 :
prodrug thereof; whercin R', R*, R°, R*, R°, R™ R, and R™ arc cach as defined herein.

{0069] In one embodiment, provided hercin is a cornpound of Formula IV, 1Va, or
Vb as desceribed herein, or an enantiomer, a mixture of enantiomers, a mixture of two or
morc diastereomers, or an isctopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof; wherein R™ and R°® are each independently (a) halo:
(b} Cy atkyl, Cyp alkenyl, Cy g alkynyl, Cs 0 cycloalkyl, Ce14 aryl, Crys aralkyl, heteroaryl,
ot heterocyclyl; or (¢) ~C(O)RY, ~C(CYOR', ~C(OINR'"R¢, -C(NR"™)NR'"R*, —OR*,
~OC(O)RY, ~OC(OYOR™, ~OC(ONR"R, -OC(E=NR™NRR, ~OS(OIR™, —OS(0 )R ™,
~OS(ONRPR", —OS(0),NR PR, -NRPR*, -NR"*C(O)R?, - NR'*C(OYOR ",
“NRC(O)NR'PR™, -NR""CE=NRNRPR', -NRS(OWR M, -NRMS(0),R ™,
~NRMS(OINRPR', -NRMS(O),NR PR, -SR™, ~S(OIR™, —S(O)R"*, ~S(OINR'*R', 0
~S(O),NR™R™; and RY, R?, R, R R™ RS, R R'™® R and R are defined herein

ciscwhere.
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{0070} In yet another embodiment, provided herein is a compound of Formula V:
R
R:Z\IIZ Ny
== V»\ RO

or an enantiomer, a mixiure of enantiomers, a mixture of two or more diastereomers, or an
isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

- 02 3 5 S¢ - .
thereof; wherein R', R%, R®, RY, RS, R*®, R*, X, Y, and Z arc cach as defined herein.

[6071] In one embodiment, the compound of Formula V has the structure of Formula

Va:

(Va)
or an igotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or

R ) ey . 5 g , .
prodrug thereof, wherein R R% R, R_4, R,(’, R b, Rsﬂ X, Y, and Z arc cach as defined herein.
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[0072] In another ecmbodiment, the compound of Formula V has the structure of

Formula Vb:

(Vb)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or

prodrug thereof;, wherein R', R”, R?, R, R®, R*", R*®, X, Y, and Z arc cach as defined herein.

[6073] In yet another embodiment, provided herein is a compound of Formula VI:
Ri
2
R ~i Ny
e
, . 5b
3 NN OR?
R3 %
}\/\ N /‘{\N )\%\f )\ R5¢
oV
r4
(V)
ot an enantiomer, a mixture of cnantiomers, a mixture of two or more diastereomers, or an
isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug

. 2 53 nd 6 St Se -
thereof; wherein R', R%, R?, RT, R®, R™, and R are each as defined herein.
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{00741 In one embodiment, the compound of Formula VI has the structure of Formula
Via:
R!
RZ\,L Ny
== N»\ RE

(Via)
or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or

- I 652 p3 pd 6 s 5 S .
prodrug thereof; wherein R, R%, R”, R", R", R b, and R are each as defined herein.

[0075] In another embodiment, the compound of Formula V1 has the structure of
Formula Vib:

RE

2
RE N
== »\ RO
N E
I~ 5b
N N R"
RS N

(Vib)
or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or

prodrug thercof: wherein R', R%, RY, R”, R, R and R are cach as defined herein.
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[0076] In yet another embodiment, provided herein is a compound of Formula VIl:

Y X Y R:'m RS b RTd
I{J l >< Th
R i
\(\/\ N \Z /k E ~
O ~ /I R 7e R e
RA I{7d
(VihH

or an enantiomer, a mixture of cnantiomers, a mixture of two or more diastcreomers, or an
isotopic variant thercof; or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug
thereof; wherein:

R™ R™ R™ R and R are each independently (a) hydrogen, cyano, halo, or
nitro; (b) Ci alkyl, Cog alkenyl, Co alkynyl, Cayp cycloalkyl, Coj4 aryl, Cq.ys aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; or (¢) ~C(OR"™, ~C(OYORY™, —C{ONR'R'®, —-C(NR')NR'PR,

~OS(0)R"™, —OS(ONR R, 2OS(0),NRPR', -NR'"R', -NR"*C(O)R ", -NRMC(0)OR,
“NRMCOINRR', -NRCENRNR PR, -NRS(OIR Y, -NRS(0),R ",
~NR™S(OINR PR, -NR"S(0),NR "R, -SR ", —S(O)R"*, —S(O),R'*, ~S(ONR "R, or
""""" S(O),NRMR';

two of R™ R R™, R7, and R that arc adjacent to each other form
Csoyo cycloalkenyl, Ceo4 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one
or more substituents Q; and

R, R? RO R RS R™ R RS R R™ R™ X, Y, and Z are each as defined

herein.
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[6077] In one embodiment, the compound of Formula VII has the structurc of

Formula Vila:

N )\S /H\ 3/, R

(Vila)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof;, wherein RYRERY R RS R™ R™® R™ R™ R™ R™ R, X, Y, and Z are

cach as defined herein.

[0078] In another embodiment, the compound of Formula VIT has the structure of
Formula Viib:
R]
REN-n
o \

3 Y R E
] E _R’F’b
r\"N N 'N/g"*"l =

) R7C
R«l R’?d

(V1ib)

ij R?a

= R e

or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or
' R3 B 50 pSh pTa e Rl . - o
prodrug thCICOf, WhCTClﬂ R]. ‘{{2’ R’, R4, QG, R ’L’ R b, }{/‘L” R”)) R I(,a R7(£., R’?‘cn X, Y, a]}d [ are

cach as defined herein.
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[06079] In yet another embodiment, provided herein is a compound of Formula VIHI:
RE
RNy

LN

NN R, RIR

er\/\ )*\Nﬂ\Nx R
O

N H |
~ /' - R"I‘c = R7c
R? R7d
(VIID

or an cnantiomer, a mixture of cnantiomers, a mixture of two or more diastcreomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

. - { 2 3 4 0 sy3a 5y 5t T4 7h Te 7d Te ~
thereof: wherein R, R%, R°, R*, R®, R R, R™ R, R R™, and R’ are cach as defincd

herein.
0080 In one embodiment, the compound of Formula V1 has the structure of
f
Formula Vilia:
R.}
2
R ~I N I}\
Y A
N R()
3 NJ\N R, RSORT
R .
] e R7D
r\”\N*\N*ﬁy’I <
O\/\J R7EN R
Rfl R7d
(VIlia)

or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R', R% R*, R* R, R*, R R7* R R R and R”® are cach as

defined herein,
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[0081] In another embodiment, the compound of Formula VIIT has the structure of
Formula VIib:
R!
Rz\rx\ AN N
= Mo
N RS
A

3 N

R R.‘r ¢ ‘
\/\ N g R7®
(SONTONTUN , o
\/\ R7C r R e

4

RE R
{(V1Iib)
or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or
prodrug thercof; wherein R', R%, R?, RY, R®, R™, R, R™ R R™, R™, and R” are cach as

defined herein.

[0082] In yet another embodiment, provided hercin is a compound of Formula IX:
R!
2
R ~I Ny
=\ ~

N)\R(’ R7b

Ta 7

; xékv R3GRSN AR
R3 N L

r\/\_ N \Z N R7d
O\/\J H RSH RSEJ R7C

R*

(IX)
or an cnantiomer, a mixture of cnantiomers, a mixturc of two or more diastercomers, or an
isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug
thereof; wherein:
R7, R’ R R and R"™ arc cach independently (a) hydrogen, cyano, halo, or
nitro; {(b) Crg alkyl, Co alkenyl, Cos alkynyl, Cs4g cycloalkyl, Co s aryl, Crys aralkyl,

heteroaryl, or heterocyclyl, cach of which 18 optionally substituted with one or more

"NRIJC(O)NRU:W{‘ C, _NR !&C‘(x_NRId)NRle'ICJ —:NRMS(O)RM, '—‘NRIQS(O)zR[d,
~NRMS(ONRPRY, -NRMS(O)NRRY, ~SR™, ~S(O)RY, ~S(O),R'®, —S(O)NR'"R’*, or

e
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~S(0)NR'*R';

two of R7%, R™®, R™ R, and R that are adjacent to each other form Cs.yg
cycloalkenyl, Cs 4 aryl, heteroaryl, or heterocyclyl, cach optionally substituted with one or
more substituents Q; and

R, R% R RY RO R™ R, R R R, R™, R R™, X, Y, and Z arc cach as

defined herein.

[0083] In onc cmbodiment, the compound of Formula [X has the structure of Formula
IXa:
Rf
R?‘\/\ AN

)3 X iy R3ARS
\r\"N N7 N
()\/\J ;‘] RS:}

R4
(IXa)

or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein RY, R%, R®, RY, RS, R™, R™®, R*, R>*, R™ R™ R7", R7", R™, X, Y,

and 7 are each as defined herein.

[0084] In another embodiment, the compound of Formula IX has the structure of
Formula iXb:

Rl

\
>92‘

R6 R Th
J\ R l
K

} ,’
‘*3\ I R
oy \w 14
r N™ Z R’

-

O\/\J i RS RS R
R*
(1Xb)
or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R, R%, R, RY, RS R™, R, R, R R R R, R R™, X, Y,

and Z are cach as defined herein.
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[0085] Tn Formula IX, IXa, or IXb, in certain cmbodiments, one of R’ R™, R7, R,
and R” is Ceqa aryl, heteroaryl, or heterocyelyl, each of which is optionally substituted with
one or more substituents Q; in certain embodiments, one of R™ R™®, R7, R™ and R™ is
Ce.14 aryl, e.g., phenyl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R7, R7, R7, R™, and R"° is heteroaryl, e.g., 5-membered or
6-membered heteroaryl, optionally substituted with one or more substituents Q; m certain
embodiments, one of R™, R'®, R™, R™, and R™ is heterocyclyl, e.g., S-membered or
6-membered heterocyclyl, optionally substituted with onc or more substituents Q; in certain
embodiments, one of R™, R™, R’, R™, and R™ is phenyl, imidazolyl, pyrozolyl, pyridiny},
piperidinyl, or pipcrazinyl, cach optionally substituted with one or morce substituents Q; in
certain embodiments, one of R™, R R”, R and R™ is phenyl, imidazolyl, pyrozolyl,
pyridinyt, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted
with one or more substituents Q; in certain embodiments, one of R™, R™, R’ R™, and R™ is
phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2Z-methylphenyl, 2-methoxyphenyl,
3-fluoropheny!, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl,
4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl,
2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl, 2-methylpyridin-4-yl,
2-methoxypyridin-4-yl, l-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and in certain
embodiments, one of R™, R™, R’, R’ and R"® is phenyl, 2-fluorophenyl, 2-chiorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropyljphenyl, 2-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-tlorophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophcnyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3~morpholin-4-
yvimethylphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl, 2-methylpyridin-4-yl,
2-(4-methylpiperazin-1-ylypyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yl, T-methylpyrrolidin-3-yl, piperidin-4-yl, l-methylpiperidin-4-yl, I-ethylpiperidin-4-yi,
I-isopropylpiperidin-4-yi, 1-acetyipiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl, or

4-methylpiperazin-1-yl,

[0086] In Formula IX, IXa, or IXb, in certain embodiments, R™ is Cs.14 aryl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; in certain embodiments, R™is Cora aryl, e.g., phenyl, optionally substituted

with one or more substituents Q; in certain embodiments, R™ is heteroaryl, e.g., S~membercd
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or 6-membered heteroaryl, optionally substituted with one or more substituents ; in certain
cmbodiments, R™ is heterocyclyl, e.g., S-membered or 6-membered heterocyelyl, optionally
substituted with one or more substituents Q; in certain embodiments, R™ is phenyl,
imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with
one or more substituents Q; in certain embodiments, R7 is phenyl, imidazolyl, pyrozolyl,
pyridinyl, pyrinudinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted
with one or more substituents Q; in certain embodiments, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl, 2-mcthylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-4-yl, Z-mcthoxypyridin-4-yl,
1-methylpiperidin-4-yl, or 4-methylpiperazin- 1-yl; and in certain embodiments, R™ is phenyl,
2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methylphenyl, 3-mcthoxyphenyl, 4-florophenyl, 4-chiorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-ylmethylphenyl, imidazol-1-yl, pyrozol-
4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-y1,
2-fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yDpyridin-4-vyl,
2-methoxypyridin-4-yi, pyrimidin-5-yl, pyrrolidin-3-yl, {-methylpyrrolidin-3-yl, piperidin-4-
yl, T-methylpiperidin-4-yl, 1-ethylpiperidin-4-yl, I-isopropylpiperidin-4-yi,
1-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[0087] In one embodiment, in Formula IX, IXa, or 1Xb,

R' is hydrogen or -OR'®, where R’ is C 4 alkyl, optionally substituted with
one or morc substituents Q;

R? is hydrogen;

R*and R* are hydrogen;

R® is Cy.14 alkyl, optionally substituted with once or more substituents (;

R and R arc cach independently hydrogen, halo, Cys alkyl, optionally
substituted with one or more substituents Q;

R>® and R arc cach independently Ce.i4 alkyl, optionally substituted with one
or more substituents Q;

R’ is Cg.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally
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substituted with one or more substituents Q;

R R’ R and R" are hydrogen; and

X, Y, and Z are each independently N or CR”, with the proviso that at least

two of X, Y, and Z are N; where R™ is a hydrogen or Cj.¢ alkyl, optionally substituted with

onc or more substituents Q.

[0088]

In another erabodiment, in Formula IX, IXa, or IXb,

R' is hydrogen or methoxy;

R is hydrogen;

R and R* arc hydrogen;

R is Cg14 alkyl, optionally substituted with onc or morc halo;
R and R are hydrogen;

R and R* are cach independently Ce.14 alkyl;

R’ is Cg.14 aryl, heteroaryl, or heterocyelyl, cach of which is optionally

substituted with one or more substitucnts Q;

[0089]

Te To
R R R’ and R" are hydrogen; and

X, Y, and Z are cach independently N or CH.

In yet another embodiment, in Formula 1X, 1Xa, or IXD,
R' is hydrogen or methoxy;

R* is hydrogen;

R*and R* are hydrogen;

R’ is difluoromethyl;

R** and R*" are hydrogen;

R and R™ are methyl;

R™ 8 Cq.y4 aryl, monocyclic hetcroaryl, or monocyclic heterocyclyl, each of

which is optionally substituted with one or more substituents Q;

[0090]

R R’ R’ and R are hydrogen; and
X, Y, and Z are each independently N or CH.

In yet another embodiment, in Formula 1X, [Xa, or 1Xb,
R is hydrogen or methoxy;
R” is hydrogen;

3 4
R7and R" are hydrogen;
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R® is difluoromethyl;

R and R*® are hydrogen;

R* and R™ are methyl;

R™ is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
cach of which 13 optionally substituted with one or more substitucnts ;

R™ R R™ and R arc hydrogen; and

X, Y, and Z are each independently N or CH.

(06091} In yet another embodiment, in Formula IX, TXa, or IXb,

R} is hydrogen or methoxy;

R s hydrogen;

R*and R are hydrogen;

R% s dift uoromethyl;

R* and R*® arc hydrogen;

R and R are methyl;

R™ is phenyl, imidazolyl, pyrozelyl, pyridinyl, pyrimidinyl, pyrrolidinyl,
piperidinyl, or piperazinyl, each of which is optionally substituted with one or more
substituents Q,;

R™® R™ R and R are hydrogen; and

X, Y, and Z arc cach independently N or CH.

[0092] In still another embodiment, in Formula 1X, 1Xa, or IXb,
R'is hydrogen or methoxy;
R? is hydrogen;
R¥and R are hydrogen;
R’ is difluoromethyl;
R™ and R are hydrogen;
R and R are mothyl;
R is phenyl, imidazoly!, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
each of which is optionally substituted with one or more substituents Q;
R R R and R7® are hydrogen; and
X, Y, and Z arc cach independently N or CH.

[0093] In yet another embodiment, provided herein is a compound of Formula X:
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RI
2
s \ '
N)\Ré R’;b
J\ Ta R?L
R3 E\y/ N RS(ER')L
\r\ ~ M 7d
(NNTONTONT R
O\/\/’ H R5a pSb R7e
R
(X)

or an enantiomer, a mixturc of enantiomers, a mixture of two or more diastereomers, or an

isotopic variant thercof or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug
Cnt 2 53 pd pb pS psh pdd pSe nlt T Pl pd Te

thereof; wherein R°, R%, R7, R*, R%, R™, R, R™, R™, R™ R R, R’ and R’ are cach as

defined hercin.

[0094] In one embodiment, the compound of Formula X has the structure of Formula
Xa:

(Xa)

ot an isotopic variant thercof] or a pharmaceutically acceptable salt, solvate, hydrate, or

. : 3 pd a b pSd pse T ¢  7e
prodrug thereof; wherein R, R, R?, R*, RS, R* R, R* R™ R™ R™ R R™ and R arc

cach as defined hercin.
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[0095] In another embodiment, the compound of Formula X has the structure of
Formula Xb:
R.E
)
R * N N

(Xb)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereofs wherein RY, R?, RY R RS R™ R® R R R™ R R™ R and R7® are

each as defined herein.

[0096] in Formula X, Xa, or Xb, in certain embodiments, one of R™, R™®, R7*, R7,
and R’ is Co.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted with

i e -
4 and R™ is

i

onc or more substitucnts Q; in certain embodiments, onc of R™, R7b, R’ R’
Co.1a aryl, e.g., phenyl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R™, R™ R7, R™ and R”® is heteroaryl, e.g., S-membered ot
6-membered heteroaryl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R, R™, R, R™ and R” is heterocycelyl, e.g., 5-membered or
6-membered heterocyelyl, optionally substituted with one or more substituents Q; in certain
embodiments, onc of R™, R™ R™ R™ and R™is phenyl, imidazolyl, pyrozolyl, pyridinyl,
piperidinyl, or piperazinyl, each optionally substituted with one or more substituents Q; in
certain embodiments, one of R™, R™, R”®, R™, and R™ is phenyl, imidazolyl, pyrozolyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted
with one or more substituents Q; in certain crabodiments, one of R7%, R™, R™ R™ and R™is
phenyl, 2-flucrophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methyliphenyl, 2-mecthoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl,
4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl,
Z-methylpyrozol-3-yl, pyridin-2-yl, pytidin-3-yi, pyridin-4-yl, 2-methylpyridin-4-yl,
2-methoxypyridin-4-yl, T-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and in certain
embodiments, one of R™, R™, R”*, R”, and R™ is phenyl, 2-fluorophenyl, 2-chlorophenyl,

2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropylyphenyl, 2-mcthoxyphenyl,
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3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
yimethylphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-tacthylpyrozol-3-vi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methytpyridin-4-yi, 2-(4-
methylpiperazin-1-yDpyridin-4-yl, 2-mcthoxypyridin-4-yl, pyrimidin-5-y1, pyrrolidin-3-yi,
T-methylpyrrolidin-3-yl, piperidin-4-yl, T-methylpiperidin-4-yl, 1-cthylpiperidin-4-yl,

L-isopropylpiperidin-4-yl, I-acetylpiperidin-4-yl, l-methylsulfonylpiperidin-4-yi, or

4-methylpiperazin-1-yl.

{6097] In Formula X, Xa, or Xb, in certain embodiments, R™ 18 Coya aryl, heteroaryl,
or heterocyclyl, cach of which is optionally substituted with one or more substituents Q; in
certain embodiments, R™ is Cqy4 aryl, e.g., phenyl, optionally substituted with one or morce
substituents Q; in certain embodiments, R’ is heteroaryl, e.g., 5-membered or 6-membered
heteroaryl, optionally substituted with one or more substituents Q; in certain embodiments,
R is heterocyelyl, e.g., 5-membered or 6-membered heterocyelyl, optionally substituted
with one or more substituents Q; in certain ecmbodiments, R™ is phenyl, imidazolyl, pyrozolyl,
pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; in certain embodiments, R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted with one or
more substitueats Q; in certain embodiments, R™ is phenyl, 2-tluorophenyl, 2-chlorophenyl,
Z2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl,
irmdazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl,
pyridin-3-yl, pyridin-4-yl, 2-methylpyndin-4-yi, 2-methoxypyridin-4-yl, l-methyipiperidin-
4-y1, or 4-methylpiperazin-1-yl; and in certain cmbodiments, R™ is phenyl, 2-flucrophenyl,
2-chlorophenyl, Z-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropyl)phenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6-diflucrophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-mcthoxyphenyl,
3-morpholin-4-ylmethylphenyl, imidazol-1-yi, pyrozol-4-yl, T-methyl-pyrozol-4-yl,
2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl, 2-fluoropyridin-3-yl,
2-methylpyridin-4-yl, 2-(4-methylpiperazin- [ -yDpyridin-4-vl, 2-methoxypyridin-4-yl,
pytimidin-3-yl, pyrrolidin-3-yl, I-mcthyipyrrolidin-3-yl, piperidin-4-vi, I-methylpiperidin-4-
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yl, I-cthylpiperidin-4-yi, 1-isopropylpiperidin-4-yl, 1-acetylpiperidin-4-yl,

I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[0098] In one embodiment, in Formula X, Xa, or Xb,

R' is hydrogen or —OR'®, where R is Cy alkyl, optionally substituted with
one or more substituents Q;

R” is hydrogen;

R*and R are hydrogen;

R®is Coas alkyl, optionally substituted with one or more substituents Q;

R and R are cach independently hydrogen, halo, Cp.6 alkyl, optionally
substituted with one or more substitucnts Q;

R> and R*® are cach independently Cq 4 alkyl, optionally substituted with one
or more substitucnts Q;

R™ is Cs.14 aryl, heteroaryl, or heterocyelyl, cach of which is optionally
substituted with one or more substituents Q; and

R™ R’ R™ and R™ are hydrogen.

[0099] In another embodiment, in Formula X, Xa, or Xb,

R' is hydrogen or methoxy;

R? is hydrogen;

R and R are hydrogen;

RC is Ces alkyl, optionally substituted with one or more halo,

R and R are hydrogen;

R and R* are each independently Cq 14 alkyl;

R™ is Ce.14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally
substituted with onc or more substituents Q; and

R, R R™ and R™ are hydrogen.

[060100] In yet another embodiment, in Formula X, Xa, or Xb,
R’ is hydrogen or methoxy;
R? is hydrogen;
R*and R” are hydrogen;
R’ is difluoromethyl;

R’ and R* are hydrogen;
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R* and R*® are methyl;
R™ s Cor4 aryl, monocyclic heteroaryl, or monocyclic heterocyelyl, each of
which 1s optionally substituted with one or more substituents Q; and

R™ R, R™ and R™ are hydrogen.

[00101] In yet another embodiment, in Formula X, Xa, or XD,

R' is hydrogen or methoxy;

R” is hydrogen;

R*and R* are hydrogen;

R® is difluoromethyl;

R** and R are hydrogen;

R** and R* are methyl;

R’ ig phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
each of which is optionally substituted with one or more substituents 3; and

R, R7, R7, and R are hydrogen.

[00102] In yet another ecmbodiment, in Formula X, Xa, or Xb,

R is hydrogen or methoxy;

R” is hydrogen;

R and R are hydrogen;

R® is difluoromethyl;

R and R*® arc hydrogen;

R* and R*® are methyl;

R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyreolidinyl,
piperidinyl, or piperazinyl, cach of which is optionally substituted with one or more
substituents Q; and

R™ R’ R™ and R" are hydrogen.

[060103] In still another embodiment, in Formula X, Xa, or XDb,
R' is hydrogen or methoxy;
R” is hydrogen;
R*and R* are hydrogen;
R’ is difluoromethyl;

R and R*® are hydrogen;
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R> and R are methyl;
R™is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyi,
each of which is optionally substituted with one or more substituents Q; and

R™® R R™ and R™ are hydrogen.

[00104] In yet another embodiment, provided herein is a compound of Formula XT:

(X1
or an enantiomer, a mixture of enantiomers, a mixture of two or more diastercomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thercof; wherein:

R™ R™ R’ R™ and R are cach independently (a) hydrogen, cyano, halo, or
nitro; (b) Ci alkyl, Cog alkenyl, Cog alkynyl, Cs.yo cycloalkyl, Ce 14 aryl, Cqys aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with onc or more
substituents Q; or (c) ~C(OR'", ~C(OYOR™, —C(ONRPR'®, ~C(NR")NR'°R",

—OR', ~OC(O)R ", ~OC(OOR, ~OC(O)NRPR', ~OC(=NR'"NR "R, ~OS(O)R ",

—S(O),NR'PR;

two of R7%, R’ R”, R"™ and R that are adjacent to each other form
Ca.po cycloalkenyl, Co14 aryl, heteroaryl, or heterocyclyl, cach optionally substituted with one
or more substituents Q; and

RY R R R RS R RIP R RM R R R R X, Y, and Z are each as

defined herein,
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[00105] In one cmbodiment, the compound of Formula X1 has the structure of Formula
Xla:
RE
Ri* N N
e
N7 R R0
Ta 7
. X{/ Y RSHRSbR l RY
RJ\ N /”\ (l ; b
FONTSZ7ONT R
! H 5f psg ple
()\/\J R¥ RS R
R
(Xla)

or an isotopic variant thereof, or a pharmaccutically acceptable salt, solvate, hydrate, or
, o : 1 2 3 4 [ 5¢ 5t 3f Sg & 7t Te & -
prodrug thereof, wherein R', R, RY, R*, R, R™, R, R”, R R™ R™ R, R R™ X,V

and 7 arc cach as defined herein.

[00106] In another embodiment, the compound of Formula X1 has the structure of
Formula XIb:
RI
2
Rog
= »‘\Rﬁ R0
| 7a }{7(;
. = Sapp Sb
R\ X\ EYK R /g |
O\v\” Ho psipse R7e
R"z
(XIb)

or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or
pl p? pd pd pb popsh RSt iz pla pTh Rl e
prodrug thereof, wherein R', R%, RY, R* RS, R™, R, R¥ R R™ R™ R™ R R, X, ¥,

and 7, are cach as defined hercin.

[00107] In one embodiment, provided herein is a compound of Formula X1, Xla, or
XIb as described herein, or an enantiomer, a mixturce of enantiomers, a mixture of two or
more diastercomers, or an isotopic variant thercof; or a pharmaceutically acceptable salt,
solvate, hydratc, or prodrug thereof; wherein R and R* are each independently (a) halo;
{(b) C1 alkyl, Co alkenyl, Cog alkynyl, Csop cycloalkyl, Co.14 aryl, Co.is5 aralkyl, heteroaryl,
or heterocyelyl; or (c) ~C(O)R™, =C(OYOR"™, —C(OYNR'PR'®, —C(NR'*)NR'°R'®, ~OR'",
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—OC(OR™, ~OC(0)OR", ~-OC(OINRRY, —OCENRNRPR', —OS(O)R ", —OS(O)R",
~OS(0)NR PR, ~OS(0),NRPR'®, -NR PR, -NR"“C(O)R", -NR"*C(O)OR ",
“NRMC(OINRPR', -NR*C(=NR')NR PR, -NR*S(OR 'Y, -NR"S(0),R™,
~NRMS(O)NR'PR', -NR"S(0),NR R, -SR™*, —=S(O)R™*, =S(O)R"*, ~S(ONR'"R', or

llllll S(ORNR™R': and R, R%, RP, RY, R, R R R™ R, R7, R7 R™, X, Y, Z, R'" R'", R,

and R*® are defined herein elsewhere.

[00108] In Formula X1, XTa, or XIb, in certain embodiments, onc of R™ R’ R”, R,
and R is Cq.14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally substituted with
onc or more substituents Q; in certain cmbodiments, one of R™ R R R™ and R™ s

Ce.14 aryl, e.g., phenyl, optionally substituted with one or more substituents (J; in certam
embodiments, one of R™, R™”, R™, R™, and R is heteroaryl, e.g., 5-membered or
6-membered heteroaryl, optionally substituted with one or morc substituents (Q; in certain
embodiments, one of R™, R7 R, R, and R is heterocyelyl, e. g., S-membered or
6-membered heterocyclyl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R™, R™, R™, R, and R" is phenyl, imidazolyl, pyrozolyl, pyridinyl,
piperidinyl, or piperazinyl, each optionally substituted with onc or more substituents Q; in
certain embodiments, one of R7*, R™", R™, R", and R" is phenyl, imidazolyl, pyrozolyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted
with one or more substituents Q; in certain embodiments, one of R, R™, R7, R™, and R is
phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl,
4-bromophenyl, 4-mcthoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yi,
2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-vl, pyridin-4-yl, 2-methylpyridin-4-yl,
2-methoxypyridin-4-yl, I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and in certain
embodiments, one of R7 R™®, R7, R™ and R™ is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropylijphenyl, 2-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
yimethyliphenyl, rmidazol-1-y1, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methylpyridin-4-yi,
2-(4-methylpiperazin-1-ylypyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yl, I-methylpyrrolidin-3-yl, piperidin-4-yl, I-methylpiperidin-4-yl, 1-cthylpiperidin-4-yl
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I-isopropylpiperidin-4-yl, 1-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl, or
4-methylpiperazin-1-yl.

[00109] In Formula XJ, Xla, or Xib, in certain embodiments, R7* is Ce.14 aryl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents (; in certain embodiments, R™ is Cyi4 aryl, e.g., phenyl, optionally substituted
with one or more substituents Q; in certain embodiments, R’ is heteroaryl, e.g., S-membered
or 6-membered heteroaryl, optionally substituted with one or more substituents Q; in certain
embodiments, R™ is heterocyclyl, e.g., S-membered or 6-membered heterocyclyl, optionally
substituted with one or more substituents Q; in certain embodiments, R™ is phenyl,
imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with
onc or morc substituents Q; in certain embodiments, R™ is phenyl, imidazolyl, pyrozoiyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted
with onc or more substituents Q; in certain embodiments, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methyiphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-4-yi, 2-methoxypyridin-4-yi,
1-methylpiperidin-4-y1, or 4-methylpiperazin-1-yl; and in certain embodiments, R™ is phenyl,
2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methylphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluorc-3-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyi, 3-morpholin-4-ylmethyiphenyl, imidazol-1-yl, pyrozol-
4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yi, pyridin-4-yl,
2-fluoropyridin-3-yl, 2-methylpyridin-d-yi, 2-(4-methylpiperazin-1-yl)pyridin-4-yl,
2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-yl, I-methylpyrrolidin-3-yl, piperidin-4-
yl, 1-methylpiperidin-4-yl, 1-ethylpiperidin-4-yl, I-isopropylpiperidin-4-yl,
I-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00110] In one embodiment, in Formula X1, Xia, or XIb,
R' is hydrogen or —OR™, where R is C.¢ alkyl, optionally substituted with
one or more substituents Q;

R? is hydrogen;
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R*and R” arc hydrogen;

R is Co.r4 alkyl, optionally substituted with one or more substituents Q;

R** and R*® are cach independently Ce_y4 alkyl, optionally substituted with one
or more substituents Q;

R and R’ are each independently hydrogen, halo, Cy alkyl, optionally
substituted with one or more substituents Q; or R™ and R® together with the carbon atom to
which they are attached form C; ¢ cycloalky! or heterocyelyl, each of which is optionally
substituted with one or more substituents ;

R™is Co.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally
substituted with one or more substituents Q;

R7 R R and R”® arc hydrogen; and

X, Y, and Z are each independently N or CR”, with the proviso that at least
two of X, Y, and Z are N; where R is a hydrogen or Cy alkyl, optionally substituted with

onc or more substitucnts Q.

[00111] In another embodiment, in Formula X1, X1a, or Xib,

R is hydrogen or methoxy;

R? is hydrogen;

R*and R* are hydrogen;

R®is Ceig alkyl, optionally substituted with one or more halo;

R** and R*® arc cach independently Cog alkyl;

R and R’ arc each independently hydrogen or Cy alkyl; or R* and R®
togcther with the carbon atom to which they are attached form C, 4 cycloalkyl;

R™is Cg.14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally
substituted with one or more substituents Q;

R™ R R'™, and R™® are hydrogen; and

X, Y, and Z arc cach independently N or CH.

[00112] In yet another embodiment, in Formula X1, Xla, or Xib,
R' is hydrogen or methoxy;
R? is hydrogen;
R*and R* are hydrogen;
R® is difluoromethyl;

R** and R’® are methyl;
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R and R are hydrogen; or R*" and R together with the carbon atom to
which they are attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R™is Cg.14 aryl, monocyclic heteroaryl, or monocyclic heterocyclyl, each of
which is optionally substituted with one or more substituents Q;

R’ R, R™ and R’ are hydrogen; and

X, Y, and Z are cach independently N or CH.

[00113] In yet another embodiment, in Formula X1, Xla, or XIb,

R* is hydrogen or methoxy;

R” is hydrogen;

R and R* are hydrogen;

R® is difluoromethyl;

R and R°" are methyl;

R*' and R* are hydrogen; or R*" and R together with the carbon atom to
which they are attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R’ is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
each of which 1s optionally substituted with one or more substitucnts Q;

R, R™ R™ and R7® are hydrogen; and

X, Y, and Z are each mdependently N or CH.

[00114] In yet another embodiment, in Formula X1, Xia, or Xib,

R is hydrogen or methoxy;

R” is hydrogen;

R*and R are hydrogen;

R® is difluoromethyl;

R™ and R are methyl;

R* and R® are hydrogen; or R and R® together with the carbon atom to
which they arc attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R™ig phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,
piperidinyl, or piperazinyl, each of which 1s optionally substituted with one or more
substituents Q;

R™ R’ R™ and R™ are hydrogen; and

X,Y, and Z are cach independently N or CH.
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[00115] In still another cmbodiment, in Formula X1, XTa, or XIb,

R'is hydrogen or methoxy;

R? is hydrogen;

R?and R” are hydrogen;

R® is difluoromethyl;

R** and R*® are methyl;

R* and R®® are hydrogen; or R® Fand R7¢ together with the carbon atom to
which they arc attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
cach of which is optionally substituted with one or more substituents Q;

R7 R7 R™ and R™ arc hydrogen; and

X, Y, and 7 are each independently N or CH.

[00116] In yet another cmbodiment, provided herein i a compound of Formula X1I:
R!
2
L N .
N)\R(’ R7b
Te Te
N ] RY
R? | )
\r\/\N)QNJ\N*\ X R’/‘d
0\/\/’ H  psfpse R7e
R4
(X11)

or an ¢nantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an

1sotopic varant thereof; or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug
.l 2 p3 pd pé pia pih I B pla pTh pl pld

thereof; wherein R, R*, R°, R, R®, R°* R*°, R”, R, R R’", R, R’ and R’® are cach as

defined herein.
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[00117] in one embodiment, the compound of Formula XIT has the structurce of

Formula Xlla:

(Xila)
or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thercof; wherein R', R%, R?, R*, RS R R™, R R R R R7° R and R™ are

each as defined herein.

[GO118] In another embodiment, the compound of Formula XIT has the structure of
Formula XIib:

RS RS R'C

(X1Ib)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R, R RS RYRE R® R® R R R™ R™ R R™ and R7 are

each as defined herein.

[00119] In one embodiment, provided herein is a compound of Formula X11, Xila, or
X1Ib as described herein, or an enantiomer, a mixture of cnantiomers, a mixture of two or
more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof; wherein R and R*® are each independently (a) halo;
(b) Cy6 alkyl, Cop alkenyl, Cog alkynyl, Cs.yo cycloalkyl, Ce.14 aryl, Co s aralkyl, heteroaryl,
or heterocyclyl; or (¢) —C(OIR™, —C(OYOR™, —C(OINRPRY, ~-CNR')NR'PR', —~OR™,
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_NRldc(O)NR]leb, ”NR]‘]C(:NRld)NR‘b}{“;, M‘I\]‘}{1{1.8(())11[d5 —NRIRS<O)2RM5
~NRPS(O)NR PR, -NRMS(0),NR PR, SR, —$(O)R*, -S(O)R", ~S(O)NR'*R', or
~S(0),NR'PR'S and RY, R?, R, RY, RO R%8 RO R™ R, R R™ RS, RM, R RS and R

are defined hercin elsewhere.

(001207 In Formula X11, XITa, or X11b, in certain embodiments, one of R7*, R7® R®,
R7, and R7 i Ce.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted
with onc or more substituents Q; in certain embodiments, onc of R™ R™, R, R” and R is
Cs.14 aryl, e.g., phenyl, optionally substituted with one or more substitucnts Q; in certain
embodiments, one of R™, R™ R7¢, R, and R™ is heteroaryl, e.g., 5-membered or
6-membered heteroaryl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R, R7b, R’ Rm., and R™ is heterocyelyl, e.g., S-membered or
6-membered heterocyclyl, optionally substituted with one or more substituents Q; in certain
embodiments, one of R™, R™, R’, R, and R”® is phenyl, imidazolyl, pyrozolyl, pyridinyl,
piperidinyl, or piperazinyl, each optionally substituted with one or more substituents Q; in
certain embodiments, one of R™, R™ R™, R’ and R™ is phenyl, imidazolyl, pyrozolyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted
with one or more substituents (; in certain embodiments, one of R, Rn’,, R7°, R7d, and R is
phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-mcthoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-mcthoxyphenyl, 4-florophenyl, 4-chlorophenyl,
4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, T-mcthyl-pyrozol-4-yl,
2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-y1, 2-methylpyridin-4-y1,
2-methoxypyridin-4-yl, I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and in certain
embodiments, one of R™, R", R, R™ and R"® is phenyl, 2-flucrophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropyliphenyl, Z-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxypheny!, 3-morpholin-4-
ylmethylphenyl, imidazol-1-yl, pyrozol-4-y1, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methylpyridin-4-yl,
2-(4-methylpiperazin-1-ylpyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yl, I-methylpyrrolidin-3-yi, piperidin-4-yl, 1-methylpiperidin-4-yl, I-ethylpiperidin-4-yl,
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I-isopropylpiperidin-4-yl, I-acetylpiperidin-4-yl, I-methylsulfonylpiperidin-4-yi, or
4-methylpiperazin-1-yl.

[00121] In Formula X11, XIfa, or XIlb, in certain embodiments, R7 s Co1a aryl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; in certain embodiments, R™ is Ce.14 aryl, e.g., phenyl, optionally substituted
with one or more substituents (; in certain embodiments, R’ is heteroaryl, e.g., S-membered
or 6-membered heteroaryl, optionally substituted with onc or more substituents Q; in certain
embodiments, R™ is heterocyclyl, e.g., S-membered or 6-membered heterocyclyl, optionally
substituted with one or more substituents Q; in certain embodiments, R™ is phenyl,
imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with
one or more substituents Q; in certain embodiments, R™ is phenyl, imidazolyl, pyrozolyl,
pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted
with one or more substituents Q; in certain embodiments, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, Z-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chloerophenyl, 3-methoxyphenyi, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl, 2-methyipyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-4-yl, Z-methoxypyridin-4-yl,
1-methylpiperidin-4-yl, or 4-methylpipcrazin-1-yl; and in certain embodiments, one of R™,
R™ R’ R™, and R™ is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl,
2-methylphenyl, 2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl,
4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluoro-3-
methoxyphenyl, 3-methoxyphenyl, 4-mcthoxyphenyl, 3-morpholin-4-yimethyiphenyl,
imidazol-1-yl, pyrozol-4-yi, 1-mecthyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl,
pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-
1-yDpyridin-d-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-yi,
1-methylpyrrohidin-3-yl, piperidin-4-yl, I-mcthylpiperidin-4-yl, 1-ethyipiperidin-4-yi,
1-1sopropylpiperidin-4-yl, 1-acetylpiperidin-4-yl, I-methylsulfonylpiperidin-4-yl, or

4-methylpiperazin-1-yl.

[60122] in one embodiment, in Formula X1, Xlla, or X1Ib,
R' is hydrogen or —OR", where R is Cy alkyl, optionally substituted with

one or more substituents Q;
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R? is hydrogen;
R*and R are hydrogen;
R®is Cg.14 alkyl, optionally substituted with one or more substitucnts Q;

R and R°® arc cach independently g4 alkyl, optionally substituted with one

or more substituents @;

R and R® are each independently hydrogen, halo, Cys alkyl, optionally

substituted with one or more substituents Q; or R and R’ together with the carbon atom to

which they are attached form Ci.0 cycloalkyl or heterocyclyl, each of which is optionally

substituted with one or more substitucents (;

R’ 1is Cy.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally

substituted with one or more substituents Q; and

100123)

R7° R, R™, and R™ arc hydrogen.

In another embodiment, in Formula X1, Xila, or XJib,

R} is hydrogen or methoxy;

R s hydrogen;

R and R* are hydrogen;

R is Coora alkyl, optionally substituted with one or more halo;
R* and R* are cach independently Coyg alkyl;

R* and R*® are each independently hydrogen or C ¢ alkyl; or R and R*®

together with the carbon atom to which they are attached form Cyyp cycloalkyl;

Ta . - N R . N .
R™is Ce1a aryl, hoteroaryl, or heterocyclyl, each of which is optionally

substituted with onc or more substituents ; and

[00124]

- S 7 T
R7®, R”, R, and R" are hydrogen.

In yet another embodiment, in Formula X11, Xlla, or Xlib,
®' is hydrogen or methoxy;

R7 is hydrogen;

R*and R" are hydrogen;

R® is diftuoromethyl;

R and R are methyl;

R and R’® arc hydrogen; or R* and R’® together with the carbon atom to

which they are attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R™is Cg.14 aryl, monocyelic heteroaryl, or monocyclic heterocyclyl, cach of
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which is optionally substituted with one or more substituents Q; and

7 s
R™, R’ R™ and R™ are hydrogen.

[00125] In yet another embediment, in Formula X1I, Xlila, or X1ib,

R’ is hydrogen or methoxy;

R? is hydrogen;

R*and R* are hydrogen;

RY is difluoromethyl;

R>and R’" arc methyl;

R>" and R°® are hydrogen; or R* and R*® together with the carbon atom to
which they are attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R™ is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
cach of which is optionally substituted with one or more substituents Q; and

2] 7e 7 To
R™ R R and R7 are hydrogen.

[00126] In yet another cmbodiment, in Formula X11, Xiia, or XiIb,

R’ is hydrogen or methoxy;

R? is hydrogen;

R*and R” are hydrogen;

RS is diflupromethyl;

R and R°° are methyl;

R and R*® arc hydrogen; or R™ and R*® together with the carbon atom to
which they are attached form cyclopropyl, cyclobutyl, cyclpentyl, or cyclohexyl;

R’* is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,
piperidinyl, or piperazinyl, cach of which is optionally substituted with one or more
substituents Q; and

7t To w7d Te
R R, R, and R are hydrogen.

[00127] In still another embodiment, in Formula X1I, Xa, or X1ib,
R' is hydrogen or methoxy;
R” is hydrogen;
R*and R* are hydrogen;
R® is difluoromethyl;

R> and R’® are methyl;
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R and R*® are hydrogen; or R and R’® together with the carbon atom to
which they are attached form cyclopropyl, cyclobutyl, cycipentyl, or cyclohexyl,

R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
cach of which is optionally substituted with one or more substituents Q; and

R’ R7®, R and R’ are hydrogen.

[00128] In yet another embodiment, provided herein is a compound of Formula X111
Rl
2
e \
N )\ R(}
R3 X)\ v RSh R7d
’ | { R To
O J RN SR
R4 R7d
(X1

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastercomers, or an

isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
. 2 53 pd SbopTa p7b ple pTd e -

thereof; wherein R', R%, R*, R*, R® R*", R™* R R R R X, V¥, and 7 are each as

defined hereim.

[60129] In one embodiment, the compound of Formula XiIl has the structure of
Formula XITa;

(XIl1a)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
~ : 3 4 pb RS Rl 7c 7 -
prodrug thereof; wherein RY, R R®, R*, RS R R7 R™ R7, R™ R’ X, Y, and Z arc each

as defined herein,
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[00130] In another embodiment, the compound of Formula X1IT has the structure of
Formula X11b:

(X1ilb)
or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or
P - ) p3 pA 5b 1 7 nTe pTd ple .
prodrug thereof; wherein R’, R?, R*, RY RS R, R7* R, R™, R™ R, X, Y, and Z arc cach

as defined herein.

[060131] In yet another embodiment, provided herein 18 a compound of Formula X1V

R3 N N RSb R'/’i‘t

(XIV)

or an cnantiomer, a mixture of cnantiomers, a mixtarce of two or more diastereomers, or an
1sotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

thereof; wherein RY, R%, R, R, RS R, R™ R R7°, 7 and R7° are cach as defined herein.
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[00132] In one embodiment, the compound of Formula XIV has the structure of
Formula XIVa:
RI
2
= »\ 6
N~ R
: ' { R
()\/ J R ¢ R7C
Rn“, ;{7&
(XIVa)

or an 1sotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
. 2 13 4 5 4 ; o Te
prodrug thereof; wherein RY, R% RY, R RS, R™® R R, R™, R, and R™® are cach as

defined herein.

[00133] In another embodiment, the compound of Formula XIV has the structure of
Formula XIVb:

(XIVb)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
. 3 S opla p7 BT e
prodrug thereof; wherein R', R% RY, R, R®, R P R™ R™® R R™ and R are cach as

defined herem.

71-



WO 2012/1351690 POCT/US2012/0830640

[00134] In yet another embodiment, provided herein is a compound of Formula XV:

XVv)

or an enantiomer, a mixturc of enantiomers, a maxture of two or more diastercomers, or an

1sotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
) y . Sa o Sh T pTe pd ple <
thereof, whercin R', R B3, RY RO R*™ R® R™ R™ R” R™ R X. VY, and Z arc each as

defined herein.

[06135] In one embodiment, in Formula XV, onc of R7, R7°, R7, R and R7is Co.1a
aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; and RY, R%, R?, RY, RS, R™, R™®, the remaining of R™ R™, R™, R™, and R™ X,

Y, and 7 are each as defined herein.

[060136] in another embodiment, in Formula XV, one of R7, R™ R™, R™ and R™ s
Co.14 aryl, which is optionally substituted with one or more substituents (; and R, R%, R3, R4,
RY, R R, the remaining of R™, R™, R, R, and R™®, X, ¥, and Z ate cach as defined

herein.

[00137] In yet another embodiment, in Formula XV, one of R™, R™®, R’ R", and R™
is heteroaryl, which is optionally substituted with one or more substituents Q; and R', R, R,
R RS R R, the remaining of R™, R, R7, R™ and R”®, X, ¥, and Z are each as dcfined

herein.

[00138] In yet another embodiment, in Formula XV, one of R™, R, R7, R and R™
18 5-membered or 6-membered heteroaryl, which 1s optionally substituted with one or more
substituents Q; and R', R%, R?, RY, R, R™, R™, the remaining of R™, R™, R”, R7Y, and R”®, X,

Y, and 7 are cach as defined hercin.

[00139] In yet another cmbodiment, in Formula XV, one of R™, R’ R™, R7, and R™
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is heterocyclyl, which is optionally substituted with one or more substituents Q; and R', R%,
R* R RS R™ R, the remaining of R™, R7®, R7, R", and R™, X, Y, and Z arc each as

defined herein.

[00140] In yet another embodiment, in Formula XV, onc of R™, R”®, R7¢, R, and R
is S-membered or 6-membered heterocyclyl, which 1s optionally substituted with one or more
substituents Q; and R', R% R®, R%, R® R™ R, the remaining of R™ R, R7, R™, and R"®, X,

Y, and Z are cach as dcfined hercin.

[00141] In yet another embodiment, in Formula XV, one of R™, R®, R7, R7 and R
is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally
substituted with one or more substituents Q; and R', R*, R*, R, R®, R™ R, the remaining of

R™ R™ R7 R™ and R™, X, Y, and Z are cach as defined herein.

[60142] In yet another embodiment, in Formula XV, one of R™, R, R™ R™ and R™
is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
piperazinyl, cach optionally substituted with one or more substituents Q; and R', R?, R*, RY,
RE R R, the remaining of R™, R7, R7, R™ and R"®, X, Y, and Z are cach as defined

herein.

[00143] In yet another embodiment, in Formula XV, onc of R™, R, R™, R™, and R™
is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methyiphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluore-3-mcthoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-yimethylphenyl, imidazol-1-yl, pyrozol-
4-yl, T-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
2~fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yhpyridin-4-yl,
2-methoxypyridin-4-yl, pyrimidin-5-yi, pyrrolidin-3-yl, T-methylpyrrolidin-3-yl, piperidin-4-
yl, I-methylpiperidin-4-yl, 1-ethylpiperidin-4-yl, I-isopropylpipcridin-4-yl,
I-acetylpiperidin-4-yl, I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00144) In still another embodiment, in Formula XV, one of R™ R™, R7*, R™ and R
is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methyiphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl,
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4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-
pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-y1, pyridin-4-yl, 2-methylpyridin-
4-yl, 2-methoxypyridin-4-yl, 1-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R,
R?, RY R®, R* R, the remaining of R”, R™®, R™*, R7®, and R”®, X, Y, and Z arc cach as

defined herein.

[00145] In one embodiment, in Formula XV, R™ i Coa aryl, heteroaryl, or
heterocyelyl, cach of which is optionally substituted with one or more substituents Q; and R',

3 54 7 - pTd ple vy .
RZ R3 R RO RO R R™ R R™ R™ X.Y,and Z are cach as defined hercin.

[00146] In another embodiment, in Formula XV, R™ is Cyy4 aryl, which is optionally
substituted with one or more substituents Q; and R', R?, R, R*, R, R** R**, R, R"*, R™® R,

X, Y, and Z are cach as defined herein.

{00147} In yet another embediment, in Formula XV, R™is heteroaryl, which is
+ : : : =3 4 2 5 7
optionally substituted with one or more substituents Q; and R', RE R RY RS R R R,

7 e .
R’ R™ R X, Y, and Z are each as defined herein.

[00148] In yet another embodiment, in Formula XV, R™ is 5-membered or 6-
membered heteroaryl, which is optionally substituted with onc or more substituents Q; and R',

3 pe Sa s s :
R% R RY RO R R R R™ R R™, X, Y, and Z are each as defined herein.

[00149] Tn yet another embodiment, in Formula XV, R™ is heterocyelyl, which is
optionally substituted with one or more substituents Q; and R', R, R*, R*, R, R R, R,

R’ R™ R”® X, Y, and Z are each as defined herein.

[001560] In yet another embodiment, in Formula XV, R™ is 5-membered or 6-
membered heterocyclyl, which is optionally substituted with one or more substituents Q; and

RLRE R R RO R R R R™ R R, X, Y, and Z are each as defined herein.

(00151} In yet another embodiment, in Formula XV, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, pyrozolyl, piperidinyl, or piperazinyl, each optionally substituted with
one or more substituents Q; and R', R%, R, RY, R® R**, R™®, R, R7, R7, R, X, Y, and Z are

cach as defined herein.

[00152] In yet another embodiment, in Formula XV, R™is phenyi, imidazolyl,
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pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally
substituted with one or more substituents Q; and R', R?, R®, R, R®, R* R*® R7® R7*, R7¢ R7¢,

X, Y, and Z are each as defined herein,

[00153] In yet another embodiment, in Formula XV, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropy!)phenyl,
2-methoxyphenyl, 3-flucrophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6~-difluorophenyl, 4-tluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-morpholin-4-ylmethylphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl,
2-mcthylpyrozoi-3-yl, pyridin-2-yi, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl,
2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yhpyridin-4-yl, 2-methoxypyridin-4-yi,
pyrimidin-S-yl, pyrrolidin-3-yl, 1-methylpyrrolidin-3-yi, piperidin-4-yl, 1-methylpiperidin-4-
yl, l-cthylpiperidin-4-yi, 1-isopropylpiperidin-4-yl, 1-acetylpiperidin-4-yi,

l-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00154] In still another embodiment, in Formula XV, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, l-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-4-yl, 2-methoxypyridin-4-yl,
I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R?, R R*, RS, R™ R™ R, R,

7d Te - .
R R, X, Y, and Z are cach as defined herein.

[06155] In onc embodiment, in Formula XV,

R' is hydrogen or —-OR"™, where R is C ) alkyl, optionally substituted with
one or more substituents Q;

R* is hydrogen;

R*and R* arc hydrogen;

R® is Cg.14 alkyl, optionally substituted with one or morc substituents (;

R and R* are each independently Cg 14 alkyl, optionally substituted with one
or more substituents Q;

R™ i3 Cg.14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally

substituted with one or morce substituents Q;
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R’ R R™ and R"® are hydrogen; and
X, Y, and Z are cach independently N or CR, with the proviso that at lcast
two of X, Y, and 7 are N; where R* is a hydrogen or C;_ alkyl, optionally substituted with

one or more substituents Q.

[00156] In another embodiment, m Formula XV,

R is hydrogen or methoxy;

R? is hydrogen;

R*and R are hydrogen;

R% is Co.y4 alkyl, optionally substituted with one or more halo;

R and R*® are cach independently Cq.14 alkyl;

R™ i3 Cora aryl, heteroaryl, or heterocyclyl, each of which is optionally
substituted with one or more substituents ;

R™ R R’ and R’ arc hydrogen; and

X.,Y, and Z are cach independently N or CH.

{00157] In yet another embodiment, in Formula XV,

R' is hydrogen or methoxy;

R” is hydrogen;

R*and R” are hydrogen;

R is difluoromethyl;

R** and R>® are methyl;

R™is Co14 aryl, monocyclic heteroaryl, or monocyclic heterocyclyl, each of
which is optionally substituted with one or more substituents Q;

R R R™ and R7® are hydrogen; and

X.,Y,and Z arc cach independcntly N or CH.

[00158] In yet another embodiment, in Formula XV,
R is hydrogen or methoxy;
R? is hydrogen;
R and R* are hydrogen;
R® i difluoromethyl;
R™ and R*" are methyl;

R is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
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each of which is optionally substituted with one or more substituents Q;
R™, R, R7, and R' are hydrogen; and
X, Y, and Z are cach independently N or CH.,

[00159) In yet another embodiment, in Formula XV,

R'is hydrogen or methoxy;

R? is hydrogen;

R* and R” are hydrogen;

RS is difluoromethyl;

R and R*" are methyl;

R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidiny!, pyrrolidinyl,
piperidinyl, or piperazinyl, each of which is optionally substituted with onc or more
substituents Q;

R R, R™ and R7® are hydrogen; and

X, Y, and Z are cach independently N or CH.

[00160] In still another embodiment, in Formula XV,

R'is hydrogen or methoxy;

R? is hydrogen;

R and R? are hydrogen;

RY is difluoromethyl;

R** and R’" arc methyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or pipcrazinyl,
gach of which is optionally substituted with one or morc substituents Q,

R’ R, R™ and R7® are hydrogen; and

X, Y, and Z are cach independently N or CH.
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[06161] In one embodiment, the compound of Formula XV has the structurc of

Formula XVa:

(XVa)

or an isotopic variant thercof; or a pharmaceutically acceptable salt, solvate, hydrate, or

prodrug thereof, wherein R, R, R*, R%, R®, R™, R>, R™ R™, R™* R, R™, X, Y, and Z arc

each as defined herein.

[00162] In one embodiment, in Formula XVa, one of R”®, R™, R, R™ and R™is
Ce.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted with one or
more substituents Q; and R, R?, R*, R*, R®, R™ R, the remaining of R™, R, R", R"¢, and

R’ %, Y, and 7 are each as defincd herein.

[00163] In another embodiment, in Formula XVa, one of R7, R’ R7, R™, and R™ is
Ce.14 aryl, which 1s optionally substituted with one or more substituents Q; and Ri, RZ, Rs, Rﬂ
R®, R R the remaining of R7, R™, R™, R™, and R7®, X, Y, and Z are each as defined

herein.

[00164] In yet another embodiment, in Formula X Va, one of R7%, R™®, R7, R7, and R

is heteroaryl, which is optionally substituted with one or more substituents Q; and R', R*, R’

4 56 552 pst " 272 pTb e 1 7d o Te .
R, R R™ R the remaining of R’ R™, R™, R™ and R™, X, Y, and Z are cach as defined

2
hercin.

[00165] In yot another cmbodiment, in Formula X Va, one of R7%, R™, R™, R™ and R
18 S-membered or 6-membered heteroaryl, which is optionally substituted with onc or more
substituents Q; and R', R, R, R*, RS, R™ R*®, the remaining of R7* R™, R”, R™ and R"®, X,

Y, and Z arc each as defined herein.

[00166] In yet another embodiment, in Formula XVa, one of R7*, R™® R", R7, and R™
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is heterocyelyl, which is optionally substituted with one or more substituents Q; and R', R%,
R?, RY RS, R™ R, the remaining of R, R, R™, R’ and R7®, X, Y, and Z are each as

defined herein.

[00167] In yet another embodiment, in Formula XVa, one of R7* R™®, R7¢, R™, and R"™
18 S-membered or 6-membered heterocyclyl, which is optionally substituted with one or more
substituents Q; and RY, RZ R*, RY, RS, R™, R™, the remaining of R™, R™® R™, R™, and R™, X,

Y, and 7 are each as defined herein.

[00168] In yet another embodiment, in Formula XVa, onc of R, R7, R7®, R™, and R"®
is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally
substituted with one or more substituents Q; and RYLRE R RY RS R™ R, the remaining of

R7 R™ R R and R”°, X, Y, and 7 are each as defined herein.

[00169] In yet another embodiment, in Formula XVa, one of R™, R R, R, and R"
is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
piperazinyl, each optionally substituted with onc or more substituents Q; and R', R?, R*, RY,
RO, R R, the remaining of R™, R™, R’ R™, and R, X, Y, and Z are each as defined

herein.

[GO170] In yet another embodiment, in Formula XVa, one of R™ R™ R R™ and R
is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-(3-
dimethylaminopropylphenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-
methylphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-
methoxyphenyl, 2,4-diflucrophenyl, 2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-
methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-ylmethylphenyl, imidazol-1-yi, pyrozol-4-
yl, I-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-y1, pyridin-4-yl,
2-fluoropyridin-3-yl, 2-methylpyridin-4-y1, 2-(4-methylipiperazin-1-yDpyridin-4-yi,
2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-y{, I-methylpyrrolidin-3-yl, piperidin-4-
yi, I-methylpiperidin-4-yl, 1-ethylpiperidin-4-yi, I-isopropylpiperidin-4-yl,
L-acetylpiperidin-4-yl1, I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00171] In stilt another cmbodiment, in Formula XVa, one of R™ R™, R, R™ and
R’® is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,

2-methoxyphenyl, 3-fluorophenyl, 3-chiorophenyl, 3-methoxyphenyl, 4-florophenyl,
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4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-
pyrozol-4-yl, 2-methylipyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-
4-yl, 2-methoxypyridin-4-yl, 1-mcthylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R?,
R? RY RS, R™ R the remaining of R7®, R™°, R™, R, and R”, X, Y, and Z are cach as

defined hercm.

[G0172] Tn one embodiment, in Formula XVa, R™ is Cg.14 aryl, heteroaryl, or
heterocyelyl, cach of which is optionally substituted with one or more substituents Q; and R',

2 2 4 ¢ 54 Sb b Te 7d To - r .
R% R RYRY R R R RS R R X, Y, and Z are each as defined hercin.

[00173] In another cmbodiment, in Formula XVa, R™is Co1a aryl, which is optionally
substituted with one or more substituents Q; and R', R% R®, R R®, R™ R®, R7® R, R7¢ R,

X, Y, and Z are each as defined herein.

1001741 In yet another embodiment, in Formula XVa, R™ is heteroaryl, which is
optionally substituted with onc or more substituents Q; and R, R? R RY RE R R, Rﬂ’,

R, R7 R™ X, Y, and Z are cach as defined herein.

[00175] In yet another embodiment, in Formula XVa, R™ is 5-membered or 6~
membered heteroaryl, which is optionally snbstituted with one or more substituents (; and R

2 13 pd b psa 5Sh T pl 7 ple , ‘ .
R R, R R, R™ R RV, R R RS, X, Y, and Z are each as defined herein.

[00176] In yet another embodiment, in Formula XVa, R™ is heterocyclyl, which is
optionally substituted with one or more substituents Q; and R', R%, R?, R, RS, R R R

| Ta - - .
R’ R R’ X, Y, and 7 are each as defined herein.

[00177] In yet another embodiment, in Formula XVa, R™ is 5-membered or 6-
membered heterocyclyl, which is optionally substituted with one or more substituents Q; and

RY R R RY RS, RO R® R R R™ R, X, VY, and 7 are each as defincd herein.

[06178] In yet another cmbodiment, in Formula XVa, R™ s phenyvl, imidazolyl,
pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; and R', R, R?, RY, RS, R™ R°®, R™ R”, R7 R", X, Y. and Z are each as

defined herein.

[00179] In yet another embodiment, in Formula XVa, R™ is phenyl, imidazolyl,
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pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally
substituted with onc or more substituents Q; and R', R%, R®, RY, R®, R® R R7", R7®, R™ R,

X, Y, and 7 are each as defined herein.

[60180] In yet another embodiment, in Formula XVa, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methyiphenyl, 2-(3-dimethylaminopropylphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-morpholin-4~yimethylphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl,
2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi,
2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yhpyridin-4-yl, Z-mcthoxypyridin-4-yi,
pyrimidin-5-yl, pyrrolidin-3-yl, I-methylpyrrolidin-3-yl, piperidin-4-yl, 1-methylpiperidin-4-
yl, 1-ethylpiperidin-4-yl, 1-isopropylpiperidin-4-yl, 1-acetylpiperidin-4-yl,
I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00181] in still another embodiment, in Formula XVa, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, Z-methylpyridin-4-yl, 2-methoxypyridin-4-yl,
1-methylpiperidin-4-y!, or 4-methylpiperazin-1-yl; and R', R% R?, R", RS, R™ R*® R™ R,

R7d, R’¢, X, Y, and Z are cach as defined herein.

[00182] In one embodiment, in Formula XVa,

R' is hydrogen or —OR™, where R™ is €4 alkyl, optionally substituted with
one or more substituents Q;

R is hydrogen;

R and R” are hydrogen;

R is Co.14 alkyl, optionally substituted with one or more substituents Q;

R and R arc cach independently hydrogen or Cg 14 alkyl, optionally
substituted with one or more substituents (Q;

R7™is Co.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally

substituted with onc or more substituents Q;
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R’ R’ R, and R"® arc hydrogen; and
X, Y, and Z arc each independently N or CR*, with the proviso that at least
two of X, Y, and Z are N; where R” is a hvdrogen or Cy.s alkyl, optionally substituted with

onc or morc substituents Q.

[001&3] In another embodiment, in Formula XVa,

R' is hydrogen or methoxy;

R? is hydrogen;

R*and R? are hydrogen;

R® is Couia alkyl, optionally substituted with one or more halo;

R and R’® arc cach independently hydrogen or Cg.y4 alkyl;

R’ is Cg.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally
substituted with one or more substituents (J;

R, R, R and R" arc hydrogen; and

X, Y, and Z are cach independently N or CH.

[06184] In yet another embodiment, in Formula XVa,

R' is hydrogen or methoxy;

R” is hydrogen;

R?and R? are hydrogen;

R® is difluoromethyl;

R and R are each independently hydrogen or Ce 14 alkyl;

P y ydrog v

R™is Cg14 aryl, monocyclic heteroaryl, or monocyclic heterocyelyl, each of
which is optionally substituted with one or more substituents Q;

R™ R R and R are hydrogen; and

X, Y, and Z are cach independently N or CH.

[00185] In yet another embodiment, in Formula XVa,
R} is hydrogen or methoxy;
R* is hydrogen;
R*and R* are hydrogen;
R® is difluoromethyl;
R and R*® are cach independently hydrogen or Cs.y4 alkyl;

R"*is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
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each of which is optionally substituted with one or more substituents Q;

[00186]

R R, R and R™ are hydrogen; and
X,Y, and Z arc cach mdependently N or CH.

In yet another cmbodiment, in Formula XVa,

R is hydrogen or methoxy;

R? is hydrogen;

R?and R* are hydrogen;

R% is difluoromethyl;

R and R arc cach independently hydrogen or Cs. 14 alkyl;

R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pytimidinyl, pyrrolidinyl,

piperidinyi, or piperazinyl, each of which is optionally substituted with one or more

substituents Q;

[00187]

R7 R, R"™ and R™ arc hydrogen; and
X,Y, and Z are cach independently N or CH.

In still another embodiment, in Formula XVa,

R is hydrogen or methoxy;

R? is hvdrogen;

R?and R? are hydrogen;

R® is difluoromethyl;

R and R are cach independently hydrogen or Ce.4 alkyl;

R™is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,

cach of which is optionally substituted with one or more substituents ;

Th n7C 7d Te
R™, R R and R’ are hydrogen; and

XK, Y, and Z are each mdependently N or CH.
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[00188] In anothcr cmbodiment, the compound of Formula XV has the structure of
Formula XVb:

(XVb)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R', R% R, R RO R™ R, R™ R, R R, R, X, Y, and Z are

cach as defined herein.

[00189] In one embodiment, in Formula XVb, onc of R™ R"", R, R7, and R™ is
Cs.14 aryl, heteroaryl, or heterocyclyl, each of which 1s optionally substituted with one or
more substituents Q; and RY, R% R*, RY, R®, R™, R™, the remaining of R™ R™, R”*, R™, and

R, X, Y, and Z are cach as defined herein.

[00190] In another embodiment, in Formula XVb, onc of R™ R R™ R™, and R is
Ce.14 aryl, which is optionally substituted with one or rore substituents Q; and RY, R% R RY,
RS, R™ R, the remaining of R7*, R™, R™ R™, and R, X, Y, and Z are cach as defined

g

hercin.

¢

[00191} In yet another embodiment, in Formula XVb, one of R™, R™®, R”, R™ and R”°
is heteroaryl, which is optionally substituted with one or more substituents Q; and R, R? R,
RY, RS R R, the remaining of R™, R R’ R™ and R™ XY, and Z are cach as defined

herein.

[00192] In yet another embodiment, in Formula XVb, one of R™ R, R”*, R™, and R”®
is 5-membered or 6-membered heteroaryl, which is optionally substituted with one or more
substituents Q; and R', R RY, R*, R®, R™ R, the remaining of R™, R™>, R, R™, and R™, X,

Y, and Z are cach as defined herein.

[00193] In yet another embodiment, in Formula XVb, one of R™, R™®, R7, R7, and R'®
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is heterocyclyl, which is optionally substituted with one or more substituents Q; and R', R?,
R*, R*, R® R™ R, the remaining of R™, R7®, R, R7 and R, X, Y, and Z are cach as

defined herein.

[00194] In yet another embodiment, in Formula X Vb, one of R™, R7®, R7, R™ and R™
18 5-membered or 6-membered heterocyclyl, which is optionally substituted with one or more
substituents Q; and R, R%, R?, R R®, R™ R, the remaining of R™ R™®, R7, R, and R"®, X,

Y, and Z arc cach as defined herein.

[00195] Tn yet another embodiment, in Formula XVb, one of R™, R™ R™ R™ and R™
is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, cach optionally
substituted with one or more substituents G; and R R R RY , R4 RS, Rsa, Rﬁb, the remaining of

Ta pTb ple pl 76 - - :
R™ R™ R™ R™ and R”, X, Y, and Z are cach as defined herein.

[00196] In yet another embodiment, in Formula X Vb, one of R™, R™ R”, R, and R™
is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
piperazinyl, cach optionally substituted with onc ar more substituents Q; and R', R*, R?, RY,
RO R, R, the remaining of R™, R™, R™, R and R7%, X, Y, and Z are cach as defined

herein.

[00197) In yet another embodiment, in Formula XVb, one of R’ R7°, R™, R7 and R™
is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methyiphenyl,
2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methylphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluore-3-mcthoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-yImethylphenyl, imidazol-1-yl, pyrozol-
4-y1, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-y1, pyridin-4-yl,
2-fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-ylpyridin-4-yl,
2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-yl, 1-methylpyrrolidin-3-yl, piperidin-4-
yl, I-methylpiperidin-4-yl, 1-ethylpiperidin-4-yl, [-isopropylpiperidin-4-yi,

{-acetylpiperidin-4-yl, T-methylsulfonylpiperidin-4-yl, or 4-mcthylpipcrazin-1-yl.

[00198] In still another embodiment, in Formula XVb, one of R™, R, R7, R7Y and
R’® is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,

2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl,
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4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-
pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-
4-yl, 2-methoxypyridin-4-yl, 1-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R,
R, RY, R®, R™ R, the remaining of R™, R™®, R, R™, and R”®, X, Y, and Z are each as

definced herein.

[06199] In one embodiment, in Formula XVb, R’ is Ce. 4 aryl, heteroaryl, or
heterocyclyl, each of which is optionally substituted with one or more substituents Q; and R,

53 : a pSh pTh e 7e : .
R% R RN RO R R R™ R, R™ R, X, Y, and Z are cach as defined herein.

[06200] Tn another cmbodiment, in Formula XVb, R™ is Co 14 aryl, which is optionally
substituted with one or more substituents Q; and RY, R, R?, R*, RS, R%® R*® R™ R’ R™ R,

X, Y, and Z arc cach as defincd herein.

[00201] In yet another embodiment, in Formula XVb, R™ is heteroaryl, which is
- . . . 2 53 26 55 b g7
optionally substituted with one or more substituents Q; and R', R*, R*, R*, R®, R™ R® R,

e 7d e - - .
R™ R, R, X, Y, and 7 arc cach as defined herein.

[00202] In yet another embodiment, in Formula XVb, R™ is 5-membered or 6-
membered heteroaryl, which is optionally substituted with one or more substituents Q; and R’,

3 52 7 e n7? Te .
R%, R RY RO R R R™ R, R™ R, X, Y, and Z are cach as defined herein.

[00203] In yet another embodiment, in Formula X Vb, R™ is heterocyclyl, which is
optionally substituted with onc or more substituents Q; and R’, R%, R®, R R®, R% R*" R,

‘Rn‘, R7d R?v X, Y, and 7 are each as defined herein.
K
K 2 ki

[00204] In yet another cmbodiment, in Formula X Vb, R™ is 5-membered or 6-
membered heterocyclyl, which is optionally substituted with one or more substituents Q; and

1 52 pd pd pb pSe pSh T ple ol ol , :
RL,RS R RS, RV, R R R R R™ R X, Y, and Z are each as defined herein.

[00205] In yet another embodiment, in Formula XVb, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; and RY, R?, R, RY, RS, R™ R®, R™ R”, 7, R7°, X, Y, and Z are cach as

defined herein.

[002006] In yet another embodiment, in Formula X Vb, R™ is phenyl, imidazolyl,
paeny y

-86-
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pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or pipcrazinyl, cach optionally
substituted with one or more substituents Q; and R', R?, R?, RY, R®, R® R*" R, R7, R74, R,

X, Y, and 7 are cach as defined herein.

[00207] In yet another embodiment, in Formula X Vb, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-mcthylphenyl, 2-(3-dimethylaminopropyl)phenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-morpholin-4-yimethylphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl,
2-methylpyrozol-3-yl, pynidin-2-yl, pyridin-3-yl, pyridin-4-y1, 2-fluoropyridin-3-y1,
2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yDpyridin-4-yl, Z-methoxypyridin-4-vi,
pyrimidin-5-yl, pyrrolidin-3-yl, I-methylpyrrolidin-3-yl, piperidin-4-y1, 1-methylpiperidin-4-
yl, T-ethylpiperidin-4-yl, 1-1sopropylpiperidin-4-yl, 1-acctylpiperidin-4-yl,
[-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00208] In still another embodiment, in Formula XVb, R is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, Z-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3~methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-mcthylpyridin-4-yl, 2-methoxypyridin-4-yl,
I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R, R*, R, R, R® R™ R*°, R™®, R,

7d 7. - ~ .
R R XY, and Z are cach as defined herein.

[00209] In onc embodiment, in Formula XVb,

R’ is hydrogen or ~OR", where R is Cy alkyl, optionally substituted with
one or more substituents Q;

R” is hydrogen;

R®and R* are hydrogen;,

R® is Cg.14 alkyl, optionally substituted with onc or more substituents Q;

R and R are each independently hydrogen or Cg 14 alkyl, optionally
substituted with one or more substituents Q;

R™is Cg.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally

substituted with one or more substituents Q;
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R™ R, R™, and R"® are hydrogen; and
X, Y, and Z are each independently N or CR”, with the proviso that at least
two of X, Y, and Z are N; where R" is a hydrogen or C, 4 alkyl, optionally substituted with

one or more substituents Q.

[60210] In another cmbodiment, in Formula XVb,

R’ is hydrogen or methoxy;

R” is hydrogen,;

R and R” are hydrogen;

RO s Coya alkyl, optionally substituted with one or more halo;

R and R are each independently hydrogen or Cg_y4 alkyl;

R™is Coa aryl, heteroaryl, or heterocyclyl, each of which is optionally
substituted with one or more substituents

R, R™, R, and R are hydrogen; and

X, Y, and Z are cach indcpendently N or CH.

[00211] In yet another embodiment, in Formula XVb,

R is hydrogen or methoxy;

R” is hydrogen;

R*and R” arc hydrogen;

R® is difluoromethyl;

R> and R are each independently hydrogen or Ce.p4 alkyl;

R™is Cora aryl, monocyclic heteroaryl, or monocyclic heterocyelyl, cach of
which is optionally substituted with onc or more substituents Q;

R™ R R and R™ are hydrogen; and

X, Y, and Z are cach independently N or CH.

[00212] In yet another embodiment, in Formula X Vb,
R is hydrogen or methoxy;
R? is hydrogen;
R*and R are hydrogen;
R® is difluoromethyl;
R and R™ are cach independently hydrogen or Cg.14 alkyl;

R is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,

-8 8-
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cach of which is optionally substituted with onec or more substitucnts Q;

[00213]

R R™ R™ and R7 arc hydrogen; and
X, Y, and Z arc cach independently N or CH.

In yet another embodiment, in Formula XVb,

R' is hydrogen or methoxy;

R” is hydrogen;

R*and R” are hydrogen:

R is difluoromethyl,

R and R*® are cach independently hydrogen or Csy4 alkyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,

piperidinyl, or piperazinyl, cach of which 1s optionally substituted with onc or more

substituents Q;

[00214]

76 Te 7d Te
R R R, and R" are hydrogen; and

X, Y, and Z are each independently N or CH.

In still another embodiment, in Formula XVb,

R' is hydrogen or methoxy;

R” is hydrogen;

R*and R* are hydrogen;

R% is difluoromethyl;

R* and R™ are cach independently hydrogen or Cgy4 alkyl;

R is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,

each of which is optionally substituted with one or more substituents (;

[00215]

T e p7d 7e
R™ R R™ and R are hydrogen; and

X, Y, and Z arc cach independently N or CH.

fn onc cmbodiment, provided herein 1s 4 compound of Formula XV, XVa, or

X VDb as described hercin, or an enantiomer, a mixture of cnantiomers, a mixture of two or

more diastereomers, or an isotopic variant thercof; or a pharmaccutically acceptable salt,

solvate, hydrate, or prodrug thereof; wherein R

Sa

and R°° arc cach independently (a) halo;

(b) Cyg alkyl, Cos alkenyl, Cos alkynyl, Csyp cycloalkyl, Ce.iq aryl, Coos aralkyl, heteroaryl,
or heterocyelyl; or (¢) —C(O)R™, ~C(OYOR'®, —C(OINRR', ~C(NR'NR PR, —OR ',
~OC(O)R™, “OC(0)YOR'®, —OC(OINR'PR®, “OC(=NR NRIPR Y ~OS(OIR', -0S(0),R ™,

-8G.
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~OS(O)NR PR, ~OS(0),NR RS, NR PR, -NR*C(OR', -NR"*C(OYOR ™,
~NRMC(O)NRPR', -NR "CENRMNR PR, -NRPS(O)R ', -NR'*S(0),R ",
“NRMS(O)NR PR, -NR"S(0),NR "R, ~SR ", ~S(O)R"", -S(O),R ", ~S(O)NR'*R', or
~S(0)NR'R'S; and RL R% R, RY RO R R R™ R™ R™ X, Y, Z, R™ R, R, and R

are defined herein clsewhere.

[00216] in yet another cmbodiment, provided herein is a compound of Formula XVI:

(XV1)

or an enantiomer, a mixture of epantiomers, a mixture of two or more diastcreomers, or an

isotopic variant thereof] or a pharmaccutically acceptable salt, solvate, hydrate, or prodrug
o, . 2 - 4 6 S4 5h T T Te 1 Te

thercof: wherein R', R”, R%, R, RS, R™ R™®, R™ R™, R7, R™, and R are cach as defined

herein.

[00217] In onc embodiment, in Formula XVI, one of R™ R™® R, R™ and R™is
Cs.14 aryl, heteroaryl, or heterocyclyl, cach of which 18 optionally substituted with one or
more substituents Q; and R', R%, R, R*, R®, R™, R, the remaining of R7®, R™®, R™, R™, and

R, X, Y, and Z are each as defined herein.

[00218] In another embodiment, in Formula XV, one of R7*, R™®, R7°, R7® and R™ is
Cg.14 aryl, which is optionally substituted with one or more substituents ; and R DR R R
R® R R, the remaining of R™ R, R’ R™ and R’®, X, Y, and Z arc cach as defined

herein.

[00219] In yet another cmbodiment, in Formula X VI, one of R™ R, R’%, R™, and R™®
18 heteroaryl, which is optionally substituted with one or more substituents Q; and rR' R% R,
R, R®, R* R, the remaining of R7*, R™, R™, R and R7®, X, Y, and Z are cach as defined

herein.
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[00220] In yet another embodiment, in Formula XVI, one of R™ R R Rwﬂ and R”®
1s S-membered or 6-membered heteroaryl, which is optionally substituted with one or more
substituents Q; and R, R?, RY, R, R%, R™ R, the remaining of R™, R, R7, R, and R, X,

Y, and Z are each as defined hercin.

[00221] In yet another embodiment, in Formula X VI, onec of R, R™®, R’ R™ and R™
15 heterocyclyl, which is optionally substituted with one or more substituents ; and R, R?,
RY, R RY R R, the remaining of R™, R™, R7, R", and R, X, VY, and Z are cach as

dcfined hercin.

[00222] in yet another embodiment, in Formula XV, onc of R R™ R7 R™, and R™
18 S-membered or 6-membered heterocyclyl, which is optionally substituted with onc or more
substituents Q; and R', R?, &%, RY, R, R* R”®, the remaining of R™, R™, R, R7 and R7¢, X,

Y, and 7 are cach as defined herein.

[00223] In yet another embodiment, in Formula XV, one of R™, R™°, R, R, and R™

is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally

substituted with one or more substituents Q; and R', R”, R®, RY, RS, R**, R™, the remaining of
g

72 pTb pic pTd Te up - - .
R™ R™ R R™ and R, X, Y, and Z arc cach as defined herein.

[60224] In yet another embodiment, in Formula X V1, one of R™, R, R7®, R™, and R
is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
pipcrazinyl, each optionally substituted with one or more substituents Q; and RURA RE RY
RS, R R, the remaining of R™ R™, R™ R™, and R7®, X, Y, and Z are each as defined

herein.

[00225] In yet another cmbodiment, in Formula X VI, one of R™, R™, R7, R™ and R"
18 phenyl, 2-fluorophenyl, Z-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropyl)phenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methylphenyl, 3-mcthoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-yImethylphenyl, imidazol-1-yl, pyrozol-
4-yl, T-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-y1, pyridin-3-y!, pyridin-4-yi,
2-fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yl)pyridin-4-yl,
Z-methoxypyridin-4-yl, pyrimidin-§-yl, pyrrolidin-3-yl, I-mcthylpyrrolidin-3-yl, piperidin-4-

R )
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vi, I-methylpiperidin-4-yl, 1-ethylpiperidin-4-yl, 1-isopropylpiperidin-4-yl,
T-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl1, or 4-methylpiperazin-1-yl.

[00226] In still another embodiment, in Formula X VI, one of R7*, R7®, R7*, R”, and R"¢
18 phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyi,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyi-
pyrozol-4-yi, 2-methylpyrozol-3-yl, pyridin-2-y1, pyridin-3-yi, pyridin-4-y1, 2-methylpyridin-
4-yl, 2-methoxypyridin-4-yl, I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R?,
R?, RY RS, R™ R, the remaining of R™, R™®, R, R™, and R™, X, Y, and Z are each as

defined herein.

[00227] In onc embodiment, in Formula XVI, R7 is Cg1s aryl, heteroaryl, or
heterocyclyl, each of which is optionally substituted with one or more substituents Q; and R,
R RS RY RS R R R™ R R RS K, Y, and Z are each as defined herein,

[00228] In another embodiment, in Formula XVI, R™is Co4 aryl, which is optionally
substituted with onc or more substituents Q; and R', R%, R®, R*, R®, R™ R™® R R, R7¢ R,

X, Y, and Z arc cach as defined herein.

[00229] In yet another embodiment, in Formula X VI, R™ is heteroaryl, which is
optionally substituted with one or more substituents (; and RI, R% R RO RS, RS“, R Rﬂ’,

’7 ~ 7 To 9 .
R7 ®R™ R’ X, Y, and Z arc cach as defined herein.

(602307 In yet another erobodiment, in Formula XVI, R™ is 5-membered or
6-membered heteroaryl, which is optionally substituted with one or more substituents Q; and

1 52 p3 pd 6 pSt pSh BT pl pld ple ., .
R,R% R, R\, R R™ R R R R R X, Y, and Z arc cach as defined herein.

[00231] Tn yet another embodiment, in Formula X V1, R™ is heterocyclyl, which is
optionatly substituted with one or more substituents Q; and R', R?, R} R RS R R R,

T p7d 7 ; .
R R R X, Y, and Z are each as defined herein.

[00232] In yet another embodiment, in Formula XVI, R™ is 5-membered or
6-membered heterocyclyl, which 1s optionally substituted with one or more substituents Q;

and RY, R2 R3 R RS R R R R R™ R X, Y, and 7 arc cach as defined hercin.
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[00233] In yet another embodiment, in Formula XVI, R™is phenyl, imidazolyl,
pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; and R", R, R®, R*, RS, R*, R™ R R7%, R7 R7®, X, V¥, and Z are each as

defined herein.

1602341 In yet another embodiment, in Formula XVI, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally
substituted with one or more substituents Q; and R, R%, R?, R* R® R® R*® R”® R"®, R™ R

X, Y, and Z are each as defined herein.

[00235] In yet another embodiment, in Formula X VI, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropylphenyl,
Z-methoxyphenyl, 3-tluorophenyl, 3-chlorophenyl, 3~-methylphenyl, 3-methoxyphenyl,
A-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-mcthoxyphenyl, 4-methoxyphenyl,
3-morpholin-4-ylmethylphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yi,
Z-methylpyrozol-3-y1, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl,
2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yDpyridin-4-yl, 2-methoxypyridin-4-yi,
pyrimidin-5-yi, pyrrolidin-3-yi, I-methylpyrrolidin-3-vyl, piperidin-4-yl, l-methylpiperidin-4-
yl, l-ethylpiperidin-4-yl, 1-isopropylpiperidin-4-yl, I-acctylpiperidin-4-yl,
I-methylsulfonylipiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00236] In still another embodiment, in Formula XV1, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyi,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-y1, pyridin-4-yl, 2-methylpyridin-4-yl, 2-methoxypyridin-4-yl,
1-methylpiperidin-4-y1, or 4-methylpiperazin-1-yl; and R', R%, R, R, R®, R R7° R7®, R,

R7d, R’ X, Y, and Z are each as defined herein.

[060237] In one embodiment, in Formula XVI,

R' is hydrogen or —OR ', where R is € alkyl, optionally substituted with
one or more substituents Q;

R? is hydrogen;

R and R" arc hydrogen;
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R®is Coia alkyl, optionally substituted with onc or more substituents Q;

R* and R°" arc cach independently Ce.14 alkyl, optionally substituted with one
or more substitucnts Q,

R is Cg.14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally
substituted with onc or more substituents Q; and

R™ R’ R, and R™ are hydrogen.

[00238] fn another embodiment, in Formula XV

R is hydrogen or methoxy;,

R” is hydrogen;

R*and R* arc hydrogen;

R®is Ce.14 alkyl, optionally substituted with one or more halo;

R and R™ are each independently Ce.yq alkyl;

R is Cg.14 aryl, heteroaryl, or heterocyelyl, cach of which is optionally
substituted with one or more substituents Q; and

R, R, R™, and R7® are hydrogen.

[00239] In yet another embodiment, in Formula XVI,

R is hydrogen or methoxy;

R%is hydrogen;

R*and R” are hydrogen;

RS is diffuoromethyl;

R and R*® are methyl;

R™is C.14 aryl, monocyclic heteroary], or monocyclic heterocyelyl, each of
which is optionally substituted with onc or more substituents Q; and

T ple p7d Te
R™ R, R, and R’ are hydrogen.

(002407 In yet another embodiment, in Formula XVI,
R' is hydrogen or methoxy;
R* is hydrogen;
R’ and R are hydrogen;
R is difluoromethyl;
R* and R°® are methyl;

R is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,

04
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cach of which is optionally substituted with one or more substituents Q; and

=

. ] " 7:
R™ R R™ and R”® are hydrogen.

[60241] In yet another embodiment, in Formula XVI,

R'is hydrogen or methoxy;

R is hydrogen;

R*and R are hydrogen;

R® is difluoromethyl;

R* and R* are methyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,
piperidinyl, or piperazinyl, each of which is optionally substituted with one or more
substituents Q; and

R™ R R™ and R are hydrogen.

[00242] In still another embodiment, in Formufa XV1,

R' is hydrogen or methoxy;

R” is hydrogen;

®* and R* are hydrogen;

RY is difluoromethyl;

R* and R are methyl;

R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
cach of which is optionally substituted with onc or more substituents Q; and

v o
R™ R R and R are hydrogen.

[00243] In onc embodiment, the compound of Formula XV has the structure of

Formula XVia:
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or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
N N % 54 5 . = N
prodrug thereof; wherein R', R% RY, R?, R® R R, R7 R™ R™, R"", and R" arc each as

defined herein.

100244 Tn onc embodiment, in Formula XVia, one of R, R’ R™, R™ and R™ is
T4 aryl, heteroaryl, or heterocyclyl, each of which is optionalty substituted with one or
more substituents Q; and R', R% R?, R*, RS, R™ R, the remaining of R, R™®, R™, R’ and

R, X, Y, and Z are each as defined hercin.

[00245] In another embodiment, in Formula XVIa, onc of R™ R’ R”, R, and R™ is
Co14 aryl, which is optionally substituted with one or more substitucnts Q; and R',R? R® RY,
RS, R*® R the remaining of R7, R™, R7, R™ and R, X, Y, and Z are each as defined

hercin.

[00246] in yet another embodiment, in Formula X Via, onc of R™, R™® R™ R™ and
R s heteroaryl, which is optionally substituted with one or morc substitucats Q; and R', R?,
R, RY RS, R™ R, the remaining of R, R, R™, R and R™, X, Y, and Z are cach as

defined herein.

[00247] in yet another embodiment, in Formula X VIa, onc of R™ R’ R, R™ and
R’ is 5-membered or 6-membered heteroaryl, which is optionally substituted with onc or
more substituents Q; and R', R?, R?, R", R R, R the remaining of R™, R™ R R’ and

R, X, Y, and Z arc cach as defined herein.

[00248] In yet another embodiment, in Formula X Via, one of R™, R, R, R", and
R is heterocyelyl, which is optionally substituted with one or more substituents Q; and R,
R*, R?, RY RS R™ R the romaining of R™, R™, R™, R™ and R™, X, Y, and Z arc cach as

defined hercin.

[60249] In yet another embodiment, in Formula X Via, one of R™ R, R, R™, and
R’ ig 5-membered or 6-membered heterocyelyl, which is optionally substituted with one or
more substituents Q; and R', R%, R*, R*, R®, R*, R™, the remaining of R7%, R™, R™, R"", and

R’ X, Y, and Z are cach as defined herein.

[00250] In yet another embodiment, in Formula XVia, one of R R R, R™, and

R® is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally

TN
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substituted with one or more substituents Q; and R', R%, R, R, R%, R™ R, the remaining of

-

R™ R™ R™ R™ and R™, X, Y, and Z are each as defined herein.

[00251] In yet another embodiment, in Formula XVia, onc of R7, R™, R7 R and
R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
piperazinyl, each optionally substituted with onc or more substituents Q; and R', R?, R?, R”,
R® R R, the remaining of R™, R7, R’ R™ and R"®, X, Y, and Z arc cach as defined

herein.

[00252] In yet another embodiment, in Formula XVia, one of R™, R™, R”, R and
R’ is phenyl, 2-flucrophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropyDphenyl, 2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl,
3-methylphenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-ylmethylphenyl, imidazol-1-yl, pyrozol-
4-yl, -methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
2-fluorepyridin-3-yl, 2-methylpyridin-4-yi, 2-(4-methylpiperazin-1-ylpyridin-4-yl,
2-methoxypyridin-4-yl, pyrimidin-3-yl, pyrrolidin-3-yi, I-methylpyrrolidin-3-yi, piperidin-4-
yl, I-methylpiperidin-4-yl, I-ethylpiperidin-4-yl, 1-1sopropylpiperidin-4-yl,
I-acetylpipenidin-4-yl, I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yi.

[00253] in still another embodiment, in Formula XVia, onc of R, R™, R, R™ and
R is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-mcthoxyphenyl, 4-florophenyl,
4-chiorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-v1, pyrozol-4-yl, l-methyl-
pyrozol-4-yl, 2-methylpyrozol-3-y1, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, Z-methylpyridin-
4-y1, 2-methoxypyridin-4-yl, 1-methylpiperidin-4-yl, or 4-methylpiperazin-1-yi; and R', R?,
rY R RO R™ R the remaining of R™ R/ R R™ and R, X, Y, and 7 arc cach as

defined herein.

[00254] In one embodiment, in Formula XVia, R™is Co4 aryl, heteroaryl, or
heterocyelyl, each of which is optionally substituted with one or more substituents Q; and R,

REL R R RS R R R R™ R™ R, X, YV, and Z are cach as defined herein.

[00255] In another embodiment, in Formula XVIa, R™ is Cg.14 aryl, which is optionally
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substituted with one or more substituents Q; and R', R%, RY, RY, R, R™ R™, R™", R7¢, R R",

X, Y, and Z are cach as defined herein.

[00256] In yet another embodiment, in Formula X Via, R™ is heteroaryl, which is
optionally substituted with one or more substituents (J; and R, R?‘, R'ﬁﬁ R4, Ré, RS"‘, R, R_7h,

R’ R7 R’ X, Y, and Z are each as defined herein.

[00257] in yet another embodiment, in Formula XVia, R™ is 5-membered or
6-membered heteroaryl, which is optionally substituted with one or more substituents Q; and

2 53 pd 16 pia nih pTb T p7d 5Tl - . .
ROREL R R RO RPORT, R™ R R R, X, Y, and 7 are cach as defined herein.

[006258] In yet another embodiment, in Formula X Via, R’ is heterocyclyl, which is
optionally substituted with one or more substituents Q; and RURY R RY RO R R R,

to Tl e o ) .
R R R X, Y, and 7 are each as defined hercin.

[00259] In yet another embodiment, in Formula XVia, R™ i 5-membered or
6-membered heterocyclyl, which is optionally substituted with onc or more substituents Q;

2 p3 pd 6 pda psh b Rl p7d T v i i
and R, R RO, RY RO R R R, R, R R™, X, Y, and Z are cach as defined herein.

[00260] In yet another embodiment, in Formula X Via, R” is phenyl, imidazolyl,
pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; and R', R?, R, RY, RS, R™ R R™ R, R™ R, X, Y, and Z arc cach as

defined herein.

[00261] In yet another embodiment, in Formula XVIa, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or pipcerazinyl, cach optionally
substituted with onc or more substituents Q; and R', R%, RY, RY, RS, R™ R, R7°, R7", R™ R,

X,Y, and Z arc cach as defined hercin.

[00262] in yet another cmbodiment, in Formula XVia, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-mcthylphenyl, 2-(3-dimethylaminopropylyphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-mcthoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyi,
2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-morpholin-4-ylmethylpbenyl, imidazol-1-yl, pyrozol-4-yl, I-methyl-pyrozol-4-yl,

2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-y1,
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2-methylpyridin-d-yl, 2-(4-methylpiperazin-1-yDpyridin-4-yi, 2-methoxypyridin-4-yl,
pyrimidin-5-yi, pyrrolidin-3-yl, I-methylpyrrolidin-3-yl, piperidin-4-yl, I-methylpiperidin-4-
yl, 1-cthylpiperidin-4-yi, 1-isopropylpiperidin-4-yi, 1-acetylpiperidin-4-yl,
I-methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[00263] In stil] another embodiment, in Formula XVia, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-flucrophenyli,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yl, T-mcthyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-y1, pyridin-4-yl, 2-methylpyridin-4-yl, 2-methoxypyridin-4-yl,
1-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R', R?, RY, R*, R®, R® R, R", R,

R’ R™ X, Y, and 7 are cach as defined hercin.

100264] In onc embodiment, in Formula XVia,

R s hydrogen or ~OR'"™ where R is Cy s alkyl, optionally substituted with
one or more substituents ;

R? is hydrogen;

RYand R arc hydrogen;

R% is Cg1a alkyl, optionally substituted with onc or more substituents Q;

R** and R’® arc cach independently hydrogen or Co 4 alkyl, optionally
substitated with one or more substituents Q;

R™ is Cg.1q aryl, heteroaryl, or heterocyclyl, cach of which is optionally
substituted with one or more substituents 3 and

“ ~ 7 .
R7 R’ R™ and R7 are hydrogen.

[00265] In another embodiment, in Formula XVla,

R is hydrogen or methoxy;

R? is hydrogen;

R*and R* are hydrogen;

R s Copa alkyl, optionally substituted with one or more halo;

R and R are cach independenily hydrogen or Cg.4 alkyl;

R’ is Ce.14 aryl, heteroaryl, or heterocyelyl, cach of which is optionally
substituted with one or more substituents ; and

T oy 7¢ 7d Ty 7¢
R R, R, and R are hydrogen.
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[00266] In yet another embodiment, in Formula XVla,

R' is hydrogen or methoxy;

R” is hydrogen;

R’ and R* are hydrogen;

R® is diffuoromethyl;

R** and R are each independently hydrogen or Cg.14 alkyl;

R’ is Cg.14 aryl, monocyclic heteroaryl, or monoeyclic heterocyclyl, cach of
which is optionally substituted with onc or more substituents Q; and

R™ R R’ and R are hydrogen.

[60267] In yet another embodiment, in Formula XVia,

R'is hydrogen or methoxy;

R? is hydrogen;

R*and R arc hydrogen;

R® is difluoromethyl;

R* and R°" arc each independently hydrogen or Cg_y4 alkyl;

R™ is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
each of which is optionally substituted with one or more substituents Q; and

R, R R™ and R” arc hydrogen.

[00268] In yet another cmbodiment, in Formula XVia,

R’ is hydrogen or methoxy;

R? is hydrogen;

R*and R are hydrogen;

R’ is difluoromethyl;

R* and R*® are cach independently hydrogen or Ce.14 alkyl;

R™ s phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrrolidinyl, piperidinyl,
piperidinyl, or piperazinyl, each of which is optionally substituted with onc or morc
substituents Q; and

R™ R’ R and R are hydrogen.

[00269] In still another embodiment, in Formula XVia,
R is hydrogen or methoxy;

R’ is hydrogen,

~100-



WO 2012/135160 PCT/US2012/030640

R? and R* arc hydrogen;

R® is difluoromethyl;

R and R™ are each independently hydrogen or Ce.14 alkyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
each of which is optionally substituted with one or morc substitucnts Q; and

R R7 R and R7® are hydrogen.

[00270] In another embodiment, the compound of Formula X V1 has the structure of
Formula XVIb:
2
R \,\fh AN N
=L N6
V R R7b

7a
N R R“bR

.&

(XVib)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof; wherein R, R% R? R, RS, R™ R™, R™ R™ R R™ and R” are cach as

defined herein.

[00271] {n one embodiment, in Formula XVIb, onc of R™, R7, R, R™ and R s
Ce.14 aryl, heteroaryl, or heterocyclyl, each of which is optionally substituted with one or
more substituents Q; and R, R, R*, R*, R®, R™ R, the remaining of R R, R™, R", and

R X, Y, and Z are each as defined herein.

[00272] In another embodiment, in Formula XVIb, one of R™, R R7 R’ and R™ is
Ce.14 aryl, which is optionally substituted with one or more substituents Q; and RU R R RY

g Te -
¢ and R, X, Y, and 7 are cach as defined

~

34 S5t sk v 2 J 7
R® R R™, the remaining of R R, R™*, R

herein.

[00273] In yet another embodiment, in Formula XV1b, onc of R, R”®, R, R7, and
R’ is heteroaryl, which is optionally substituted with one or more substituents Q; and R', R?,
R* RY R® R, R, the remaining of R, R™, R, R and R™, X, Y, and Z are each as

defined herein.
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[00274] In yet another embodiment, in Formula XVIb, onc of R7, R™, R7®, R and
R ig 5-membered or 6-membered heteroaryl, which is optionally substituted with one or
more substituents Q; and R', R?, R, R*, R®, R* R the remaining of R™, R™®, R7*, R™, and

R, X, Y, and Z arc cach as defined herein.

[00275] Tn yet another embodiment, in Formula XVIb, one of R7®, R™, R, R and
R’ is heteroeyelyl, which is optionally substituted with one or more substituents Q; and R',
R% R RY R R™ R, the remaining of R™ R, R, R™ and R, X, Y, and Z arc cach as

defined herein.

[00276] In yet another embodiment, in Formula XVib, one of R’ R’ R, R™, and
R™ is 5-membered or 6-membered heterocyclyl, which is optionally substituted with one or
more substituents Q; and R', R?, R®, RY, RS, R™ R, the remaining of R, R7*, R™, R, and

4

R X, Y, and Z arc each as defined herein.

[00277] In yot another embodiment, in Formula XVIb, onc of ™, R™, R7, R7 and
R”* is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, cach optionally
substituted with one or more substituents ; and R R? R R R R’ LR , the remaining of

7a 7 7 7 ~ .
R7 R™ R R™ and R"™, X, Y, and Z arc cach as defined herein.

[00278] In yect another embodiment, in Formula XVib, one of R R™, R7°, R7‘i, and
R7¢ is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or
piperazinyl, each optionally substituted with one or more substituents Q; and R', R?, R?, RY,
RS, R R, the remaining of R™ R™, R, R™, and R7®, X, ¥, and Z are each as defined

heretn.

[00279] in yet another embodiment, in Formula XV1Ib, one of R™, R’ R7%, R, and
R’ is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-(3-dimethylaminopropylyphenyl, 2-methoxyphenyl, 3-fluorophenyl, 3~chiorophenyl,
3-methylphenyl, 3-mcthoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophenyl,
4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl, 4-fluore-3-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-yimethyiphenyl, imidazol-1-yl, pyrozol-
4-yl, T-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl, pyridin-2-vl, pyridin-3-yl, pyridin-4-yl,
2-fluoropyridin-3-vl, 2-methylpyridin-4-yl, 2-(4-methylipiperazio-1-yDpyridin-4-yi,
2-methoxypyridin- d—y] pyrimidin-5-yl, pyrrolidin-3-yl, T-methylpyrrolidin-3-yl, piperidin-4-
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yl, I-methylpiperidin-4-yl, l-ethylpiperidin-4-yl, 1-isopropylpiperidin-4-yl,
f-acctylpiperidin-4-yl, I-methylsulfonylpiperidin-4-yl, or 4-methylpipcrazin-1-yl.

[00280] In still another embodiment, in Formula XVIb, one of R, R, R, R™, and
R’ is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methylphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, imidazol-1-yl, pyrozol-4-yi, 1-methyl-
pyrozol-4-yi, 2-methylpyrozol-3-yl, pyridin-2-yl, pyridin-3-y1, pyridin-4-yl, 2-mcthylpyridin-
4-yl, 2-methoxypyridin-4-yl, I-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R", R?,
R?, R R% R™ R, the remaining of R™, R7°, R, R7, and R7®, X, ¥, and Z are cach as

defined herein.

[00281] In one embodiment, in Formula XVIb, R’ is Cs 14 aryl, heteroaryl, or
heterocyelyl, cach of which is optionally substituted with one or more substituents Q; and R,

7 2 2 0y kY 5 7% e 7 T .
R% R R RC R¥™ R R™ R™ R R™ X, Y, and Z are cach as defined herein.

[00282] In another cmbodiment, in Formula XV1D, R™is Co.i4 aryl, which is optionally
substituted with one or more substituents Q; and R', R%, R*, R, R®, R™, R® R™ R7* R R,

X, Y, and Z are each as defined herein.

[00283] In yet another embodiment, in Formula XV1b, R™ is heteroaryl, which is
optionally substituted with one or more substituents Q; and R RE RY R RO R R R,

R™ R™ R X Y, and Z are cach as defined hercin.

1002841 In yet another cmbodiment, in Formula XVib, R™ is 5-membered or 6-
membered heteroaryl, which is optionally substituted with one or more substituents Q; and R',

RE R R RS R™ R R R R R X, Y, and Z are cach as defined herein.

100285} In yet another embodiment, in Formula XVib, R™ is heterocyelyl, which is
optionally substituted with one or more substituents Q; and R', R”, R?, R*, R%, R™ R*" R™,

R%, R, R X, Y, and Z are cach as defined hercin.

[00286] In yet another crmbodiment, in Formula XVIb, R™ is 5-membered or
6-membered heterocyclyl, which is optionally substituted with one or more substituents Q;
and R', R% R R RO R™ R™ R™ R’ R™ R X, Y, and Z are each as defined herein.
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[00287] In yet another embodiment, in Formula XVIb, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, piperidinyl, or piperazinyl, each optionally substituted with one or more
substituents Q; and R, R%, R*, R*, R%, R** R*°, R™ R’, R7, R™, X, Y, and Z are each as

defincd herein.

[00288] Tn yet another embodiment, in Formula XVIb, R™ is phenyl, imidazolyl,
pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally
substituted with one or more substituents Q; and R, R, R, R*, RS, ™, R*® R R"¢, R R,

X, Y, and Z are each as defined herein.

[00289] in yet another embodiment, in Formula XV1ib, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, Z-bromophenyl, 2-mcthylphenyl, 2-(3-dimethylaminopropylphenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-diflucrophenyl,
2,0-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-morpholin-4-yimethylphenyl, imidazol-1-yl, pyrozol-4-yl, l-methyl-pyrozol-4-yi,
2-methylpyrozol-3-vl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yi, 2-fluoropyridin-3-yl,
2-methylpyridin-d-yl, 2-(4-methylpiperazin-1-yDpyridin-4-yl, 2-methoxypyridin-4-yl,
pyrimidin-5-yl, pyrrolidin-3-yi, 1-methylpyrrolidin-3-yl, piperidin-4-yl, 1-methylpiperidin-4-
yl, L-ethylpiperidin-4-yl, I-isopropylpiperidin-4-yl, I-acetylpiperidin-4-yl,

L~methylsulfonylpiperidin-4-yl, or 4-methylpiperazin-1-yl.

[G0290] Tn still another embodiment, in Formula XVib, R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl, 3-methoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromephcenyl,
4-methoxyphenyl, imidazol-{-yl, pyrozol-4-yl, T-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yi, 2-methylpyridin-4-yl, 2-methoxypyridin-4-yl,
1-methylpiperidin-4-yl, or 4-methylpiperazin-1-yl; and R, R?, R®, R® RS, R* R*® R™" R,

R™ R K.Y, and Z arc cach as defined herein.

[00291] In one embodiment, in Formula XVIb,

R' is hydrogen or —OR™, where R™ is C, alkyl, optionally substituted with
one or more substituents Q;

R” is hydrogen;

R*and R? are hydrogen;
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R® is Co.14 alkyl, optionally substituted with one or more substituents Q;

R and R® are each independently hydrogen or Cs.14 alkyl, optionally
substituted with one or more substituents Q;

R7 i C4 aryl, heteroaryl, or heterocyelyl, cach of which is optionally
substituted with onc or more substituents Q; and

R R’ R™ and R™ arc hydrogen.

100292 In another embodiment, in Formula XVib,
t

R' is hydrogen or methoxy;

R” is hydrogen;

R*and R" are hydrogen;

R®is Cgi4 alkyl, optionally substituted with one or more halo;

R** and R°" arc cach independently hydrogen or Cy.i4 alkyl;

R7is Cay4 aryl, heteroaryl, or heterocyelyl, cach of which is optionally
substituted with one or more substituents Q; and

R’ R, R™ and R™ are hydrogen.

[00293] In yet another embodiment, in Formula XVIb,

R’ is hydrogen or methoxy;

R? is hydrogen;

R*and R* are hydrogen;

RS is difluoromethyl;

R and R are cach independently hydrogen or Ce. 4 alkyl;

R™ is Cg14 aryl, monocyclic heteroaryl, or monocyclic heterocyclyl, each of
which 15 optionally substituted with one or more substituents Q; and

R™ R7 R™ and R7 arc hydrogen.

[00294] In yet another embodiment, in Formula XVTb,
R'is hydrogen or methoxy;
R*is hydrogen;
R and R? are hydrogen;
R’ is difluoromethyl;
R>* and R*® are each independently hydrogen or Ce.14 alkyl;

R’ ig phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,
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cach of which is optionally substituted with one or more substituents QQ; and

R™ R R™ and R" arc hydrogen.

[00295} In yet another embodiment, in Formula XVIb,

R' is hydrogen or methoxy;

R? is hydrogen;

R*and R? are hydrogen;

R® is diffuoromethyl;

R** and R arc each independently hydrogen or Co.14 alkyl;

R™is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,
piperidinyl, or piperazinyl, cach of which is optionally substituted with one or more
substituents @; and

b 7t o 7
R R7 R™ and R’ arc hydrogen.

[00296] in still another embodiment, in Formula XVib,

R’ is hydrogen or methoxy;

R? is hydrogen;

R and R* are hydrogen;

R® is dif] uoromethyl;

R* and R’" are cach independently hydrogen or Ce_yq alkyl;

R™ s phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyi,
each of which is optionally substituted with one or more substituents Q; and

R, R’ R7, and R™ arc hydrogen.

[00297] In one embodiment, provided herein is a compound of Formula XVI, XVia, or
XVIb as described herein, or an enantiomer, a mixture of enantiomers, a mixture of two or
more diastereomers, or an isotopic variant thercof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof; wherein R™ and R*" are each independently (a) halo;

(b) Cis alkyl, Cop alkenyl, Cog alkynyl, Cayo cycloalkyl, Ce 4 aryl, Cos aralkyl, heteroaryl,
or heterocyelyl; or (¢) —C(O)R'™, —C(OYOR', —C(ONR PR, —~C(NR'"NR PR¢, -OR™,
—OC(O)R™, —OC(OYOR™, —OC(OINR PR, ~OC(=NR ")NR'*R, ~OS(O)R"®, ~OS(O),R ",
—OS(ONRPR'®, —OS(0),NR R, -NR'°R!, -NR®*C(O)R", ~-NR*C(O)OR",
“NRPC(OINRPR', NRMCENRYNR PR -NRSO)RY, ~NRS(0),R
-NRMS(OINRPR™, -NRS(0),NRPR'C, -SSR, =$(O)R™, —S(0O),R"*, ~S(O)NR'®R'®, or
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MS(O)2NRH’JR]L, a:nd R]. Rl’ RB, R4§ }{6’ R‘;’a» R7b, R?C, R‘?d, R?G, }{3&3 Rib’ RiC) 8}1(1 Rld are

defined herein elsewhere,

[00298] In one embodiment, in any of the formulae provided herein,

R’ is hydrogen or —OR", where R is Cy alkyl, optionally substituted with
one or more substituents Q;

R* is hydrogen;

R’ and R” are hydrogen;

RS is Cg.14 alkyl, optionally substituted with one or more substituents Q;

R** and R are cach independently hydrogen or Co.14 alkyl optionally
substituted with one or more substituents (3;

R is Cs. 14 aryl, heteroaryl, or heterocyclyl, cach of which is optionally
substituted with one or more gubstituents Q;

R™, R™, R™, and R are hydrogen; and

X, Y, and Z are each independently N or CR¥, with the proviso that at lcast
two of X, Y, and Z arc N; where R” is a hydrogen or Cy alkyl, optionally substituted with

onc or more substitucnts Q.

[00299] In another embodiment, in any of the formulae provided hercin,

R' is hydrogen or methoxy;

R*is hydrogen;

R*and R* are hydrogen;

R® is Cg.14 alkyl, optionally substituted with onc or more halo;

R* and R are cach independently hydrogen or Ci4 alkyl:

R7 i Cg.14 aryl, heteroaryl, or heterocyelyl, each of which is optionally
substituted with one or more substituents

R’ R, R™ and R™ arc hydrogen; and

X, Y, and Z arc cach independently N or CH..

[G0300] In yet another cmbodiment, in any of the formulae provided hercin,
R' is hydrogen or methoxy;
R* is hydrogen;
R*and R* are hydrogen;

RS is difluoromethyl;

-107-



W 2012/135169 PCT/US2012/030640

R™ and R°" are each independently hydrogen or Ce.i4 alkyl;

R™ is Cg.14 aryl, monocyclic heteroaryl, or monocyclic heterocyclyl, cach of

which is optionally substituted with one or more substituents Q;

{00301}

d 7 7
R’ R R™ and R’ are hydrogen; and

X, Y, and Z are cach mdependently N or CH.

In yet another embodiment, in any of the formulac provided herein,
Rlis hydrogen or methoxy;

R” is hydrogen;

R*and R are hydrogen;

R is difluoromethyl;

R and R™ arc each independently hydrogen or Cg.yq alkyl;

R’ is phenyl, 5- or 6-membered heteroaryl, or 5- or 6-membered heterocyclyl,

each of which 1s optionally substituted with one or morc substituents ;

[60302]

57 57 Te _
R R7¢, R, and R" are hydrogen; and

X, ¥, and 7 are each independently W or CH.

In yet another embodiment, in any of the formulac provided herein,
R’ is hydrogen or methoxy;

R* is hydrogen;

R and R” are hydrogen;

RS is difluoromethyl;

R and R* arc cach independently hydrogen or Ce.4 alkyl;

R is phenyl, imidazolyl, pyrozolyl, pyridinyl, pyrimidinyl, pyrrolidinyl,

piperidinyl, or piperazinyl, cach of which is optionally substituted with one or more

substituents (;

[00303]

7 n a
R R’ R™ and R are hydrogen; and

X, Y, and Z are cach mndependently N or CH,

In still another embodiment, in any of the formulae provided herein,
R is hydrogen or methoxy;

R? is hydrogen;

R’ and R are hydrogen;

R’ is diftuoromethyl;
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R’ and R® are each independently hydrogen or Cs.y4 alkyl;

R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl, piperidinyl, or piperazinyl,
each of which is optionally substitutcd with one or miore substituents Q;

R, R7%, R™, and R"™ arc hydrogen; and

X, Y, and Z are each independently N or CH.

[00304] The groups or variables, R, R?, R, R*, R, R™ R™®, R*, R™, R R™ R’ R™,
R7 R R™ R m,n, X, Y, and Z in Formulae provided herein, e.g., Formulac I to X VT, 1a
to XVIa, and Tb to XV1b arc further defined in the embodiments described herein. All
combinations of the embodiments provided herein for such groups and/or variables are within

the scope of this disclosure.

[C0305] In certain embodiments, R' is hydrogen. In certain embodiments, R is Cyano.
In certain embodiments, R'is halo. fn certain embodiments, R' is fi uoro, chloro, bromo, or
wodo. In certain cmbodiments, R’ is nitro. In certain embodiments, R is C alkyl,
optionally substituted with onc or more substituents @ as described herein. In certain
embodiments, R' is C,¢ alkenyl, optionally substituted with one or more substituents Q as
described hercin. In certain embodiments, R is Cy.¢ alkynyl, optionally substituted with one
or more substitucnts Q as described herein. In certain embodiments, RUis Cayg cycloalkyl,
optionally substituted with one or more substituents ( as described herein. In certain
embodiments, R is Ce14 aryl, optionally substituted with onc or more substituents § as
described herein. In certain embodiments, RY is Crys aralkyl, optionally substituted with onc
or more substituents Q as described herein. In certain embodiments, R'is heteroaryl,
optionally substituted with onc or more substitucnts (@ as described herein. In certain
embodiments, R' is heterocyelyl, optionally substituted with one or more substituents G as

described herein.

[00306] In certain cmbodiments, R’ is —C(OIR Y™, wherein R™ is as defined herein. In
. . . . Y . - . .
certain emsbodiments, R' is ~C{OYOR™, wherein R is as defined herein. In certain

. . . ayy Ve 1 . . .
cmbodiments, R’ is -C(O)NRPR*™, wherein R and R'° are each as defined herein. In

. . . L 1. 1: . a - P . R
herein. In certain embodiments, R' is —OR'®, wherein R’ is as defined herein. In certain

embodiments, R' is ~0—Cy_g alkyl, wherein the alkyl is optionally substituted with one or

more substituents Q as described herein.. In certain embodiments, R' is methoxy, cthoxy,
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propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R’ is —OC(O)R',
wherein R' is as defined herein. In certain embodiments, R' is ~OC(O)OR', wherein R is
as defined herein. In certain embodiments, R is —OC(OYNR'"R'®, wherein R'® and R are

each as defined herein. In certain cmbodiments, R' is ~OC(=NR*)NR'®R’®, wherein R"*, R'®,

defined herein. In certain embodiments, R' is —OS(O),NRPR'Y, wherein R'® and R are each
as defined herein. In certain embodiments, R' is —=NR'PR'®, wherein R'® and R'® are each as
defined herein. In certain cmbodiments, R’ is ~-NRC(OR ', wherein R' and R' are each
as defined herein. In certain embodiments, R' is ~--NRIaC(O)ORM, wherein R’ and R' are
each as defined herein. In certain embodiments, R is —NR"C(O)NR'R'®, wherein R™ R,
and R' arc each as defined herein. In certain embodiments, R is —wNR}aC{=NRM}N RIPRE
wherein R[a, R”’, R'® and R'! are each as defined herein. In certain cmbodiments, R' is
“NRM™S(O)R', wherein R' and R' are each as defined herein. In cortain embodiments, R is
~NR"S(0),R", wherein R' and R are each as defined herein. In certain embodiments, R'
is “NR"S(OINR'PR’®, whercin R™, R'?, and R are each as defined hercin. In certain
embodiments, R is ~NRS(O),NR'PR*®, wherein R'*, R'®, and R are cach as defined hercin.
in certain embodiments, R' is —SR'™, wherein R is as defined hercin. In certain
embodiments, R' is ~S(O)R'®, wherein R'* is as defined herein. In certain embodiments, R

is —S(O),R'™, whercin R' is as defined herein. In certain embodiments, R is ~S(O)NR'PR',
wherein R'" and R'® are cach as defined herein. In certain embodiments, R' is

—S(0)NR'PR"; wherein R'® and R'® are each as defined herein.

[06307] In certain embodiments, R is hydrogen. In certain embodiments, R? is cyano.
In certain embodiments, R” is halo. In certain cmbodiments, R? is fluoro, chloro, bromo, or
iodo. In certain embodiments, R? is nitro. In certain embodiments, R%is C¢ alkyl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R” is Cy.6 alkenyl, optionally substituted with one or more substituents Q as
described herein. n certain cmbodiments, R? is Cy.¢ alkynyl, optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R? is Cs_io cycloalkyl,
optionally substituted with onc or morc substituents Q as described herein. In certain
embodiments, R” is Cs.; cycloalkyl, optionally substituted with one or more substituents Q as

described herein. In certain embodiments, R” is Cs.i4 aryl, optionally substituted with one or
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more substituents Q as described herem. In certain embodiments, R%is Cr s aralkyl,
optionally substituted with onc or more substituents Q as described herein. In certain
embodiments, R is heteroaryl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R” is heterocyelyl, optionally substituted with onc

or more substituents Q as deseribed herein.

[00308] In certain embodiments, R? is ~C(O)R', wherein R'* is as defined herein. In
certain embodiments, R? is ~C(O)YOR', wherein R™ is as defined herein. In certain

embodiments, R? is ~C(O)NR'™R'®, wherein R'® and R* arc cach as defined herein. In

herein. In certain embodiments, R? is ~OR' wherein R'* is as defined herein. In certain
embodiments, R’ is —0—C, g alkyl, wherein the alkyl is optionally substituted with one or
more substituents Q as described herein.. Tn certain embodiments, R is methoxy, cthoxy,
Propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R” is —OC(O)R ',
wherein R' is as defined herein. In certain embodiments, R is ~OC(OYOR™, wherein R™ is
as defined herein. In certain embodiments, R” is -OC(O)N R™R' wherein R' and R'® are
cach as defined herein. In certain embodiments, R? is —OC(=NR"YNR'R'®, whercin R'*, R'®,
and R'® are each as defined herein. In certain embodiments, R? is ~OS(O)R"®, wherein R'* is
as defined herein. In certain embodiments, R? is ~OS(O)R"™, wherein R is as defined
herein. In certain embodiments, R” is ~OS(O)NR "R, wherein R' and R'® are cach as
defined herein. In certain embodiments, R? is -05(0),NR "R wherein R'® and R'® arc cach
as defined herein. In certain embodiments, R? is -NR'PR!, wherein R'” and R'® are cach as
defined herein. In certain embodiments, R” is amino (-NH3). In certain embodiments, R%is
~NR“‘C(O)RM, wherein R'"™ and R'Y arc cach as defined herein. Tn certain embodiments, R’

18 —I\]Rl“(ﬁf(O)ORi ¢ wherein R and R'® arc each as defined herein. In certain embodiments,

R” is ~NRMC(O)NR'R', wherein R™ R'™, and R" are cach as defined herein. In cortain

defined herein. In certain embodiments, R? is ~NR “S(O)R™, wherein R'™ and R' arc cach as
defined herein. In certain embodiments, R is -NR"“S(0),R ", wherein R and R'" are each
as defined herein. In certain embodiments, R? is -NR™S(O)NR "R, whercin R'®, R™®, and
R' are each as defined herein. In certain cmbodiments, R” is ~NR"™S(0),NR'"R ¢, whercin
R'® Rlb, and R'® are cach as defined herein. In certain embodiments, R? is —SR'™, wherein
R'*is as defined herein. In certain embodiments, R* is ~S(O)R", wherein R is as defined

hercin. In certain embodiments, R” is -S(Q),R'*, whercin R'* is as defined herein. In cortain
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. 2. . . ] - . .
embodiments, R” is —S(O)NR'PR'®, wherein R'® and R' are each as defined herein. In certain

embodiments, R” is ~S(O0),NR 'R, wherein R'" and R'° are cach as defined herein.

[00309] Tn certain embodiments, R is hydrogen. In certain embodiments, R” is
C1.¢ alkyl, optionally substituted with one or more substituents Q as described herein. In
certain cmbodiments, R” is bydrogen, methyl, ethyl, or propyl (e.g., n-propyl, isopropyl, or

2-1s0propyl).

[60310] Tn certain embodiments, R? is hydrogen. In certain embodiments, R* is
Ci¢ alkyl, optionally substituted with one or more substituents () as described herein. In
certain embodiments, R" is hydrogen, methyl, ethyl, or propyl {e.g., n-propyl, isopropyl, or

Z-isopropyl).

[00311] In certain cmbodiments, R* and R* are linked together to form a bond. In
certain embodiments, R’ and R are linked together to form C alkylene, optionally
substituted with onc or morc substitucnts Q as described herein. In certain embodiments, R
and R* are linked together to form methylenc, cthylenc, or propylene, cach optionally
substituted with one or more substituents Q as described herein. {n certain embodiments, R
and R* are linked to gcther to form Cys heteroalkylenc, optionally substituted with onc or
more substituents Q as deseribed herein. In certain emboediments, R and R” are linked
together to form Co alkenylene, optionally substituted with onc or more substituents ¢ as
described herein. In certain embodiments, R and R* are linked togother to form

(.6 heteroalkenylene, optionally substituted with one or more substituents Q as described

herein,

{00312} In certain embodiments, R® is hydrogen. In certain embodiments, R® is

Ci.4 alkyl, optionally substituted with one ot more substituents (G as described herein. In
certain embodiments, R® is Cy.¢ alkyl, optionally substituted with one or more, in one
embodiment, one, two, or three, halo. In certain embodiments, R®is C alkyl, optionally
substituted with one or more, in one embodiment, one, two, or three, fluoro. Tn certain
cmbodiments, R® is methyl, flucromethyl, diffuoromethyl, or trifluoromethyl. In certain
embodiments, RCis difluoromethyl. In certain embodiments, ROis —8-Ciq alkyl, wherein the
alkyl 1s optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R® is ~S(0)-C1s alkyl, wherein the alkyl is optionally substituted with one or

more substituents Q as described herein. In certain embodiments, R%is —S0»-Cy6 alkyl,
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wherein the alkyl is optionally substituted with one or more substituents Q as described

herein.

[00313] In certain embodiments, R™ is hydrogen. In certain embodiments, R* is not
hydrogen. In certain embodiments, R ig halo. In certain embodiments, R is fluoro, chloro,
bromo, or iodo. In certain embodiments, R™ is C ¢ alkyl, opticnally substituted with onc or
more substituents Q) as described herein. In certain embodiments, R™ is methyl, ethyl, propyl,
or butyl, each optionally substituted with onc or more substituents ©Q as described herein. In
certain embodiments, R™ is methyl, ethyl, n-propyl, isopropyl, rn-butyl, isobutyl, or t-butyl.

In certain embodiments, R™ is methyl, In certain embodiments, R™ is Cy.6 alkenyl,
optionally substituted with one or more substituents  as described herein. In certain
embodiments, R is Cy. alkynyl, optionally substituted with one or more substituents Q) as
described herein, In certain embodiments, R™ is Cs. cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In certain ecmbodiments, R™ is Car
cycloalkyl, optionally substituted with onc or more substituents Q@ as described herein. In
certain embodiments, R™is Ceia aryl, optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R™ is Cr.ys aralkyl, optionally substituted with
one or more substituents Q as described herein. n certain embodiments, R™ is heteroaryl,
optionally substituted with one or more substituents  as described herein. In certain
embodiments, R™* is heterocyelyl, optionally substitutcd with one or more substituents €} as

described herein.

[00314] In certain embodiments, R™ is ~C(O)R'*, wherein R is as defined herein. In
cortain embodiments, R™ is —C(OYOR'™, wherein R is as defined herein. In certain
embodiments, R™ is —C(G)YOR™, wherein R is C\ alkyl, optionally substituted with one or
more substituents Q as described herein. In certain embodiments, R™ is —C(O)YOCHs. In
certain embodiments, R™ is —C(O)NR'PR 'S, wherein R'® and R'® are each as defined herein.
In cortain embodiments, R™ is ~C(NR™NR'PR, wherein R'*, R'®, and R'® arc cach as
defined herein. In certain embodiments, R** is —~OR'®, wherein R'* is as defined hercin. In
certain embodiments, R* is ~OC(O)R', wherein R" is as defined herein. In certain
emnbodiments, R is —OC(O)OR‘“, wherein R’ is as defined herein. In certain embodiments,
R™is “OC(OYNR'"R", whercin R' and R'® are each as defined herein. In certain
cmbodiments, R™ is “OC(=NR'")NR'°R', wherein R"*, R'"®, and R are cach as defincd

herein. In certain embodiments, R is ~OS(O)R ', wherein R'" is as defined herein. In
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certain embodiments, R™ is —OS(0O),R ™, wherein R' is as defined herein. In certain
embodiments, R is —~OS(O)NR'°R*®, wherein R™ and R'® arc each as defined herein. In
certain embodiments, R* is ~OS(O),NR'PRY, wherein R™ and R'® are each as defined herein.
In certain embodiments, R is -NR'R ", wherein R'” and R'® are cach as defined herein. In
certain embodiments, R** is amino (—NH,). In certain embodiments, R is -NR"C(O)R ',
whercin R' and R arc each as defined herein. In certain embodiments, R is
“NR'*C(0YOR, wherein R'™ and R are cach as defined herein. In certain embodiments,
R {5 -NR"C(ONR'PR', wherein R™ R'®, and R'® are each as defined herein. In certain
embodiments, R* is —~NR"*C(=NR'INR R, wherein R™ R'®, RS, and R'® are each as
defined hercin. In certain crbodiments, R™ is ~NRS(OYR ', wherein R' and R' arc cach
as defined herein. In certain embodiments, R is ~NR"S(0),R", whercin R' and R are
cach as defined herein. In certain embodiments, R™ is ~NR'*S(O)NR™R'®, wherein R, R,
and R'® arc each as defined herein. In certain embodiments, R™ is ~NRMS(0);NR "R,
wherein R'®, R'", and R'® arc cach as defined herein. In certain embodiments, R™ is ~SR'®,
wherein R'*is as defined herein. In cortain embodiments, R™ is ~S(O)R'*, wherein R'® is as
defined herein. In certain embodiments, R™ is ~S(O);R'%, wherein R is as defined herein.
In certain embodiments, R™ is ~S(O)NR'PR', wherein R™® and R' arc cach as defined herein.
In certain embodiments, R™ is ~S(O),NR*R"'; whercin R'® and R'® arc each as defined
herein.
[00315] In certain embodiments, R™ is (a) hydrogen or halo; (b) C)_ alkyl, Ty alkenyl,
Cos alkynyl, Csyo cycloalkyl, Coyq aryl, Coys aralkyl, or heteroaryl, each of which 18
optionally substituted with one or more substituents Q; or (¢) —~C(O)R',
—C(OYOR™, ~C(ONR R, —C(NR'HNRPR', ~OR ™, ~OC(O)R", —OC(OYOR™,
~OC(ONRR', ~OCENRINR PR, —OS(OR™, ~OS(0O),R", —~OS(OINR R,
—OS(O)NRR' -NR'PR'®, -NRPC(O)R, -NR"'C(OYOR M, -NR*C(OINRPR ',
“NRPCENRMNRPRY ANRES(OIRY, ANRHS(0)R, -NRMS(ONR PR,
NRYS(0),NRPR', -8R, ~8(0)R™, —S(O),R"*, =S(OINR "R, ot ~8(0).NR"R'®. In
certain embodiments, R™ is {a) hydrogen or halo; or (b) C, 4 alkyl, Cps alkenyl, Cog alkynyl,
Ui cycloatkyl, Cos aryl, Coys aralkyl, or heteroaryl, each of which is optionally substituted

with one or more substituents Q.

[00316] In certain embodiments, R™ is halo. In certain embodiments, R*® is fluoro,
chloro, bromo, or iodo. In certain embodiments, R* is C s alkyl, optienaiiy substituted with

one or more substituents Q as described herein. In certain embodiments, R*” is methyl, cthyl,
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propyl, or butyl, each optionally substituted with one or more substituents Q as described
herein. In certain embodiments, R°" is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
or t-butyl. In certain embodiments, R s methyl. In certain embodiments, R is Cog
alkenyl, optionally substituted with one or more substituents Q as described herein, In certain
embodiments, R is Cy. alkynyl, optionally substituted with one or more substituents Q as
described hercin. In certain embodiments, R* is Caig cycloalkyl, optionally substifuted with
one or more substituents Q as described herein. In certain embodiments, R™° is Cs
cycloalkyl, optionally substituted with one or morc substitucnts Q as described herein. In
certain embodiments, R is Ce.14 aryl, optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R™ is Co_y5 aralkyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R is heteroaryl,
optionally substituted with one or more substituents @ as described hercin. In certain
embodiments, R is heterocyclyl, optionally substituted with one or more substituents Q as

. . : T o Sh .
described herein. In certain embodiments, R™ is not heterocyclyl.

[060317] In certain embodiments, R™° is —C(O)R“l, wherein R™ is as defined hercin. In

certain embodiments, R* is ~C(O)OR™, whercin R' is as defined herein. In certain

more substituents Q as described herein. In certain embodiments, R™ is ~C(0)OCH;. In
certain embodiments, R*® is ~C(O)NR'PR'®, wherein R'® and R'® are each as defined herein.
In certain embodiments, R is ~C(NR'™NR R, wherein R™, R'®, and R'® are cach as
defined herein. In certain embodiments, R* is ~OR™, wherein R'* is as defined herein. In
certain cmbodiments, R™ is ~OC(O)R", wherein R is as defined herein. In certain
embodiments, R is ~OC(OYOR™, wherein R is as defined herein. In certain embodiments,
R is ~OC(O)NR'*R'®, wherein R™ and R’ arc cach as defined herein. In certain
embodiments, R*" is -OC(=NR™NR PR, wherein R™ R™, and R are cach as defined
certain embodiments, R*” is ~OS(0),R"*, wherein R™ is as defined herein. In certain
embodiments, R is ~OS(OYNR'PR™, wherein R™ and R'® arc cach as defined herein. In

certain embodiments, R*® is ~OS(O),NR'R ', wherein R'® and R' are cach as defined herein.

. . Sh - . . . - Sh - Qg

certain embodiments, R* is amino (-NH,). In certain embodiments, R*® is ~NR“"C(OR",
C s s { . . . Sy .

wherein R'® and R' arc cach as defined hercin. In cortain embodiments, R* is

“NR'*C(OYOR', wherein R'* and R' are each as defined herein. In certain cmbodiments,
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R°® is -NR™C(O)NR'"R, wherein R, R'®, and R'® are each as defined herein. In certain
embodiments, R™ is -NR*C(=NR'YNRR, wherein R", R, R', and R'? are cach as
defined herein. In certain embodiments, R is -NR*S(0)R', wherein R™ and R!? arc cach
as defined herein. In certain embodiments, R™ is -NR'*S(0),R'¢, wherein R'* and R'? are
cach as defined herein. In certain embodiments, R™ is -NR™S(O)NR R, wherein R, R,
and R'® are cach as defined herein. In certain embodiments, R™ is -NR"S(0),NR "R,
wherein R'®, R'®, and R’ are cach as defined herein. In certain ecmbodiments, R is SR,
wherein R'™ is as defined herein. In certain embodiments, R* is ~S(O)R™, wherein R is as
defined herein. In certain embodiments, R is ~S(0),R"*, wherein R™ is as defined herein.
In certain embodiments, R*® is —S(O}NRH’RN, wherein R'” and R'® arc cach as defined herein.
In certain embodiments, R*® s —S(O)ZNR_leEC; wherein R'® and R'® are each as defined

herein.

[00318] In certain embodiments, R™ and R* arc cach independently methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, or £-butyl, cach optionally substituted with one or more
substituents Q as described herein. In certain embodiments, R™ and R*® arc cach
mdependently methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or ~butyl, each optionally
substituted with one or more halo. In certain embodiments, R™ and R are each
independently methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or f~-butyl. In certain

cmbodiments, R> and R arc cach methyl.

[00319] In certain embodiments, R* is Ce.14 aryl, optionally substituted with one or
more substituents Q) as described herein. In certain embodiments, R™ is Cs.14 aryl substituted
at the 2-position with one substituent Q as described herein. In certain embodiments, R™ is
pheny! or naphthyl, each optionally substituted with one or more substituents Q as described
hercin. In certain embodiments, R is phenyl, naphtha-1-yl, or naphtha-2-yl, each optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R
is phenyl, 4-chlorophenyl, 4-methoxyphenyl, or naphtha-2-yl. In certain embodiments, R™ is
heteroaryl, optionally substituted with one or more substituents as described herein. In
certain cmbodiments, R™ is moncyelic heteroaryl, optionally substituted with one or more
substituents as described herein. In certain cmbodiments, R* is 5- or 6-membered heteroaryl,
optionally substituted with one or more substituents as described herein. In certain
embodiments, R* is bicyclic heteroaryl, optionally substituted with one or more substitucnts

as described herein.
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[00320] In certain embodiments, R™ is W(CRS{RS‘%')HM(C()_M aryl), wherein the Cg14 aryl
is optionally substituted with onc or more substituents Q as described herein. In certain
embodiments, R* is benzyl, 2-phenethyl, 3-phenylpropyl, or 4-phenylbutyl, wherein each of
the phenyl moicty is optionally substituted with one or more substituents Q as described
hercin. In certain embodiments, R> is benzyl, 2-phenethyl, 3-phenyipropyl, or 4-phenylbutyl.
In certain embodiments, R™ is benzyl, fluorobenzyl, chlorobenzyl, bromobenzyl,
cyanobenzyl, methylbenzyl, or methoxylbenzyl. In certain embodiments, R™ ig (naphthalen~
T-yhmethyl, (naphthalen-2-yDmethyl 2-(naphthalen-1-ylethyl, 2-(naphthalen-2-ylicthyl,
(naphthalen-1-yDpropyl, 3-(naphthalen-2-yhpropyl, 4-(naphthalen-1-ylbutyl, or 4-
(naphthalen-2-yhbutyl, wherein cach of the naphthyl moiety is optionally substituted with
one or morc substituents Q as described herein. In certain embodiments, nis G or 1. Inone
embodiment, nis 1. Inone ecmbodiment, nis 1, 2, 3, or 4. In certain embodiments, R is
—CHp-(Ceaq aryl), wherein the Cg g aryl is optionally substituted with one or more
substituents Q as described herein. In certain embodiments, R™is —C(CH1)0—(Ce. 14 aryl),
wherein the Ce 4 aryl is optionally substituted with one or more substituents § as described
hercin. In certain embodiments, R is ~CHy—phenyl or ~CHy—naphthyl, wherein the phenyl
or naphthyl is cach optionally substituted with onc or more substituents @ as described herein,
such as, e.g., optionally substituted with one or more F, Cl, Br, I, -CN, —CH;, —-CF;, ~OCH,
or ~OCF,. In certain embodiments, R is —CHy-phenyl, ~CHy-naphtha-1-yl, or —-CH,—
naphtha-2-yl, wherein the phenyl or naphthyl is each optionally substituted with one or more
substitucnts  as described herein, such as, e.g., optionally substituted with one or more F, Cl,
Rr, 1, ~CN, —~CHa, ~-CF3, ~OCH,, or ~OCF;. In certain embodiments, R™° is —CHy~phenyl,
----- CHy--naphtha-1-yl, or ~CHy-naphtha-2-yl, wherein the phenyl or naphthyl is cach optionally
substituted with onc or more F, Cl, Br, I, -CN, ~CH;, —CFs, ~-OCH;, ~OCF;. In other
cmbodiments, R*® is ~CHy—phenyl, ~Cld,—naphtha-1-y1, or -CHy-naphtha-2-yl, wherein the
phenyl or naphthyl 18 each optionally substituted with one or more F, Cl, Br, {, -CN, ~CHa,
~CFy, ~OCHa, -OCF3, ~-0-(Cy.4 alkylene)-N--(Cy 4 alkyl), (e.g., “O-CH,CH,-N(CHs)),
~(-heterocycelyl (e.g., ~O~(N-methylpiperidinyl) or ~O-piperidinyl), -O-hcteroaryl (e.g.,
—CO-pyridyl), ~-NH-heterocyclyl (e.g., -NH—(N-methylpiperidinyl), ~NH-(N-
mt,thyipyl Lohdlnyi) ~NH- npcrldmyi or —NI I—pyuo 1dmy[) —Nk{—hctcroary (a

methylpyrrolidinyl), ~NCHs—piperidiny!, or -NCHs~pyrrolidinyl), -NCH _;~—hcter0ary1 {e.g.,
—NCHz—pyridyl), heterocyelyl {e.g., piperidinyl, piperazinyl, N-methyipiperidinyl, or
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N-methylpiperazinyl), or heteroaryl (e.g., pyridyl or imidazolyl). In certain embodiments, R™
is “CHy—phenyl, -C{(CHjs),—phenyl, ~CH,—(2-methylphenyt), ~CH~(2-methoxylphenyl),
—CHy—(2-fluorophenyl), -CH,—(2-chlorophenyl), -CH,—(2-bromophenyl), ~CH,—(3-
methylpbenyl), ~-CHy—(3-methoxylphenyl), -CH,~(3-fluorophenyt), ~CH,—(3-chlorophenyl),
—CHo—(3-bromophenyl), -CHo—(4-methylphenyl), ~CHy~{(4-methoxyiphenyl),
—CHo—(4-fluorophenyl), —CH,—(4-chlorophenyl), —-CH,—(4-bromophenyl), ~CHy-naphtha-1-
yl, or =CH,—naphtha-2-yl.

[00321] In certain embodiments, R is ~(CR R *8)-(Cy_14 aryl), wherein the Ce.14 aryl
is optionally substituted with onc or more substituents Q as described herein, and wherein R”
and R’® together with the carbon atom to which they are attached form a 3- to 6-membered
cycloalkyl or heterocyelyl. 1n one embodiment, R* is —cyclopropyl-phenyl. In one
embodiment, R™ is -cyclobutyl-phenyl. Tn one embodiment, R* is —cyclopentyl-phenyl. In

one embodiment, R™ is ~cyclohexyl-phenyl.

[060322] In certain embodiments, R™ is ~(CR™R®),~-hcteroaryl, whercin the heteroaryl
is optionally substituted with onc or more substituents ( as described herein, wherein n is
defined herein elsewhere. In certain embodiments, R is ~CHy—(monocyclic heteroaryl),
wherein the heteroaryl is optionally substituted with onc or more substituents as described
herein. In certain embodiments, R™ is ~CHy—(5- or 6-membered heteroaryl), whercin the
heteroaryl 1s optionally substituted with one or more substituents as described herein, In
certain embodiments, R™ is —~CHy—~(bicyclic heteroaryl), wherein the heteroaryl is optionally

substituted with one or more substituents as described herein.

[00323] In certain embodimonts, 7% is hydrogen. In cortain embodiments, R is halo.
in certain embodiments, R™ is fluoro, chloro, bromo, or iodo. n certain embodiments, R™ is
Ch alkyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R* is methyl, optionally substituted with one or more substituents (3 as
described herein. In certain embodiments, R™ is methyl. In certain embodiments, R is
methyl, ethyl, propyl, or butyl, cach optionally substituted with onc or more substituents Q as
described hercin. Tn certain embodiments, R™ is methyl, ethyl, rn-propyl, isopropyl, n-butyl,
isobutyl, or -butyl. In certain embodiments, R* is C,. alkenyl, optionally substituted with
onc or more substituents QO as described herein. In certain embodiments, R s Cog alkynyl,

optionally substituted with onc or more substituents @ as described herein. In certain
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embodiments, R is Cayg cycloalkyl, optionally substituted with one or more substituents Q
as described herein. In certain crnbodiments, R* is Cg.14 aryl, optionally substituted with one
or more substituents (Q as described herein. In certain embodiments, R*is Cq.y5 aralkyl,
optionally substituted with one or more substituents Q@ as described herein. In certain
embodiments, R* is heteroaryl, optionally substituted with one or morc substituents Q as
described herein. In certain cmbodiments, R* is heterocyclyl, optionally substituted with one

or more substituents Q as described hereim.

L. . 5d . P . a - .
[00324] In certain embodiments, R™ is —C{O)R'"®, wherein R is as defined hercin. In
. . . 12 . a4 . , .
certain embodiments, R> is ~C(O)YOR"™, wherein R™ is as defined herein. In certain
. 5d 1a . fa . o - o .
embodiments, R™ is —C(O)YOR ™, wherein R is C ¢ alkyl, optionally substituted with one or
more substituents  as described herein. Tn certain embodiments, R™ is ~C(O)OCHa. In
. \ . 54 . b e . : . .
certain embodiments, R™ is ~C(O)NR'PR*, wherein R'® and R'® are each as defined herein.
: ) . . 5d < fa Ihp fc L ia tb .. ic .
In certain embodiments, R™ is ~C(NR ™)NR R, wherein R™, R, and R™" are cach as
. . . sd - - 12 . a - .
defined herein. Tn certain embodiments, R™ is ~OR'®, wherein R™ is as defined herein. In

. . 5d Ny < pplans - .
certain cmbodiments, R™ is -OC{OYR™, wherein R'* is as defined herein. In certain

R™ is —OC(OYNR™R'®, wherein R and R'® are cach as defined herein. In certain
embodiments, R* is —OC(=NR'NR "R, wherein R™, R™, and R'® arc each as defined
herein. In certain embodiments, R s —--OS(O')RM, wherein R is as defined herein. In
certain embodiments, R™ is ~OS(ORR'", wherein R™ is as defined herein. In certain
cmbodiments, R™ is —OS(O)NR™R'®, wherein R™ and R'® are cach as defined herein. In
certain embodiments, R™ is —OS(0),NRR ', wherein R'® and R'® arc cach as defined hercin.
In certain embodiments, R™ is -NR PR, wherein R'® and R'® arc each as defined herein. In
certain embodiments, R™ is amino (-NH,). In certain embodiments, R is -NR™C(O)R'¢,
wherein R'® and R are each as defined herein. In certain embodiments, R* is
“NRMC(OYOR', wherein R'™ and R'? are each as defined herein. In certain embodiments,
R jg “NRPC(OINR'PRY, wherein R™, R™®, and R'® are each as defined herein. In certain
embodiments, R* is -NR "CENR'YNR R, wherein R, R'", R™, and R'" are each as
defined herein. In certain embodiments, R™ is -NR™S(O)R'?, wherein R™ and R are cach
as defined herein. In certain embodiments, R*® is —NR“‘S(O);RM, wherein R'® and R'¢ arc
ecach as defined herein. In certain embodiments, R* is -—NR“S(O)NR R’ wherein R' R,
and R’ arc cach as defincd herein. Tn certain embodiments, R™ is -NR*S(0),NR'°R ¢,

3] a ¥ . : : 5d : N 4
wherein R', R'®, and R are each as defined herein. In certain embodiments, R is —SR™,
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wherein R is as defined herein. In certain embodiments, R* is ~S(O)R™, wherein R'* is as
defined herein. In certain embodiments, R™ is ~S(0),R"*, wherein R™ is as defined herein.

In certain embodiments, R™ is —S(O)NR™R', whercin R'” and R'® are each as defined herein.
In certain embodiments, R is —S(0),NR'*R"; whercin R'® and R'® are each as defined

herein.

[00325] In certain embodiments, R™ is hydrogen. In certain embodiments, R* is halo.
In certain embodiments, R is fluoro, chloro, bromo, or iodo. In certain cmbodiments, R s
C,.6 alkyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R is methyl, optionally substituted with one or more substituents Q as
described hercin. In certain embodiments, R™ is methyl. In certain embodiments, R™is
methyl, ethyl, propyl, or butyl, cach optionally substituted with onc or more substituents (} as
described herein. In certain embodiments, R is methyl, cthyl, n-propyl, isopropyl, a-butyl,
isobutyl, or £-butyl. In certain embodiments, R™ is Co alkenyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R> is Cy alkynyl,
optionally substituted with onc or more substituents QO as described herein. In certain
embodiments, R is Cs.10 cycloalkyl, optionally substituted with one or more substituents Q
as described herein. In certain cmbodiments, R* is Co_4 aryl, optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R™ is Crys aralkyl,
optionally substituted with one or more substituents  as described herein. In certain
cmbodiments, R> is heteroaryl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R™ is heterocyelyl, optionally substituted with onc

or more substituents Q as described herein.,

. . . 4q - " s . a - ~ ; .
[00326] In certain embodiments, R™ is —C(O)R'®, wherein R'™ is as defined herein. In
certain embodiments, R*is —C(O)ORM,, wherein R is as defined herein. In certain
embodiments, R is —C(Q)OR™, wherein R is Cy.¢ alkyl, optionally substituted with one or

more substituents Q as described herein. In certain embodiments, R™ is —C(O)OCH3. In

In certain embodiments, R is —C(NR'JNR'"R'°, wherein R, R'®, and R'® are cach as
defined herein. In certain embodiments, R™ is —OR™, wherein R'® is as defined herein. In
certain embodiments, R*® is ~OC(O)R'*, wherein R'*is as defined herein. In certain
embodiments, R* is ~OC(O)YOR'®, wherein R is as defined herein. In certain embodiments,

R is —OC(O)NR'"R’®, whercin R and R'® are each as defined herein. In certain
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embodiments, R*® is ~OC(=NR'NR'"R', wherein R, R'®, and R' are each as defined
herein. In certain embodiments, R* is ~OS(O)R™, wherein R is as defined herein. In
certain embodiments, R™ is ~OS(0),R"", wherein R’ is as defined herein. In certain
embodiments, R is ---OS(O)NR“)R“, wherein R'® and R'® are cach as defined herein. In
certain embodiments, R* is ~OS(O)NR PR, wherein R'® and R'® are cach as defined herein.
in certain embodiments, R is -NR'PR'®, wherein R and R'® are cach as defined hercin. In
certain embodiments, R™ is amino (-NH,). In certain embodiments, R™ is -NR™“C(O)R ",
wherein R'™ and R' are cach as defined herein. In certain cmbodiments, R™ is
~NRC(OYOR', wherein R™ and R' are each as defined hercin. In certain embodiments,
R™ s -NR"C(OYNR'PR'®, wherein R'*, R'®, and R'* arc cach as defined herein. In certain
embodiments, R> is ~NR'CENRNRPR', wherein R', R, R, and R' are each as
defined hercin. In certain embodiments, R™ is —~NR'*S(O)R'Y, wherein R' and R'? arc cach
as defined herein. In certain embodiments, R> is -NRS(0),R ', wherein R and R'¢ are
each as defined hercin. In certain cmbodiments, R™ is ~NRS(O)NR'"R'®, wherein R, R'™,
and R' are cach as defined herein. In certain embodiments, R is ~NR'S(O),NR "R,
wherein R', R'® and R are each as defined herein. In certain embodiments, R* is SR
wherein R'™ is as defined herein. In certain embodiments, R™ is —S(OR'®, wherein R is as
defined herein. In certain embodiments, R* is ~S(0),R ", wherein R' is as defined herein.
In certain embodiments, R™ is ~S(OYNR PR, wherein R' and R'® are cach as defined herein.
In certain embodiments, R is —S(0G),NR'PR'®; whercin R'® and R'® are cach as defined

herein.,

[60327] In certain embodiments, R™ is hydrogen. In certain embodiments, R is halo.
In certain crobodiments, R s fluoro, chloro, bromo, or jodo. In certain crmbodiments, R s
C) alkyl, optionally substituted with onc or more substituents @ as described hercin. In
certain embodiments, R™ is methyl, optionally substituted with one or more substituents Q as
deseribed herein. In certain cmbodiments, R¥ is methyl. In certain embodiments, R¥ s
methyl, ethyl, propyl, or butyl, each optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R™ is methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, or r-butyl. In certain embodiments, R s Cy.6 alkenyl, optionally substituted with
one or more substituents Q as described herein. In certain embodiments, R¥ s Chg alkynyl,
optionally substituted with onc or more substituents (3 as described herein. In certain
cmbodiments, R* is Ca10 cycloalkyl, optionally substituted with one or more substituents

as deseribed herein. In cortain embodiments, R™ is Co.14 aryl, optionally substituted with onc
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or more substituents Q as described herein. In certain embodiments, R™ is Cr.s aralkyl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R™ is heteroaryl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R™ is heterocyclyl, optionally substituted with onc

or more substituents ( as described herein.

[00328] In certain embodiments, R*' is ~C(O)R ", wherein R™ is as defined herein. In
e I . .5f.‘ \ 1a . "]3‘, ot - .

certain embodiments, R 1s ~C(OCYOR™, wherein R is as defined herein. In certain

embodiments, R™ is ~C(O)YOR™, wherein R'™ is C 4 alkyl, optionally substituted with one or

more substituents Q as described herein. In certain embodiments, R™ is ~C(OYOCH:. In

In certain cmbodiments, R is —CNR'™NR'PR', wherein R', R'®, and R'® are cach as
defined herein. In certain embodiments, R* is ~OR'®, wherein R'® is as defined herein. In
certain embodiments, R* is ~OC(O)R™, whercin R is as defined herein. In certain
embodiments, R*'is ~OC(O)OR™, wherein R" is as defined herein. In certain embodiments,
R s —OC(ONR PR, whercin R™ and R'® are cach as defined herein. In certain
embodiments, R™ is ~OCENR™NR PR, wherein R™, R'®, and R'® are cach as defined
herein. In certain embodiments, R is — OS(O‘)R“’, wherein R is as defined herein. In
certain embodiments, R s ~OS(0),RY, wherein R'® is as defined herein. In certain
cmbodiments, R*'is —OS(O)NR "R, wherein R and R' are each as defined herein. In
certain embodiments, R is -—-OS(O};NRJbRM, wherein R' and R’ arc each as defined herein.
In certain embodiments, R is ~NR'®R™, wherein R'” and R'® are each as defined herein. In
¢ertain embodiments, R™ is amino (-NH,). In certain embodiments, R™ is ~NR"C(O)R Y,
wherein R'® and R’ are cach as defined herein. In certain embodiments, R is
~NRMCOYOR, wherein R™ and R' are each as defined herein. In certain embodiments,
R s - NRMC(OINR™R'®, wherein R™, R'®, and R'® are cach as defined herein. In certain
crbodiments, R™ 15 -NRPC(E=NRNRPR, wherein R™, R, RS and R are cach as
defined herein. Tn certain cbodiments, R* is -NR"*S(OIRY, wherein R™ and R'? are cach
as defined herein, In certain embodiments, R™ is ~NR "S(0),R ™, whercin R™ and R are
each as defined herein. 1n certain embodiments, R™ is -NR'*S(O)NR "R, wherein R, R'®,
and R'° are each as defined herein. In certain embodiments, R s ~r-4NR3aS(_O)2NREbR’°,
wherein R' R, and R’ are each as defined herein. In certain embodiments, R* is ~SR'®,
wherein R is as dofined hercin. In cortain embodiments, R is ~S(O)R™, wherein R' is as

defined herein. In certain embodiments, R is ~-S$(O)%R ', wherein R** is as defined herein.
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. . s . . . . - .
In certain embodiments, R™ is —S(O)YNR'®R'®, wherein R'® and R'® arc cach as defined herein.
In certain embodiments, R™ is ~S(0),NR "R wherein R'” and R'® are cach as defined

herein.

1003291 In certain embodiments, R’2 is hydrogen. In certain embodiments, R™® is halo.
In certain cmbodiments, R*® is fluoro, chloro, bromo, or iodo. In cortain embodiments, R is
Cie alkyl, optionally substituted with one or more substituents @ as described herein. In
certain embodiments, R® is methyl, optionally substituted with onc or more substituents Q as
described herein. In certain embodiments, R*8 is methyl. In certain embodiments, R% is
methyl, ethyl, propyl, or butyl, cach optionally substituted with onc or more substituents () as
described herein. In certain embodiments, R is methyl, ethyl, n-propyl, isopropyl, a-butyl,
isobutyl, or -butyl. In certain embodiments, R’ is Coq alkenyl, optionally substituted with
one or morc substituents Q as described hercin. In certain embodiments, R is Co alkynyl,
optionally substituted with one or more substituents @ as described herein. In certain
embodiments, R is Cs_ig cycloalkyl, optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R™ is Cg.14 aryl, optionally substituted with one
or more substituents (Q as described herein. In certain embodiments, R is Cqgs aralkyl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R*% is heteroaryl, optionally substituted with one or more substitucnts Q as
described herein. In certain embodiments, R is heterocyclyl, optionally substituted with one

or morc substitucnts  as described herein.

[00330] In certain embodiments, R is ~C(O)R', wherein R'*is as defined herein. In
certain cmbodiments, R*® is —~C(OYOR™, wherein R is as defined herein. In certain
embodiments, R is —C(0)OR "™, wherein R'* is C,.¢ alkyl, optionally substituted with one or
more substituents Q as described herein, In certain embodiments, R’ is ~C(OYOCH;. In
certain embodiments, R*® is ~C(OYNR PR, whercin R'® and R are cach as defined horein,
In certain embodiments, R is ~CONR "“INR'®R', wherein R', R'®, and R'® are cach as
defined herein. In certain embodiments, R*® is —~OR ', wherein R is as defined herein, In
certain embodiments, R™ is ~OC(O)R'", wherein R’ is as defined herein. In certain
embodiments, R*% is ~OC(OYOR'®, wherein R' is as defined herein. In certain embodiments,
R is —OC(OINR'"R™, wherein R™ and R'® are cach as defined herein. In certain
embodiments, R’ is —OCENR™NRPR', wherein R™, R™®, and R'® are each as defined

hercin. In certain embodiments, R72 is ~OS(O)R", wherein R is as defined herein. in
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certain cmbodiments, R*® is ~OS(O)R ", wherein R™ is as defined herein. In certain
embodiments, R is ~OS(O)NR'"R*, wherein R'® and R'® are cach as defined herein. In
certain conbodiments, R is ~OS(0)NR'PR ¢, wherein R'” and R'® are each as defined herein.
In certain embodiments, R% is ~NR'®R'®, wherein R'® and R'® arc cach as defined herein. In
certain embodiments, R*® is amino (~-NH,). In certain embodiments, R® is ~NR"C(O)R ',
whercin R'™ and R are cach as defined herein. In certain embodiments, R is
“NR'*C(OYOR', whercin R™ and R' are cach as defined herein. In certain embodiments,
R 5 N R“’C(O}NR“’R’C, wherein R'®, R'® and R' are each as defined hercin. In certain
embodiments, R’® is -NR“CE=NRNR PR, wherein R' R™®, R, and R' are cach as
defined hercin. In certain cmbodiments, R7# is ~NRMS(O)R'Y, wherein R and R' are cach
as defined herein. In certain embodiments, R™® is ~NRMS(0),R', wherein R'™ and R" arc
cach as defined herein. In certain embodiments, R™ is ~NR™S(OYNR'PR'®, wherein R, R'®,
and R'® are cach as defined herein. In certain embodiments, R® is MNAR”S(O)ZNR”"R%
wherein R, R, and R arc cach as defined hercin. In certain embodimenis, RS is ~8R ',
wherein R'® is as defined herein. In certain embodiments, R™® is —S(O)R™, wherein R is as
defined herein. In certain ecmbodiments, R is ~S{0); R“’_, wherein R is as defined herein.

Tn certain embodiments, R is ~S(O)NR'PR'®, wherein R' and R'® are each as defined herein.
In certain cmbodiments, R is —S(O),NRPR’% wherein R'" and R arc cach as defined

herein.

10033 1] in certain embodiments, when one oceurrence of R* and one occurrence of
R’% arc attached to the same carbon atom, the R* and R® together with the carbon atom to
which they are attached form a Cs_io cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain embodiments, when one occurrence of R¥ and
one occurrence of R arc attached to the same carbon atom, the R and R°® ogether with the
carbon atom to which they are attached form a Cs 5 cycloalkyl, optionally substituted with
one or more substituents Q as deseribed heremn. In certain embodiments, when one
occurrence of R* and one occurrence of R*® arc attached to the same carbon atom, the R*! and
R’ together with the carbon ator to which they arc attached form a cyclopropyl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments,
when onc occurrence of R™ and one occurrence of R* are attached to the same carbon atom,
the R> and R together with the carbon atom to which they are attached form a cyclobutyl,
optionally substituted with one or more substituents § as described herein. In certain

. s{ ~ sy S5e . . .
embodiments, when one occurrence of R™ and one occurrence of R7° arc attached to the same

~124-



WO 2012/135160 PCT/US2012/030640

carbon atom, the R* and R*® together with the carbon atom to which they are attached form a
cyclopentyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, when onc occurrence of R and one occurrence of R® are attached to
the same carbon atom, the R* and R together with the carbon atom to which th ey are
attached form a cyclohexyl, optionally substituted with onc or more substituents Q as
described herein. In certain embodiments, when one occurrence of R and onc occurrence of
R’® are attached to the same carbon atom, the R™ and R™® together with the carbon atom to
which they are attached form a cycloheptyl, optionally substituted with one or more
substituents (Q as described herein. In certain embodiments, when one occurrence of R* and
one oceurrence of R2 are attached to the same carbon atom, the R* and R*® together with the

carbon atom to which they are attached form a cyclopropyl.

[06332] In certain embodiments, when one occurrence of R™ and one occurrence of
R’® arc attached to the same carbon atom, the R™ and R together with the carbon atom to
which they are attached form a heterocyclyl, optionally substituted with one or more
substituents Q as described herein. In certain embodiments, when one occurrence of R and
one occurrence of R*® are attached to the same carbon atom, the R™ and R*® together with the
carbon atom to which they are attached form a 3-membered heterocyclyl, optionally
substituted with onc or more substituents (3 as described herein. In certain embodiments,
when onc occurrence of R™ and one occurrence of R are attached to the same carbon atom,
the R’ and R together with the carbon atom to which they are attached form a 4-membered
heterocyclyl, optionally substituted with one or more substituents Q as described hercin. In
certain embodiments, when onc occurrence of R and onc occurrence of R arce attached to
the same carbon atorn, the R*" and R together with the carbon atom to which they are
attached form a S-membered heterocyelyl, optionally substituted with one or more
substituents  as deseribed herein. In certain embodiments, when one occurrence of R and
onc occurrence of R® are attached to the same carbon atom, the R°f and R’¢ together with the
carbon atom to which they are attached form a 6-membered heterocyclyl, optionally

substituted with onc or more substituents ©Q as described herein,

[00333] In certain embodiments, R™ is hydrogen. In certain embodiments, R™ is
. . a - . . Ta -
cyano. In certain embodiments, R’ is halo. In certain embodiments, R is fluoro, chloro,
N . . . o Ta . . . " . Ta .
bromo, or iodo. In certain embodiments, R™ is nitro. In certain embodiments, R is

.6 alkyl, optionally substituted with onc or more substituents Q as described herein. In
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certain embodiments, R™ is Cy alkenyl, optionally substituted with one or more substituents
Q as described herein. In certain embodiments, R™ is Cys alkynyl, optionally substituted
with one or more substituents  as described herein. In certain erabodiments, R is

Cs5 cycloalkyl, optionally substituted with one or more substituents Q as described herein,
in certain embodiments, R™is Cy10 cycloalkyl, optionally substituted with one or more
substituents Q as described hercin. In certain embodiments, R’ is Co 14 aryl, optionally
substituted with one or more substituents () as described herein. In certain ecmbodiments, R™
is phenyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R™ is phenyl, optionally substituted with one or more substituents, cach
of which 1s sclected independently from the group consisting of fluoro, chloro, bromeo, methyl,
and methoxy. In certain embodiments, R™ is phenyl, 2-fluorophenyl, 2-chlorophenyl, 2-
bromophenyl, 2-mcthylphenyl, 2-methoxyphenyl, 3-flucrophenyl, 3-chiorophenyl, 3-
mcthoxyphenyl, 4-florophenyl, 4-chlorophenyl, 4-bromophceayl, 4-methoxyphenyl. In certain
mMmdeM&if“m{hmam&ytommnMWSMmﬁwmdwﬁhmwormmcmbﬁhmm%(}%
described herein. In certain embodiments, R™ is heteroaryl, optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R™ is monocyelic
heteroaryl, optionally substituted with onc or more substitucnts Q as described herein. In
cmﬁﬁnenmo&ﬂmnm,RhisSﬂwﬁmmwdhaﬂnmyhopﬂmmﬂymmﬁﬁmndwﬁhonoormcm
substituents Q as described herein. In certain embodiments, R™ is imidazoly! or pyrozolyi,
optionally substituted with one or more substituents Q as described hercin. In certain
embodiments, R is imidazol-1-y1, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, or 2-methylpyrozol-
3-yl. In certain embodiments, R™ is 6-membered heteroaryl, optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R™ is pyridinyl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R™ is pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-methylpyridin-4-yl, or
2-methoxypyridin-4-yl. In certain embodiments, R™ is heterocyelyl, optionally substituted
with one or more substituents Q as described herein. In cortain embodiments, R™ is
monocyclic heterocyclyl, optionally substituted with onc or more substituents @ as described
herein. In certain embodiments, R™ is 5-membered heterocyelyl, optionally substituted with
mwormmemmﬁmmMSQasmmmmuﬂmmm.hcwmmcmMMHmmmjfﬂs&mmmmmd
heterocycelyl, optionally substituted with one or more substituents (@ as described herein. In
certain embodiments, R™ is piperidiny! or piperazinyl, optionally substituted with one or
more substituents Q as described hercin. In certain embodiments, R™ is 1-methylpiperidin-4-

L
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yl, or 4-methylpiperazin-1-yl. In certain cmbodiments, R™ is ~C(O)R ", wherein R" is as
defined herein. In certain embodiments, R™ is ---C(O)OR“, wherein R'® is as defined herein.
In certain embodiments, R™ is —C(O)NR'PR’®, wherein R'” and R'® are each as defined herein.
In certain embodiments, R™ is ~C(NR")NR'®R™, wherein R'®, R™", and R'® arc cach as
defined herein. In certain embodiments, R™ is —OR ", whercin R' is as defined herein. In
certain embodiments, R’ is —0—C).4 alkyl, whercin the alkyl is optionally substituted with one
or more substituents Q as described herein.. In certain embodiments, R is methoxy, ethoxy,
Propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R is
~OC(O)R', wherein R' is as defined hercin. In certain embodiments, R™ is ~OC(OYOR™,
wherein R' is as defined herein. In certain embodiments, R is ~OC(O)NR'PR'®, whercin

R'" and R'® are each as defined herein. In certain embodiments, R™ is ~OCENRNR PR,
wherein R'* R'®, and R'® arc cach as defincd hercin. In certain embodiments, R™ is
—-OS(_O)R“‘, wherein R is as defined herein. In certain embodiments, R™ is ~OS(0O),R?,
wherein R is as defined herein. In cortain embodiments, R™ is —OS(O)NR'R ", wherein
R'"and R'® are each as defined herein. In certain embodiments, R™ is —OS(O),NR'"R'®,
wherein R'” and R'® are cach as defined herein. In certain embodiments, R7® is ~NR PR ¢,
wherein R'” and R'® are cach as defined herein. In certain embodiments, R7™ is amino (~NHy).
In certain cmbodiments, R™ is -NR'*C(OR 'Y, wherein R™ and R™ are each as defined hercin.
In certain embodiments, R™ is —-NR*C(OYOR', wherein R and R’ arc cach as defined
herein. In certain embodiments, R™ is —NR“‘C{O)NR“’R“, wherein R, R'®, and R are
cach as defined herein. In certain embodiments, R7 is “NR“CENRIONR RS, wherein RY,
R™ R' and R' are cach as defined herein. In certain cmbodiments, R7 is —N RMS(O)RM,
wherein R' and R' are cach as defined herein. In certain cmbodiments, R™ is
“NR'S(0),R'?, wherein R' and R' arc each as defined herein. In cortain embodiments, R™
is ~NR"MS(O)NRR ', wherein R R, and R'® are cach as defined hercin. In certain
embodiments, R™ is “NR'™S(0)%NR'"R", wherein R™, R'®, and R'® are cach as defined
herein. In certain embodiments, R7 is —SR'®, wherein R is as defined herein. In certain

. a s ¥ ola . : , : 7:
embodiments, R™ is —S(O)R ", wherein R is as defined herein. In certain embodiments, R
wherein R'® and R'® are cach as defined herein. In cortain embodiments, R™ is

~S(0)NR "°R’%; wherein R'® and R'® are each as defined herein.

[00334] In certain embodiments, R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl,

pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted with one or
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more substituents Q. In certain embodiments, R™ is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropyl)phenyl, Z-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorephenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
yhmethylphenyl, imidazol-1-y1, pyrozol-4-yi, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methylpyridin-4-yl,
2-(4-methylpiperazin-1-yhpyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrelidin-3-
yl, I-methylpyrrolidin-3-y1, piperidin-4-yl, 1-methylpiperidin-4d-yl, I-ethylpiperidin-4-yl,
I-isopropylpiperidin-d-yl, {-acetylpiperidin-4-y1, T-methylsulfonylpiperidin-4-yl, or

4-methylpiperazin-1-yl.

[00335] In certain embodiments, R™° is hydrogen. In certain embodiments, R is
cyano. In certain embodiments, R’ is halo. In certain embodiments, R™ is fluoro, chloro,
bromo, or iodo. In certain cmbodiments, R is nitro. In certain embodiments, R™ is Cy.¢
alkyl, optionally substituted with onc or more substituents Q as described herein. In certain
embodiments, R7" is C,.¢ alkenyl, optionally substituted with one or more substituents Q as
described herein. In certain cmbodiments, R™ is Co alkynyl, optionally substituted with one
or more substituents Q as described herein. In certain embodiments, R™ is Caiq cycloalkyl,
optionally substituted with onc or more substitucnts Q@ as described herein. In certain
embodiments, R™is Cs.y cycloalkyl, optionally substituted with one or more substitucnts
as described hercin. Tn certain embodiments, R™ is Co.14 aryl, optionally substituted with one
or more substituents  as described herein. Tn certain embodiments, R™ is Cqys aralkyl,
optionally substituted with onc or more substituents ¢ as described hercin. in certain
embodiments, R7 is heteroaryl, optionally substituted with one or more substituents Qas
described herein. In certain embodiments, R is heterocyclyl, optionally substituted with one

or more substituents 3 as described herein.

{00336] In certain embodiments, R™ is ~C(O)R’®, wherein R is as defined herein. In
certain cmbodiments, R7® is ~C(OYOR', wherein R' is as defined hercin. In certain
embodiments, R7" is ~C(ONR'PR'®, whercin R and R are each as defined herein. In
certain embodiments, R is ~C(NR"JNR'°R", wherein R, R'®, and R'® are cach as defined
herein. In certain embodiments, R7° is —OR ™, wherein R is as defined herein. In certain

embodiments, R' is ~0-Cy ¢ alkyl, wherein the alky! is optionally substituted with one or
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more substituents Q as described herein.. In certain embodiments, R' is methoxy, ethoxy,
propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R™ is
~OC(O)R"™, wherein R'" is as defined herein. In certain embodiments, R is ~OC(OYOR™,
wherein R'™ is as defined herein. In certain embodiments, R is O(‘(O)l\R”’Rlc wherein
R’ and R'® arc cach as defined herein. In cortain cmbodiments, R is ~OC(=NR'“NR'"R'®,
wherein R'®, R“’, and R'® are each as defined herein. In certain embodiments, R™ s
~OS(OYR™, wherein R'" is as defined herein. Tn certain embodiments, R is ~OS(0),R ",
wherein R is as defined herein. In certain embodiments, R™ is ~OS(O)NR'PR ', wherein
R'™ and R' are each as defined herein. In certain embodiments, R™ is ~OS(0),NR'"R ',

wherein R'"and R'¢ are each as defined horein. In certain embodiments, R™ s —-NRH’R”j
wherein R'® and R'® are cach as defined herein. In certain cmbodiments, R is amino {(-NH,).
In certain cmbodiments, R7” is -NR'*C(O)R ", wherein R and R'? are each as defined herein.
In certain embodiments, R'° is --éNR“’C(O}ORI‘{, whercin R and R' are cach as defined
herein. In certain embodiments, R™ is —N RI“C(O)N Q{“’Rlﬁ wherein R, R', and R'® are
cach as defined herein. In certain embodiments, R is —NR “C(=NR'YNR'*R ', wherein R,
R, R' and R are each as defined herein. In certain embodiments, R7 is ~NR “S(0)R
whercin R'® and R’ are each as defined herein. In certain embodiments, R™is

NRS(0), JRY wherein RY and R are cach as defined herein. In certain embodiments, R™®
is ——'NR}'E’S(O)NR]”RE ¢ wherein R™, R', and R' arc cach as defined hercin. In cortain
embodiments, R is ~NR*S(0), NRPRY, wherein R, R'", and R'® are each as defined
hercin. In certain embodiments, R7% is ~SR™ wherein R is as defined herein. In certain
embodiments, R is -«S({))Rm, wherein R'™ is as defined herein. In certain embodiments, R
is ~8(0)R", wherein R is as defined herein. In certain embodiments, R is ~S(OYNR PR,
wherein R'® and R'® arc cach as defined herein. In certain embodiments, R is

v - o by 1 : 1 Te .
~S(ORMNR R wherein R'” and R arc cach as defined herein.

[60337] In certain crmbodiments, R7 is phenyl, imidazolyl, pyrozolyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted with onc or
more substituents Q. In certain embodiments, R”° is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropylphenyl, 2-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
ylmethylphenyl, imidazol-1-yl, pyrozol-4-yl, I-methyi-pyrozol-4-yl, Z-mcthylpyrozol-3-vl,
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pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl, 2-methylpyridin-4-yl,
2-(4-methylpiperazin-1-yhpyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yl, I-methylpyrrolidin-3-yl, piperidin-4-yi, 1-methylpiperidin-4-yi, 1-cthylpiperidin-4-yl,
1-isopropylpiperidin-4-yl, 1-acetyipiperidin-4-yl, 1-mcthylisulfonylpiperidin-4-yl, or
4-methylpiperazin-1-yl.

[00338] In certain embodiments, R’ is hydrogen. In certain embodiments, R is
cyano. Iun certain cmbodiments, R7¢ig halo. In certain embodiments, R s fi uoro, chioro,
bromo, oriodo. In certain embodiments, R' is nitro. In certain embodiments, R™ is

Ci alkyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R’ is Cy alkenyl, optionally substituted with one or more substituents
{J as deseribed herein. In certain embodiments, R s Cyg alkynyl, optionally substituted
with one or more substituents Q as described herein. In certain embodiments, R is

Cag cycloalkyl, optionally substituted with one or more substituents Q as described hercin.
[n cortain embodiments, R™ is Ca; cycloalkyl, optionally substituted with onc or more
substitucnts ( as described herem. In certain embodiments, R4 Cora aryl, optionally
substituted with one or more substituents Q as described herein. In certain embodiments, R’
18 Cy.15 aralkyl, optionally substituted with one or more substituents Q as described herein. In
certain cmbodiments, R is hetercaryl, optionally substituted with one or more substituents Q
as described herein. 1In certain embodiments, R is heterocyclyl, optionally substituted with

one or more substituents Q as described herein.

[00339] In certain embodiments, R’ is ~C(O)R'®, wherein R™ is as defined herein. In
certain embodiments, R™ is —C(OYOR™, whercin R' is as defined herein. In certain
embodiments, R is ~C(O)NR "R, wherein R™” and R are cach as defined herein. In
certain embodiments, R’ is —C(NR'™)NR'"R'®, wherein R™, R, and R'® are each as defined
herein. In certain cmbodiments, R7 is —~OR"™, wherein R'* is as defined herein. In certain
embodiments, R' is -0~ alkyl, wherein the alkyl is optionally substituted with one or
more substituents @ as described herein.. In certain embodiments, R'is methoxy, ethoxy,
propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R’ is
~OC(O)R™®, wherein R™ is as defined herein. In certain embodiments, R7® is ~-OC(O)OR™,
wherein R™ is as defined hercin. In certain embodiments, R’ is ~OC(O)NR'PR’®, wherein
R'® and R'® are each as defined hercin. In certain embodiments, R7 is —~OC(=NR*)NR'°R'®,

wherein R'®, R'", and R'® are each as defined herein. In certain embodiments, R is
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—OS(O)R™, wherein R' is as defined herein. In certain embodiments, R’ is ~OS(O)R ',
wherein R™ is as defined herein. Tn certain embodiments, R is ~OS(ONR'®R, wherein
R'™ and R'® are each as defined herein. In certain embodiments, R™ is ~OS(0),NR'"R',
whercin R'" and R'® are each as defined herein. In certain embodiments, R™ is -NRPR®,
wherein R'® and R*¢ are cach as defined herein. In certain embodiments, R is amino (—NHy).
In certain embodiments, R™ is -NR"™*C(O)R", wherein R'* and R' are each as defined herein.
In certain embediments, R™ is ~NR™C(O)YOR'?, wherein R™ and R' are each as defined
herein. In certain embodiments, R7 is ~NR™C(ONR'R ', whercin R, R'®, and R'® are
each as defined hercin. In certain embodiments, R™ is -NR“C{=NR"YNR R '®, wherein R,
R® R and R arc cach as defined herein. In certain embodiments, R7 is ~NR“S(O)R'Y,
wherein R™ and R’ arc cach as defined herein. In certain embodiments, R™ is
~NR™S(0),R", wherein R' and R ' are each as defined herein. In certain embodiments, R’
is ~NR™S(OYNRR, wherein R™, R'", and R'® are each as defined herein. In certain
embodiments, R™ is —NR"*S(0),NR "R, wherein R™, R and R'® arc each as defined
herein. In certain embodiments, R7 is —SR'™, wherein R is as defined herein. Tn certain
embodiments, R’ is ~S(O)R'*, wherein R'® is as defined herein. In certain embodiments, R™
is ~S(O)RR", wherein R™ is as defined herein. In certain embodiments, R is —~S(O)NR PR,
wherein R and R' are cach as defined hercin. In certain embodiments, R™ is

—S(O)ZNR”’RE ¢ wherein R'" and R are each as defined hercin.

100340} In certain embodiments, R'® is phenyl, imidazolyl, pyrozolyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, each optionally substituted with one or
more substituents Q. In certain embodiments, R’ is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methyliphenyl, 2-(3-dimethylaminopropyl)phenyl, 2-mcthoxyphenyl,
3-fluorephenyl, 3~chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
A-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
ylmethylphenyl, imidazol-1-vl, pyrozol-4-yl, 1-methyl-pyrozol-4-yl, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methylpyridin-4-yl,
2-(4-methylpiperazin-1-yhpyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yl, T-methylpyrrolidin-3-yl, piperidin-4-yl, 1-methylpiperidin-4-yl, I-ethyipiperidin-4-yi,
1-isopropylpiperidin-4-yl, 1-acetylpiperidin~4-yl, 1-methylsulfonylpiperidin-4-yl, or

4-methylipiperazin-1-yl.
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[00341] In certain embodiments, R’ is hydrogen. In certain embodiments, R is
cyano. In certain embodiments, R’ s halo. In certain embodimen s, R™ s fluoro, chloro,
bromo, or iodo. In certain embodiments, R is nitro. In certain cmbodiments, R™ is

Cis alkyl, optionally substituted with one or more substituents Q as described herein. In
certain embodiments, R7%s Cog al kenyl, optionally substituted with one or more substituents
Q as described herein. In certain embodiments, R™ is Cas alkynyl, optionally substituted
with one or more substituents Q) as described herein. In certain embodiments, R is

Ca0 cycloalkyl, optionally substituted with one or more substituents Q@ as described herein.
In certain embodiments, R7 is Cy.r cycloalkyl, optionally substituted with onc or more
substituents Q as described herein. In certain embodiments, R’ is Cy_i4 aryl, optionally
substituted with one or more substituents Q as described herein. [n certain embodiments, R
1s Cr.ys aralkyl, optionally substituted with onc or more substitucnts Q as described herein. in
certain embodiments, R™ is heteroaryl, optionally substituted with one or more substitueats @
as described herein, In certain embodiments, R™ is heterocyelyl, optionally substituted with

one or more substituents Q as deseribed herein.

[00342] In certain embodiments, R is ~C(O)R'*, wherein R' is as defined herein. In
certain embodiments, R™ is ~C(O)OR ", wherein R'* is as defined herein. In certain
embodiments, R’ is WAC(O)N'ZR_“)R“, wherein R'® and R'® are each as defined hercin. in
certain embodiments, R7® is ~CONR'™NRR ', wherein R™, R'™®, and R'® arc cach as defined
herein. In certain embodiments, R’ is ~OR'?, whercin R'* is as defined herein. In certain
embodiments, R' is ~0-C,_s alkyl, wherein the alkyl is optionally substituted with one or
more substituents Q as described herein.. In certain embodiments, R' is methoxy, ethoxy,
Propoxy, isopropoxy, or 3-dimcthylaminopropoxy. In certain erabodiments, R is
—~OC(OYR™, wherein R is as defined herein. In certain embodiments, R™ is —OC(O)YOR ™,
wherein R is as defined herein. In certain embediments, R7 is ~OC(O)NR'PR'®, wherein
R'" and R'® are each as defined herein. In certain embodiments, R7 is ~OC(=NR'“NR'°R®,
wherein R'*, R', and R are cach as defined herein. In certain embodiments, R™ is

----- OS(O)R™, wherein R™ is as defined herein. In certain embodiments, R™ is —OS(O),R ",
wherein R is as defined herein. In certain embodiments, R™ is “OS(O)NR'*R ', wherein
R'®and R' are each as defined herein. In certain embodiments, R™ is ~OS(O),NR'"R",
wherein R'” and R'® are each as defined herein. In certain embodiments, R™ s ~NRPR'™,
wherein R’ and R'® are each as defined hercin. In certain embodiments, R’ is amino (~NHy).

In certain embodiments, R™ is -NR*C(O)R', whercin R™ and R arc cach as defined herein,
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In certain embodiments, R is —NR“‘C{O)ORM, wherein R™ and R' are cach as defined
herein. In certain embodiments, R™ is “NR"C(O)NR ""R'®, wherein R™ R'®, and R are
cach as defined herein. In certain embodiments, R™ is -NR™C(=NR')NR°R®, wherein R'*,
R'® RY, and R' are each as defined herein. In certain embodiments, R™ is -NR'*S(O)R'¢,
wherein R and R'9 are each as defined hercin. In certain embodiments, R™ is
“NR1E‘S<O)2R1d, wherein R™ and R'" arc each as defined herein. In certain embodiments, R7
is “NR"S(O)NR*R'®, wherein R'* R'®, and R'® are each as defined hercin. In certain
embodiments, R7 is -NR"™S(0),NR"R', wherein R', R'?, and R'® are each as defined
herein. In certain embodiments, R is —SR'®, wherein R is as defined herein. In certain
embodiments, R™ is ~S(O)R'*, wherein R is as defined herein. In certain cmbodiments, R
is —S(0),R", wherein R™ is as defined herein. In certain embodiments, R’ is ~S(O)YNR'PR',
wherein R'® and R'® are cach as defined herein. In certain embodiments, R™is

1c . .
~S(O),NRPR'; wherein R and R'® arc cach as defined herein,

[00343] In certain embodiments, R™ is phenyl, imidazolyl, pyrozolyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted with one or
more substituents Q. Tn certain embodiments, R” is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-methylphenyl, 2-(3-dimecthylaminopropy!)phenyl, 2-methoxyphenyl,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlotophenyl, 4-bromopheny!, 4-methoxyphenyl, 2,4-diflucrophenyl, 2,6-diflucrophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
ylmethylphenyl, imidazel-1-yl, pyrozol-4-yl, l-methy!l-pyrozol-4-yl, 2-methylpyrozol-3-yi,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yl, 2-methylpyridin-4-yl,
2-(4-methylpiperazin- [-yl)pyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-yl, pyrrolidin-3-
yi, T-methylpyrrolidin-3-yl, piperidin-4-yl, I-mcthyipiperidin-4-yi, 1-cthylpiperidin-4-yi,
1-isopropyipiperidin-4-yl, I-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yl, or
4-methylpiperazin-1-yl.

{00344 In certain embodiments, R’® is hydrogen. In certain embodiments, R™ is
cyano. In certain embodiments, R™is halo. In certain embodiments, R’ is fluoro, chloro,
bromo, or iodo. In certain embodiments, R’ is nitro. In certain embodiments, R is Cig
alkyl, optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R™ is Cy.¢ alkenyl, optionally substituted with onc or morc substituents Q as

described herein. In certain embodiments, R is Cy alkynyl, optionally substituted with one
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or more substituents Q as described herein. In certain embodiments, R™is Cao cycloalkyl,
optionally substituted with one or more substituents Q as described herein. In certain
embodiments, R’ is C5.7 cycloalkyl, optionally substituted with one or more substituents Q as
described herein. In certain embodiments, R' is Cq.14 aryl, optionally substituted with onc or
more substituents Q as described herein. In certain crabodiments, R™ is Cr.ps aralkyl,
optionally substituted with one or more substituents Q as described herein. In certain
smbodiments, R’ is heteroaryl, optionally substituted with one or more substituents QQ as
deseribed herein. In certain embodiments, R is heterocyclyl, optionally substituted with one

or more substituents Q as described hercin.

[00345] In certain embodiments, R7 is —~C( O)Rm, wherein R'* is as defined herein. In
. \ . 5 . ] . la - . ) .
certain embodiments, R7 s w{,(O)()RE", whercin R is as defined herein. in certain
embodiments, R is —{J(O}NR’Q’R“, wherein R'® and R are each as defined herein. In
certain embodiments, R7® is ~C(NR "NR'PR", wherein R', R™®, and R' are each as dofined
herein. In certain embodiments, R’ is ~OR’®, whercin R is as defined herein. In certain
ernbodiments, R' is —O-C, ¢ alkyl, wherein the alkyl iy optionally substituted with one or
more substituents Q as described herein.. In certain embodiments, R' is methoxy, ethoxy,
Propoxy, isopropoxy, or 3-dimethylaminopropoxy. In certain embodiments, R7 is
v 18 . a - . . . Te - 1
~OC(O)R", wherein R™ is as defined herein. In certain embodiments, R™ is <OC(OYOR™,
. . . . . . e - o 11 S .
wherein R is as defined herein. Tn certain embodiments, R is —OC(O)NR'"R', whercin
- C 1 T M - S i a 4 1F
R'® and R'® arc each as defined hercin. In certain embodiments, R is ~OC(=NR'")NR'*R®,
wherelin R“‘, R'® and R'® are each as defined herein. In certain embodiments, R is
. . - . . . L. e . 2
~0OS(O)R™, wherein R™ is as defined herein. In certain embodiments, R™ is —OS(0)R ",
. q . . . Te . \ 1t . .
wherein R'is as defined herein. In certain embodiments, R is —OS(O)NR'PR*, wherein
P 1c . . - . T - . the I
R'™ and R are cach as defined herein. In certain embodiments, R™ is —OS(0Q),NR'"R'¢,
wherein R and R'® are each as defined herein. In certain embodiments, R is ~NR'PR ',
wherein R'® and R'® are each as defined herein. In certain embodiments, R is amino (-NH>).
: T e - o laren Hd . ; d . .
In certain embodiments, R’ js -NR ‘C(OYR'Y, wherein R' and R’ are each as defined herein.
. . s ol 1 . i td
Tn certain embodiments, R’ is —~NR"*C(O)OR", wherein R™ and R' are cach as defined
Al i 1 - e DT wp e, iry tbp 1o s la pib le . ..
hercin. In certain embodiments, R is ~NRC{OINR "R, wherein R'*, R, and R"" arc
- - . . Te s wrp lag tyaip 1bp Lo . ;
each as defined herein. In certain embodiments, R7® is -NR®C(=NRYNR PR, wherein R,
: ; d . . . Te - ; i
R'™ R™ and R' are cach as defined hercin. Tn certain embodiments, R™ is -NRS(O)R ",
. ] . . ; Te .
wherein R'® and R' are cach as defined herein. In certain embodiments, R is

—NRMS(0),R ", wherein R™ and R' are each as defined herein. In certain embodiments, R
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is -NRMS(O)NR'"R'®, wherein R™ R'®, and R'® are cach as defined herein. In certain
embodiments, R7 is ~NR™S(0);NR 'R, wherein R'%, R', and R'® are each as defined
hercin. In certain embodiments, R' is ~SR', whercin R is as defined herein. In certain
embodiments, R’ is —S(O)R'?, wherein R is as defined herein. In certain embodiments, R
is ~S(O),R ', wherein R is as defined herein. In certain embodiments, R’ is ~S(O)NR'PR ',
wherein R'® and R are each as defined herein. In certain embodiments, R7 is

=8¢ O)QT\IR,] "R wherein R'® and R' are each as defined hercin.

|00346] In certain embodiments, R’ is phenyl, imidazolyl, pyrozolyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, piperidinyl, or piperazinyl, cach optionally substituted with one or
more substituents Q. In certain embodiments, R’ is phenyl, 2-fluorophenyl, 2-chlorophenyl,
2-bromophenyl, 2-mcthylphenyl, 2-(3-dimethylaminopropyliphenyl, Z-methoxyphenyi,
3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 4-florophenyl,
4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl, 2,6-difluorophenyl,
4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-morpholin-4-
yimethylphenyl, imidazol-1-yl, pyrozol-4-yl, 1-methyl-pyrozol-4-y!, 2-methylpyrozol-3-yl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 2-fluoropyridin-3-yi, 2-methylpyridin-4-yi,
2-(4-methylpiperazin-1-ylpyridin-4-yl, 2-methoxypyridin-4-yl, pyrimidin-5-y1, pyrrolidin-3-
yl, I-methylpyrrolidin-3-yl, pipetidm-4-yl, 1-methyipiperidin-4-yl, 1-ethylpiperidin-4-yi,
[-isopropylpiperidin-4-yl, 1-acetylpiperidin-4-yl, I-methylsulfonylpiperidin-4-yl, or

4-methylpiperazin-1-y!.

[00347] In certain embodiments, R™ and R together with the carbon atoms to which
they arc attached form Cs.g cycloalkenyl, Cey4 aryl, heteroaryl, or heterocyclyl, cach
optionally substituted with onc or more substituents Q. In certain embodiments, R™ and R™
together with the carbon atoms to which they are attached form Cs yy cycloalkenyl, optionally
substituted with one or more substituents Q. In certain embodiments, R and R7" together
with the carbon atoms to which they are attached form cyclohexenyl, optionally substituted
with one or more substituents Q. In certain embodiments, R™ and R together with the
carbon atoms to which they are attached form Cg (4 aryl, optionally substituted with one or
more substituents Q. In certain embodiments, R™ and R together with the carbon atoms to
which they are attached form phenyl, optionally substituted with one or more substituents Q.
In certain embodiments, R and R™® together with the carbon atoms to which they are

attached form heteroaryl, optionally substituted with one or more substituents Q. In certain
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embodiments, R™ and R together with the carbon atoms to which they are attached form
monocyclic heteroaryl, optionally substituted with one or more substituents Q. In certain

. T Tt
cmbodiments, R and R™

together with the carbon atoms to which they are attached form

5- or 6-membered heteroaryl, optionally substituted with one or more substituents Q. In
certain embodiments, R™ and R together with the carbon atoms to which they are attached
form bicyclic heteroaryl, optionally substituted with one or more substituents . In certain
embodiments, R™ and R™ together with the carbon atoms to which they are attached form
heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R™ and R" together with the carbon atoms to which they are attached form monocyelic
heterocycelyl, optionally substituted with one or more substituents . In certain embodiments,
R™ and R7® together with the carbon atoms to which they are attached form 5- or 6-membered
heterocyelyl, optionally substituted with one or more substituents Q. In certain cmbodiments,
R™ and R”" together with the carbon atoms to which they are attached form bicyclic

heterocyclyl, optionally substituted with one or more substituents Q.

[00348] In certain embodiments, R™ and R together with the carbon atoms to which
they are attached form Cs.jg cycloalkenyl, Co.14 aryl, heteroaryl, or heterocyclyl, cach
optionally substituted with onc or more substituents Q. In certain embodiments, R™® and R™
together with the carbon atoms to which they are attached form Csyy cycloalkenyl, optionally
substituted with one or morc substituents Q. In certain embodiments, R”® and R” together
with the carbon atoms to which they are attached form cyclohexenyl, optionally substituted
with one or more substituents Q. Tn certain embodiments, R7" and R together with the
carbon atoms to which they are attached form Cqg 14 aryl, optionally substituted with one or
more substituents Q. In certain cmbodiments, R™° and R7¢ together with the carbon atoms to
which they are attached form phenyl, optionally substituted with one or more substituents Q.
Tn certain embodiments, R™ and R7® together with the carbon atoms to which they are
attached form heteroaryl, optionally substituted with one or more substituents Q. In certain
embodiments, R’ and R together with the carbon atoms to which they are attached form
monocyclic heteroaryl, optionally substituted with one or more substituents Q. In certain
embodiments, R™ and R™ together with the carbon atoms to which they are attached form
5- or 6-membered heteroaryl, optionally substituted with one or more substituents Q. In

7 and R together with the carbon atoms to which they are attached

certain embodiments, R
form bicyclic heteroaryl, optionally substituted with one or more substituents Q. In certain

cmbodiments, R7” and R" together with the carbon atoms to which they are attached form
g y
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heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R™ and R™ together with the carbon atoms to which they are attached form monocyclic
heterocyclyl, optionally substituted with one or more substituents Q. [n certain embodiments,
R7" and R7® together with the carbon atoms to which they are attached form 5- or 6-membered
heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R and R’ together with the carbon atoms to which they are attached form bicychic

heterocyclyl, optionally substituted with one or more substituents Q.

[00349] In certain embodiments, R and R7 together with the carbon atoms to which
they are attached form Cayg cycloalkenyl, Coiq aryl, heteroaryl, or heterocyclyl, cach
optionally substituted with one or more substituents Q. In certain embodiments, R’ and R
together with the carbon atoms to which they arc attached form Cs. (g cycloalkenyl, optionally
substituted with onc or more substituents Q. In certain embodiments, R™ and R together
with the carbon atoms to which they are attached form cyclohexenyl, optionally substituted
with one or more substituents Q. In certain cmbodiments, R7 and R" together with the
carbon atoms to which they are attached form Cy 4 aryl, optionally substituted with one or
more substituents Q. In certain embodiments, R’ and R together with the carbon atoms fo
which they are attached form phenyl, optionally substituted with one or more substituents Q.
In certain embodiments, R7® and R' together with the carbon atoms to which they are
attached form heteroaryl, optionally substituted with onc or more substituents Q. In certain
embodiments, R’ and R™ together with the carbon atoms to which they are attached form
monocyclic heteroaryl, optionally substituted with one or more substituents Q. In certain
embodiments, R’ and R together with the carbon atoms to which they are attached form

5- or 6-membered heteroaryl, optionally substituted with one or more substituents Q. In
certain embodiments, R’ and R™ together with the carbon atoms o which they are attached
form bicyclic heteroaryl, optionally substituted with one or more substituents Q. In certain
embediments, R7 and R together with the carbon atoms to which they are attached form
heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R™ and R™ together with the carbon atoms to which they are attached form monocyclic
heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R7¢ and R together with the carbon atoms to which they are attached form 5- or 6-membercd
heterocyclyl, optionally substituted with one or more substitucnts Q. In certain embodiments,
R’ and R™ together with the carbon atoms to which they arc attached form bicyclic

heterocyelyl, optionally substituted with onc or more substituents Q.
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[00350] In certain embodiments, R™ and R™ togcther with the carbon atoms to which
they are attached form Cs.1g cycloatkenyl, Ce.14 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q. In certain embodiments, R™* and R”
together with the carbon atoms to which they are attached form Cs .y cycloalkenyl, optionally
substituted with one or more substituents Q. In certain embodiments, R’ and R’ together
with the carbon atoms to which they are attached form cyclohexenyl, optionally substituted
with one or more substituents Q. n certain embodiments, R™ and R7® together with the
carbon atoms to which they are attached form Cyi4 aryl, optionally substituted with one or
more substituents Q. In certain embodiments, R’ and R7® together with the carbon atoms to
which they are attached form phenyl, optionally substituted with one or more substituents Q.
Tn certain embodiments, R7 and R”® together with the carbon atoms to which they are
attached form heteroaryl, optionally substituted with one or more substituents Q. In certain
embodiments, R7 and R™ together with the carbon atoms to which they are attached form
monocychic heteroaryl, optionally substituted with one or more substituents . In certain
embodiments, R'@ and R together with the carbon atoms to which they are attached form

5- or 6-merbered heteroaryl, optionally substituted with one or more substitucnts Q. In
certain embodiments, R™ and R”® together with the carbon atoms to which they are attached
form bicyclic heteroaryl, optionally substituted with one or more substituents . In certain
cmbodiments, R’ and R together with the carbon atoms to which they are attached form
heterocyclyl, optionally substituted with onc or more substituents Q. In certain ecmbodiments,
R'* and R’® together with the carbon atoms to which they are attached form monocyclic
heterocyclyl, optionally substituted with one or more substituents Q. In certain embodiments,
R’ and R”® together with the carbon atoms to which they are attached form 5- or 6-membered
heterocyelyl, optionally substituted with onc or more substituents Q. In certain embodiments,
R7 and R7® together with the carbon atoms to which they are attached form bicyclic

heterocyclyl, optionally substituted with one or more substituents (.
[60351} In certain embodiments, m is 0. In certain embodiments, m is 1.

{00352} In certain embodiments, n is 0. In cerfain embodiments, n1s 1. In certain
embodiments, n is 2. In certain embodiments, n is 3. In certain embodiments, nis 4. In
certain embodiments, n1s 0, 1, or 2. In certain embodiments, nis 0, 1, 2, or 3. In certain

embodiments, nis 1, 2, or 3. In certain cmbodiments, nis 1 or 2.
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[00353] in certain embodiments, mis 0, andnis 0, 1, 2, or 3. In certain embodiments,
mis O, nis 0, I, or2. Incertain embodiments, mis 0, nis 0 or 1. In certain embodiments, m
15 0, n1s 0. In certain embodiments, m is 0, n1s 1. In certain embodiments, mis 1,nis 0, 1,

2,0r 3, In certain embodiments, mis 1, n1s 0, I, or 2. In certain embodiments, mis 1, nis 0

or 1. In certain embodiments, mis 1, n is 0. In certain cmbodiments, mis 1, nis 1.

: 1 : : : Sa Sb
[00354] In specific embodiments, mis 0, nis 1, and R™ and R are each methyl.
[00355] In certain embodiments, X is N In cerlain embodiments, X is CRY, wherein R*

1s as defined herein. In certain cmbodiments, X is CH.

[00356] In certain embodiments, Y is N In certain embodiments, ¥V is CR”, wherein R*

is as defined hercin. In certain embodiments, Y 1s CH.

[00357] In certain embodiments, Z is N In certain embodiments, 7 1s CR*, wherein R*

,,,,,

[0035§] {n certain cmbodiments, X, Y, and Z are N. In certain embodiments, X and Y
are N, and Z is CH. In certain embodiments, X and Z are N, and Y is CH. In ccrtain

cmbodiments, Y and Z are N, and X is CH.

[00359] In certain cmbodiments, the compound provided herein is not 4-(2-
(difluoromethyl)-1Fi-benzold]imidazol-1-y1)-6-morpholino-N-(2-phenyl-2-(pyrrolidin- 1 -
yhethyl}-1,3,5-triazin-2-amine. In certain cmbodiments, the compound provided herein is
not 6-(2-(difluoromethyl)-1#-benzol[d]imidazoi-1-y)-N-(1-(4~((R)-3~

(methoxymethylymorpholino)phenyhethyl)-2-morpholinopyrimidin-4-amine.
I P ¥ p Py

[00360] In certain embodiments, when X, Y, and Z are N, and R** is hydrogen, R* is
not heterocyclyl. In certain embodiments, when X, Y, and Z are N, and R™ is hydrogen, R*
is not 5-membered heterocyelyl. In certain embodiments, when X, Y, and Z arc N, and R™ is
hydrogen, R*® is not pyrrolidinyl. In certain embodiments, when X, Y, and Z arc N, and R*

is hydrogen, R* is not pyrrofidin-1-yl.

[00361] In certain embodiments, when X and Z are N, Y is CH, and R’ is hydrogen,
R”® is morpholino-substituted pheny. In cerfain embodiments, when X and Z are N, Y is CH,

and R™is hydrogen, R™ is not 4-((R)-3-(methoxymethyl)morpholino)phenyl.
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[00362] In one embodiment, provided herein is a compound sclected from:
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and enantiomers, mixtures of cnantiomers, mixtures of two or more diastereomers, and
isctopic variants thercof; and pharmaceutically acceptable salts, solvates, hydrates, and

prodrugs thereof.

[00363] The compounds provided herein are intended to encompass all possible

stereoisomers, unless a particular stereochemistry is specificd. Where the compound

provided herein contains an alkenyl or alkenylene group, the compound may exist as one or

mixture of geometric cis/trans (or Z/E) isomers. Where structural isomers are

~147-



WO 2012/135160 PCT/US2012/630640

interconvertible, the compound may exist as a single tautomer or a mixturc of tautomers.
This can take the form of proton tautomerism in the compound that contains, for cxample, an
imino, keto, or oxime group; or so-called valence tautomerism in the compound that contain
an aromatic moicty. It follows that a single compound may exhibit morc than onc type of

1somerism.

[00364] The compounds provided herein may be enantiomerically pure, such as a
single enantiomer or a single diastercomer, or be stereoisomeric mixtures, such as a mixture
of enantiomers, e.g., a racemic mixture of two enantiomers; or a mixture of two or more
diastereomers. Ag such, one of skill in the art will recognize that administration of a
compound in its (&) form is equivalent, for compounds that undergo epimerization in vivo, to
administration of the compound in its (5) form. Conventional techniques for the
preparation/isolation of individual enantiomers include synthesis from a suitable optically
purc precursor, asymmetric synthesis from achival starting materials, or resolution of an
cnantiomeric mixture, for example, chiral chromatography, recrystallization, resolution,
diastercomeric salt formation, or derivatization into diastereomeric adducts followed by

separation.

[00365] When the compound provided herein containg an acidic or basic moicty, it
may also be provided as a pharmaceutically acceptable salt (See, Berge ef al., J. Pharm. Sci.
1977, 66, 1-19; and “Handbook of Pharmaceutical Salts, Properties, and Use,” Stahl and

Wermuth, Ed.; Wiley-VCH and VHCA, Zurich, 2002).

[00366] Suitable acids for use in the preparation of pharmaceutically acceptable salts
include, but arc not limited to, acctic acid, 2,2-dichloroacetic acid, acylated amine acids,
adipic acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid,
4-acetamidobenzoic acid, boric acid, {(+)-camphoric acid, camphorsulfonic acid, (+)-(15)-
camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic acid, citric acid,
cyclamic acid, cyclohexanesulfamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucuronic acid, L-glutamic acid, a-
oxoglutaric acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,

hydroiedic acid, (+)-L-lactic acid, (z}-DL-lactic acid, lactobionic acid, lauric acid, maleic

acid, (-)-L-malic acid, malonic acid, (£)-DL-mandelic acid, methanesulfonic acid,
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naphthalenc-2-sulfonic acid, naphthalene-1,5-disulfonic acid, 1-hydroxy-2-naphthoic acid,
nicotinic acid, nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
perchloric acid, phosphoric acid, L-pyroglutamic acid, saccharic acid, salicylic acid, 4-amino-
salicylic acid, scbacic acid, stearic acid, succinic acid, sulfuric acid, tannic acid, {(+)-L-tartaric

acid, thiocyanic acid, p-toluenesulfonic acid, undecylenic acid, and valeric acid.

|00367] Suitable bascs for use in the preparation of pharmaceutically acceptable salts,
including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zinc hydroxide, or sodium hydroxide; and organic bases,
such as primary, sccondary, tertiary, and quaternary, aliphatic and aromatic amines, including
L-arginine, benethamine, benzathine, choline, deanol, dicthanolamine, dicthylamine,
dimethylamine, dipropylamine, diisopropylamine, 2-(diethylamino)-ethanol, ethanolamine,
cthylamine, cthylencdiamine, isopropylamine, N-methyl-glucamine, hydrabamine,

1 H-imidazole, L-lysine, morpholine, 4-(2-hydroxyethyl)-morpholine, methylamine,
piperidine, piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-pyrrolidine, pyridine,
quinuchdine, quinoline, isoquinoline, secondary amines, triethanolamine, trimethylamine,
tricthylamine, N-mcthyl-D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, and

tromethamine.

[00368] The compound provided herein may also be provided as a prodrug, which is a
functional derivative of the compound, for examplce, of Formula I, and is readily convertible
into the parent compound m vivo. Prodrugs arc often useful because, in some situations, they
may be easier to administer than the parent compound. They may, for instance, be
bioavailable by oral administration whereas the parent compound is not. The prodrug may
also have enhanced solubility in pharmaccutical compositions over the parent compound. A
prodrug may be converted into the parent drug by various mechanisms, including enzymatic
processes and metabolic hydrolysis. See Harper, Progress in Drug Research 1962, 4, 221-
294; Morozowich ef al. in “Design of Biopharmaccutical Properties through Prodrugs and
Analogs,” Roche Ed., APHA Acad. Pharm. Sci. 1977; “Bioreversible Carriers in Drug in
Drug Design, Theory and Application,” Roche Ed., APHA Acad. Pharm. Sci. 1987; “Design
of Prodrugs.” Bundgaard, Elsevier, 1985; Wang et al., Curr. Pharm. Design 1999, 5, 265-287,
Pauletti ef al., Adv. Drug. Delivery Rev. 1997, 27, 235-256; Mizeu et al., Pharm. Biotech.
1998, 11, 345-365; Gaignault et al., Pract. Med. Chem. 1996, 671-696; Asgharncjad in

“Transport Processes in Pharmaceutical Systems,” Amidon ef al., Ed., Marcell Dekler, 185-

-149.-



WO 2012/135160 PCT/USZ612/030640

218, 2000; Balant er al., Eur. J. Drug Metab. Pharmacokinet. 1990, 13, 143-53; Balimane
and Sinko, Adv. Drug Delivery Rev. 1999, 39, 183-209; Browne, Clin. Neuropharmacol.
1997, 20, 1-12; Bundgaard, Arch. Pharm. Chem. 1979, 86, 1-39; Bundgaard, Controlled
Drug Delivery 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery Rev. 1992, 8, 1-38; Fleisher
et al., Adv. Drug Delivery Rev. 1996, 19, 115-130; Fleisher et al., Methods Enzymol. 1985,
112, 360-381; Farquhar et al., J. Pharm. Sci. 1983, 72, 324-325; Freeman et al., J. Chem.
Soc., Chem. Commun. 1991, 875-877; Friis and Bundgaard, Fur. J. Pharm. Sci. 1996, 4, 49-

59, Gangwar et al., Des. Biopharm. Prop. Prodrugs Analogs, 1977, 409-421; Nathwani and

Wood, Drugs 1993, 45, 866-94; Sinhababu and Thakker, Adv. Drug Delivery Rev. 1996, 19,
241-273; Stella et al., Drugs 1985, 29, 455-73; Tan ef al., Adv. Drug Delivery Rev. 1999, 39,

117-151; Taylor, Adv. Drug Delivery Rey. 1996, 19, 131-148; Valentino and Borchardt, Drug
Discovery Toduay 1997, 2, 148-155; Wiebe and Knaus, 4dv. Drug Delivery Rev. 1999, 39, 63-
80; and Waller er al., Br. J. Clin. Pharmac. 1989, 28, 497-507.

Mecthods of Synthesis

[00369] The compound provided herein can be prepared, isolated, or obtained by any
method known to onc of skill in the art, and the following examples are only representative

and do not exclude other related procedures.

Scheme I
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[00370] In one embodiment, for examplc, a compound of Formula I can be prepared,
as shown in Scheme 1, vig a first aromatic substitution reaction of a trihalo-substituted
triazine or pyrimidine with compound i-1 to form compound 1-2, which can subsequently be
converted to compound 1-4 via a second aromatic substitution reaction with compound 1-3.
Compound I-4 can then be converted to a compound of Formula [ vig a third aromatic

substitution reaction with NHo(CR*R™)LCRPRR™).

(603711 In one crobodiment, for cxample, a compound of Formula II can be prepared,
as shown 1n Scheme 11, vig a first avomatic substitution reaction of a trihalo-substituted
triazine or pyrimidine with compound I-1 to form compound I-2, which can subsequently be
converted to compound 1-4 via a second aromatic substitution reaction with compound 1-3.
Compound E-4 can then be converted to a compound of Formula I via a third aromatic

substitution reaction with NH,C(R*R™R>).

Scheme {1
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Pharmaceutical Compositions
[00372] In one cmbodiment, provided herein is a pharmaceutical composition

comprising a compound of Formula I, or an enantiomer, a mixture of enantiomers, a mixture
of two or more diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; and a pharmaccutically acceptable excipient,

adjuvant, carrier, buffer, or stabiliser.
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[00373] in one embodiment, the pharmaceutical compositions are provided in a dosage
form for oral administration, which comprise a compound provided herein, and one or more
pharmaceutically acceptable excipients or carriers. The pharmaceutical compositions
provided herein that are formulated for oral administration may be in tablet, capsule, powder,
or liquid form. A tablet may comprise a solid carrier or an adjuvant. Liquid pharmaccutical
compositions generally comprise a hquid carrier such as water, petroleum, animal or
vegetable oils, mineral oil, or synthetic otl. Physiological salinc solution, dextrose or other
saccharide solution, or glycols such as ethylene glycol, propylene glycol, or polyethytene

glycol may be included. A capsule may comprise a solid carrier such as gelatin.

[00374] In another embodiment, the pharmaccutical compositions are provided in a
dosage form for parenteral administration, which comprise a compound provided hercin, and
one or more pharmaceutically acceptable excipients or carriers. Where pharmaceutical
compositions may be formulated for intravenous, cutaneous or subcutancous injection, the
active ingredient will be in the form of a parenteraily acceptable aqucous solution, which is
pyrogen-~free and has a suitable pH, isotonicity, and stability. Those of relevant skill in the
art are well able to prepare suitable solutions using, for cxample, isotonic vehicles, such as
Sodium Chloride injection, Ringer’s injection, or Lactated Ringer’s injection. Preservatives,

stabilisers, buffers, antioxidants, and/or other additives may be included as required.

[00375] In yet another embodiment, the pharmaceutical compositions are provided in a
dosage form for topical administration, which comprise a compound provided herein, and one

or more pharmaceutically acceptable excipients or carriers.

[00376] The pharmaceutical compositions can also be formulated as modificd release
dosage forms, including delayed-, extended-, prolonged-, sustained-, pulsatile-, controlled-,
accelerated-, fast-, targeted-, and programmed-release, and gastric retention dosage forms.
These dosage forms can be prepared according to conventional methods and techniques
known to those skilled in the art (see, Remington: The Science and Practice of Pharmacy,
supra; Modified-Release Drug Delivery Technology, 2nd Edition, Rathbone ef al., Eds.,
Marcel Dekker, Inc.: New York, NY, 2008).

[00377] The pharmaceutical compositions provided herein can be provided in a unit-
dosage form or multiple-dosage form. A unit-dosage form, as usced herein, refers to

physically discrete a unit suitable for administration to a human and animal subject, and
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packaged individually as is known in the art. Each unit-dose contains a predetermined
quantity of an active ingredient(s) sufficient to produce the desired therapeutic effect, in
association with the required pharmaccutical carriers or excipients. Examples of a unit-
dosage form include an ampoule, syringe, and individually packaged tablet and capsule. A
unit-dosage form may be administered in fractions or multiples thereof. A multiple-dosage
form 1s a plurality of identical unit-dosage forms packaged in a single container to be
administered in segregated unit-dosage form. Examples of a multiple-dosage form include a

vial, bottle of tablets or capsules, or bottle of pints or gallons.

(00378} The pharmaccutical compositions provided herein can be administered at once,
or multiple times at intervals of time. Tt is understood that the precisc dosage and duration of
treatment may vary with the age, weight, and condition of the paticnt being treated, and may
be determined empirically using known testing protocols or by extrapolation from in vivo or
in vitro test or diagnostic data. It is further understood that for any particular individual,
specific dosage regimens should be adjusted over time according to the individual need and
the professional judgment of the person administering or supervising the administration of the

formulations.

[00379] In certain embodiments, the pharmaceutical compositions provided herein

further comprise onc or more chemotherapeutic agents as defined herein.
A, Oral Administration

[00380] The pharmaceutical compositions provided hercin for oral administration can
be provided in solid, semisolid, or liquid dosage forms for oral administration. As used
herein, oral administration also includes buccal, ingual, and sublingual administration.
Suitablc oral dosage forms include, but are not limited to, tablets, fastmelts, chewable tablets,
capsules, pills, strips, troches, lozenges, pastilles, cachets, pellets, medicated chewing gum,
bulk powders, effervescent or non-etfervescent powders or granules, oral mists, solutions,
emulsions, suspensions, wafers, sprinkles, elixirs, and syrups. In addition to the active
ingredicent(s), the pharmaceutical compositions can contain one or more pharmaceutically
acceptable carriers or excipients, including, but not limited to, binders, fillers, diluents,
disintegrants, wetting agents, lubricants, glidants, coloring agents, dye-migration inhibitors,
sweetening agents, flavoring agents, emulsifying agents, suspending and dispersing agents,

preservatives, solvents, non-aqueous liquids, organic acids, and sources of carbon dioxide.
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[00381] Binders or granulators impart cohesiveness to a tablet to ensure the tablet
remalning intact after compression. Suitable binders or granulators include, but are not
himited to, starches, such as corn starch, potato starch, and pre-gelatinized starch (e.g.,
STARCH 1500); gelatin; sugars, such as sucrose, glucose, dextrosc, molasses, and lactose;
natural and synthetic gums, such ag acacia, alginic acid, alginates, extract of Irish moss,
panwar gum, ghatti gum, mucilage of tsabgol husks, carboxymethylcellulose, methylceliulose,
polyvinylpyrrolidone (PVP), Veegum, larch arabogalactan, powdered tragacanth, and guar
gum; celluloses, such as cthyl cellulose, cellulose acetate, carboxymethyi cellulose calcium,
sodium carboxymethyl cellulose, methyl cellulose, hydroxyethylcellulose (HEC),
hydroxypropylecliulose (HPC), hydroxypropyl methyl cellulose {HPMC); microcrystalline
celluloses, such as AVICEL-PH-101, AVICEL-PH-103, AVICEL RC-581, AVICEL-PH-105
(FMC Corp., Marcus Hook, PA); and mixtures thercof. Suitable fillers include, but arc not
limited to, talc, calcium carbonate, microcrystalline cellulose, powdered cellulose, dextrates,
kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof.
The amount of a binder or filler in the pharmaceutical compositions provided herein varics
upon the type of formulation, and 15 readily discernible to those of ordinary skill in the art.
The binder or filler may be present from about 50 to about 99% by weight in the

pharmaceutical compositions provided herein.

{00382] Suitable diluents include, but are not limited to, dicalcium phosphate, calcium
sulfate, lactose, sorbitol, sucrose, inositol, cellulose, kaolin, mannitol, sodium chloride, dry
starch, and powdered sugar. Certain diluents, such as mannitol, lactose, sorbitol, sucrose, and
inositol, when present in sufficient quantity, can impart propertics to some compressed tablets
that permit disintegration in the mouth by chewing. Such compressed tablets can be used as
chewable tablets. The amount of a diluent in the pharmaceutical compositions provided
herein varies upon the type of formulation, and is readily discernible to those of ordinary skill

in the art.

[00383] Suitable disintegrants include, but are not limited to, agar; bentonite;
celluloses, such as methyleellulose and carboxymethyleellulose; wood products; natural
sponge; cation-exchange resins; alginic acid; gums, such as guar gum and Veegum HV; citrus
pulp; cross-linked celiuloscs, such ag croscarmellose; cross-linked polymers, such as
crospovidene; cross-linked starches; calcium carbonate; microcrystalline cellulose, such as

sodium starch glycolate; pelacrilin potassium,; starches, such as corn starch, potato starch,
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tapioca starch, and pre-gelatinized starch; clays; aligns; and mixtures thercof. The amount of
a disintegrant in the pharmaceutical compositions provided herein varies upon the type of
formulation, and is readily discernible to those of ordinary skill in the art. The amount of a
disintegrant in the pharmaccutical compositions provided herein varics upon the type of
formulation, and is readily discernible to those of ordinary skill in the art. The
pharmaccutical compositions provided herein may contain from about 0.5 to about 15% or

from about 1 to about 5% by weight of a disintegrant.

[00384] suitable lubricants include, but are not limited to, calcium stearate;
magnesium stearate; mineral oil; light mineral oil; glycerin; sorbitol; mannitol; glycols, such
as glycerol behenate and polyethylene glycol (PEG), stearic acid; sodium lauryl sulfate; talc;
hydrogenated vegetable oil, including peanut oil, cottonseed oil, sunflower oil, sesame oil,
olive oil, corn oil, and soybecan oil; zinc stearate; ethyl oleate; ethyl laurcate; agar; starch;
lycopodium; silica or silica gels, such as AEROSIL® 200 (W.R. Grace Co., Baltimore, MD)
and CAB-O-SIL® (Cabot Co. of Boston, MA); and mixtures thereof. The pharmaceutical

compositions provided herein may contain about 0.1 to about 5% by weight of a lubricant.

[00385] Suitable glidants include, but are not limited to, colloidal silicon dioxide,
CAB-O-SIL” (Cabot Co. of Boston, MA), and asbestos-free talc. Suitable coloring agents
include, but are not limited to, any of the approved, certificd, water soluble FD&C dyes, and
water mnsoluble FD&C dyes suspended on alumina hydrate, and color lakes and mixtures
thereof. A color fake is the combination by adsorption of a water-soluble dye to a hydrous
oxidc of a heavy metal, resulting in an insoluble form of the dye. Suitable flavoring agents
mclude, but are not limited to, natural flavors extracted from plants, such as fruits, and
synthetic blends of compounds which produce a pleasant taste sensation, such as peppermint
and methyl salicylate. Suitable sweetening agents include, but are not limited to, sucrosc,
lactose, mannitol, syrups, glycerin, and artificial sweeteners, such as saccharin and aspartame.
Suitable emulsifying agents include, but are not limited to, gelatin, acacia, tragacanth,
bentonite, and surfactants, such as polyoxyethylene sorbitan monooleate (TWEEN® 20,

®

polyoxyethylene sorbitan monooleate 80 (TWEEN™ 80), and tricthanolamine oleate. Suitable
suspending and dispersing agents include, but are not limited to, sodium
carboxymethylcellulose, pectin, tragacanth, Veegum, acacia, sodium carbomethylcellulose,
hydroxypropyl methylcellulose, and polyvinylpyrrolidone. Suitable prescrvatives include,

but are not limited to, glycerin, methyl and propylparaben, benzoic add, sodium benzoate and
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alcohol. Suitable wetting agents include, but arc not limited to, propylene glycol
monostearate, sorbitan monooleate, diethylene glycol monolaurate, and polyoxyecthylenc
lauryl ether. Suitable solvents include, but are not limited to, glycerin, sorbitol, ethyl alcohol,
and syrup. Suitable non-aqueous liquids utilized in emulsions include, but are not limited to,
mineral o1l and cottonseed o1l. Suitable organic acids include, but are not limited to, citric
and tartaric acid. Suitable sources of carbon dioxide include, but arc not imited to, sodium

bicarbonate and sodium carbonate.

[00386] It should be understood that many carriers and excipients may serve several

functions, even within the same formulation.

{00387} The pharmaceutical compositions provided herein for oral administration can
be provided as compressed tablets, tablet triturates, chewable lozenges, rapidly dissolving
tablets, multiple compresscd tablets, or enteric-coating tablets, sugar-coated, or film-coated
tablets. Enteric-coated tablets are compressed tablets coated with substances that resist the
action of stomach acid but dissolve or disintegrate in the intestine, thus protecting the active
ingredients from the acidic environment of the stomach. Enteric-coatings include, but are not
limited to, fatty acids, fats, phenyl salicylate, waxes, shellac, ammoniated shellac, and
cellulose acetate phthalates. Sugar-coated tablets are compressed tablets surrounded by a
sugar coating, which may be beneficial in covering up objectionable tastes or odors and in
protecting the tablets from oxidation. Film-coated tablets arc compressed tablets that are
covered with a thin layer or film of a water-soluble material. Film coatings include, but are
not limited to, hydroxyethylcellulose, sodium carboxymethyleellulose, polyethylene glycol
4000, and cellulose acetate phthalate. Film coating imparts the same general characteristics
as sugar coating. Multiple compressed tablets are compressed tablets made by more than one

compression cycle, including layered tablets, and press-coated or dry-coated tablets.

[00388] The tablet dosage forms can be prepared from the active ingredient in
powdcred, crystalline, or granular forms, alone or in combination with one or more carricrs or
excipients described herein, including binders, disintegrants, controlled-relcase polymers,
lubricants, diluents, and/or colorants. Flavoring and sweetening agents are especially useful

in the formation of chewable tablets and lozenges.

[00389] The pharmaceutical compositions provided herein for oral administration can

be provided as soft or hard capsules, which can be made from gelatin, methylcellulose, starch,
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or calcium alginate. The hard gelatin capsule, also known as the dry-filled capsule (DFC),
consists of two sections, onc slipping over the other, thus completely enclosing the active
ingredient. The soft elastic capsule (SEC) is a soft, globular shell, such as a gelatin shell,
which is plasticized by the addition of glycerin, sorbitol, or a similar polyol. The soft gelatin
shells may contain a preservative to prevent the growth of microorganisms. Suitable
preservatives are those as described herein, including mcthyl- and propyl-parabens, and
sorbic acid. The liquid, semisolid, and solid dosage forms provided herein may be
cacapsulated in a capsule. Suitable liquid and semisolid dosage forms include solutions and
suspensions in prepylene carbonate, vegetable olls, or triglycerides. Capsules contaming
such solutions can be prepared as described m U.S. Pat. Nos. 4,328,245, 4,409,239; and
4,410,545, The capsules may also be coated as known by those of skill in the art in order to

modity or sustain dissolution of the active ingredient.

{00350} The pharmaccutical compositions provided herein for oral administration can
be provided in liquid and semisolid dosage forms, including emulsions, solutions,
suspensions, elixirs, and syrups. An emulsion is a two-phase system, in which one liguid 1s
dispersed in the form of small globules throughout another liquid, which can be oil-in-water
or water-in-0il. Emulsions may include a pharmaceutically acceptable non-aqueous liquid or
solvent, erulsifying agent, and preservative. Suspensions may include a pharmaceutically
acceptable suspending agent and preservative. Aqueous alcoholic solutions may include a
pharmaceutically acceptable acetal, such as a di(lower alkyl) acetal of a lower alkyl aldehyde,
e.g., acctaldehyde diethyl acetal; and a water-miscible solvent having onc or more hydroxyl
groups, such as propylene glycol and cthanol. Elixirs are clear, sweetened, and
hydroalcoholic solutions. Syrups are concentrated aqueous solutions of a sugar, for example,
sucrose, and may also contain a preservative, For a liquid dosage form, for example, a
solution in a polyethylene glycol may be diluted with a sufficient quantity of a
pharmaceutically acceptable liquid carrier, e.g., water, to be measurcd conveniently for

administration.

{00391} Other useful liguid and semisolid dosage forms include, but are not limited to,
those containing the active ingredient(s) provided herein, and a dialkylated mono- or poly-
alkylene glycol, including, 1,2-dimethoxymethane, diglyme, triglyme, tetraglyme,
polyethylene glycol-350-dimethyl ether, polyethylene glycol-550-dimethyl ether,
polyethylene glycol-750-dimethyl ether, wherein 350, 550, and 750 refer to the approximate
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average molccular weight of the polyethylene glycol. These formulations can further
comprise one or more antioxidants, such as butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), propyl gallate, vitamin E, hydroguinone, hydroxycoumarins,
ethanolamine, lecithin, cephalin, ascorbic acid, malic acid, sorbitol, phosphoric acid, bisulfite,

sodium metabisulfite, thiodipropionic acid and its esters, and dithiocarbamates.

[00392] The pharmaceutical compositions provided herein for oral administration can
be also provided in the forms of liposomes, micclles, microspheres, or nanosystems. Micellar

dosage forms can be prepared as described in U.S. Pat. No. 6,350,458,

[60393] The pharmaceutical compositions provided herein for oral administration can
be provided as non-effervescent or effervescent, granules and powders, to be reconstituted
into a liquid dosage form. Pharmaceutically acceptable carriers and excipients used in the
non-effervescent granules or powders may include diluents, sweeteners, and wetting agents.
Pharmaceutically acceptable carriers and excipients used in the effervescent granules or

powders may include organic acids and a source of carbon dioxide.

[00394] Coloring and flavoring agents can be used in all of the above dosage forms.
[00395] The pharmaccutical compositions provided herein for oral administration can

be formulated as immediate or modified release dosage forms, including delayed-, sustained,

pulsed-, controlled, targeted-, and programmed-release forms.
B. Parenteral Administration

[00396] The pharmaceutical compositions provided herein can be administered
parcnterally by injection, infusion, or implantation, for local or systemic administration.
Parenteral administration, as used herein, include intravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraurethral, intrasternal, intracranial, intramuscular,

intrasynovial, intravesical, and subcutancous administration.

[003597] The pharmaceutical compositions provided herein for parenteral
administration can be formulated in any dosage forms that are suitable for parenteral
administration, including solutions, suspensions, emulsions, micelles, liposomes,
microspheres, nanosystems, and solid forms suitable for solutions or suspensions in liquid

prior to injection. Such dosage forms can be prepared according to conventional methods
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known to those skilled in the art of pharmaceutical science (see, Remington: The Science and

Fractice of Pharmacy, supra).

[0039%] The pharmaceutical compositions intended for parenteral administration can
include one or more pharmaceutically acceptable carriers and excipients, including, but not
limited to, aqueous vehicles, water-miscible vehicles, non-aqueous vehicles, antimicrobial
agents or preservatives against the growth of microorganisms, stabilizers, solubility
enhancers, isotonic agents, buffering agents, antioxidants, local anesthetics, suspending and
dispersing agents, wetting or emulsifying agents, complexing agents, sequestcring or
chelating agents, cryoprotectants, lyoprotectants, thickening agents, pH adjusting agents, and

inert gases.

[00399] Suitable aquecous vehicles include, but are not limited to, water, saline,
physiological saline or phosphate buffered saline (PBS), sodium chloride injection, Ringers
injection, isotonic dextrose injection, sterile water injection, dextrose and lactated Ringers
injection. Suitable non-aqueous vehicles include, but are not limited to, fixed oils of
vegetable origin, castor oil, corn oil, cottonseed oil, olive oil, peanut oil, peppermint oil,
safflower oil, scsame oil, soybean oil, hydrogenated vegetable oils, hydrogenated soybean oil,
and medium-chain triglycerides of coconut oil, and palm sced oil. Suitable water-miscible
vehicles mclude, but are not limited to, ethanol, 1,3-butancdiol, liquid polycthylene glycol
{e.g., polyethylene glycol 300 and polyethylene glycol 400), propylene glycol, glycerin, N-

methyl-2-pyrrolidone, N N-dimethylacetamide, and dimethy! sulfoxide.

[00400] Suitable antimicrobial agents or preservatives include, but are not limited to,
phenols, cresols, mercurials, benzyl alcohol, chlorobutanol, methyl and propyl p-
hydroxybenzoates, thimerosal, benzalkonium chloride {e.g., benzethonium chloride), methyl-
and propyl-parabens, and sorbic acid. Suitablc isotonic agents include, but are not limited to,
sodium chloride, glycerin, and dextrose. Suitable buffering agents include, but arce not
limited to, phosphate and citrate. Suttable antioxidants are those as described herein,
including bisulfitc and sodium metabisulfite. Suitable local anesthetics include, but are not
limited to, procaine hydrochloride. Suitable suspending and dispersing agents are those as
described herein, including sodivm carboxymethylcelluose, hydroxypropyl methylcellulose,
and polyvinylpyrrolidone. Suitable emulsifying agents are those described herein, including

polyoxycthylene sorbitan monolaurate, polyoxyethylenc sorbitan monooleate 80, and
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friethanolamine oleate. Suitable sequestering or chelating agents include, but are not limited
to EIDTA. Suitable pH adjusting agents include, but are not limited to, sodium hydroxide,
hydrochloric acid, citric acid, and lactic acid. Suitable complexing agents include, but are not
limited to, cyclodextrins, including a~cyclodextrin, B-cyclodextrin, hydroxypropyl-B-
cyclodextrin, sulfobutylether-B-cyclodextrin, and sulfobutylether 7-B-cyclodextrin

(CAPTISOL®, CyDex, Lenexa, KS).

100401} When the pharmaccutical compositions provided herein are formulated for
multiplc dosage administration, the multiple dosage parenteral formulations must contain an
antimicrobial agent at bacteriostatic or fungistatic concentrations. Al parenteral formulations

must be sterile, as known and practiced in the art.

004021 In onc cmbodiment, the pharmacceutical compositions for parcnteral
administration are provided as ready-to-usc stevile solutions. In another embodiment, the
pharmaceutical compositions are provided as sterile dry soluble products, including
tyephilized powders and hypodermic tablets, to be reconstituted with a vehicle prior to use.
in yet another embodiment, the pharmaccutical compositions are provided as ready-to-use
sterile suspensions. In yet another embodiment, the pharmaceutical compositions are
provided as sterile dry msotuble products to be reconstituted with a vehicle prior to use. In
still another embodiment, the pharmaceutical compositions arc provided as ready-to-use

sterile emulsions.

[60403] The pharmaccutical compositions provided herein for parenteral
administration can be formulated as tramediate or modified relcase dosage forms, including

delayed-, sustained, pulsed-, controlled, targeted-, and programmed-relcase forms.

[60404] The pharmaccutical compositions provided herein for parenteral
administration can be formulated as a suspension, solid, semi-solid, or thixotropic Hquid, for
administration as an implanted depot. In one cmbodiment, the pharmaceutical compositions
provided herein are dispersed in a solid inner matrix, which is surrounded by an outer
polymeric membrane that is insoluble in body fluids but allows the active ingredient in the

pharrnaceutical compositions diffuse through.

[00405] Suitable inner matrixes include, but are not limited to, polymethylmethacrylate,

polybutyl-methacrylate, plasticized or unplasticized polyvinylchloride, plasticized nylon,
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plasticized polycthylene terephthalate, natural rubber, polyisoprene, polyisobutylene,
polybutadiene, polyethylene, cthylene-vinyl acetate copolymers, silicone rubbers,
polydimethylsiloxanes, silicone carbonate copolymers, hydrophilic polymers, such as
hydrogels of csters of acrylic and methacrylic acid, collagen, cross-linked polyvinyl alcohol,

and cross-linked partially hydrolyzed polyvinyl acetatc.

[00406] Suitable outer polymeric membranes include but are not limited to,
polyethylene, polypropylene, ethylene/propylenc copolymers, cthylene/ethyl acrylate
copolymers, ethylene/vinyl acetate copolymers, silicone rubbers, polydimethyl siloxanes,
neoprene rubber, chiorinated polyethylene, polyvinylehloride, vinyl chioride copolymers with
vinyl acetate, vinylidenc chloride, ethylene and propylene, ionomer polyethylene
terephthalate, buty! rubber cpichlorohydrin rubbers, ethylene/vinyl alcohol copolymer,

ethylene/vinyl acetate/vinyl alcohol terpolymer, and ethylene/vinyloxycthanol copolymer.
C. Topical Administration

[00407] The pharmaccutical compositions provided hercin can be administered
topically to the skin, orifices, or mucosa. The topical administration, as used herein, includes
(intraydermal, conjunctival, mntracomeal, intraocular, ophthalmic, auricular, transdermal,

nasal, vaginal, urethral, respiratory, and rectal administration.

[00408] The pharmaccutical compositions provided hercin can be formulated in any
dosage forms that are suitable for topical administration for local or systemic effect, including
emulsions, solutions, suspensions, creams, gels, hydrogels, ointments, dusting powders,
dressings, clixirs, lotions, suspensions, tinctures, pastes, foams, films, aerosols, irrigations,
sprays, suppositorics, bandages, and dermal patches. The topical formulation of the
pharmaceutical compositions provided herein can also comprisc liposomes, micelles,

microsphercs, nanosystems, and mixtures thereof.

[00409] Pharmaccutically acceptable carriers and excipients suitable for use in the
topical formulations provided herein include, but are not limited to, aqueous vehicles, water-
miscible vehicles, non-aqueous vehicles, antimicrobial agents or preservatives against the
growth of microorganisms, stabilizers, solubility enhancers, isotonic agents, buffering agents,
antioxidants, local anesthetics, suspending and dispersing agents, wetting or emulsifying

agents, complexing agents, sequestering or chelating agents, penetration enhancers,
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cryoprotectants, lyoprotectants, thickening agents, and inert gases.

[006410] The pharmaceutical compositions can also be administered topically by
electroporation, iontophoresis, phonophoresis, sonophoresis, or microneedle or needle-free
injection, such as POWDERJECT™ (Chiron Corp., Emeryville, CA), and BIOJECT™

(Bioject Medical Technologies Inc., Tualatin, OR).

(004111 The pharmaceutical compositions provided herein can be provided in the
orms of ointments, creams, and gels. Suitable ointment vehicles include oleaginous or
hydrocarbon vehicles, including lard, benzoinated lard, olive oil, cottonsecd oil, and other
oils, white petrolatum; emulsifiable or absorption vehicles, such as hydrophilic petrolatum,
hydroxystearin sulfate, and anhydrous lanolin; water-removable vehicles, such as hydrophilic
ointment; water-soluble ointment vehicles, including polyethylene glycols of varying
molecular weight; emulsion vehicles, cither water-in-oil (W/O) cmulsions ot oil-in-water
(O/W) emulsions, including cetyl alcohol, glyceryl monostearate, lanolin, and stearic acid
(see, Remington: The Science and Practice of Pharmacy, supra). These vehicles are

emollient but generally require addition of antioxidants and preservatives.

[00412] Suitable cream base can be oll-in-water or water-in-oil. Suitable cream
vehicles may be water-washable, and contain an o1l phase, an emulsifier, and an aqucous
phase. The o1} phase is also called the "imternal” phase, which 1s generally comprised of
petrolatum and a fatty alcohol such as cetyl or stearyl alcohol. The aqueous phase usually,
although not necessarily, exceeds the oil phase in volume, and generally contains a humectant.
The ecmulsificr in a cream formulation may be a nonionic, anionic, cationic, or amphoteric

surfactant.

[60413] Gels are semisolid, suspension-type systems. Single-phase gels contain
organic macromolecules distributed substantially uniformly throughout the hquid carrier.
Suitable gelling agents include, but are not limited to, crosslinked acrylic acid polymers, such
as carbomers, carboxypolyalkylencs, and CARBOPOLY; hydrophilic polymers, such as
polyethylene oxides, polyoxyethylene-polyoxypropylene copolymers, and polyvinylalcohol;
cellulosic polymers, such as hydroxypropyl cetlulose, hydroxyethyl cellulose, hydroxypropy!
methylcellulose, hydroxypropyl methylcellulose phthalate, and methylecliulose; gums, such
as tragacanth and xanthan gum; sodium alginate; and gelatin. In order to prepare a uniform

gel, dispersing agents such as alcohol or glycerin can be added, or the gelling agent can be
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dispersed by trituration, mechanical mixing, and/or stirring,.

[00414] The pharmaceutical compositions provided herein can be administered rectally,
urethrally, vaginally, or perivaginally in the forms of suppositories, pessaries, bougies,
poultices or cataplasm, pastes, powders, dressings, creams, plasters, contraceptives, ointments,
solutions, emulsions, suspensions, tampons, gels, foams, sprays, or cnemas. These dosage
forms can be manufactured using conventional processes as described in Remington: The

Science and Practice of Pharmacy, supra.

[00415] Rectal, urcthral, and vaginal suppositories are solid bodies for insertion into
body orifices, which are solid at ordinary temperatures but melt or soften at body temperature
to release the active ingredient(s) inside the orifices. Pharmaccutically acceptable carriers
utilized in rectal and vaginal suppositories include bases or vehicles, such as stiffening agents,
which produce a mclting point in the proximity of body temperature, when formulated with
the pharmaceutical compositions provided herein; and antioxidants as described herein,
including bisulfite and sodium metabisulfite. Suitable vehicles include, but are not limited to,
cocoa butter (theobroma oil), glycerin-gelatin, carbowax (polyoxyethylene glycol),
spermaceti, paraffin, white and yellow wax, and appropriate mixtures of mono-, di- and
triglycerides of fatty acids, and hydrogels, such as polyvinyl alcohol, hydroxyethyl
methacrylate, and polyacrylic acid;. Combinations of the various vehicles can also be used.
Rectal and vaginal suppositories may be prepared by compressing or molding. The typical

weight of a rectal and vaginal suppository is about 2 to about 3 g.

[00416] The pharmaceutical compositions provided herein can be administercd
ophthalmically in the forms of solutions, suspensions, omtments, emulsions, gel-forming

seluations, powders for solutions, gels, ocular inserts, and implants.

{60417} The pharmaceutical compositions provided herein can be administered
intranasally or by inhalation to the respiratory tract. The pharmaccutical compositions can be
provided in the form of an acrosol or solution for delivery using a pressurized container,
purmap, spray, atomizer, such as an atomizer using clectrohydrodynamics to produce a fine
mist, or nebulizer, alone or in combination with a suitable propellant, such as 1,1,1,2-
tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropanc. The pharmaceutical compositions can
also be provided as a dry powder for insufflation, alonc or in combination with an inert

carrier such as lactose or phospholipids; and nasal drops. For intranasal use, the powder can
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comprise a bicadhesive agent, including chitosan or cyclodextrin,

[00418] Solutions or suspensions for use i a pressurized container, pump, spray,
atomizer, or nebulizer can be formulated to contain ethanol, aqueous cthanol, or a suitable
alternative agent for dispersing, solubilizing, or extending release of the active ingredient
provided herein; a propellant as solvent; and/or a surfactant, such as sorbitan trioleate, oleic

acid, or an oligolactic acid.

[00419] The pharmaceutical compositions provided herein can be micronized to a size
suitable for delivery by inhalation, such as about 50 micrometers or less, or about 10
micrometers or less. Particles of such sizes can be prepared using a comminuting method
known to those skilled in the art, such as spiral jet milling, fluid bed jet milling, supcreritical

fluid processing to form nanoparticles, high pressure homogenization, or spray drying.

[00420] Capsules, blisters, and cartridges for use in an inhaler or insufflator can be
formulated to contain a powder mix of the pharmaceutical compositions provided herein; a
suitable powder base, such as lactose or starch; and a performance modifier, such as /-leucine,
mannitol, or magnesium stearate. The lactose may be anhydrous or in the form of the
monohydrate. Other suitable excipients or carriers include, but are not limited to, dextran,
glucose, maltose, sorbitol, xylitol, fructose, sucrose, and trehalose. The pharmaceutical
compositions provided herein for inhaled/intranasal administration can further comprise a
suitable flavor, such as menthol and levomenthol; and/or sweeteners, such as saccharin and

saccharin sodium.

[60421] The pharmaceutical compositions provided herein for topical administration
can be formulated to be immediate release or modified release, including delayed-, sustained-,

pulsed-, controlled-, targeted, and programmed release.
D. Modified Release

[00422] The pharmaceutical compositions provided herein can be formulated as a
modificd release dosage form. Ag used hercin, the term “modified release” refers to a dosage
form 1n which the ratc or place of releasc of the active ingredient(s) is different from that of
an 1mmediate dosage form when administered by the same route. Modified release dosage
forms include, but are not limited to, delayed-, extended-, prolonged-, sustained-, pulsatile-,

controlled-, accelerated- and fast-, targeted-, programmed-release, and gastric retention
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dosage forms. The pharmaceutical compositions in modified release dosage forms can be
preparcd using a variety of modified release devices and methods known to those skilled in
the art, including, but not limited to, matrix controlled release devices, osmotic controlled
release devices, multiparticulate controlied release devices, ion-exchange resins, enteric
coatings, multilayered coatings, microsphercs, liposomes, and combinations thercof. The
release rate of the active ingredient(s) can also be medified by varying the particle sizes and

polymorphorism of the active ingredient(s).

[00423] Examples of modified release include, but are not limited to, those described
in 1).S. Pat. Nos.: 3,845,770; 3,916,899; 3,536,809; 3,598,123; 4,0608,719; 5,674,533,
5,059,595; 5,591,767, 5,120,548; 5,073,543, 5,639,476, 5,354,556; 5,639,480; 5,733,566,
5,739,108; 5,891,474, 5,922,356; 5,972,891, 5,980,945; 5,993,855; 6,045,830; 6,087,324,
6,113,943; 6,197,350, 6,248.363; 6,264,970; 6,267,981, 6,376,461, 6,419,961; 6,589.,548;
6,613.358; and 6,699,500.

1. Matrix Controlled Release Devices

[00424] The pharmaceutical compositions provided hercin in a modified release
dosage form can be fabricated using a matrix controlled release device known to those skilled
in the art (see, Takada er al. in “Encyclopedia of Controlled Drug Delivery,” Vol. 2,

Mathiowitz Ed., Wiley, 1999).

[00425] In certain embodiments, the pharmacecutical compositions provided herein in a
modified release dosage form is formulated using an erodible matrix device, which is water-
swellable, crodible, or soluble polymers, including, but not limited to, synthetic polymers,

and naturally occurring polymers and derivatives, such as polysaccharides and protcins.

[00426] Materials useful in forming an crodible matrix include, but arc not limited to,
chitin, chitosan, dextran, and pullulan; gum agar, gum arabic, gum karaya, locust bean gum,
gum tragacanth, carrageenans, gum ghatti, guar gum, xanthan gum, and scleroglucan;
starches, such as dextrin and maltodextrin; hydrophilic colloids, such as pectin; phosphatides,
such as lecithin; alginates; propylenc glycol alginate; gelating collagen; cellulosics, such as
ethyl cellulose (EC), methylethyl cellulose (MEC), carboxymethy! cellulose (CMC), CMEC,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), cellulose acetate (CA),
cellulose propionate (CP), cellulose butyrate (CB), cellulose acetate butyrate (CAB), CAP,
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CAT, hydroxypropyl methy! cellulose (HPMC), HPMCP, HPMCAS, hydroxypropyl methyl
cellulose acetate trimellitate (HPMCAT), and ethyl hydroxyethyl cellulose (EHEC);
polyvinyl pyrrolidone; polyvinyl alcohol;, polyvinyl acctate; glycerol fatty acid esters;
polyacrylamide; polyacrylic acid; copolymers of ethacrylic acid or methacrylic acid
(EUDRAGIT®, Rohm America, Inc., Piscataway, NJ); poly(2-hydroxyethyl-methacrylate);
polylactides; copolymers of L-glutamic acid and cthyl-L-glutamate; degradable lactic acid-
glycolic acid copolymers; poly-D-(-)-3-hydroxybutyric acid; and other acrylic acid
derivatives, such as homopolymers and copolymers of butylmethacrylate, methyl
methacrylate, cthyl methacrylate, ethylacrylate, (2-dimethylaminoethylymethacrylate, and

{trimethylaminocthylDmethacrylate chloride.

[00427] In certain cmbodiments, the pharmaccutical compositions provided herein arc
formulated with a non-crodible matrix device. The active ingredient(s) is dissolved or
dispersed in an inert matrix and 18 relcased primarily by diffusion through the mert matrix
once administered. Materials suitable for use as a non-erodible mairix device include, but are
not limited to, insoluble plastics, such as polycthylene, polypropylene, polyisoprene,
polyisobutylenc, polybutadiene, polymethylmethacrylate, polybutylmethacrylate, chlorinated
polyethylene, polyvinylchloride, methyl acrylate~-methyl methacrylate copolymers, ethylene-
vinyl acetate copolymers, ethylene/propylene copolymers, ethylene/ethyl acrylate copolymers,
vinyl chloride copolymers with vinyl acetate, vinylidene chloride, ethylenc and propylene,
ionomer polyethylence tercphthalate, butyl rubbers, epichlorohydrin rubbers, cthylene/vinyl
alcohol copolymer, cthylene/vinyl acetate/vinyl alcohol terpolymer, ethylene/vinyloxyethanol
copolymer, polyvinyl chloride, plasticized nylon, plasticized polyethylene terephthalate,
natural rubber, silicone rubbers, polydimethyisiloxancs, and silicone carbonate copolymers;
hydrophilic polymers, such as cthyl cellulose, cellulose acctate, crospovidone, and cross-
linked partially hydrolyzed polyvinyl acetate; and fatty compounds, such as carnauba wax,

microcrystalline wax, and triglycerides.

[00428] In a matrix controlled release system, the desired release kinetics can be
controlled, for example, via the polymer type employed, the polymer viscosity, the particle
sizes of the polymer and/or the active ingredient(s), the ratio of the active ingredient(s) versus

the polymer, and other excipients or carricrs in the compositions.

[00429] The pharmaceutical compositions provided herein in a modified release
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dosage form can be prepared by methods known to those skilled in the art, including dircct
compression, dry or wet granulation followed by compression, and melt-granulation followed

by compression.
2. Osmotic Controlled Release Devices

[00430] The pharmaceutical compositions provided herein in a modified releasc
dosage form can be fabricated using an osmotic controlled relcase device, including, but not
limited to, one-chamber system, two-chamber system, asymmetric membranc technology
(AMT), and extruding core system (ECS). In general, such devices have at least two
components: (a) a core which contains an active ingredient; and (b) a semipcrmeable
membrane with at least one delivery port, which encapsulates the core. The semipermeable
membrane controls the influx of water to the core from an aqueous environment of use so as

to cause drug rclease by extrusion through the delivery port(s).

[00431] In addition to the active ingredicnt(s), the core of the osmotic device
optionally includes an osmotic agent, which creates a driving force for transport of water
from the environment of use into the corc of the device. One class of osmotic agents is
water-swellable hydrophilic polymers, which are algo referred to as “osmopolymers”™ and
“hydrogels.” Suitable water-swellable hydrophilic polymers as osmotic agents include, but
arc not limited to, hydrophilic vinyl and acrylic polymers, polysaccharides such as calcium
alginate, polycthylene oxide (PEO), polyethylene glycol (PEG), polypropylene glycol (PPG),
poly(2-hydroxycthyl methacrylate), poly(acrylic) acid, poly(methacrylic) acid,
polyvinylpyrrolidone (PVP), crosstinked PVP, polyvinyl alcohol (PVA), PVA/PVP
copolymers, PVA/PVP copolymers with hydrophobic monomers such as methy) methacrylate
and vinyl acetate, hydrophilic polyurethanes containing large PEO blocks, sodium
croscarmellose, carrageenan, hydroxyethyl ccliulose (HEC), hydroxypropyt cellulose (HPC),
hydroxypropyl methyl cellulose (HPMC), carboxymethyl cellulose (CMC) and carboxyethyl,
cellulose (CEC), sodium alginate, polycarbophil, gelatin, xanthan gum, and sodium starch

glycolate.

[00432 The other class of osmotic agents is osmogens, which are capable of imbibing
water to affect an osmotic pressure gradient across the barrier of the surrounding coating.
Suitable osmogens include, but are not limited to, inorganic salts, such as magnesium sulfate,

magnesium chloride, calcium chloride, sodium chloride, lithium chloride, potassium sulfate,
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potassium phosphates, sodium carbonate, sodium sulfite, lithium sulfate, potassium chloride,
and sodium sulfate; sugars, such as dextrose, fructose, glucose, inositol, lactose, maltose,
mannitol, raffinose, sorbitol, sucrose, trehalose, and xylitol; organic acids, such as ascorbic
acid, benzoic acid, fumaric acid, citric acid, maleic acid, sebacic acid, sorbic acid, adipic acid,
edetic acid, glutamic acid, p-tolucnesulfonic acid, succinic acid, and tartaric acid; urca; and

mixturcs thereof.

[00433] Osmotic agents of different dissolution rates can be employed to influence
how rapidly the active ingredient(s) is initially delivered from the dosage form. For cxample,
amorphous sugars, such as MANNOGEM ' EZ (SPI Pharma, Lewes, DE) can be used to
provide faster delivery during the first couple of hours to promptly produce the desired
therapeutic effect, and gradually and continually release of the remaining amount to maintain
the desired level of therapeutic or prophylactic effect over an extended period of time. In this
case, the active ingredient(s) is released at such a rate to replace the amount of the active

ingredient metabolized and excreted.

[00434] The core can also include a wide varicty of other excipients and carriers as
described herein to enhance the performance of the dosage form or to promote stability or

processing.

[60435] Materials useful in forming the semipermeable membranc include various
grades of acrylics, vinyls, ethers, polyamides, polyesters, and cellulosic derivatives that are
water-permeable and water-insoluble at physiologically relevant pHs, or are susceptible fo
being rendered water-insoluble by chemical alteration, such as crosslinking. Examples of
suitable polymers useful in forming the coating, include plasticized, unplasticized, and
reinforced cellulose acetate (CA), cellulose diacetate, cellulose triacetate, CA propionate,
cellulose nitrate, cellulose acetate butyrate (CAB), CA ethyl carbamate, CAP, CA methyl
carbamate, CA succinate, cellulose acetate trimellitate (CAT), CA dimethylaminoacetate, CA
ethyl carbonate, CA chloroacctate, CA ethyl oxalate, CA methyl sulfonate, CA butyl
sulfonate, CA p-toluene sulfonate, agar acetate, amylose triacetate, beta glucan acctate, beta
glucan triacetate, acetaldehyde dimethyl acctate, triacetate of locust bean gum, hydroxylated
cthylene-vinylacetate, EC, PEG, PPG, PEG/PPG copolymers, PVP, HEC, HPC, CMC,
CMEC, HPMC, HPMCP, HPMCAS, HPMCAT, poly{acrylic) acids and esters and poly-

(methacrylic) acids and esters and copolymers thereof, starch, dextran, dextrin, chitosan,
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collagen, gelatin, polyalkenes, polyethers, polysulfones, polyethersulfones, polystyrencs,

polyvinyl halides, polyvinyl esters and ethers, natural waxes, and synthetic waxes.

[00436] Semipermeable membrane can also be a hydrophobic microporous membrane,
whercin the pores are substantially filled with a gas and arc not wetted by the aqueous
medium but are permeable to water vapor, as disclosed in U.S. Pat. No. 5,798,119, Such
hydrophobic but water-vapor permeable membrane are typically composed of hydrophobic
polymers such as polyalkenes, polyethyleune, polypropylene, polytetrafluoroethylene,
polyacrylic acid derivatives, polyethers, polysulfones, polyethersulfones, polystyrencs,
polyvinyl halides, polyvinylidene fluoride, polyvinyl esters and ethers, natural waxes, and

synthetic waxes.

[00437] The delivery port(s) on the semipermeable membrane can be formed post-
coating by mechanical or laser drilling. Delivery port(s) can also be formed in situ by erosion
of a plug of water-soluble material or by rupture of a thinner portion of the membrane over an
mdentation in the core. In addition, delivery ports can be formed during coating process, as
in the case of agymmetric membrane coatings of the type disclosed in U.S. Pat. Nos.
5,612,059 and 5,698,220.

[00438] The total amount of the active ingredient(s) released and the release rate can
substantially by moedulated via the thickness and porosity of the semipermeable membrane,

the composition of the core, and the number, size, and position of the delivery ports.

[60439] The pharmaceutical compositions in an osmotic controlled-release dosage
form can further comprise additional conventional excipients or carriers as described herein

to promote performance or processing of the formulation.

[00440] The osmotic controlled-releasc dosage forms can be prepared according to
conventional methods and techniques known to thosc skilled 1n the art (see, Remington: The
Science and Practice of Pharmacy, supra; Santus and Baker, .J. Confrolled Release 1995, 35,
1-21; Verma et al., Drug Development and Industrial Pharmacy 2000, 26, 695-708; Verma et
al., J. Controlled Release 2002, 79, 7-27).

[00441] In certain embodiments, the pharmaceutical compositions provided hercin are
formulated as AMT controlled-release dosage form, which comprises an asymmetric osmotic

membrane that coats a core comprising the active ingredient(s) and other pharmaceutically
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acceptable excipients or carriers. See, U.S. Pat. No. 5,612,059 and WO 2002/17918. The
AMT controllcd-release dosage forms can be preparcd according to conventional methods
and techniques known to those skilled in the art, including direct compression, dry

granulation, wet granulation, and a dip-coating method.

[00442] In certain embodiments, the pharmaceutical compositions provided herein are
formulated as ESC controlled-release dosage form, which comprises an osmotic membrane
that coats a corc comprising the active ingredient(s), a hydroxylethyl cellulose, and other

pharmaceutically acceptable excipients or carriers.
3. Multiparticulate Controlled Release Devices

[00443] The pharmaccutical compositions provided herein in a modified relcase
dosage form can be fabricated as a multiparticulate controlled release device, which
comprises a multiplicity of particles, granules, or peliets, ranging from about 10 um to about
3 mam, about 50 pm to about 2.5 mm, or from about 100 um to about 1 mm in diameter. Such
multiparticulates can be made by the processes known to those skilled in the art, mcluding
wet-and dry-granulation, extrusion/spheronization, roller-compaction, melt-congealing, and
by spray-coating seed cores. See, for example, Multiparticulate Oral Drug Delivery, Marcel

Bekker: 1994; and Pharmaceutical Pelletization Technology; Marcel Dekker: 1989,

(00444 Other excipicnts or carriers as described herein can be blended with the
pharmaceutical compositions to aid 1n processing and forming the multiparticulates. The
resulting particles can themselves constitute the multiparticulate device or can be coated by
various film-forming materials, such as enteric polymers, water-swellable, and water-soluble

polymers. The multiparticulates can be further processed as a capsule or a tablet.
4, Targeted Delivery

[00445] The pharmaceutical compositions provided hercin can also be formulated to be
targeted to a particular tissue, receptor, or other area of the body of the subject to be treated,
including liposome-, resealed erythrocyte-, and antibody-based delivery systems. [xamples
include, but are not limited to, those disclosed in U.S. Pat. Nos. 6,316.,652; 6,274,552,
6,271,359; 6,253,872, 6,139,865, 6,131,570, 6,120,751, 6,071,495; 6,060,082, 6,048,736,
6,039,975, 6,004,534; 5,985,307, 5,972,366, 5,900,252, 5,840,674; 5,759,542; and 5,709,874.
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Methods of Use

[00446] In one embodiment, provided herein 1s a method for treating, preventing, or
ameliorating one or more symptoms of a PI3K-mediated disorder, disease, or condition in a
subject, comprising administering to the subject a therapeutically cffective amount of a
compound disclosed herein, e.g., a compound of Formula 1, or an enantiomer, a mixture of
enantiomers, a mixture of two or more diastereorners, or an isotopic variant thereof; or a

pharmaceutically acceptable salt, solvate, hydrate, or prodrug thercof.

[00447] In certain embodiments, the PI3K is a wild type PI3K. In certain

embodiments, the PI3K 15 a PI3K variant.

[00448] In certain cmbodiments, the PI3K is a Class I kinasc. In certain embodiments,
the PI3K is PI3Ka, PIZKB, PI3KS, or PI3Ky. In certain embodiments, the PI3K is pl 10a,
pl16B, p11038, or pl10y. In certain embodiments, the PI3K is a wild type of a Class [ kinase.

In certain embodiments, the PI3K is a variant of a Class I kinasc.

[00449] in certain embodiments, the PI3K is p1 10a. In certain embodiments, the PI3K
15 a wild type of p110a. In certain embodiments, the PI3K is a pl 0o mutant. In cerfain
ermmbodiments, the pl10a mutant 1s R38H, G106V, K111N, K227E, N343K, C420R, P539R,
E542K, ES45A, ES45G, E545K, Q546K, Q546P, E453Q, 11710P, 1800L, T1025S, M 10431,
M1043V, H1047L, H1047R, or H1047Y. In certain embodiments, the p110a mutant is
R3IGH, K11TIN, N345K, C420R, P539R, ES42K, ES45A, ES45G, ES45K, Q546K Q546P,
IBOOL, T10255, M10431, HI047L, HI047R, or H1047Y. In certain cmbodiments, the p110a
mutant is C420R, ES542K, ES45A, ES45K, Q546K 1800L, M 10431, H1047L, or H1047Y.

[00450] [n certain embodiments, the PI3K is PI3Ky. In certain embodiments, the PI3K

is a wild type of P13Ky. In certain embodiments, the PI3K is a variant of PI3Ky.

[00451] In certain embodiments, the compound provided herein selectively targets
PI3K3. In certain embodiments, the compound provided herein selectively targets a wild

type of PI3K3. In certain cmbodiments, the compound provided herein selectively targets a

variant of PI3KS.
[00452] In certain embodiments, the compound provided herein is a sclective inhibitor

of PI3K6. In certain cmbodiments, the compound provided hercin has a sclectivity against
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PI3KS over PI3K g ranging from about 2 fold, about 4 fold, about 8 fold, about 20 fold, about
50 fold, about 100 fold, about 200 fold, about 500 fold, or about 1000 fold. In certain
embodiments, the compound provided herein has a selectivity against PI3K3 over PI3KJ
ranging from about 2 fold, about 4 fold, about & fold, about 20 fold, about 50 fold, about 100
fold, about 200 fold, about 500 fold, or about 1000 fold. In ccrtain cmbodiments, the
compound provided herein has a selectivity agamst PI3K6 over PI3Ky ranging from about 2
fold, about 4 fold, about & fold, about 20 fold, about 50 fold, about 1006 fold, about 200 fold,
about 500 fold, or about 1000 fold. In certain embodiments, the compound provided herein
has a sclectivity against PI3KS over mTOR ranging from about 2 fold, about 4 fold, about 8
fold, about 20 fold, about 50 fold, about 100 fold, about 200 fold, about 500 fold, or about
1600 fold.

[00453] In certain embodiments, the compound provided herein is a selective inhibitor
of PI3Kf. In certain embodiments, the compound provided herein has a selectivity against
PI3Kp over PI3Ka ranging from about 2 fold, about 4 fold, about 8 fold, about 20 fold, about
50 fold, about 100 fold, about 200 fold, about 500 fold, or about 1000 fold. In certain
embodiments, the compound provided herein has a sclectivity against PI3K [ over PI3KS
ranging from about 2 fold, about 4 fold, about 8 fold, about 20 fold, about 50 fold, about 100
fold, about 200 fold, about 500 fold, or about 1000 fold. In certain embodiments, the
compound provided herein has a selectivity against PI3K[ over PI3Ky ranging from about 2
fold, about 4 fold, about 8 fold, about 20 fold, about 50 fold, about 100 fold, about 200 fold,
about 500 fold, or about 1000 fold. Tn certain embodiments, the compound provided herein
has a sclectivity against PI3KP over mTOR ranging from about 2 fold, about 4 fold, about 8
fold, about 20 fold, about 50 fold, about 100 fold, about 200 foid, about 500 fold, or about
1000 fold.

[00454] In certain embodiments, the compound provided herein i a selective inhibitor
of PI3Kd and PI3KB. In certain embodiments, the compound provided herein has a
selectivity against PI3KS and PI3K over PI3Ko ranging from about 2 fold, about 4 fold,
about 8 fold, about 20 fold, about 50 fold, about 100 fold, about 200 told, about 500 fold, or
about 1000 fold. In certain embodiments, the compound provided herein has a selectivity
against PI3K3 and PIZK over PI3Ky ranging from about 2 fold, about 4 fold, about 8 fold,
about 20 fold, about 50 fold, about 100 fold, about 200 fold, about 500 fold, or about 1000

fold. In certain embodiments, the compound provided herein has a selectivity against PI3K9
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and PI3KB over mTOR ranging from about 2 fold, about 4 fold, about § fold, about 20 fold,
about 50 fold, about 100 fold, about 200 fold, about 500 fold, or about 1000 fold.

[00455] In certain embodiments, the PI3K is a Class IV kinase. In certain
embodiments, the PI3K 15 a wild type of a Class IV kinase. In certain embodiments, the
PI3K is a variant of a Class TV kinase. In certain embodiments, the PI3K is mTOR, ATM,
ATR, or DNA-PK. In certain embodiments, the PI3K is mTOR.

[06456] In another embodiments, provided herein 1s a method for treating, preventing,
or ameliorating one or more symptoms of a proliferative disease in a subject, comprising
administering to the subject a therapeutically effective amount of a compound disclosed
herein, e.g., a compound of Formula I, or an enantiomer, a mixture of enantiomers, a mixture
of two or more diastereomers, or an i1sotopic variant thercof, or a pharmaceutically acceptable

salt, solvate, hydrate, or prodrug thereof.

[06457] In certain embodiments, the subject is a mammal. In certain embodiments, the
subject 1s @ human. in certain embodiments, the subject is a primate other than a human, a

farm animal such as cattle, a sport animal, or a pet such as a herse, dog, or cat.

[60458] In certain embodiments, the proliferative disease 18 cancer. In certain
embodiments, the proliferative diseasc is hematological cancer. In certain embodiments, the
proliferative disease is an inflammatory discase. In certain embodiments, the proliferative

digscase 18 an immune disorder.

[00459] The disorders, diseases, or conditions treatable with a compound provided
herein, include, but are not limited to, (1) inflammatory or allergic diseases, including
systernic anaphylaxis and hypersensitivity disorders, atopic dermatitis, urticaria, drug
allergies, insect sting allergies, food allergies (including celiac discase and the like), and
mastocytosis; (2) mflammatory bowel diseases, including Crohn's disease, ulcerative colitis,
ileitis, and enteritis; (3) vasculitis, and Behcet's syndrome; (4) psoriasis and inflammatory
dermatoses, including dermatitis, eczema, atopic dermatitis, allergic contact dermatitis,
urticaria, viral cutaneous pathologies including those derived from human papillomavirus,
HIV or RLV infecction, bacterial, flugal, and other parasital cutaneous pathologics, and
cutaneous lupus erythematosus; (5) asthma and respiratory allergic diseases, including

allergic asthma, exercise induced asthma, allergic rhinitis, otitis media, allergic conjunctivitis,
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hypersensitivity lung diseases, and chronic obstructive pulmonary discase; (6) autoimmune
discascs, including arthritis (including rheumatoid and psoriatic), systemic fupus
erythematosus, type I diabetes, myasthenia gravis, multiple sclerosis, Graves' disease, and
glomerulonephritis; (7) graft rejection (including allograft rejection and graft-v-host discasc),
e.g., skin graft rejection, solid organ transplant rejection, bone marrow transplant rejection; (8)
fever; (9) cardiovascular disorders, including acute heart failure, hypotension, hypertension,
angina pectoris, myocardial infarction, cardiomyopathy, congestive heart failure,
atherosclerosis, coronary arlery discase, restenosis, and vascular stenosis; (10}
cerebrovascular disorders, including traumatic brain injury, stroke, ischemic reperfusion
injury and aneurysm; (1 1) cancers of the breast, skin, prostate, cervix, uterus, ovary, testes,
bladder, lung, liver, latynx, oral cavity, colon and gastrointestinal tract (e.g.., csophagus,
stomach, pancreas), brain, thyroid, blood, and lymphatic system; (12) fibrosis, connective
tissue disease, and sarcoidosis, (13) genital and reproductive conditions, including erectile
dysfunction; (14) gastromtestinal disorders, including gastritis, ulcers, nausca, pancreatitis,
and vomiting; {15) neurologic disorders, including Alzheimer's discase; (16) sleep disorders,
including insomnia, narcolepsy, sleep apnea syndrome, and Pickwick Syndrome; (17) pain;
(18) renal disorders; (19) ocular disorders, including glaucoma,; and (20) infectious diseases,

mcluding HIV.

[00460] In certain embodiments, the cancer treatable with the methods provided herein
includes, but s not limited to, (1) leukemias, including, but not limited to, acute leukemia,
acute lymphocytic leukemia, acute myelocytic leukemias such as myeloblastic,
promyclocytic, myclomonocytic, monocytic, erythroleukemia leukemias and myclodysplastic
syndrome or a symptom thercof (such as anemia, thrombocytopenia, neutropenia, bicytopenia
or pancytopenia), refractory anemia {RA), RA with ringed sideroblasts (RARS), RA with
cxcess blasts (RAEB), RAER in transformation (RAEB-T), preleukemia, and chronic
myclomonocytic leukemia (CMML), (2) chronic leukemias, including, but not limited o,
chronic myclocytic (granulocytic) leukemia, chronic lymphocytic leukernia, and hairy cell
leukemia; (3) polycythemia vera; (4) lymphomas, including, but not limited to, Hodgkin's
discase and non-Hodgkin's discase; (5) multiple myelomas, including, but not limited to,
smoldering multiple myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell
leukemia, solitary plasmacytoma, and extramedullary plasmacytoma; (6) Waldenstrém's
macroglobulinemia; (7) monoclonal gammopathy of undetermined significance; (8) benign

monoclonal gammopathy; (9) heavy chain disease; (10) bone and connective tissuc sarcomas,
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including, but not limited to, bone sarcoma, ostcosarcoma, chondrosarcoma, Ewing’s
sarcoma, malignant giant cell tumor, fibrosarcoma of bone, chordoma, periosteal sarcoma,
soft-tissuc sarcomas, angiosarcoma (hemangiosarcoma), fibrosarcoma, Kaposi’s sarcoma,
lelomnyosarcoma, liposarcoma, lymphangiosarcoma, metastatic cancers, neurilemmoma,
rhabdomyosarcoma, and synovial sarcoma; (11) brain tumors, including, but not limited to,
glioma, astrocytoma, brain stem glioma, ependymoma, oligodendroglioma, nonglial tumor,
acoustic neurinoma, craniopharyngioma, medulloblastoma, meningioma, pineocytoma,

1

pineoblastoma, and primary brain lymphoma; (12) breast cancer, including, bul not fimited to,
adenocarcinoma, lobular (small cell) carcinoma, intraductal carcinoma, medullary breast
cancer, mucinous breast cancer, tubular breast cancer, papillary breast cancer, primary
cancers, Paget’s disease, and inflammatory breast cancer; (13) adrenal cancer, including, but
not limited to, pheochromocytom and adrenocortical carcinoma; (14) thyroid cancer,
mcluding, but not limited to, papillary or follicular thyroid cancer, medullary thyroid cancer,
and anaplastic thyroid cancer; (15) pancreatic cancer, including, but not limited to,
insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting tumor, and carcinoid
or islet cell tumor; (16) pituitary cancer, including, but limited to, Cushing’s discasc,
prolactin-secreting tumor, acromegaly, and diabetes insipius; (17) eye cancer, including, but
not fimited, to ocular melanoma such as ris melanoma, choroidal melanoma, and cilliary
body melanoma, and retinoblastoma; (18) vaginal cancer, including, but not limited fo,
squamous cell carcinoma, adenocarcinoma, and melanoma; (19) vulvar cancer, including, but
not limited to, squamous ccll carcinoma, melanoma, adenocarcinoma, basal cell carcinoma,
sarcoma, and Paget’s discase; (20) cervical cancers, mcluding, but not Himited to, squamous
cell carcinoma, and adenocarcinoma; (21) uterine cancer, including, but not limited to,
endometrial carcinoma and uterine sarcoma; (22) ovarian cancer, including, but not limited to,
ovarian epithelial carcinoma, borderline tumor, germ cell tumor, and stromal tumor; (23)
csophageal cancer, including, but not limited to, squarnous cancer, adenocarcinoma, adenoid
cystic carcinoma, mucocpidermoid carcinoma, adenosquamous Carcinoma, $arcoma,
melanoma, plasmacytoma, verrucous carcinoma, and oat ccll (smail cell) carcinoma; (24)
stomach cancer, including, but not limited to, adenocarcinoma, fungating (polypoid),
ulcerating, superficial spreading, diffusely spreading, malignant lymphoma, liposarcoma,
fibrosarcoma, and carcinosarcoma; {25) colon cancer; (26) rectal cancer; (27) liver cancer,
including, but not limited to, hepatocellular carcinoma and hepatoblastoma; (28) gallbladder

cancer , including, but not limited to, adenocarcinoma; (29) cholangiocarcinomas, including,
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but not limited to, pappillary, nodular, and diffuse; (30) lung cancer, including, but not
limited to, non-small cell Jung cancer, squamous cell carcinoma (epidermoid carcinoma),
adenocarcinoma, large-cell carcinoma, and small-cell lung cancer; (31} testicular cancer,
including, but not limited to, germinal tumor, scminoma, anaplastic, classic {typical),
spermatocytic, nonseminoma, cmbryonal carcinoma, teratoma carcinoma, and
choriocarcinoma (yolk-sac tumor); (32) prostate cancer, including, but not limited to,
adenocarcinoma, lciomyosarcoma, and thabdomyosarcoma; (33) penal cancer; (34) oral
cancer, including, but not limited to, squamous cell carcinoma; (35) basal cancer; (36)
salivary gland cancer, including, but not limited to, adenocarcinoma, mucoepidermoid
carcinoma, and adenoideystic carcinoma; (37) pharynx cancer, including, but not limited to,
squamous ccll cancer and verrucous; (38) skin cancer, including, but not Himited to, basal cell
carcinoma, squamous cell carcinoma and melanoma, superficial spreading melanoma,
nodular melanoma, lentigo malignant melanoma, and acral lentiginous melanoma; (39)
kidney cancer, including, but not limited to, renal cell cancer, adenocarcinoma,
hypernephroma, fibrosarcoma, and transitional cell cancer (venal pelvis and/or uterer), (40)
Wilms’ tumor; (41) bladder cancer, including, but not limited to, transitional cell carcinoma,
squamous cell cancer, adenocarcinoma, and carcinosarcoma; and other cancer, including, not
limited to, myxosarcoma, osteogenic sarcoma, endotheliosarcoma, lymphangio-
endotheliosarcoma, mesothelioma, synovioma, hemangioblastoma, cpithelial carcinoma,
cystadenocarcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, and papillary adepocarcinomas (See Fishman ef al., 1985,
Medicine, 2d Ed., J.B. Lippincott Co., Philadelphia and Murphy et al., 1997, Informed
Decisions: The Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking

Penguin, Penguin Books U.5.A., Inc., United States of America).

1004617 Depending on the disorder, discase, or condition to be treated, and the
subject’s condition, the compounds or pharmaccutical compositions provided herein can be
administered by oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous, 1CVY,
infracistemal injection or infusion, subcutaneous injection, or implant), inhalation, nasal,
vaginal, rectal, sublingual, or topical (e.g., transdermal or local) routes of administration and
can be formulated, alone or together, in suitable dosage unit with pharmaceutically acceptable
excipients, carriers, adjuvants, and vehicles appropriate for each route of administration.

Also provided is administration of the compounds or pharmaceutical compositions provided

hercin in a depot formulation, in which the active mgredient is released over a predefined
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time period.

[00462] In the treatment, prevention, or amelioration of one or more symptoms of the
disorders, diseases, or conditions described herein, an appropriate dosage level generally is
ranging from about 0.001 to 100 mg per kg subject body weight per day (mg/kg per day),
from about 0.01 to about 75 mg/kg per day, from about 0.1 to about 50 mg/kg per day, from
about 0.5 to about 25 mg/kg per day, or from about 1 to about 20 mg/kg per day, which can
be administered in single or multiple doses. Within this range, the dosage can be ranging
from about 0.005 to about 0.05, from about 0.05 to about 0.5, from about 0.5 to about 5.0,

from about | to about 15, from about | to about 20, or from about I to about 50 mg/kg per

day.
{00463} For oral administration, the pharmaccutical compositions provided herein can

be formulated in the form of tablets containing from about 1.0 to about 1,000 mg of the active
ingredicnt, in onc embodiment, about 1, about 5, about 10, about 15, about 20, about 25,
about 50, about 75, about 100, about 150, about 200, about 250, about 300, about 400, about
500, about 600, about 750, about 800, about 900, and about 1,000 mg of the active ingredient
for the symptomatic adjustment of the dosage to the patient to be treated. The pharmaccutical
compositions can be administercd on a regimen of 1 to 4 times per day, including once, twice,

three times, and four times per day.

[00464] It will be understood, however, that the specific dose level and frequency of
dosage for any particular patient can be varicd and will depend upon a varicty of factors
including the activity of the specific compound employed, the metabolic stability and length
of action of that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excrction, drug combination, the severity of the particular condition,

and the host undergoing therapy.

[00465] Also provided herein are methods of modulating PI3IC activity, cornprising
contacting a PIK3 cnzyme with a compound provided hercin, e.g., a compound of Formula 1,
or an cnantiomer, a mixture of enantiomers, a mixture of two or more diastcreomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

thereof. In one embodiment, the PIK3 enzyme is inside a cell.

[00466] In certain embodiments, the PI3K 1s a wild type PI3K. In certain
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embodiments, the PI3K 1s a PI3K variant.

[00467] In certain embodiments, the PI3K is a Class 1 kinase. In certain embodiments,
the PI3K is PI3Ka, PI3K, PI3KS, or PI3Ky. In certain embodiments, the P13K is p110a,
pl108, p1103, or p110y. In certain embodiments, the PI3K is a wild type of a Class T kinase.

In certain embodiments, the PI3K is a variant of a Class [ kinase.

[00468] In certain embodiments, the PI3K is pl 10a. In certain embodiments, the PI3K
is a wild type of p110a. In certain embodiments, the PI3K 1s a p110a mutant. In certain
embodiments, the pl 100 mutant is R38H, G106V, KI11TIN, K227E, N345K, C420R, P539R,
E342K, B545A, E545G, E545K, 546K, Q546P, EA53(Q, H710P, 18G0L, T10255, M10431,
M1043V, B1047L, HI047R, or HI047Y. In certain ecmbodiments, the pl110a mutant is
R3GH, K11IN, N345K, C420R, P539R, E542K, E5S45A, E545G, ES45K, Q546K, 5467,
I800L, T10258, M10431, H1047L, H1047R, or H1047Y. In certain cmbodiments, the p110a
mutant is C420R, E542K, ES45A, E545K, Q546K 18001, M10431, HI047L, or H1047Y.

[00469] In certain cmbodiments, the PI3K is PI3Ky. In certain embodiments, the PI3K

is a wild type of PI3Ky. In certain embodiments, the PI3K is a variant of PI3Ky.

(00470} In certain embodiments, the compound provided herein sclectively targets
PI3Ky. In certain embodiments, the compound provided hercin selectively targets a wild

type of PI3Ky. In certain embodiments, the compound provided herein selectively targets a

variant of PI3Ky.
[00471] In certain embodiments, the PI3K 1s a Class IV kinase. In certain

embodiments, the P13K is a wild type of a Class IV kinase. In certain embodiments, the
PI3K is a variant of a Class I'V kinase. In certain embodiments, the PI3K is mTOR, ATM,

ATR, or DNA-PK. In certain embodiments, the P13K 18 mTOR.

[00472]} In certain embodiments, the compound provided herein, e.g., a compound of
Formula I, or an cnantiomer, a mixture of enantiomers, a mixture of two or more
diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,

hydrate, or prodrug thereof; shows inhibitory activity against a PI3K and a variant thereof,

[00473] In certain embodiments, the compound provided herein, e.g., a compound of

Formula 1, or an cnantiomer, a mixture of cnantiomers, a mixture of two or mors
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diastereomers, or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof; shows inhibitory activity against a wild type of a PI3K. In

certain embodiments, the PI3K is PI3Ky.

[00474] In certain cmbeodiments, the compound provided herein, e.g., a compound of
Formula 1, or an enantiomer, a mixture of enantiomers, a mixture of two or more
diastereomers, or an isotopic variant thereof; or a pharmaccutically acceptable salt, solvate,
hydrate, or prodrug thereof; shows inhibitory activity against a PI3K variant. In certain
embodiments, the PI3K variant 1s a pl1 100 mutant. In certain embodiments, the p1i0a

mutant is C42Z0R, E5421, ES45A, ES45K, 3546k, I800L, M 10431, H1047L, or HI047Y.

[00475] The compound provided herein, e.g., a compound of Formula f, or an
enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an iSotopic
variant thereof; or a pharmaccutically acceptablic salt, solvate, hydrate, or prodrug thercof;
can also be combined or used in combination with other agents or therapies useful in the
treatment, prevention, or amelioration of onc or more symptoms of the disorders, diseascs, or
conditions for which the compounds provided herein arc useful, including asthma, allergic
rhinitis, eczema, psoriasis, atopic dermatitis, fever, sepsis, systemic lupus erythematosus,
diabetes, rheumatold arthritis, multiple sclerosis, atherosclerosis, transplant rejection,

inflammatory bowe! discase, cancer, infectious diseases, and those pathologies noted herein.

[00476] Sultable other therapcutic agents can also include, but are not limited (o, (1)
alpha-adrenergic agents; (2) antiarthythmic agents; (3) anti-atherosclerotic agents, such as
ACAT inhibitors; (4) antibiotics, such as anthracyclines, bleomycins, mitomycin,
dactinomycimn, and plicamycin; (5) anticancer agents and cytotoxic agents, e.g., alkylating
agents, such as nitrogen mustards, alkyl sulfonates, nitrosourcas, ethylenimines, and friazenes;
{6) anticoagulants, such as acenocoumarol, argatroban, bivalirudin, lepirudin, fondaparinux,
heparin, phenindione, warfarin, and ximelagatran; {7) anti-diabetic agents, such as bignanides

T
=,

{e.g., metformin), g

glucosidase inhibitors {e.g., acarbose), insulins, meghtinides (e.g.,
repaglinide), sulfonylureas (e.g., glimepiride, glyburide, and glipizide), thiozolidinediones
(e.g., troglitazone, rosiglitazone, and pioglitazonc), and PPAR-gamma agonists; (8)
antifungal agents, such as amorolfine, amphotericin B, anidulafungin, bifonazole, butenafine,
butoconazole, caspofungin, ciclopirox, clotrimarole, econazole, fenticonazole, filipin,

fluconazole, 1soconazole, itraconazole, ketoconazole, micafungin, miconazole, naftifine,
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natamycin, nystatin, oxyconazole, ravuconazole, posaconazole, rimocidin, sertaconazole,
sulconazole, terbinafine, terconazole, tioconazole, and voriconazole; (9) antiinflammatories,
e.g., non-steroidal anti-inflammatory agents, such as aceclofenac, acemetacin, amoxiprin,
aspirin, azapropazone, benotilate, bromfenac, carprofen, cclecoxib, choline magnesium
salicylate, diclofenac, diflunisal, etodolac, ctoricoxib, faislamine, fenbufen, fenoprofen,
flurbiprofen, ibuprofen, indometacin, ketoprofen, ketorolac, lornoxicam, loxoprofen,
lumiracoxib, meclofenamic acid, mefenamic acid, meloxicam, metamizole, methyl salicylate,
magnesium salicylate, nabumetone, naproxen, nimesulide, oxyphenbutazone, parccoxib,
phenylbutazone, piroxicam, salicyl salicylate, sulindac, sulfinpyrazone, suprofen, tenoxicam,
tiaprofenic acid, and tolmetin; (10) antimetabolites, such as folate antagonists, purine
analogues, and pyrimidine analogues; (11} anfi-platelet agents, such as GPHb/HIa blockers
(e.g., abciximab, eptifibatide, and tirofiban)}, P2Y(AC) antagonists (e.g., clopidogrel,
ticlopidine and CS-747), cilostazol, dipyridamole, and aspirin; (12) antiproliferatives, such as
methotrexate, FK306 (tacrolimus), and mycophenolate mofetil; (13) anti-I'NF antibodics or
soluble TNF receptor, such as etanercept, rapamycin, and leflunimide; (14) aP2 inhibitors;
(15) beta-adrencrgic agents, such as carvedilol and metoprolol; (16) bile acid sequestrants,
such ag questran; (17) calcium channel blockers, such as amlodipine besylate; (18)
chemotherapcutic agents; (19) cyclooxygenase-2 (COX-2) inhibitors, such as celecoxib and
rofecoxib; (20) cyclosporins; (21) cytotoxic drugs, such as azathioprine and
cyclophosphamide; (22) diurctics, such as chlorothiazide, hydrochlorethiazide, flumcthiazide,
hydroflumethiazide, bendroflumethiazide, methylehlorothiazide, trichloromethiazide,
polythiazide, benzothiazide, ethacrynic acid, ticrynafen, chlorthalidone, furosenide,
muzolimine, bumetanide, triamterene, amiloride, and spironolactone; (23) ecndothelin
converting enzyme (ECE) inhibitors, such as phosphoramidon; (24) enzymes, such as L-
asparaginase; (25) Factor Vlila Inhibitors and Factor Xa Inhibitors; (26) farnesyl-protein
transferase inhibitors; (27) fibrates; {28) growth factor inhibitors, such as modulators of
PDGF activity; (29) growth hormone scerctagogues; {30) HMG CoA reductase inhibitors,
such ag pravastatin, lovastatin, atorvastatin, simvastatin, NK-104 (ak.a. itavastatin,
nisvastatin, or nisbastatin), and ZD-4522 (also known as rosuvastatin, atavastatin, or
visastatin); neutral endopeptidase (NEP) inhibitors; (31) hormonal agents, such as
ghicocorticoids (e.g., cortisone), estrogens/anticstrogens, androgens/antiandrogens,
progesting, and luteinizing hormone-releasing hormone antagonists, and octreotide acetate;

(32) immunosuppressants; (33) mineralocorticoid receptor antagonists, such as
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spironolactone and eplerenone; (34) microtubule-disruptor agents, such as ecteinasciding; (35)
microtubuie-stabilizing agents, such as pacitaxel, docetaxel, and epothilones A-F; (36) MTP
Inhibitors; (37) niacin; (38) phosphodicsterase inhibitors, such as PDE UT inhibitors (e.g.,
cilostazol) and PDE V inhibitors (e.g., sildenafil, tadalafil, and vardenafil); (39) plant-derived
products, such as vinca alkaloids, epipodophyliotoxins, and taxanes; (40) platelet activating
factor (PAF) antagonists; (41) platinum coordination complexes, such as cisplatin, satraplatin,
and carboplatin; (42) potassium channel openers; (43) prenyl-protein transferase inhibitors;
(44) protein tyrosine kinase inhibitors; (45) renin inhibifors; (46) squalene synthetase
ihibitors; (47) steroids, such as aldosterone, beclometasone, betamethasone,
deoxycorticosterone acetate, fludrocortisone, hydrocortisone (cortisol}, prednisolone,
prednisone, methylprednisolone, dexamethasone, and triamcinolone; (48) TNF-alpha
inhibitors, such as tenidap; (49} thrombin inhibitors, such as hirudin; (50) thrombolytic agents,
such as anistreplase, reteplase, tenccteplase, tissue plasminogen activator (tPA), recombinant
tPA, streptokinase, urokinase, prourokinase, and anisoylated plasminogen streptokinasc
activator complex (APSAC); (51) thromboxane receptor antagonists, such as ifetroban; (52)
topoisomerase inhibitors; (53) vasopeptidase inhibitors (dual NEP-ACE inhibitors), such as
omapatrilat and gemopatrilat; and (54) other miscellaneous agents, such as, hydroxyurca,

procarbazine, mitotanc, hexamethylmelamine, and gold compounds.

[60477] In certain embodiments, the other therapies that may be used in combination
with the compounds provided hercin include, but are not hmited to, surgery, endocrine
therapy, biologic response modificrs {(e.g., interferons, interleuking, and tumor ncerosis factor
(TNF)), hyperthermia and cryotherapy, and agents to attenuate any adverse effects (e.g.,

anticmetics).

[00478] In certain embodiments, the other therapeutic agents that may be used in
combination with the compounds provided herein include, but are not limited to, alkylating
drugs (mechlorethamine, chlorambucil, cyclophosphamide, melphalan, and ifosfamide),
antimetabolites (cytarabine (also known as cytosine arabinoside or Ara-C), HDAC (high dose
cytarabine), and methotrexate), purine antagonists and pyrimidine antagonists (6-
mercaptopurine, 5-fluorouracil, cytarbine, and gemcitabine), spindie poisons (vinblastine,
vincristine, and vinorelbine), podophyliotoxins (ctoposide, irinotecan, and topotecan),
antibiotics (daunorubicin, doxorubicin, bleomycin, and mitomyein), nitrosoureas (carmustine

and lomustine), enzymes (asparaginase), and hormones (tamoxifen, leuprolide, flutamide, and
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megestrol), imatinib, adriamycin, dexamethasone, and cyclophosphamide. For a more
comprehensive discussion of updated cancer therapics; See, bttp://www ncinib.gov/, a list of
the FDA approved oncology drugs at http://www.fda.gov/cder/cancer/druglistframe htm, and
The Merck Manual, Seventcenth Ed. 1999, the cotire contents of which are hereby

incorporated by reference.

[06479] in another cmbodiment, the mcthod provided herein comprises administration
of a compound provided herein, e.g., a compound of Formula I, or an enantiomer, a mixture
of enantiomers, a mixture of two or more diastereomers, or an isotopic variant thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof, together with
administering one or more chemotherapeutic agents and/or therapies selected from: alkylation
agents (e.g., cisplatin, carboplatin), antimetabolites (e.g., methotrexate and 5-FU); antitumour
antibiotics (e.g., adriamymycin and bleomycin}; antitumour vegetable alkaloids (e.g., taxol
and ctoposide); antitumor hormones (e.g., dexamethasone and tamoxifen); antitumour
mmmunological agents (e.g., interferon a, §, and v); radiation therapy; and surgery. In certain
embodiments, the one or more chemotherapeutic agents and/or therapies are administered to

the subject before, during, or after the administration of the compound provided herein.

[00480] Such other agents, or drugs, can be administered, by a routc and in an amount
commonly uscd therefor, simultancously or sequentially with the compound provided herein,
e.g., a compound of Formula 1, or an enantiomer, a mixture of enantiomers, a mixture of two
or more diastereomers, or an 1sotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof. When a compound provided herein is used
contemporancously with one or more other drugs, a pharmaceutical composition containing
such other drugs in addition to the compound provided herein can be utilized, but 18 not
required. Accordingly, the pharmaceutical compositions provided herein include those that
also contain one or more other active ingredients or therapeutic agents, in addition fo a

compound provided hercin.

[00481] The weight ratio of a compound provided herein to the sccond active
ingredient can be varied, and will depend upon the effective dosc of cach ingredient.
Generally, an effective dose of cach will be used. Thus, for example, when a compound
provided herein is combined with a NSAID, the weight ratio of the compound to the NSATD

can range from about 1,000:1 to about 1:1,000, or about 200:1 to about 1:200. Combinations
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of a compound provided herein and other active ingredients will generally also be within the
aforementioned range, but in each case, an effective dose of each active ingredient should be

used.

[00482] The compounds provided herein can also be provided as an article of
manufacture using packaging materials well known to those of skill in the art. See, e.g., U.S.
Pat. Nos. 5,323,907; 5,052,558; and 5,033,252, Examples of pharmaceutical packaging
materials include, but are not limited to, blister packs, bottles, tubes, inhalers, pumps, bags,
vials, containers, syringes, and any packaging material suitable for a selected formulation and

intended mode of administration and treatment.

100483} Provided herein also are kits which, when used by the medical practitioner,
can simplify the administration of appropriate amounts of active ingredients to a subject. In
certain cmbodiments, the kit provided herein includes a container and a dosage form of a
compound provided herein, e.g., a compound of Formula I, or an cnaantiomer, a mixture of
enantiomers, a mixture of two or more diastercomers, or an isotopic variant thereof] or a

pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof.

{00484 In certain embodiments, the kit includes a container comprising a dosage form
of the compound provided herein, e.g., a compound of Formula |, or an enantiomer, a mixture
of enantiomers, a mixture of two or more diastercomers, or an isctopic variant thereof; or a
pharmaccutically acceptable salt, solvate, hydrate, or prodrug thereof, in a container

comprising one or more other therapeutic agent(s) described herein.

[00485] Kits provided herein can further include devices that are used to administer the
active ingredicents. Examples of such devices include, but are not limited to, syringes, needle-
less injectors drip bags, patches, and inhalers. The kits provided hercin can algo include

condoms for administration of the active ingredients.

[00486] Kits provided herein can further include pharmaceutically acceptable vehicles
that can be used to administer one or more active ingredients. For example, if an active
ingredient is provided in a solid form that must be reconstituted for parenteral administration,
the kit can comprisc a scaled container of a suitable vehicle in which the active ingredient can
be dissolved to form a particulate-free sterile solution that is suitable for parenteral

administration. Examples of pharmaceutically acceptable vehicles include, but are not
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limited to: aqueous vehicles, including, but not limited to, Water for Injection USP, Sodium
Chloride Injection, Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chloride
Injection, and Lactated Ringer’s Injection; water-miscible vehicles, including, but not limited
to, ethyl alcohol, polycthylene glycol, and polypropylenc glycol; and non-aqueous vehicles,
including, but not limited to, corn oil, cottonsced otl, peanut oil, sesame oi1l, ethyl oleate,

isopropyl myristate, and benzyl benzoate.

[00487] The disclosure will be further understood by the following non-limiting
examples.

EXAMPLES
[G048E] As used herein, the symbols and conventions used in these processes, schemes

and cxamples, regardless of whether a particular abbreviation is specifically defined, are

consistent with those used in the contemporary scienfific literature, for example, the Journal
of the American Chemical Society or the Journal of Biological Chemistry. Specifically, but
without limitation, the following abbreviations may be used in the examples and throughout
the specification: g (grams); mg (milligrams); mL (mitliliters); plL (microliters)y; M (molar);
mM (millimolar); uM (micromolar); eq. (equivalent); mmol {millimoles); Hz (Hertz); MHz

(megahertz); hr or hrs (hour or hours); min (minutes); and MS (mass spectrometry).

[00489] For all of the following cxamples, standard work-up and purification methods
known to thosc skilled in the art can be utitized. Unless otherwise indicated, all temperatures
are expressed in °C (degrees Centigrade). All reactions conducted at room temperature
unless otherwise noted. Synthetic methodologies illustrated herein are intended to exemplhify
the applicable chemistry through the use of specific examples and are not indicative of the

scope of the disclosure.
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Example 1
Synthesis of 4-(2-(difluoromethyl)-1H-benzo[d|imidazol- 1 -yl)-6-morpholino-N-(1-
phenylethyl)-1,3,5-triazin-2-amine Al

Al

{00490] Compound Al was prepared according to Scheme [, where compound 1 {1-[4-
chloro-6-(4-morpholiny)-1,3,5-tlanzin-2-y1]-2-(difluoromethy)- 1/ ~benzimidazole) was
synthesized according to the procedure as described in U.S. Pat. Appl. Publ. No.

2007/244110, the disclosure of which is incorporated herein by reference in its entirety.
Scheme |

/ N N J\ N
=L V.. HN 3
NT TCHE CHF,

N™™N ‘ N/l\\.

A | /1\
© H N

[00491] A roixture of compound 1 (184 mg, 0.502 mmol) and g-methylbenzylamine
(121 mg, 1.00 mamol} in dioxanc (25 mL) was refluxed overnight. The muxture was pourced
mto water to precipitate a white solid, which was recrystallized from cthanol to give 185 mg
(81% yicld) of compound A1 as a white solid: 97.1% purity (HPLC); MS m/z: 452.2 (M+1);
"HNMR (CDCls, 500 MHz) (rotamers) § 8.42 (d,.J = 8.0 Hz, 0.5H), 8.09 (d, J= 8.0 Hz,
0.5H), 7.90-7.86 (m, 1H), 7.65 (t, Jyr = 53.5 Hz, 0.5H), 7.44-7.28 (m, 8H), 5.59 (d,./=6.5
Hz, 0.5H), 5.19-5.06 (m, 1H), 3.76-3.91 (m, 8H), 1.63 (d,J = 7.0 Hz, 31) ppm.
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Example 2
Synthesis of (S)-4-(2-(difluoromethyl)-1H-benzo{d]imidazol-1-yl)-6-morpholino-N-(1-
phenylethyl)-1,3,5-triazin-2-amine A2

Oy
)\CHFZ

N

N/L\\N

( NTTONT TN | X
O\) H L\ P
A2
[06492] Compound A2 was synthesized according to the procedure for compound Al,

substituting (S)-a-methylbenzylamine mn place of o-methyibenzylamine to give the product in
82% yield: 90.6% purity (HPLC); MS m/z: 452.2 (M+1); "H NMR (CDCls, 500 MHz)
(rotamers) 6 8.42 (d,.J = 8.0 Hz, 0.5H), 8.09 (d, /= 7.5 Hz, 0.5H), 7.91-7.85 (m, 1H), 7.65 (t,
Ju= 54.0 Hz, 0.5H), 7.41-7.22 (m, 8H), 5.61-5.57 (m, 0.5H), 5.25-5.17 (m, 1F), 3.87-3.66
(m, 8H), 1.68-1.61 {m, 3H) ppm.

Example 3
Synthesis of (R)-4-(2-(diflucromethyl)-1 H-benzoldjimidazol-1-yl}-6-morpholino-N-(1-
phenylethyl)-1.3,5-triazin-2-aminc A3
/N
= N)\CHFZ

N/QN z

J A

A3
[00493] Compound A3 was synthesized according to the procedure for compound Al,
substituting (R}-a-methylbenzylamine in place of g-mcthylbenzylamine to give a 68% yield
of the product: 98.7% purity (HPLC); MS m/z: 452 (M+1); "H NMR (CDCls, 500 MHz) &
8.41 (d,J=8.0Hz, 0.51), 8.08 {d, /= 8.0 Hz, 0.5H), 7.86 {m, 1H), 7.64 (t, Jur = 54.0 Hz,
0.58), 7.44-7.19 (m, 7.5H), 5.58 (d, J = 7.5 Hz, 0.5H), 5.20 (mn, 1H), 3.88-3.65 (m, 8H)}, 1.62
(d, /=7.0 Hz, 3H) ppm.
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Examplc 4
Synthesis of (S)-4-(2-(difluoromethyl)-1H-benzo[dlimidazoi-1-yh-6-morpholino-N-(1-
phenyipropyl)-1,3,5-triazin-2-amine A5

N)\CH ,
N"‘*N §/
i
PRGN W N
O i =
AS

[00494] Compound A% was synthesized according to the procedure for compound A1,
substituting (S)-a-cthylbenzylamine in place of a-methylbenzylamine to give the product in

73% yield: 96.7% purity (LCMS); MS m/z: 466.2 (M+1); 'H NMR (DMSOys, 500 MHz)

0.4H), 7.49 (t, J = 7.5 Hz, 0.5H), 7.45-7.38 (m, 3H), 7.38-7.31 (m, 2H), 7.27-7.20 (m, 1H),
4.90 (m, 1¥), 3.88-3.55 (m, 8H), 1.95-1.65 (m, 1H), 0.93 (m, 3H) ppm.

Example 5
Synthesis of (R)-4-(2-(difluoromethyl)-1H-benzo[dimidazol-1-y)-6-morpholino-N-(1-

phenylpropyt)-1,3,5-trtazin-2-amine Ab
O

o
N

N
f/\N/l\ I/J\N/\lm
oM H P

\
P~ HF,

N\

\/
Ab
00495 Compound A was synthesized according to the procedure for compound Al,
p Y g p f

substituting (R)-a-ethylbenzylamine in place of o-methylbenzylamine to give a 62% yield of
product: 96.2% purity (HPLC); MS m/z: 466.2 (M+1); "H NMR (CDCls, 5060 Midz) (rotamers)
o841 (d, /=8.0Hz, 0.4H),8.11 (d, /= 8.0 Hz, 0.6H), 7.89 (d, /= 8.0 Hz, 0.4H), 7.86 (d, J
=7.5 Fz, 0.6H), 7.65 (t, Jup- = 53.5 Hz, 0.6H), 7.46-7.25 (m, 7.4H), 5.62 (m, 0.5H), 4.99 (m,
0.5H), 4.92 (m, 0.5H), 3.87-3.65 (m, 8H), 2.02-1.89 (m, 2H), 1.04-0.98 (m, 3H) ppm.
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Example 6
Synthesis of (R)-methyl 2-((4-(2-(difluoromethyl}-1 H-benzo[d]imidazol- 1 -y1)-6-morpholino-

1,3,5-triazin-2-yl)amino)-2-phenylacetate Al

\
N)\CHFE

A

N COOCH;

3

NN B
O\) H \7’
Al
i'(}()ﬁl%} Saturated aqueous sodium bicarbonate was added dropwisc to a solution of
(Ry-Z-phenylglycime methyl ester hydrochloride {83 mg, 0.41 mmol) in water (4 mL) at 0 °C
yigly ¥ Y J

until pH = §. Then the mixture was extracted with cthyl acetate, dried over anhydrous
sodium sulfate, and concentrated in vacuo. 'The residue was added to a mixture of compound
i (50 mg, 0.14 mmol) in dioxane {5 mL) and the resulting mixture was refluxed for 4 hrs.
After the volatiles were removed in vacuo, the residue was taken up in water and ethyl
acctate. The organic extracts were dried over anhydrous sodiurn sulfate and concentrated in
vacuo. The crude product was purificd by silica gel column chromatography (cthyl
acetate/petroleum cther = 1/5) to give 44 mg (65% yield) of compound A1l as a yellow solid:
98.71% purity (LCMS); MS m/z: 496.1 (M+1); 'H NMR (CDCly, 500 MHz) (rotamers) &
8.43 (d,J= 8.0 Hz, 0.5H), 8.11 (d, J = 8.0 Hz, 0.511), 7.88 (m, 1H), 7.64 (t, Jyp = 53.5 Hz,
0.5H), 7.52-7.35 (m, 7.5H), 6.33 and 6.25 (2d, J= 6.5 and 6.0 Hz, 1H), 5.69 and 5.60 (2d, /=
6.5 and 6.0 Hz, 1H), 3.89-3.70 (m, 111) ppm.

Example 7
Synthesis of (S)-methyl 2-((4-(2-(difluoromethyl)- 1 H-benzo[dlimidazol- 1 -y1)-6-morpholinc-

1,3,5-triazin-2-yhamino)-2-phenylacetate ALZ

C—N

N~ TCHE,

SN COOCH;

AL
SRR RS

AlZ
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[00497] Compound A2 was synthesized according to the procedure for compound
AL, substituting (S)-2-phenylglycine methyl ester hydrochloride in place of (R)-2-
phenylglycine methyl ester hydrochloride to give the product in 67% yield: 95.5% purity
(HPLCY; MS m/z: 496.1 (M+1); 'H NMR (CDCls, 500 MHz) 6 8.45 (d,.J = 8.5 Hz, 0.5H),

6.32 and 6.25 (2d, J= 6.0 and 5.5 Hz, 1H), 5.69 and 5.60 (2d, /= 6.5 and 6.0 Hz, 1H), 3.80-
3.62 {m, 115} ppm.

Example 8
Synthesis of 4-(2-(diflucromethyl)-1H-benzo[d]imidazol-1-yl)-6-morpholino-N-(2-

phenylpropan-2-yi)-1,3,5-triazin-2-amine A7

[00498] A mixture of compound 1 (184 mg, 0.502 mmol) and 2-phenylpropan-2-amine
(170 mg, 1.26 mmol) in dioxanc (5 mL) was refluxed overnight. The volatiles were removed
in vacuo and the residue was separated by ethyl acetate and water. The organic extracts were
washed sequentially with ag. sodium hydroxide (1 N), water and brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo. The crude product was purified by flash
chromatography (10-21% ethyl acetate in petroleum ether) to give 148 mg (63% yicld) as a
white solid: 99.6% purity (HPLC); MS m/z: 466.2 (M+1); 'H NMR (CDCls, 500 MHz)

2HY, 722 (4, ="1.5 Hz, 0.5H), 713 (t,/ = 7.5 Hz, 0.5H), 6.82 ({, Jyzp = 53.5 Hz, 0.5H), 5.82
(s, TH), 3.87 (m, 21, 3.81 (m, 2H), 3.74 (m, 1H), 3.67 (m, 1H), 3.41 (m, 1H), 3.31 (m, 1H),
1.80 and 1.78 (2s, 6H) ppm.
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Example 9
Synthesis of 4-(2-(difluoromethyl)-1H-benzold}imidazol-1-yl)-6~-morpholing-N-(2~
(naphthalen-2-ylpropan-2-yl}-1,3,5-triazin-2-aminc A13

A3
[G0499] Methylmagnesium bromide (3.6 mL, 3.0 M in tetrahydrofuran, 10.5 mmol)
was added to a solution of naphthalene-2-carbonitrile (459 mg, 3.0 mmol) in anhydrous
tetrahydrofuran (4 mL) at room temperature under a nitrogen atmosphere. The reaction
mixture was heated in a microwaye at 100 °C for 10 min. The resulting mixture was added
titanium tetraisopropanolate (0.9 mL, 3.0 mmol) and then irradiated with microwave at 50 °C
for 1 hr. The mixturc was poured into water and extracted with dichloromethane. The
combined organic cxtracts were dried over anhydrous sodium sulfate and concentrated in
vacuo to give a crude product, which was triturated by the dropwise addition of hydrochloric
acid in ether (1 N} to precipitate 2-(naphthalen-2-ylpropan-2-aminc as its hydrochloric acid

salt (600 mg, 90%) as a yellow solid: 84.7% purity (LCMS);, MS m/z: 171 (M+1).

[005060] The crude 2-(naphthalen-2-yhpropan-2-aming hydrochloride (246 mg, 1.09
mrool), compound § (260 mg, 0.550 mmol), and potassium carbonate (377 mg, 2.73 mmol)
were suspended in dioxane (25 mb)) and the mixture was refluxed overnight. The mixture
was diluted with water and extracted with cthyl acctate. The organic extracts werce dried with
anhydrous sodium sulfate and concentrated in vacuo. The crude product was purificd by
preparative-HPLC to give 150 mg (53% yicld) of compound A13 as a white solid: 98.5%
purity (HPLC); M8 m/z: 516.2 (M+1); "H NMR (CDCly, 500 MHz) 6 8.43 (d,./ = 8.0 Hz,
$.6H), 7.98-7.36 (m, 10H), 7.15-6.87 (m, 1H), 6.26 (t, /= 8.0 Hz, 0.4, 5.88 and 5.83 (23,
1H), 3.87-2.89 {m, 8H), 1.89 and 1.86 (Zs, 611) ppm.
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Exaraple 10
Synthesis of N-{2-(4-chlorophenyljpropan-2-y1)-4-(2-(difluoromethyl)-1H-benzold]imidazol-

1-yD)-6-morpholino-1,3,5-triazin-2-aminc A8

[060501] Compound A8 was synthesized in two steps according to the procedure for
compound A13, substituting 4-chlorobenzonitrile in place of naphthalenc-2-carbonitrile. The
crude product was purificd by preparative HPLC to grve 125 mg (41% vield {or 2 steps) of
compound A8 as a white solid: 99.5% purity (IPLC); MS m/z: 560.2 O+ "M NMR
(CDCl;, 500 MHz) 6 844 (d, J = 8.0 Hz, 0.6H), 7.90 (d, /= 7.5 Hz, 0.6H), 7.80 (d, /= 8.0
Hz, 0.4H), 7.65 (t, Jip = 54.0 Hz, 0.6H), 7.49-7.33 (m, 4H), 7.33-7.27 (m, 2H), 7.15-6 87 (m,
0.8H), 5.75 and 5.72 (28, 1H), 3.86 (m, 2H), 3.81 (m, 2H), 3.76 (m, TH), 3.69 (m, 1H), 3.46
(m, 1H),3.30 (m, 1H), 1.79 and 1.76 (25, 6H) ppm

Example 11
Synthesis of 4-(2-(difluoromethy)-1/H-benzo[dimidazol-1-y1)-N-(2-(4-

methoxyphenypropan-2-yh)-6-morpholino-1,3,5-triazin-2-annne A9

7 N—n
— \
N)\C}:{F
|
RPN

N
i }4
(NN
o LN~ N
OCH;

AS

2

[00502] Compound A9 was synthesized i two steps according to the procedure for
compound Al3, substituting 4-mcthoxybenzonitrile in place of naphthalenc-2-carbonitrile.
The crude compound A9 was purified by preparative HPLC to give 150 mg (50% yield for 2
steps) of product as a white solid: 98.0% purity (LCMS), MS m/z: 496.2 (M+1); 'H NMR
(CDCls, 500 MHz) ¢ 8.44 (d, J = 8.5 Hz, 0.5H), 7.90 (d, /= 8.0 Hz, 0.5H), 7.80 (d, /= 8.0
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Hz, 0.5H), 7.65 (t, Jur = 53.5 Hz, 0.5H), 7.53 (d, /= 8.5 Hz, 0.5H), 7.47-7.33 (m, 3H), 7.31
(t,J=75Hz 0.5H),7.16 (t, /=75 Hz, 0.5H), 6.95 (d,J= 9.0 Hz, 1H), 6.85 (d, /= 9.0 Hz,
1), 6.85 ¢, Jyr=53.0 Hz, 0.5H), 5.77 (d, J = 8.5 Hz, 1H), 3.87 (m, 2H), 3.81 (m, 5H), 3.76
(m, TH), 3.69 (m, 1H), 3.48 (m, 1H), 3.40 (m, 1H), 1.79 and 1.75 (2s, 6H) ppm.

Example 12
Synthesis of 4-(2-(difluoromethyly-1H-benzo|d]imidazol-1-y1)-N-(1-(4-fluorophenyl)-2-

methylpropan-2-yl}-6-morpholino-1,3,5-triazin-2-amine A272

“'_N LH{ 2
N/g e
| I
o H
~
A22
[00503] A mixture of [-{(4-fluorophenyl)-2-mcethylpropan-2-amine (125 mg, 0.748

mmol) and compound 1 {183 mg, 0.499 mmol) in dioxanc (15 mL) was refluxed overnight.
The volatiles were removed in vacuo and the residue was purified by prep-HPLC to give 4-
(2-(difluoromethyl)-1 H-benzo[d}imidazol- -y )-N-(1-(4-fluorophenyl)-2-methylpropan-2-yl)-
6-morpholino-1,3,5-triazin=2-Gmine (35 mg, 14% yicld) as a white solid: 98.1% purity
(HPLC); MS m/z: 498.2 (M+1); "H NMR (CDCly, 500 MHz) 8 8.37 (d, ./ = 7.5 Hz, 1H), 7.88
(d, J=7.5Hz, 1H), 7.63 (t, Jyr=54.0 Hz, iTH), 741 (m, 2H), 7.04 (t,./ = 8.0 Hz, 2H), 6.96 (t,
J=8.5Hz, 2H), 5.10 (s, 1H), 4.00-3.72 (m, 8H), 3.18 (5, 2H), 1.45 (5, 6H) ppm.

Example 13
Synthesis of 4-(2-(ditfluoromethyl)-1 H-benzo[d]imidazol- | -y1)-N-(2-methyl-1-phenylpropan-

2-yl)-6-morpholino-1,3,5-triazin-2-aminc A 14

0 H
Ald
[00504] To a mixture of 2-mcthyl-1-phenyl-2-propanol (1.5 g, 10 mmol) and
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acetonitrile (3 mL) in acetic acid (15 mL) was added concentrated sulfuric acid (3 mL)
dropwise at room temperature. The mixture was stirred at 65 °C for 3 hours and then poured
into ice-water (ca. 200 mL). The aqueous solution was basified with saturated aqucous
sodium hydroxide until pH > 11. The suspension was stirred for further 0.5 hour, and then the
precipitated solid was filtered and washed with water. The white solid was air-dried to give
N-(2-methyl-1-phenylpropan-2-y1) acctamide (1.5 g, 78% yield), which was used for the next

step without further purification.

[00505] A mixture of N-(2-methyl-1-phenylpropan-2-yl) acetamide (191 mg, 1.00
mmol) and potassium hydroxide (1 g) in cthylene glycol {10 mL) was refluxed for 8 hours.
The mixture was diluted with ice-water and extracted with ethyl acetate. The combined
organic fractions were washed with water, dried over anhydrous sodium sulfate and
concentrated in vacuo to give crude 2-methyl-1-phenylpropan-amine (200 mg) as a brown oil,

which was used for the next step without further purification.

{00506] Compound A4 was synthesized according to the procedure for compound
A272, substituting the crude 2-mcethyl-1-phenylpropan-amine in place of 1-(4-fluorophenyl)-2-
methylpropan-2-amine. The product was purified by preparative HPLC to give compound
A14 (30 mg, 13% yield for 2 steps) as a white solid: 96.4% purity (FHHPLC); MS m/z: 480.3
(M+1); "H NMR (CDCl3, 500 MHz) 8 8.39 (d,J=7.5 Hz, 1H), 7.90 (d, J = 7.5 Hz, 1F), 7.65
(t, Jyp=54.0 Hz, 1H), 7.42 (m, 2H), 7.28 (m, 3H), 7.16-7.10 (m, 2H), 5.15 (s, 1H), 4.01-3.75
{m, 8H), 3.22 (s, 2H)}, 1.49 (s, 6H) ppm.

Example 14
Synthesis of 4-(2-(difluoromcthyl}- 1 H-benzold]imidazol-1-y1)-NV-(1-(2-chlorophenyl)-2-

methylpropan-2-ylj-6-morpholino-1,3,5-triazin-2-amine A16

0 H Ol
Alb
[00507] A mixture of 1-(2-chlorophenyl)-2-methylpropan-2-amine hydrochloride

(165 mg, 0.750 mmol), compound 1 (184 mg, 0.502 mmol) and potassium carbonate (138 mg,
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1.00 mmol) in dioxane (15 mL) was refluxced for 12 hours. The volatilcs were removed in
vacuo and the residuc was purified by reverse phase flash chromatography (0 to 80%
acetonitrile in aqg. 0.5% ammonium bicarbonate) to give 4-(2-(difluoromethyl)-1H-
benzo[d]imidazol-1-y1}-N-(1-(2-chlorophenyl)-2-methyipropan-2-yi)-6-morpholino-1,3,5-
triazin-2-aminc (65 mg, 25% yield) as a white solid: 89.2% purity (HPLC); MS m/z: 514.2
(M+1); 'H NMR (CDCls, 500 MHz) 8 8.41 (d, J=8.0 Az, 1H), 7.90 (d, J = 7.0 Hz, 1H), 7.66
{(t, Jpr = 53.5 Hz, 1H), 7.50-7.36 (m, 3H), 7.24-7.05 (m, 3H), 5.34 (s, 1H), 4.05-3.70 (m, 8H),
3.43 (s, 211, 1.53 (5, 6H) ppm.

Example 15
Synthesis of 4-(2-(difluoromethyl)-1#-benzo[d]imidazol-1-y1)-N-(1-(4-mcthoxyphenyl)-2-
methylpropan-2-yi)-6-morpholino-1.3,5-triazin-2-aminc A28
== ,\/\\ ST
N~ TCHF,

A

- OCH,
v 27
N NN
o H

A28
[00508] A mixture of 4-(hydroxymethyDphenol (1.0 g, 8.1 mmol) and 2-nitropropane
(4.0 g, 45 mmol) in diglyme (50 mL) was cooled in an ice bath. Potassium fer-butoxide
(0.45 ¢, 4.0 mmol) was added in portions, then the reaction mixture was heated to reflux
overnight. After cooling, the mixture was concentrated and the residue was purified by silica
gcl column chromatography (petroleum cther/ethyl acetate) to give 4-(2-methyl-2-

nitropropylphenol (1.3 g, 83% yicld) as a light yellow solid.

[00509] fodomethane (0.12 mi, 1.3 mmol} was added to a mixture of 4-(2-methyl-2-
nitropropylphenol (360 mg, 1.5 mmol} and potassium carbonate (425 mg, 3.1 mmol) in
tetrahydrofuran (20 mL) and N, N-dimethyiformamide (1 mL). After refluxing overnight, the
mixture was cooled and concentrated under vacuum. 'The residuc was dissolved in cthyl
acetate, washed with water, dried over anhydrous sodium sulfate and concentrated to provide
crude -methoxy-4-(2-methyl-2-nitropropylibenzene (Z00 mg, 62% yield) as vellow oil

which was used dircetly in the next step.
[00510] The crude 1-methoxy-4-{2-methyl-2-nitropropylybenzene (200 mg, 0.96 mmol)
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was combined with palladium on carbon (40 mg) in methanol (30 mL). The suspension was
vigorously stirred at room temperature under a hydrogen atmosphere overnight. The mixture
was filtered through Celite and the filtrate was concentrated to give 1-(4-methoxyphenyl)-2-
methylpropan-2-amine (150 mg, 88% vyicld) as a yellow o1l which was used without further

purification. (MS m/z: 180 (M+1)).

[00511] A migture of the 1-(4-mcethoxyphenyl}y-2-methylpropan-Z-amine (73 mg, 0.41
mmol) and compound 1 (100 mg, 0.27 mmol) in dioxanc (25 mL) was refluxed overnight.
The volatiles were removed under vacuum and the residuc was purified by prep-HPLC to
give compound AZ5 (40 mg, 29% yield) as a white solid: > 99.5% purity (HPLC); M5 m/z:
510.2 (M+1); 'H WNMR (CDCls, 500 MHz) 8 8.38 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 7.5 Hz,
1H), 7.64 (t, Jp= 54.0 Hz, 1H), 7.41 {m, 2H), 7.01 {d, J =8.5 Hz, 2H), 6.82 (d, /= 8.0 Hz,
2H), 5.10 (s, 1H), 3.93 (m, 3H), 3.83 (m, 5H), 3.77 (s, 3H), 3.13 (s, 2H), 1.45 (s, 6H) ppm.

Example 16
Synthesis of 4-(2-(difluoromethyl)-1 H-benzold]imidazol-1-y1)-N-(1-(2-methoxyphenyi)-2-

methylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A19

A19
[00512] Compound A19 was synthesized according to the procedure for compound
Al6, substituting 1-(2-methoxyphenyl)-2~-methylpropan-2-amine in place of 1-(2-
chlorophenyl)-2-methylpropan-2-amine hydrochloride. The product was purified by reverse
phasc flash chromatography (0 to 80% acetonitrile in water) fo give compound A19 (66 mg,
81% yicld) as a white solid: > 99.5% purity (HPLC); MS m/z: 510.2 (M+1); "H NMR (CDCls,
500 MHz) ¢ 842 (dd, /=75 Hzand 1.5 Hz, 1H), 7.88 (dd, J= 6.5 Hz and 2.5 Hz, 1+, 7.67
(t, Jurr=53.5 Hz, 1H), 7.39 (m, 2F), 7.26 (m, 2H), 7.12 (dd, /= 7.5 Hz and 1.5 Hz, 1H), 6.95
(m, 2H), 6.68 (s, 1H), 3.97 (s, 3H), 3.93-3.74 (m, 8H), 3.04 (s, 2H), 1.56 (s, 6H) ppm.
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Example 17
Synthesis of N-(1-(4-bromophenyl)-2-methylpropan-2-yH)-4-(2-(difluoromethyl)- 1 H-

benzo[dimidazol-1-yl)-6-morpholino-1,3,5-triazin-2-amine A24

A24
[00513] Compound AZ4 was synthesized according to the procedure for compound
A16, substituting 1-(4-bromopheny!)-2-methylpropan-2-amine hydrochloride n place of 1-
(2-chlorophenyl)-2-methylpropan-2-amine hydrochloride. The product was purified by
reverse phase flash chromatography (0 to 80% acetonitrile in water) which yielded compound

AZ4 (110 mg, 39% yicld) as a white solid: 98.6% purity (HPLC); MS m/z: 558.2 (M+1),

1H), 7.65 (t, JAF = 53.5 Hz, 1H), 7.52-7.38 (m, 4H), 6.97 (d, 2H), 5.07 (s, 1H), 4.00-3.70 (m,
§11), 3.18 (s, 251), 1.47 (s, 6H) ppm.

Example 18
Synthesis of 4-(2-(difluoromethyl)-1H-benzo|d|imidazol-1-y13-N-(2-methyl-1-(o-

tolylypropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A18

SIS Acrr,
A

NTEN =
IS
[ N N
J H |
O~
Al8
[00514] Compound A18 was synthesized according to the procedure for compound

AT6, substituting 2-methyl-1-(o-tolyDpropan-2-amine hydrochloride in place of 1-(2-
chloropheny!)-2-methylpropan-2-amine hydrochloride. The product was purificd by silica
gel column chromatography (20% cthyl acetate in petroleum ether) to give compound A 1§

(120 mg, 89% vield) as a white solid: >99.5% purity (HPLC); M8 m/z: 494.2 (M+1);



WO 2012/135160 PCT/AIS2012/036640
"H NIMR (CDCls, 500 MHz) 8 8.39 (d, J=8.0 Hz, 1H), 7.88 (d, J = 7.0 Hz, 1H), 7.64 (t, J»

2.36 (s, 3H), 1.49 (s, 6H) ppm.

Example 19
Synthesis of N-(1-(4-chlorophenyl)-2-methylpropan-2-y1)-4-(2-(difluoromethy!)-1 H-
benzo[dlimidazol-1-yl)-6-morpholino-1,3,5-triazin-2-aminc A23

JN—n
L S
N7 CHF,

(\N}J\N/J\N AN

A23
[60515] Methylmagnesium bromide (3 M in cther, 5.5 mL, 16.5 mmol) was added

dropwise to a solution of methyl 4-chlorophenylacetate (1.0 g, 5.4 mmol) in tetrahydrofuran
(20 mL.) at 0 °C under a nitrogen atmosphere. The mixture was stirred at room temperature
overnight and then quenched by the addition of water (30 mL). The organic phasc was
washed with brine, dried over sodium sulfate and concentrated to give 1-(4-chlorophenyl)-2-
methylpropan-2-ol (1.0 g, 100% vyield) as a yellow oil, which was used without further

purification.

[00516] A solution of the crude alcohol (184 mg, 0.996 mmol) and chloroacctonitrile
(150 mg, 1.99 mmol) in acctic acid (3.0 mL) was cooled to 0 °C. Concentrated sulfuric acid
{1.0 mL) was addcd to the solution dropwise while keeping the reaction temperature below
10 °C. After stirring at room temperature for 1 hour, the resulting solution was poured onto
ice and basified by the addition of solid potassium carbonate to pH > 8. The mixture was
extracted with ethyl acetate and the combined organic fractions were washed with water,
dried over sodium sulfate and concentrated under vacuum to give 150 mg of 2-chloro-N-(1-
{4-chlorophenyl-2-methylpropan-2-ylacetamide as yellow solid. The crude material was

uscd directly in the next step.

[00517] To a mixture of 2-chloro-N-(1-(4-chlorophenyl)-2-methylpropan-2-
yhacctamide (259 mg, 1.00 mmol) in dioxane (5.0 mL) was added conc. hydrochloric acid

(20 mL). After stirrmg at 105 °C for 16 hours, the reaction mixturc was pourcd onto ice and
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basified by the addition of saturated aq. sodium bicarbonate to pl1 > 8. The mixture was
cxtracted with ethyl acetate and the combined organic fractions were washed with water,
dried over sodium sulfafc and concentrated under vacuum. The crude product was then
purified by reverse phase flash chromatography (0 to 25% acetonitrile in aq. 0.01% formic
acid) to give 1-(4-chlorophenyl)-2-methylpropan-2-amime (70 mg, 38% yield) as a white

solid.

[00518] A mixture of 1-(4-chiorophenyl}-2-methylpropan-2-amine (70 mg, 0.38

mmol), compound 1 (93 mg, 0.25 mmol) and potassium carbonate (69 mg, 0.50 mmol) in
dioxanc (10 mL) was refluxed overnight. The volatiles were removed under vacium and the
residue was purified by reverse phase flash chromatography (0 to 70% acetonitrile in aq. 0.01%
ammeonium bicarbonate) to give compound AZ3 (57 mg, 44% yield) as a white solid: 93.1%
purity (HPLC); MS m/z: 514.1 (M+1); 'H NMR (CDCl3, 500 MHz) § 8.37 (d, J = 8.0 Hz,

1H), 7.89 (d, J=7.5 Hz, 1H), 7.63 {t, Jyrr = 54.0 Hz, 1H), 7.41 (m, 2H), 7.25 (m, 2H), 7.18-
6.90 (m, 2H), 5.05 (s, 1H), 4.00-3.72 (m, 8H), 3.19 {s, 2H), 1.45 (s, 6H) ppm.

Examplc 20
Synthesis of N-(1-(3-chlorophenyly-2-methylpropan-2-yh-4-(2-(difluoromethyl}-1 /-

benzold|imidazol-1-y1)-6-morpholino-1,3,5-triazin-2-amine AZ0

N™™N =
/[L = ></ N t
NTONTYN Cl
O H
AZD
[60519] Thiony! chioride (11 g, 160 mmol) was added dropwise to a mixture of 3-

chlorophenylacetic acid (1.7 g, 10 mmol) in methanol (20 mL) at 0 °C. The resulting mixture
was refluxed at 80 °C for 12 hours. The volatiles were removed under vacuum and the
residue was diluted with water and extracted with ethyl acetate. The combined organic
solution was washed with water, dried over sodium sulfate and the concentrated to give 1.5 g
of methyl 2-(3-chloraphenyljacetate as a yellow oil, which was uscd without further

purification.

1005261 Compound A28 was synthesized in 4 steps according to the procedure for
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compound AZ3, substituting the crude methyl 2-(3-chlorophenyljacetate i place of methyl 4-
chlorophenylacetate. The final product was purifiecd by reverse phase flash chromatography
(0 to 70% acetonitrile in aq. 0.01% ammonium bicarbonate) to give 19 mg of compound A28
as a white solid: >99.5% purity (HPLC);, MS m/z: 514.1 (M+1); 'H NMR (CDCls, 500 MHz)
8837 (d, /=80 Hz, 1H), 789 (d, /= 7.5 Hz, 1H), 7.02 (t, Jyr = 54.0 Hz, 1H), 7.41 (m, 2H),
7.21 (m, 2H), 7.10 (s, 1H), 6.96 (m, 1H), 5.10 (5, TH), 4.00-3.69 (m, 8H), 3.19 (s, 2H), 1.47
(s, 61) ppm.

Example 21
Synthesis of 4-(2-(difluoromethyl}-1H-benzoldimidazol- 1-y1)-N-(1-(3-methoxyphenyl)-2-

methylpropan-2-yl)-6-morpheline-1,3,5-triazin-2-amine A21

7 NN
— \\
A P,
:

|
e N’J\N/ N7 OCH,

A21
[00521] Lithiurn diisopropylamide (2 M in tetrahydrofuran, 2.71 mL, 5.42 mmol} was
added to a mixture of ethyl isobutyrate (600 mg, 5.17 mmol) in tetrahydrofuran (60 mL) at
~78 °C and stirred at this temperature for 1 hour. 3-Methoxybenzyl chloride (1.15 g, 7.34
mmol) was added dropwise and the reaction mixture was stirred at —-78 °C for another | hour
and then at room temperature overnight. The mixture was quenched by water and extracted
with ethy! acetate. The combined organic fractions were washed with water, dried over
sodium sulfate and concentrated under vacuum to give ethyl-3-(3-methoxyphenyl}-2,2-
dimethylpropanoate (1.3 g) as a yellow oil, which was used in the next step without further

purification.

[006522] The crude ethy!-3-(3-methoxyphenyl)-2,2-dimcthylpropanoate (1.00 g, 4.23
mmol) was taken up 1n a solution of ethanol (50 mL} and sodium hydroxide (2 N, 10 mL).
The reaction mixture was refluxed overnight and then concentrated under vacuum. The
concentrated aqueous solution was acidified with hydrochloric acid (2 N) to pH 3—4 and
extracted with ethyl acetate. The combined organic fractions were dried over sodium sulfate

and evaporated to yield 3-(3-methoxyphenyl}-2,2-dimethylpropanoic acid (6G0 mg) as a
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brown oil, which was used directly in the next step. MS m/z: 207 (M-1).

[00523] A mixture of 3-(3-methoxyphenyl)-2,2-dimcthylpropanocic acid (200 mg, 0.96
myaol) in acctone (40 mL) and water (4 mU) was cooled to 0 °C. Triethy! amine (0.18 mL,
1.3 mmol) was added to the reaction mixture followed by methyl chloroformate (118 mg,
1.25 mmol). The mixture was stirred for 1 hour at 0 °C and then another solution of sodium
azide (94 mg, 1.45 mmol) in water (1 mL) was added dropwise. The reaction mixture was
stirred at room temperature for another 1 hour. The mixturce was diluted with water and
cxtracted with cthyl acetate. The combined organic fractions were washed with water, dried
over sodium sulfate and concentrated to give 3-(3-methoxypheny!)-2,2-dimethylpropanoyl

azide (60 mg) as a crude yellow o1l, which was used without further purification.

[00524] A mixture of the crude 3-(3-mcthoxyphenyl)-2,2-dimethylpropanoyl azide
(160 mg, 0.69 mmol} in toluene (20 mb) was refluxed overnight. The solvent was removed
unider vacuum to give 1,3-bis(1-(3-mcthoxyphenyl)-2-methylpropan-2-yDHurea (158 mg) as a

brown oll, which was uscd without purification: MS m/z: 383 (M-1).

[00525] A mixture of the crude urea (80 mg, 0.21 mmol) and potassium hydroxide (32
mg, 0.57 mmol) in ethylene glycol (5 mL) was refluxed for 2 hours. The reaction mixturc
was diluted with water and extracted with ethyl acetate. The combined organic fractions
were washed with water, dried over sodium sulfate and concentrated to give 1-(3-
methoxyphenyl)-2-methylpropan-2-amine (75 mg) as a brown oil, which was used directly in

the next step, MS m/z: 180 (M+1).

[00526] A mixture of the crude amine (63 mg, 0.35 mmol) and compound 1 (100 mg,
0.27 mmol) in dioxane (25 mL) was refluxed overnight. The volatiles were removed in
vacuo and the residuc was purified by prep-HPLC to give compound A21 (30 my, 22% yicld)
as a white solid: >99.5% purity (HPLC); MS m/z: 510.2 (M+1); "H NMR (CDCls, 500 MHz)
88.37(d, J=8.0Hz, 1H),7.89(d,J=7.5Hz, IH), 7.62 (t, Jyw = 53.5 Hz, 1H), 7.40 (m, 2H),
7.20 (t, J=7.5Hz, 11}, 6.79 (dd, J = 8.5 Hz & 2.0 Hz, 1H), 6.69 (d, J = 7.5 Hz, IH), 6.65 (s,
1H), 5.14 (s, 1H), 4.060-3.76 (m, 811), 3.74 (s, 3H), 3.17 (s, 28, 1.48 (s, 6H) ppm.
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Example 22
Synthesis of 4-(2-(difluoromethyl)- 1 H-benzo[d]imidazol-1-y1)-N-(2-methyl-1-(naphthalen-2-

yhpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A26

J

L LI
NN N
O~
A2%
[00527] Lithium bis(trimethylsilylamide (I M in tetrahydrofuran, 25.3 mL, 25.3 mmol)

was added to a mixture of ethyl isobutyrate (2.67 g, 23.0 mmol} i tetrahydrofuran (25 mL) at
—78 °C. After stirring for 30 m, a sclution of 2-(chloromethylnaphthalene (400 mg, 2.36
mmol) in tefrahydrofuran (10 mL) was added 1o the reaction mixture dropwisce. The mixture
was stirred at -78 °C for another hour and then at room temperature overnight. The mixture
was quenched by the addition of water and extracted with cthyl acetate. The combined
organic fractions were washed with water, dried over sodium sulfate and concentrated under
vacuum to give ethyl 2,2-dimethyl-3-(naphthalene-2-ylpropanoate (1.00 g) as a vellow oil,

which was used without further purification.

[00528] The crude cster (915 mg) was taken up in dioxane (4 mL) and 20% aqucous
sodium hydroxide (8 mL). After stirring at room temperature for 2 hours, the reaction
mixture was diluted with ethyl acetate. The aqueous fraction was acidified to pH = 2 with
concentrated hydrochloric acid and was then extracted with cthyl acctate. The combined
organic fractions were dried over sodium sulfate and concentrated to vield 2,2-dimethy!-3-
(naphthalene-Z-yl)propanoic acid (211 mg, 40% yicld for two steps) as a white solid, which

was used directly in the next step.

{00529] A mixture of the intermediate acid (211 mg, 0.920 mmol) in acetone (3 mL)
and water (0.3 mL) was cooled to 0 °C . Triethyl amine (0.20 mL, 1.40 mmol) was added to
the reaction mixture followed by methy! chioroformate (104 mg, 1.10 mmol). The rcaction
was stirred at room temperature for 30 minutes and a solution of scdium azide (120 mg, 1.84
mmol) in watcr (0.5 mL) was added dropwisc. After stirring at room temperature for 2 hours,

the reaction mixture was diluted with water and exiracted with petroleum ether. The
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combined organic fractions were washed with water, dried over sodium sulfatc and
evaporated to give crude 2,2-dimethyl-3-(naphthalene-2-ylypropanoyl azide (117 mg, 50%

yield) as a colorless oil, which was used without further purification.

[60530] The crude acyl azide (117 mg, 0.46 mmol) was rcfluxed in tolucne (3 mL)
overnight to generate the intermediate isocyanate. The reaction mixture was allowed to
cooled to room temperature and a solution of 10% hydrochloric acid (3 mL) was added.
After refluxing for 4 hours, the reaction mixture was concentrated under vacuum to give 2-
methyl-1-(naphthalenc-2-yl)propan-2-amine (98 mg, 0% yield) as a yellow solid, which was

used directly in the next step.

{00531} A mixture of the crude amine (98 mg, 0.42 mmol), compound 1 (103 mg, 0.28
mmol}) and potassium carbonate (116 mg, 0.84 mmol) in dioxane (3 mL) was refluxed
overnight. The reaction mixture was concentrated and the residuc was purified by prep-
HPLC to give compound A26 (12 mg, 8% yicld) as a white solid: > 99.5% purity (HPLC);
MS m/z: 530.3 (M+1); "H NMR (CDCls, 500 MHz) § 8.37 (d, /= 8.0 Hz, 1H), 7.85-7.37 (m,
10H), 5.19 (s, 1H), 4.04-3.75 {m, 8}, 3.37 (s, 211), 1.53 (s, 6H) ppm.

Uxample 23
Synthesis of 4-(2-(difluoromethyl)-1 H-benzol[d]imidazol-1-y}-N-(2-methyl-  -(naphthalen-1 -

yhpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A27

D
= N/\\Ci—mz
N/QN e
PN,
r’\N P N N -~ SN
N "
AZT
(005321 Mecthylmagnesium bromide (3 M in cther, 10 mLU, 30 mamol) was added

dropwise to a solution of methyl naphthalene-1-acetate (2.0 g, 10 mmol) in tetrahydrofuran
(20 mL) at 0 °C under a nitrogen atmosphere. After stirring at room temperature overnight,
the reaction mixtures was quenched by the addition of water. The organic fraction was
washed with brine, dried over sodium suifate and concentrated under vacuum to give crude 2-
methyl-1-(naphthalene-1-yhpropan-2-ol (2.0 g) as a yellow otl, which was used directly in

the next step.
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[00533] The crude alcohol (2.0 g, 10 mmol) was dissolved in acetonitrile (10 mL) and
concentrated sulfuric acid (4.9 g, 50 mmol) was added dropwise at 0 °C. After stirring at
room temperature for 2 hours, the reaction mixture was diluted with water and extracted with
dichloromethane. The combined organic fractions werc dried over sodium sulfate and
cvaporated. The residue was purified by silical gel column chromatography (petroleum
cther/ethyl acctate ) to give N-{Z-methyl-1-(naphthalene-1-yhpropan-2-yhacetamide (0.90 g,

37% yield) as a yellow solid.

[00534] Concentrated hydrochioric acid (10 mL) was added to a solution of the
intermediate acetamide (0.20 g, 0.83 mmol) in dioxane (2 mL) and the resulting mixture was
refluxed for 3 days. After cooling to room temperature, the reaction mixture was basified to
pH 9 by the addition of solid sodium bicarbonate. The mixture was cxtracted with cthyl
acetate and the combined organic fractions were dried over sodium sulfate and concentrated
to give crude 2-methyl-1-(naphthalenc-{-ylypropan-2-amine (0.15 g, 23% yield) as a yellow

oil, which was used without further purification.

[00535] The crude amine (153 mg, 0.25 mmel), compound 1 (48 mg, 0.13 mmol) and
potassium carbonate (36 mg, 0.25 mimol) were taken up m dioxanc {2 mL) and heated to
reflux overnight. The reaction mixture was concentrated under vacuum and the residue was
purificd by prep-HPLC to give compound AZ7 (16 mg, 23% vield) as a white solid: > 99.5%
purity (HPLC); MS m/z: 530.3 (M+1); 'H NMR (CDCls, 500 MHz) 8 8.29 (d, /= 8.0 Hz,
1H), 8.15(d, /= 7.0 Hz, 1H), 7.88 (d, ./ = 6.5 Hz, 28H), 7.77 (d, /= 8.0 Hz, 1H), 7.56 (t, Jur
=54.0 Hz, 1H), 7.48 (m, 2H), 7.39 (m, 3H), 7.27 (d, /= 7.0 Hz, 1H), 5.29 (5, 1H), 4.02-3.73

(m, 8H), 3.66 (s, 2H), 1.54 (s, 6H) ppm.

Example 24
Synthesis of 4-(2-(difluoromethyh)-1 H-benzo[djimidazol-1-yh-N-(1-(2-fluorophenyl)-2-
methylpropan-2-yl}-6-morpholino-1,3,5-triazin-2-amine A15

Cry

N7 TCHF,
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[00536] Compound A15 was synthesized in 6 steps according to the procedure for
compound A21, substituting 2-fluorobenzy! bromide in place of 3-methoxybenzy! chloride.
The final product was purified by prep-HPLC to give compound A15 (30 mg, 22% yicld) as a
white solid: 99.4% purity (HPLC); MS m/z: 498.2 (M+1); 'H NMR (CDCls, 500 MHz) § 8.39

m, TH), 7.06 {m, 3F), 5.25 (s, 1H), 4.00-3.73 (m, &H), 3.28 (s, 2H), 1.49 (s, 6H) ppm.
2t

Example 25
Synthests of 4-(2-(difluoromethyl)- L H-benzo[dlimidazol-1-y1)-N-(2-methyl-2-phenylpropyl)-

6-morpholine-1,3,5-triazin-2-amine A29

NN A
o =
A2Y
[00537] Powdered lithium alumimum hydride (137 mg, 3.61 mamol) was added

portionwisc to a solution of 2-methyl-2-phenylpropancnitrile (436 mg, 3.00 mmol) in
tetrahydrofuran (20 mL). The resulting mixture was stirred at 80 °C overnight. The reaction
was then cooled to 0 °C and water (66 ul, 3.7 mmol), 10% sodium hydroxide {1.44 g, 3.6
mmol) and water (195 pb, 10.8 mmol), respectively, were added dropwise into the reaction
mixture. The suspension was filtered through anhydrous magnesium sulfate and the solution
was concentrated under vacuum to give 2-methyl-2-phenylpropan-1-aminc (400 mg) as a

yellow od, which was used for the next step without further purification.

[00538] The crude amine (400 mg, 2.7 mmol) and compound 1 (147 mg, 0.401 mmol)
were refluxed in dioxanc (25 mL) for 4 hours. After cooling, the reaction mixturc was
concentrated under vacuum. The residue was diluted with saturated sodium bicarbonate and
extracted with cthyl acctate. The combined organic fractions were washed with water and
brine, dried over sodium sulfate and concentrated. The crude product was purified by prep-
HPLC to give compound AZY (75 mg, 35% yield for 2 steps) as a white solid: > 99.5% purity
(HPLQ); MS m/z: 480.2 (M+1); "H NMR (CDCls, 500 MIz) (rotamers) & 8.45 (d, J = 7.5 Hz,
0.5H), 833 (d, J =80 Hz, 0.5H),7.92(d, /= 7.5 Hz, 0.5H), 7.88 (d, ./ = 7.5 Hz, 0.5H), 7.64
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and 7.60 (2t, Jyp= 53.5 Hz, 1H), 7.42 (m, 6H), 7.28 (m, 1H), 5.13-5.00 (m, 1H), 4.00-3.70
(m, 10H), 1.45 and 1.44 (2s, 6H) ppm.

Example 26
Synthesis of 4-(2-(difluoromethyl)-1 H-benzo[d]imidazol-1-y1)-N-(2-(1-

phenylcyclopropylpropan-2-y1}-6-morpholino-1,3,5-triazin-2-amine A36

A30
[00539] Methylmagnesium bromide (3.0 M in tetrahydrofuran, 3.0 mL., 9.0 mmol) was
added to a solution of 1-phenyl-1-cyclopropanccarbonitrile {429 mg, 3.0 mmol) in anhydrous
tetrahydrofuran (4 mL) at room temperaturc under a nitrogen atmosphere. The reaction
mixture was heated to 100 °C for 10 minutes in a microwave oven. Then titanium(1V)
isopropoxide (0.9 mL, 3.0 mmol) was added and the reaction mixture was heated to 50 °C for
I hour in the microwave. Afler cooling, a solution of 25% aqueous ammonia (2 mL) was
added dropwise to the reaction mixture. The suspension was filtered through a Celite pad
which was washed with tetrahydrofuran. The combined filtrate was diluted with water and
extracted with ethyl acetate. The combined organic extracts were dried over anhydrous
sodium sulfate and concentrated under vacuum to give 2-(1-phenyleyclopropyl)propan-2-

amine (400 mg} as a crude yellow oil: MS m/z: 178 (M+1).

[60540] The crude amine (200 mg, 1.1 mmol) was combined with compound ¥ (100
mg, 0.27 mmol) and potassium carbonate (150 mg, 1.1 mmol) in dioxane (20 mL) and heated
to reflux overnight. The mixturc was diluted with water and extracted with cthyl acetate.

The organic exiracts were dried with anhydrous sodium sulfate and concentrated under
vacuum. The crude product was purified by reversed phase flash chromatography (0 to 85%
acctonitrile in 0.01% ammomum bicarbonate) to give compound A3D0 (46 mg 34% yield) as a
white solid: 94.4% purity (HPLC); MS m/z: 506.2 (M+1); 'H NMR (CDCls, 500 MHz) § 8.34
(d,J=75Hz, 1H),7.90(d, /=75 Hz, [H), 7.61 (t, Jup= 54.0 Hz, 1H), 7.42 (m, 2H), 7.35
(m, 2H), 7.29 (m, 2H), 7.24 (m, 1H), 5.26 (s, 1H), 4.00-3.65 (m, 8H), 1.48 (s, 6F), 1.17 (m,
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2H), 0.84 (m, 2H) ppm.

Example 27
Synthesis of 4-(2-(difluoromethyl)-1H-benzoldimidazol-1-y1)-N-(1-(2-bromopheny!}-2-

methylpropan-2-yl)--6-morpholino-1,3,5-triazin-2-amine A17

2y

\
N/\%‘HFQ
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[00541] Lithium ditsopropylamide (2M in hexane, 1.5 mb, 3.0 mmol} was added to a

solution of ethyl isobutyrate (233 mg, 2.01 mmol) in tetrahydrofuran {1 mL) at -78 °C and the
reaction mixture was stirred at this temperature for 30 min. Then, a solution of 2-
bromobenzy) bromide (250 mg, 1.00 mmol) in tetrahydrofuran (1 mL) was added dropwise.
The reaction mixture was stirred at -78 °C for another 1 hr and then at room temperature
overnight. The mixture was diluted with water and extracted with ethyl acetate. The
combined organic fractions werc washed with water, dried over sodium sulfate, and
concentrated to give 482 mg of cthyl 3-(2-bromophenyi)-2,2-dimethylpropanoate as a ycllow

oil. The crude intermediate was uscd directly in the next step.

[00542] A solution of the crude ester (482 mg) in dioxanc {2 mL) was combined with
aqueous sodium hydroxide (20%, 4 mL) and stirred at room temperature for 2 hrs. The
reaction mixture was diluted with ethyl acetate and the aqueous fraction was acidified to pfl 2
with conc. hydrochloric acid. After extraction with cthyl acetate, the combined organic
fractions were dried over sodium sulfate and concentrated under vacuum to give 121 mg (47%
yield for two steps) of 3-(2-bromophenyl)-2,2-dimethylpropancic acid as a white solid. The
crude carboxylic acid was used i the next step without further purification: MS m/z: 255.0

(M-1).

[00543] Tricthylamine (112 mg, 1.11 mmol) was added to a mixture of the

mtermediate carboxylic acid (188 mg, 6.731 mmol) in acetone (8 mL) and water (1 mL). The
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reaction mixture was cooled to 0 °C and methyl chloroformate (84 mg, 0.88 mmol) was
added. The mixture was stirred at room temperature for 30 min and then a solution of sodium
azide (95 mg, 1.46 mmol) in water (0.5 mL) was added dropwise. After stirring at room
temperature overnight, the resulting mixture was diluted with water and extracted with
petroleum ether. The combined organic factions were washed with water, dried over sodium
sulfate, and concentrated to give 162 mg (79% yicld) of 3-(2-bromophenyl)-2,2-
dimethylpropanoy! azide as a white solid, which was used directly in the next step: MS m/z:

252.9 (M-28).

[00544] A solution of the crude acyl azide (162 mg, 0.574 mmol) in toluene (3 mL)
was refluxed overnight to give |-bromo-2-(2-isocyanato-2-methylpropylybenzene. Then, the
solution was cooled to room temperature and 10% aq. hydrochloric acid (3 mL) was added.
The resulting mixture was refluxed for 4 hrs. The volatiles were removed in vacuo to give
129 mg (85% vyield) of 1-(2-bromophenyl)-2-methylpropan-2-amine hydrochloride ag a white
solid. The crude amine hydrochloride salt was used in the next step without further

purification: M8 m/z: 2281 (M+1).

[00545] A mixture of the amine salt (129 mg, 0.49 mmol}, compound 1 {121 mg, 0.33
mmol), and polassium carbonate (183 mg, 1.33 mmol) was refluxed in dioxane (4 mL)
overnight. The volatiles were removed under vacuum and the residue was purificd by silical
gel column chromatography (9% ethyl acetate o petroleum ether) to give 99 mg (54% yield)
of compound A7, 4-(2-(difluoromethyl)-1H-benzo[djimidazol-1-yI}-N-(1-(2-bromophenyl)-
2-methylpropan-2-yh-6-morpholino-1,3,5-triazin-2-amine, as a white solid: >99.5% purity
(HPLC); MS m/z: 5582 (M+1), 560.2 (M+3); 'H NMR (CDCls, 500 MHz) 6 8.42 (d, 1H),
7.91(d, 1H), 7.67 (t, 1H), 7.60 (d, 1H), 7.48-7.37 (m, 2H), 7.22 (t, 1H), 7.11 {m, 2H), 5.32 (s,
1H), 4.01-3.76 (m, 8H), 3.46 (s, 211), 1.54 (s, 611) ppm.
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Example 28
Synthesis of 4-(2-(diftfuoromethyl)-1H-benzo[dlimidazol-1-y1}-N-(2-methyl-1-C2-{pyridin-4-
yiphenyl)propan-2-yi)-6-morpholino-1,3,5-triazin-2-amine A33

j H
O~ AN
|
Sy )
A33
[00546} Compound A7 (200 mg, 0.358 mmol), pyridinyl-4-boronic acid (49 mg, 0.40

mmol), sodium carbonate (114 mg, 1.08 mmol), and 1,1-bis{diphenylphosphino)ferrocene-
paliadium{IT)dichloride dichloromethane complex (29 mg, 0.036 mmol) were taken up in
NN -dimethylformamide (4 mL) and water (1 mi.) and stirred under nitrogen at 160 °C
overnight. The reaction mixture was diluted with ethyl acetate and filtered through Celite.
The filtrate was washed with water and brine, dricd over sodium sulfate, and concentrated.
The crude product was purificd by prep-HPLC to give 18 mg (9% yield) of compound A33,
4-{2-(difluoromethyl)-1H-benzo[dimidazol-1-yD)-N-(2-methyl-1-(2-{pyridin-4-yl}phenyl}-
propan-2-yi)}-6-morpholine-1,3,5-triazin-2-amine, as a white solid: >99.5% purity (HPLC);
MS m/z: 557.3 (M+1); 'H NMR (CDCls, 500 MHz) (rotamers) 6 8.53 (br s, 2H), 8.39 (d, 1R),
7.92 (d, 1H), 7.66 (t, 1H), 7.49-7.38 (m, 21}, 7.34 (m, 2F1), 7.26 (m, 1H), 7.23-7.15 (m, 31),
4 88 (s, 1H), 3.95-3.75 (m, 8H), 3.35 (s, 2H}, 1.28 (s, 65) ppm.
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Example 29
Synthesis of 4-(2-(diflucromethyl)-1 H-benzo{d]imidazol-1-y)-N-(1-(biphenyl-2-y1)-2-

methylpropan-2-yl}-6-morpholino-1,3,5-triazin-2-amine A47

N
.
N CHF 2

NN

A

A4T

[00547] Compound A17 (140 mg, 0.251 mmol), phenylboronic acid (61 mg, 0.500
mmol), sodium carbonate (80 mg, 0.755 mmol), and 1,1-bis(diphenylphosphino)fertocene-
palladium(Il)dichloride dichloromethane complex (21 mg, 0.0257 mmol) were taken up in
N, N -dimethylformanude (8§ mL) and water {2 m1) and stirred under nitrogen at 160 °C
overnight. The reaction mixture was diluted with cthyl acetate and filtered through Celite.
The filtrate was washed with water and brine, dried over sodium sulfate, and concentrated.
The crude product was purified by chiral-SFC to give 60 mg (44% yield) of compound A47,
4-(2-(difluoromethyl)-1H-benzo[dlimidazol-1-yh)-N-{1-(biphenyl-2-y1)-2-methylpropan-2-
yh-6-morpholino-1,3,5-triazin-2-amine, as g white solid: >99.5% purity (HPLC); MS m/z:
556.2 (M+1); 'H NMR (CDCls, 500 MHz) (rotamers) 6 8.39 (d, 1H), 7.92 (d, 1H), 7.66 (1,
1ED), 7.44 (m, 28, 7.28 (m, 7H), 7.22 (m, 2H), 4.94 (s, 1H), 3.92-3.55 (m, 8H), 3.37 (s, 2H),
1.28 (s, 6H) ppm.

Example 30
Synthesis of 4-(2-(difluoromethyl)-1/7-benzo[d|imidazol- 1-y)-N-(1-(3-fluorophenyi)-2-

methylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A3

On
= )\CHF
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[00548]

Compound A39 was synthesized in 6 steps according to the procedure for AZ1,

substituting 3-fluorobenzy! bromide in place of 3-methoxybenzyl chloride. The final product

was purified by prep-HPLC to give compound A39 (35 mg) as a white solid: 99% purity
(HPLC); MS m/z: 498.2 (M+1); 'H NMR (DMSOys, 500 MHz) § 8.60 (d, 1H), 8.01 (t, 1H),
7.84 (d, 1H), 7.54 (s, 1H), 7.45 (m, 2H), 7.30 (m, 1H), 7.03 (m, 1H), 6.94 (m, 2H), 3.85 (m,
480, 3.75 (m, 4H), 3.25 (s, 2H), 1.40 (s, 6H) ppm.

Example 31

Synthesis of 4-(2-(difluoromethyl)-1 H-benzo[d]imidazol-1-y1)-N-(2-methyl-1-m-~tolylpropan-

[00549]

2-y1}-6-morpholino-1,3,5-triazin-Z-aminc A49

Compound A49 was synthesized in 6 steps according to the procedure for AZ1,

substituting 3-methylbenzyl bromide in place of 3-methoxybenzyl chloride. The final

product was purified by prep-HPLC to give compound A49 (15 mg) as a white solid: 98%
purity (HPLC); MS m/z: 494.2 (M+1); 'H NMR (CDCly, 500 MHz) 6 8.38 (d, 1H), 7.90 (d,
1H), 7.64 (1, 1H), 7.48 (s, 1H), 7.42 (m, 1H), 7.19 (t, LH), 7.10-6.88 (m, 3H), 5.17 (s, 1H),
4.10-3.80 (m, 8H), 3.16 (s, 2H), 2.31 (s, 3H), 1.49 (s, 6H) ppm.

Example 32

Synthesis of 4-(2-(difluoromethyl)-1H-benzold]imidazol-1-y1)-N-(1-(4-fluoro-3-

methoxyphenyl)-2-methylpropan-2-yI)-6-morpholino-1.3,5-triazin-2-amine ASQ
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[00550] Compound A58 was synthesized in 6 steps according to the procedure for A21,
substituting 4-fluoro-3-methoxybenzyl in place of 3-methoxybenzyl chloride. The final
product was purified by prep-HPLC to give compound A50 (115 mg) as a white solid: 99%
purity (HPLC), MS m/z: 528.2 (M+1); "H NMR (CDCls, 500 MHz) 8 8.37 (d, 1H), 7.90 (d,
TH), 7.64 (t, 1H), 7.43 (m, 2H), 6.99 (m, 1H), 6.71-6.60 (m, 2H), 5.12 (s, 1H), 4.01-3.78 (1,
8HY, 3.77 (s, 3H), 3.17 (s, 21), 1.49 (8, 6H) ppm.

Example 33
Synthesis of 4-2-(difluoromethyly-LH-benzoldjimidazol-1-y1)-N-(1-(2,4-difluorophenyl)-2-

methylpropan-2-yiy-6-morpholing-1,3,5-riazin-2-aminc A%1

_— W
N LS Ct

Ti\} L{Fz
BN

» F
LA Y
NN N

O F
AS5Y

[00551] Compound A51 was synthesized in 5 steps according to the procedure for
A28, substituting 2,4-difluorophenylacctic acid in place of 3-chlorophenylacetic acid. The
final product was purified by prep-HPLL to give compound A51 (60 mg) as a white solid: 99%
purity (HPLC); MS m/z: 516.2 (M+1); 'H NMR (CDCls, 500 MHz) 6 8.40 (d, 1H), 7.90 (d,
1H), 7.65 {t, [H}, 7.43 (m, 2H), 7.04 (m, 1H), 6.84 (m, 2H), 5.19 (s, I H), 4.00-3.75 (m, 8H),
3.26 (s, 2H), 1.49 (s, 6H) ppm.
Example 34
Synthesis of 4-(2-(difluoromcthyl)-1 H-benzo[diimidazol- 1 -yI}-N-{1-(2,6-difluorophenyl)-2-

methylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A5Z

/BN SN
I S\

N CHF,
N

Ii N ) I/ l
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[00552] Compound A52 was synthesized in 5 steps according to the procedure for A28,
substituting 2,6-diflucrophenylacetic acid in place of 3-chlorophenylacctic acid. The final
product was purificd by prep-HPLC to give compound AS2 (38 mg) as a white solid: 98%
purity (HPLC); MS m/z: 516.3 (M+1); "H NMR (CDCls, 500 MHz) § 8.41 (d, 1H), 7.90 (d,
THY, 7.66 (t, 1H), 7.43 (m, 21), 7.23 (m, 1H), 6.91 (t, 2H), 5.43 (s, 1H), 4.05-3.70 (m, 8H),
3.33 (s, 2H), 1.53 (s, 68) ppm.

Example 35
Synthesis of 4-(2-(difluoromethyl)-1H-benzoldlimidazol-1-y)-N-(2-methyl- [ -2-(pyridin-3-

yhphenylpropan-2-yl-6-morpholino-1,3,5-triazio-2-aminc A40

.

» /L}Ir
i

CHF,

§/ |
SN
A4l
[60553] Compound A48 was synthesized according to the procedure for A33,

substituting 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhpyridine in place of pyridinyl-4-
boronic acid. The crude product was purified by prep-HPLC to give compound A40 (41 mg,
41% vield) as a white solid: 98% purity (HPLC); MS m/z: 557.3 (M+1); 'H NMR (DMSOyus,
500 MHz) 6 8.58 (d, 111}, 8.40 (s, 1H), 8.37 (dd, 1£]), 8.01 (1, 1H), 7.84 (d, 1H), 7.58 {dd, 1H),
7.48 (¢, 1H), 7.43 (t, 1H), 7.40-7.28 (m, 30}, 7.19 (s, 1H), 7.13 (m, 2H), 3.82-3.60 (m, 8H),
3.34 (s, 2H), 1.23 (s, 6H) ppm.
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Example 36
Synthesis of 4-(2-(difluoromethyl)- 1 H-benzo[d]imidazol-1-y1}-N-(1-(2-(2-methoxypyridin-4-

yhphenyl)-2-methylpropan-2-y1)-6-morpholine-1,3,5-triazin-2-amine A41

A4l

[00554] Compound A41 was synthesized according to the procedure for A33,
substituting 2-methoxypyridine-4-boronic acid in place of pyridinyl-4-boronic acid. The
crude product was purificd by prep-HPLC to give compound A41 (250 mg, 24% vyield) as a
white solid: 95% purity (HPLC); MS m/z: 587.3 (M+1); 'H NMR (CDCls, 500 MHz) § 8.40
(d,./= 8.0 Hz, 1H), 8.06 (d, 1), 7.91 (d, 1H), 7.65 (t, 1H), 743 (m, 2H), 7.33 (m, 2H), 7.25
(t, LH), 7.16 (d, 111), 6.78 (d, 1H), 6.62 {5, 1H), 4.85 (s, 1H), 3.95-3.75 (m, 8H), 3.74 (s, 3H),
3.36 (s, 2H), 1.32 (s, 6H) ppm.

Example 37
Syuathesis of 4-(2-(difluoromethyl)- 1 H-benzo[dlimidazol-1-y1)-N-(2-methyl-1-(2-(2-

methylpyridin-4-yvlphenyhpropan-2-yl)-6-morpholine-1,3,5-triazin-2-amine A43

A43

[00555] Compound A43 was synthesized according to the procedure for A33,
substituting 2-methylpyridine-4-boronic acid in place of pyridinyl-4-boronic acid. The crude

product was purified by prep-HPLC to give compound A43 (15 mg, 24% yield) as a whitc

o
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solid: 98% purity (HPLC); MS m/z: 571.2 (M+1); 'HL NMR (CDCls, 500 MHz) 6 8.45 (d, 1H),
8.40(d, 1H), 7.91 (d, 1H), 7.66 (1, 1H), 7.44 (m, 2H), 7.33 (m, 2H), 7.24 (m, 1H), 7.16 (m,
1H), 7.13-6.95 (m, 2H), 4.88 (3, 1H), 4.00-3.75 (m, 8H), 3.36 (s, 2H), 2.49 (s, 3H), 1.28 (s,
6H) ppm.

Example 38
synthesis of 4-(2-(difluoromethyl)-1 H-benzo[dlimidazol-1-yl)-N-(1-(2-(1 H-pyrazol-4-

yhphenyl)-2-methylpropan-2-y)-6-morpholino-1,3,5-triazin-2-amine Ad4

Ad4

100556] Compound Ad4 was synthesized according to the procedure for
A33,substituting 1-Boc-pyrazole-4-boronic acid pinacol cster in place of pyridinyl-4-boronic
acid. The crude product was purified by prep-HPLC to give compound Ad4 (15 mg, 31%
yield) as a white solid: 99% purity (HPLC); MS m/z: 546.3 (M+1); 'H NMR (DMSOys, 500
MHz) 0 12.84 (s, 1H), 8.59 (d, 1H}, 8.00 (¢, 1H), 7.84 (d, 1H), 7.74 (br s, 1H), 7.50 (br s, IH),
7.48 (t, 1H), 7.42 (t, 1H), 7.37 (s, 1H), 7.20 (m, 4H), 3.85-3.42 (m, 8H), 3.42 (s, 2}, 1.21 (s,
61 ppm.
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Example 39
Synthesis of 4-(2-(difluoromethyl}-1H-benzo|djimidazol-1-y1}-N-(2-mecthyl-1-(2-(1-mecthyl-
| H-pyrazol-4-yl)phenylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A4S

A4S

[00557] Compound A45 was synthesized according to the procedure for A33,
substituting 1-methyl-1H-pyrazole-4-boronic acid pinaco! ester in place of pyridinyl-4-
boronic acid. The crude product was purificd by prep-HPLC to give compound A4S (35 mg,
12% yield) as a white solid: 98% purity (HPLC); MS m/z: 5603 (M+1); "H NMR (CDCl;,
500 MHz) 6 8.38 {(d, 1H), 791 (d, 1¥), 7.65 (1, 1H), 7.51 (s, 1H), 7.48-7.37 {(m, 2H), 7.34 (s,

1H), 7.28-7.17 (m, 41), 5.04 (s, 1), 3.95-3.78 (m, 11F), 3.40 (s, 2FD), 1.35 (s, 6H) ppm.

Example 40
Synthesis of 4-(2-(difluoromethyl)-1 H-benzo{d jimidazol-1-y[)-N-(2-methyl-1-(2-{1-methyl-
| H-pyrazol-5-yhphenyhpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A46

NN
PR
O
\) ;‘/ T'\] o
=N
A46
{00558} Compound A46 was synthesized according to the procedure for A33,

substituting 1-methyl-1H-pyrazole-5-boronic acid pinacol ester in place of pyridinyl-4-
boronic acid. The crude product was purificd by prep-HPLC to give compound A46 (7 mg, 4%

vield) as a white solid: 98% purity (HPLCY);, MS m/z: 560.3 (M+1); 'H NMR (CDCls, 500
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MIHz) § 8.40 (d, 1H), 7.91 (d, 1H), 7.67 (¢, 15, 7.50-7.30 (m, 5H), 7.24 (1, 2H), 6.21 (s, 1H),
5.03 (s, 1H), 3.96-3.75 (m, 8H), 3.65 (s, 3H), 3.21 (s, 2H), 1.32 (s, 6H) ppm.

Example 41
Synthesis of 4-(2-(difluoromethyl)-1H-benzoldimidazol- 1 -y)-N-( 1 -(2'-fluorobiphenyl-2-yl)-

2-racthylpropan-2-yl}-6-morpholino-1,3,5-triazin-2-aminc A59

ASY

1005597 Compound ASY was synthesized according to the procedure for A33,
substituting 2-fluorophenylboronic acid in place of pyridinyl-4-boronic acid. The crude
product was purified by prep-HPLC to give compound A59 (73 mg, 71% yield) as a whitc
solid: 99% purity (HPLC); MS m/z: 574.2 (M+1); "TH NMR (BMSOyus, 500 MHZ) 6 8.61 (d,
TH), 8.02 (t, 1H), 7.84 (d, 1H), 7.48 {t, 1H), 7.43 (t, 1), 7.39-7.22 (m, 5H), 7.22 (t, 1H), 7.14
(m, 28, 6.97 (t, 1H), 3.74 (m, 8H), 3.30 (d, 1H), 3.14 (d, 1H), 1.20 (s, 3H), 1.17 (s, 3H) ppm.

Example 42
Synthesis of 4-(2-(difluovomethyl)-1 H-benzo[dhimidazol-1-yD)-N-{2-methyl-1-(2'-

methylbipheny{-2-yhpropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine AG{

AGD

[60560] Compound A60 was synthesized according to the procedure for A33,

substituting 2~-methylphenylboronic acid in place of pyridinyl-4-boronic acid. The crude
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product was purificd by prep-HPLC to give compound A68 (120 mg, 47% yicld) as a white
solid: 99% purity (HPLC); MS m/z: 570.3 (M+1); 'H NMR (CDCls, 500 MHz) 6 8.42 (d, 1H

AT

7.92 (d, TH), 7.68 (t, 1H), 7.44 (m, 2H), 7.35-6.95 (m, 8H), 5.61 (s, 1H), 4.10-3.70 (m, 8H),
3.30(d, 1H), 2.99(d, 1H}, 2.06 (s, 3H), 1.36 (s, 3H), 1.30 (s, 3H) ppm.

Example 43
Synthesis of 4-(2-(difluoromethyl)-1H-benzoldlimidazol-1-yH-N-(1-(6'-chlorobiphenyl-2-y1)-

2-methylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine A61

o

/\(Hf7
. J\ Py yv,
[

AG]

[00561] Compound A61 was synthesized according to the procedure for A33,
substituting 2-chlorophenylboronic acid in place of pyridinyl-4-boronic acid. The crude

product was purified by prep-HPLC to give compound A61 (88 mg, 55% yicld} as a white

solid: 99% purity (HPLC); MS m/z: 590.2 (M+1); 'H NMR (CDCls, 500 MHz) & 7.92 (d, 1H),

7.67 (t, tH), 7.44 (m, 2H), 7.33 (m, 3H), 7.27-7.00 (m, 5H), 4.96 (s, 1H), 4.00-3.75 (m, 8H),
3.24 (d, 2H), 1.33 (s, 6H) ppm.

Example 44
Synthests of 4-(2-(difluoromethyl)-1H-benzold|imidazol- 1 -y1)-N-(1-(6'-chlorobiphenyl-2-y1)-
2-methylpropan-2-yl-6-morpholino-1,3,5-triazin-2-amine A62

NN

— \
N )\'CH Fz

A

L [
I
N

AbZ
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[00562] Compound A62 was synthesized according to the procedure for A33,
substituting 2-fluoro-3-pyridinylboronic acid in place of pyridinyl-4-boronic acid. The crude
product was purified by prep-HPLC to give compound A62 (134 mg, 65% yield) as a white
solid: 96% purity (HPLC); MS m/z: 575.3 (M+1); 'H NMR (CDCls, 500 MHz) 6 8.38 (d, 1H),
8.05(d, 1H), 7.92 (d, 1H), 7.66 (t, 1H), 7.62 {m, 1H), 7.49-7.32 (m, 4H), 7.28 (d, 1H), 7.15 (d,
1H), 6.91 (t, 1H), 4.80 (s, 1H), 4.05-3.70 (m, 8H), 3.60 (d, 1H), 2.99 (d, 1H), 1.42 (s, 3H),
1.27 (s, 3H) ppm.

Example 45
Synthesis of 4-(2-(difluoromethyl)y- L H-benzo[dlimidazol- 1-y1)-N-(2-methyl-1-(2-(pyrimidin-

S-yhphenylpropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A83

L ?_

o
b L

Na N
AB3
[00563] Compound A3 was synthesized according to the procedure for A33,

substituting pyrimidine-5-borenic acid pinacol ester in place of pyridinyl-4-boronic acid. The
crude product was purified by prep-HPLC to give compound A63 (75 mg, 50% yield) as a
white solid: 98% purity (HPLC); MS m/z: 558.3 (M+1); 'H NMR (CDCls, 500 MHz) 8 9.05
(s, 1H), 8.62 (s, 2H), 8.36 (d, 1H), 7.90 (d, 1H), 7.65 (1, 1H), 7.50-7.27 (m, 5H), 7.16 (d, 1H),
4.86 (s, 1H), 3.95-3.80 (m, 8H), 3.34 (s, 2H), 1.32 (s, 6H) ppm.
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Example 46
Synthesis of 4-(2-(difluoromethyl)- | H-benzo[d]imidazol-1-y1)-N-(2-methyl-1-(2-(2-(4-

methylpiperazin-1-yl)pyridin-4-yDphenylpropan-2-y1)-6-morpholino-1,3,5-triazin-2-aminc

Ab4
/NN
o )
NA{,‘I'}E‘?_

[00564] Compound A64 was synthesized according to the procedure for A33,
substituting 2-(4-methylpiperazin-1-ylpyridine-4-boronic acid pinacol ester in place of
pyridinyl-4-boronic acid. The crude product was purified by prep-HPLC to give compound
A64 (24 mg, 20% vield) as a white solid: 98% purity (HPLC); MS m/z: 655.4 (M+1); 'H
NMR {(BMS0ys, 500 MHz) 6 8.58 (d, 1H), 7.99 {t, 1H), 7.96 (d, 1H), 7.84 (d, 1H), 748 (¢,
TH), 7.43 ¢, 1H), 7.37(d, 1H), 7.35-7.22 {mn, 31}, 7.21 (s, [H), 7.07 (d, I1H), 6.58 (d, 1H),
3.82-3.62 (m, 8H), 3.37 (s, 2H), 3.26 (br s, 4H), 2.25 (br s, 411), 2.16 (s, 3H), 1.23 (5, 6H)

ppm.

Example 47
Synthesis of 4-(2-{difluoromethyl)-1 7-benzo[dimidazol- 1 -y1)-N-(Z-methyl-1-(3"-

(morpholinomethyhbiphenyl-2-yhpropan-2-yl)-6-rorpholino-1,3,5-triazin-2-amine A6
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[00565] Compound A65 was synthesized according to the procedure for A33,
substituting 3-(morpholinomethylyphenylboronic acid pinacol ester in place of pyridinyl-4-
borenic acid. The crude product was purified by prep-HPLC to give compound A6S (40 mg,
17% vicld) as a white solid: 99% purity (HPLC); MS m/z: 655.3 (M+1); "H NMR (CDCls,
500 MHz) 0 8.39 (d, 1H), 7.91 (d, 1H), 7.64 (t, [H), 7.43 (m, 2H), 7.35-7.10 (m, 8F), 4.97 (s,
1H), 3.93-3.74 (m, 8H), 3.68 (m, 4H), 3.50-3.32 (m, 4H), 2.38 (m, 4H), 1.23 (s, 6H) ppm.

Example 48
Synthesis of 4-(2~(difluoromethyl)- 1 H-benzoldimidazol-1-y1)-N-(1-(3"-methoxybiphenyl-2-

yIy-2-methylpropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine Ab6

AbS

[00566] Compound As6 was synthesized according to the procedure for A33,
substituting 3-methoxyphenylberonic acid in place of pyridinyl-4-boronic acid. The crude
product was purificd by prep-HPLC to give compound A&6 (18 mg, 11% yield) as a white
solid: 99% purity (HPLC); MS m/z: 586.3 (M-+1); 'H NMR (CDCly, 500 MHz) § 8.39 (d, 1H),
7.91 (d, 1H), 7.65 (t, 1H), 7.43 (m, 2H), 7.29 (m, 2H), 7.27-7.17 {m, 3H), 6.88-6.70 {m, 31},
4.90 (s, 1H), 3.95-3.75 (m, 8H), 3.55 (s, 1) 3.38 (5, 2H}, 1.32 (s, 61) ppm.
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Example 49

Synthesis of 4-(2-(difluoromethyl}-1/-benzo{d[imidazol-1-y}-N-(1-(4-methoxybiphenyl-2-
y)-2-methylpropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A67

g
= N»\CHFZ

A
NN =
(\‘;\I/U\N/J\N54 J

O H
O
ABT
[G0567] Compound A67 was synthesized according to the procedure for A33,

substituting 4-methoxyphenylboronic acid in place of pyridinyl-4-boronic acid. The crude

product was purified by prep-HPLC to give compound A67 (83 mg, 39% vyield) as a white

solid: 99% purity (HPLC); MS m/z: 586.2 (M+1); 'H NMR (DMSOyus, 500 MFlz) § 8.61 (d,
1H), 7.85 (1, 1H), 7.84 (d, TH), 7.49 (t, 1I1), 7.43 {t, 1H), 7.30-7.19 (m, 4H), 7.08-7.02 (m,

3H), 6.73 (d, 2H), 3.82-3.63 (m, 8H), 3.62 (s, 3H), 3.34 (5, 2H), 1.21 (s, 6H) ppm.

Example 50
Synthesis of 4-(2-(difluoromethyl)-1 H-benzold]imidazol-1-y3-N-(2-methyl-1-{2-(piperidin-

4-yhyphenylypropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A68

oy
N )\CHFQ
A

¥

i

SN
§

e

s
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ABS

[00568] reri-Butyl 4-(2-(2-({4-(2~-(diflaoromethyl -1 H-berzoldimidazol-1-y1)-6-

morpholing-1.3,S-riazin-2-yDamino}-2-methyipropyiphenyi}-3,6-dihydropyridine- 12 H)-

carboxyiate was synthesized according to the procedure for A33, substituting N-Boc-1,2,5,6-
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tetrahydropyridine-4-borenic acid pinacol ester in place of pyridinyl-4-boronic acid. The
crude product was purificd by flash chromatography to give fers-butyl 4-(2-(2-((4-(2-
(difluoromethyl)-1 H-benzo|dlimidazol-1-y1)-6-morpholino-1,3,5-triazin-2-yl)amino)-2-
methylpropyl)phenyl)-5,6-dihydropyridine-1(2H)-carboxylate (270 mg, 81% yield) as a
white solid: MS m/z: 586.2 (M+1).

005691 A mixture of the Boc-protected dihydropyridine (215 mg, 0.325 mmol) and 10%
palladium/carbon (22 mg) in methanol was stirred under a hydrogen atmosphere at 50 °C for

3 hrs. The reaction mixture was filtered through Celite. The filtrate was then concentrated

and the residuc was purified by flash chromatography to give 70 mg (33% yield) of rert-butyl
4-(2-(2-((4-{2-(difluoromethyl)-1 H-benzoldlimidazol- 1 -yl)-6-morpholine-1.3,5-triazin-2-
yhamino)-2-methylpropylphenylpiperidine-1-carboxylate as a white solid. MS m/z: 663
(M+1).

[00570] A mixture of the Boc-piperidine intermediate (65 mg, 0.098 mmol) and
trifuoroacetic acid (2 mL) in dichloromethane (Z mL) was stirred at room temperature for 2
hrs. The volatiles were removed under reduced pressure. The residue was diluted with water
and basificd at 0 °C with 1M sodium hydroxide to pH ~ § and cxtracted with
dichloromethane. The combined extracts were dried over sodium sulfatc and concentrated.
The crude product was purified by prep-HPLC to give compound A68 (12 mg, 22% vyicld) as
a white solid: 98% purity (HPLC); MS m/z: 563.3 (M+1); "H NMR (CDCls, 500 MHz) 6 8.37
(d, 1H]), 7.89 (d, 1H), 7.606 (1, IH), 7.41 (m, 2H), 7.33 (d, 1H), 7.28 {t, [H), 7.16 (¢, 1H), 7.07
(d, 1H), 5.16 (5, 1H), 4.00-3.70 {m, 8H), 3.37 (m, 2H), 3.23 (s, 2H), 3.04 (m, 2H), 2.76 (m,
24, 2.03 (m, 2H), 1.80 (m, 211), 1.52 (s, 6H) ppm.
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Exnanple 31
Synthesis of 4-(2-(difhuoromethy -1 H-benzoldlimidazol-1-v1)-N-(Z-methyl- 1 (2-(1-
wethylpiperidia-4-yDphenylpropan-2-yi-6-morpholinoe-1,3,5 -riazin-2-amine A35

(60571} A mixtre of compuund AGE (80 mg, 0.14 mumol), ag. formaldehyde (37%, 23
), and sodivin cyansborohydride (11 mg, 0.7 remol) in methanol (2 mL) was stirred at
roomm twmperature for | e, The crude product was purified by prep-HPLC to give componud
AXS (11 mg, 13% yield) as s white solid: 59% purity (HPLCY; MS mvz: 577.3 (M+1y 'H
NME (CDCls, 500 MHz) 0 8.37 (d, 1H), 7.90 (d, 18), 7.64 (1, 1H), 7.42 (m, 2H), 7.32 (4,
VHY, 7.24 (¢, TH), 713 (1, TH), 7.07 (4, 1H), 5.5 (s, 1§}, 4.00-3.70 (m, 8H), 3.28 {5, 2H),
2.94 {(m, 2H), .78 (m. ZH), 2.28 (s, 3H), 1.89-1.80 (m, 6H), 1.53 (s, 6H) ppm.

Example 52
Synihesis of 4-(2-{dilluoromethyl)-1 #-benzo[dJiridazol-1-y1}-V-(1 (2 L-ethylpiperidin-4-
yhpkeny])- 2-methylpropan-2-yBGmnorpholino-1,3, 5triazin-Z-amine A7

.
‘E:,s AR
i

B
Ny
AT
{00572} A mixture of compovnd A68 (0.14 g, 0.25 mmol), sodium cyanohoeahydride
~223-
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(19 mg, 0.30 mmol), 40% ag. acctaldehyde (2 mL), and diisopropylethylamine (0.16 g, 1.2
mmol) in acctonitrile (10 mL) was stirred at room temperature for 1 hr. The reaction mixturc
was concentrated under vacuum and the residue was purified by prep-HPLC to give
compound A78 (35 mg, 24% yield) as a white solid: 99% purity (HPLC); MS m/z: 591.3
(M+1); 'H NMR (CDCls, 500 MHz) 6 8.37 (d, 1H), 7.90 (d, 1H), 7.64 (1, 1H), 7.41 (m, 2F),
7.35(d, TH), 7.24 (t, 1H), 7.13 (t, TH), 7.07 {d, 1H), 5.17 (s, 1H), 4.00-3.71 (m, 8H), 3.28 (s,
2H), 3.08 (m, 2H), 2.85 (m, 1H), 2.46 (m, 2H), 1.91 (m, 48, 1.70 (m, 2H), 1.53 (s, 6H), 1.11

(t, 3H) ppm.

Example 53
Synthesis of 4-(2-(difluoromethyl)- 1 H-benzo{d|imidazol-1-y1)}-N-(1-(2-(1-isopropylpiperidin-

4-yhphenyi)-2-methylpropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A71

EEN )\CHFZ
W Je
NJ\N/’[\N>< N
o) H
N
A

ATY

160573} A mixture of compound A68 (70 mg, 0.12 mmol), acetone (2 mL),
isopropanol (2 mL), and glacial acetic acid (38 mg, 0.62 mmol) in a scaled vial was stirred at
120 °C for 2 hrs. After the mixture was cooled to room temperature, sodium borohydride (24
mg, 0.62 mmol} was added and the scaled vial wag stirred at 80 °C for another 3 hrs. The
reaction mixture was bagified with saturated aqueous sodium bicarbonate to pH 8. The
volatiles were removed under reduced pressurc and the residue was purified by prop-HPLC to
give commpound A78 (40 mg, 53% vyield) as a white solid: 97% purity (HPLC), MS m/z: 605.3
(M+1); "H NMR (CDCls, 500 MHz) 6 8.38 (d, 1H), 7.91 (4, 1H), 7.64 (t, 1H), 7.49-7.35 (m,
3H), 7.24 (¢, 1H), 7.13 (t, 1H), 7.07 (d, 1), 5.15 (s, 111), 4.01-3.73 (m, 8H), 3.28 (s, 211),
2.97 {m, 2H), 2.80 {m, 2H), 2.05 {m, 2H), 1.78 {m, 2H), 1.70 (m, 2H), 1.53 (s, 61), 1.04 (s,
o) ppm.
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Example 54
Synthesis of 4-(2-(difluoromethyl)-1H-benzo{dfimidazol-1-y1)-N-(2-methyl-1-(2-(1-
acetylpiperidin-4-yl)phenylypropan-2-y1)-6-morpholino-1,3,5-triazin-2-amine A72

AT2

(605741 A mixture ot compound A68 (50 mg, 0.089 mmol), acetyl bromide {22 mg,
0.18 mmol), and tricthylaminc (27 mg, 0.27 mmol} in dichloromethanc (2 mL) was stirred at
room temperature for 2 hrs. The volatiles were removed under vacuum and the residue was
purificd by prep-HPLC to give compound A72 {26 rag, 48% yield) as a white solid: 99%
purity (HPLC); MS m/z: 605.3 (M+1); 'H NMR (CDCys, 500 MHz) 6 8.36 (d, 111), 7.91 (d,
THY, 7.64 (1, 1H), 7.42 (m, 2H), 7.28-7.20 (m, 2H), 715 (t, TH), 7.08 (d, 1H), 515 (s, IH),
4.78 (m, 1), 4.00-3.74 (n, OH), 342 (d, 1H), 3.20(d, 1H), 3.05 (m, 1H), 2.97 {m, 1H), 2.48
(m, 1H), 2.10 (s, 3H), 1.79-1.58 (m, 4H), 1.57 (s, 3H), 1.50 (s, 3H) ppm.

Example 55
Synthesis of 4-(2-(difluoromethyl)-1 H-benzo[dlimidazol-1-y1}-N-(2-methyl-1-(2-(1-

(methylsulfonyl) piperidin-4-yhphenylypropan-2-yl)-6-morphelino-1,3,5-triazin-2-aminc A73

= N»\CE-{_E‘E
|
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[00575] A mixture of compound A8 (50 mg, 0.089 mmol), methancsulfonyl chloride
(51 mg, 0.44 mmol), and tricthylamine (90 mg, 0.89 mmol) in dichloromethane (4 mL) was
stirred at room temperature for 1 hr. The volatiles were removed under vacuum and the
residue was purified by prep-HPLC to give compound A73 (22 mg, 38% yield) as a white
solid: 99% purity (HPLC); MS m/: 641.3 (M+1); "H NMR (CDCls, 500 MHz) 6 8.37 (d, 1H),
7.91(d, 1H), 7.63 (t, 11), 7.42 (m, 2H), 7.27 (m, 2H), 7.17 (m, 1H), 7.08 (d, 1H), 5.18 (s,
1H), 3.97-3.71 (m, 10H), 3.29 (s, 2F), 2.92 (m, 1H), 2.76 (s, 3H), 2.59 (m, 2H), 1.90-1.74 (m,
4H), 1.52 (s, 6H) ppm.

Example 56

Synthesis of 4-(2-{difluoromethyl}-1 H-benzo[d]imidazol- 1-y1}-N-{2-methyl- 1-(2-(pyrrolidin-

3-ylyphenylypropan-2-y1)-6-morpholino-1,3,5-triazin-2-aminc A74
PN
N7 CHE,
N™™N =
» |

Ak M

b
~-NH
A4
[00576] Compound A74 was synthesized according to the procedure for compound

AB8, substituting N-Boc-2,5-dihydropyrrole-4-boronic acid pinacol ester in place of N-Boc-
1,2.5,6-tetrabydropyridine-4-boronic acid pinacol ester. The crude product was purified by
prep-HPLC to give compound A74 (13 mg) as a white solid: 92% purity (HPLC); MS m/z:
549 (M+1); '"H NMR (CDCj3, 500 MHz) § 8.39 (d, 15), 7.90 (d, 1H), 7.67 (t, 1H), 7.42 (m,
2H), 7.35 (d, 1), 7.27 (t, 11, 7.14 (1, 1¥), 7.05 (d, 1¥1), 5.23 (s, 1H), 3.97-3.74 (m, 8H),
3.68 (m, 1H), 3.47-3.25 {m, 41), 3.17 (m, 1H), 2.93 {m, 1H), 2.25 (m, TH), 1.92 (m, 1H),
1.51 (s, 6H) ppm.
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Example 57
Synthesis of 4-(2-(difluoromethyl)-1H-benzoldfimidazol-1-yl)-N-(2-methyl-1-(2-(1-
methylpyrrolidin-3-ylphenylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-aminc A75

N
N
ATS
100577} Compound A75 was synthesized according to the procedurce for compound

A69, substituting A74 in place of compound A68. The crude product was purified by prep-
HPLC to give compound A75 (21 mg) as a white solid: 98% purity (HPLC); MS m/z: 563.4
(MA1); "H NMR (CDRCl,, 500 MElz) 6 8.40 (d, J = 7.5 Hz, 1H), 7.91 (d, /= 7.5 Hz, 1H), 7.65

7.01(d,J=7.5Hz, 1H), 5.19 (s, TH), 3.97-3.70 (m, 9H), 3.32 (s, 2H), 2.98 (m, 1), 2.85 (m,
1H), 2.72 (m, 1H), 2.48 (m, 1H), 2.43 (s, 3H), 2.34 (m, 1H), 1.88 (m, 15), 1.51 (s, 3H), 1.48
(s, 3H) ppm.

Examplc 58
Synthesis of 4-(2-(difluoromethyl)-1H-benzold [imidazol-1-y)-N-(1-(2-(3-
{dimethylamino)propylyphenyl)-2-methylpropan-2-yl)-6-morpholino-1,3,5-triazin-2-amine

AT6

AT6
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[00578] A solution of compound A17 (0.30 g, 0.54 mmol), | -dimethylamino-2-
propyne (0.13 g, 1.6 mmol), bis{triphenylphosphine)palladium(I1) chloride (76 mg, 0.11
mmol), and cuprous iodide (21 mg, 0.11 mmol) in NN -dicyclohexylmethylamine (12 mL)
was stirred at 150 °C for 24 hrs. After cooling to room temperature, the mixture was diluted
with water and extracted with cthyl acctate. The combined organic fractions were washed
with watcr, dricd over sodium sulfate, and concentrated under vacuum to give crude 4-(2-

(ditftuoromethyi -1 H-bevro|dlivudazol- oy B-N-(1-(2-{3-(dimothylamineprop- Lyn- | -

~ N7

T

yhphenvly-Z-maethyipropan-Z-vii-6-morphobne-1,3, 5-trnamn-2-amine (200 mg) as yvellow otl,

which was used directly in the next step without further purification: MS m/z: 561 (M+1).

[00579] A mixture of the crude alkyne (120 mg, 0.21 mmol) and 10% Pd/C (40 mg) in
methano! (30 mL) was stirred under hydrogen at room temperature overnight. The reaction
mixture was filtered through Celite and the filtrate was concentrated under vacuum. The
residuc was purificd by prep-HPLC to give compound A76 (20 mg, 17% yicld) as a white
solid: 98% purity (HPLC); MS m/z: 565.3 (M+1); 'H NMR (CDCls, 500 MHz) § 8.41 (d, 18),
7.90 (d, 1H), 7.69 {t, 1), 7.42 (m, 2H), 7.20 (m, 2H), 7.13 (m, 1H), 7.05 (d, 1H), 5.31 (s,
1H), 3.95-3.75 {m, 8H), 3.26 (s, 2H), 2.80-2.24 (m, 10H), 1.88 (m, 2H), 1.51 {s, 6H) ppm.

Example I

A luciferase-based luminescence assay

[60580] PI3K catalyzes the conversion of phosphatidylinositol-4,5-bisphosphate (P1P2)
and ATP to phosphatidylinositol-3,4.5-trisphosphate (PIP3) and ADP. For all assays, the
reaction buffer comprised 50 mM HEPES, pH 7.5, 3 mM MgCly, 1 mM EGTA, 100 mM
MNaCl, 0.03% CHAPS and 2 mM DTT. Compounds for testing were dissolved and sevially

diluted in 100% DMSO (total of 10 concentrations), then diluted 1:25 in reaction buffer.

[005811 PI3K alpha and PI3K delta enzymatic activity was determined by measuring
the amount of ATP consumed following the kinase reaction using a luciferase-based
luminescence assay {Kinase Glo®, Promega Corp., Madison, Wi, USA). PI3K canzyme
solutions were prepared by diluting P13K alpha {(Invitrogen Corp., Carlsbad, CA, USA) or
PI3K delta (Millipore, Billerica, MA, USA } in reaction buffer, to 4x the final assay
concentration {final concentrations of cnzymes were 1.65 nM and 6.86 nM for PI3K alpha
and P13K delta, respectively). A substrate solution was prepared by mixing PiPs and ATP in

reaction buffer at 2x the final assay concentration (final concentrations were 30 uM and 25
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uM for PIP; and ATP respectively). 2.5 ul cach of the compound and kinase mixtures were
added to individual wells of white low volume 384-well assay plates and mixed by shaking.
The reactions were started by adding 5 nL of substrate mixture per well and shaking, The
assay plates were covered and reactions were allowed to proceed for 1 hour (PI3K alpha) or 2
hours {PI3K delta), after which 10 pL. of Kinase Glo® reagent was added. The plates were
briefly centrifuged and incubated for 10 minutes, after which luminescence was measured
using a FlexStation plate reader (Molecular Devices, Sunnyvale, CA, USA). 1Ty, values were
determined by curve fitting using Graphpad Prism software {Graphpad Software, La Jolla,
CA, USA).

[00582] PI3K beta and gamma enzymatic activity was determined by measuring the
amount of ADP produced following the kinase reaction using a luciferase-based
lumincscence assay (ADP Glo®, Promega Corp., Madison, WI, USA). PI3K enzyme
solutions were prepared by diluting PI3K beta (Millipore, Billerica, MA, USA) or PI3K
gamma (Invitrogen Corp., Carlsbad, CA, USA) in reaction buffer, to 4x the final assay
concentration {final concentrations of cnzymes were 4.8 aM and 7.6 oM for PI3K beta and
PI3K gamma respectively). A substrate solution was prepared by mixing P1P; and ATP in
reaction buffer at 2x the final assay concentration (final concentrations were 50 uM and 25
uM for PIP; and ATP respectively). 2.5 ul each of the compound and kinasc mixtures were
added to individual wells of white low volume 384-well assay plates and mixed by shaking.
The rcactions were started by adding 5 uL of substrate mixture per well and shaking. The
assay plates were covered and reactions were allowed to proceed for 1 hour. Then, 5 ul of
reaction mix was transferred to another whitc low volume 384-well plate, and 5 nL of ADP-
Glo™ reagent was added. The plates were bricfly centrifuged and incubated for 40 minutes,
after which 10uL of kinase detection buffer was added. The plates then were centrifuged
briefly, shaken slowly and equilibrated at room temperature for 30 minutes, after which
lumineseence was measured using a FlexStation plate reader (Molecular Devices, Sunnyvale,
CA, USA). 1Cs, values were determined by curve fitting using Graphpad Prism software

(Graphpad Software, La Jolla, CA, USA).

[00583] The biological results of inhibition of cnzymatic activity of P13Ky are
summarized in Table 1, wherein A represents a value no greater than 100 nM, B represents a
value greater than 100 nM but less than 200 nM, C represents a value no less than 200 nM

but no greater than 560 oM, and D represcnts a valuc greater than 500 nM; and wherein A’
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represents a ratio of greater than 20, B’ represents a ratio of no greater than 20 but no less
than 10, C” represents a ratio of no greater than 10 but no less than 5, and D’ represents a

ratio of no greater than 5.

TABLE 1. Biological Activity

1Cy ws | B | W | oip
Lompound - . . . oy
pii6e | pl16p | p116y | p110s | mToRr | T340 | ratio | ratio | yatie
Ref. 1 B B D’
Al D A c
A2 D D D c D » | A || >
A3 D D D’
A5 D D B c D ¢ |l o | v |
A6 D D B
AT D D C B | b Lo iAol
AB D D C
AS D D D
Al c A D’
INY D C D’
A13 D D N
A4 D A c A D A DA A
Al D B D A D Al o la o
Al6 D A ¢ A D Al oA
ALT D A C A D A DB | A
Al D A C A D Al | B | oA
A19 D C ¢ A D B Bl B | D
A29 D B D B D ANl | o |
A2 D B D A D Al A lc
A2 D B C A D Al e A
423 D ¢ c A D B » | ¢ | b
A4 D D C B D D C D | D
A25 D D D ¢ D A || »
A26 C A B B D » |||
A27 D A A A D Al | p | B
A20 D D D C D c A |l p | p
A30 D C D B D A | p | b | B
A33 C A C A D Al | A | o




WO 2012/135160 PCTIUS2012/036640

1Cs os | B | ys | o/B
Compound —— , , : ratio | ratic | ratio | ratis
piibo | pli08 | 2110y | pliGs |  mTOR

A35 D C D A D A A A’ B
A39 D A C A D A D’ B A’
AdD C A C A D A’ D’ A’ B
A4l D D D A D A A A D
A43 C A D A D A’ D A A
Add C A B A D A’ D’ A’ A
Ads B A C A D A 1 A A
Add C A D A D A {23 A A’
A47 C B D A |3 A B A D
A49 D A C A D A’ D’ C A
A58 | D A D A D AL oA R
A& ; D D C A D A’ B o D
AS2 B D A A D C B’ D’ D’
ABS D C D A D A A A’ C
A8 D A D A D A 2 A’ A
Abl D A D A D A D A’ A’
Ab6Z D D D A B A A A’ "
A63 C A C A D A A’ A’ b
A64 D A D A D A’ B A A’
A5 D A B A D A’ D’ D’ A’
466 D D D A b A A’ A° D’
A7 D C D A D A 13 A° D
A68 D D D A D A’ A A’ D’
ATD D D 19 A D A’ A’ A’ C
ATl D D 13 A D A’ A A B’
AT2 B A A A G A Ia) C N
AT C A B A D A D B’ A’
ATT4 D D D A > A° A A’ D
ATS [y D D] A D A A’ A [0
ATh D C D A D A’ A A’ e

[00584] In Table I, the o/6 ratio is the ratio of the ICsq value of a compound against

PK3Ka over the ICsy value of the same compound agamst PK3KJ; and Ref. 1 is N-benzyl-4-

(2-(difluoromethyl)-1/H-benzo[dlimidazol- 1 -yD)-6-morphelino- 1.3, 5-triazin-2-amine,
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Example IT
ELISA assay for PI3K

[00585] Cellular PI3KP activity was determined by measuring the phosphorylation of
AKT (Serd73) using an in-cell ELISA assay. PC-3 (prostatc carcinoma) cells were obtained
from ATCC (ATCC # CRL-1435). Growth medium was DMEM (CellGro # CV-10-013-CV)
supplemented with 10% fetal bovine serum, 100 IU/mL penicillin, 100 pg/mL streptomyecin,
and 1x MEM non-cssential amino acids. Phosphate buffered saline (PBS) contained 2.7 M
NaCl, 54 mM KCl, 86 mM NazPO4 (dibasic, anhydrous), 28 mM K;P04 (moncbasic,
anhydrous), pH 7.2, 10x stimulation mixture contained 50 pM LPA (Cayman # 62215)
difuted in serum-free DMEM mediuom (CellGro # CV-10-013-CV). Compounds for testing
were dissolved and serially diluted 1n 100% DMSO (total of 10 concentrations), then diluted

in serum-free DMEM to 2x final assay concentration. 2x fixative solution contained 8%
formaldchyde (Amresco # M134) diluted in PBS.  Permeabilization solution contained PRS
supplemented with 0.1% Triton X-100. Blocking buffer was obtained from LiCor (LiCor #
927-40000). Wash buffcr contained PBS supplemented with 0.1% Tween-20. Primary
antibody solution was rabbit anti-pAK T monoclonal antibody (Cell Signaling # 4060) and
mouse anti-total 36 (Santa Cruz # 74459) diluted 1:500 and 1:2000, respectively, in blocking
buffer. Sccondary antibody solution was IRDye 800CW-conjugated goat anti-rabbit fpG
(LiCor # 926-32211) and IRDye 680LT-conjugated goat anti-mouse 1gG (LiCor # 926-68020)
diluted 1:2000 and 1,1000, respectively, in blocking buffer,

[00586] PC-3 cells were subcultured 1n growth medium and seeded into flat, clear
bottom, 96-well plates (Corning # 3904) at 16000 cells/well, then incubated overnight in a
37 °C, 5% COq incubator. Growth medium in plates was replaced with 100 pl/well serum-
free DMEM and mcubated overnight in a 37 °C, 5% CO; incubator. 50 pL/wcll of fresh
serum-frec DMEM was added to plates. Compound treatment was performed by adding 50
wL/well of 2x compound mixture to plates and incubating for 2 hrs at 37 °C, 5% CO,, after
which 11 ub/well of 10x stimulation mixture was added and plates were incubated for 10 min
at 37 °C, 5% CO,. Fixation was performed by adding 110 ul/well of 2x fixative solution to
plates and incubating for 20 min at room temperature. Peymeabilization was performed by
replacing fization solution with 150 ul/well permeabilization solution and incubating for 10
min at room temperature, Permeabilization was repeated (for a total of 2 times).

Permeabilization solution was replaced with 100 pL/well blocking buffer and plates were
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incubated for I hr at room temperature, after which 100 uL/well of primary antibody solution
was added and plates were incubated overnight at 4 °C. Plates were washed with wash buffer,
after which 100 pL/well of secondary antibody solution was added to the plates and

incubated in the dark for 1 hr at room temperature. Platcs were washed with wash buffer,
followed by a wash with PBS. After completely removing PBS, plates were scanned on the
Licor Odyssey Imager. Images quantified using Licor Odyssey application software. 1Csy
valucs were determined by curve fitting using a Collaborative Drug Discovery database

{www.collaborativedrug.com).

Example i}

ELISA assay for PI3KS

[00587] Cellular PI3K4 activity was determined by measuring the phosphorylation of
AKT (Thr308) using a sandwich enzyme-linked tmmunosorbant assay (ELISA). Raji
(Burkitt’s Lymphoma) cclls were obtained from ATCC (ATCC # CCL-86). Phosphate buffer
saline (PBS) contained 2.7 M NaCl, 54 mM KCI, 86 mM Na;POy (dibasic, anhydrous), and
28 mM P04 (monobasic, anhydrous) at ptl 7.2, Wash buffer contained PBS supplemented
with 0.05% Tween-20. Blocking buffer contained wash buffer supplemented with 1% BSA.
A 10x stimulation mixture contained 5 pg/mL anti-Human IgM antibody (Sigma # 12386)
diluted in scrum-~frec RPMI medium (CeliGro # CV-10-040-CV). Compounds for testing
were dissolved and serially diluted in 100% DMSO (total of 10 concentrations), and then

diluted in serum-free RPMI to 5 x final assay concentration.

[00588] Raji cells were subcultured in RPMI medium supplemented with 10% fetal
bovine serum, 100 1U/mL penicillin, 100 pg/mb streptomyecin, and 1x MEM non-cssential
amino acids. Sandwich ELISA plates were preparcd by coating 96-well assay plates (Pierce
# 15042) with 100 pL/well capture antibody (Cell Signaling Technology # 7142 or 7144)
diluted in PBS. Plates were incubated overnight at 4 °C, then washed with wash buffer, after
which 200 pL/well blocking buffer was added to the plates and incubated at room
temperature for at least 2 hrs. Raji cells were resuspended in serum-free RPMI medium and
seeded info V-bottom, 2-mL 96-well blocks (Corning # 3961} at 10° cells/well, then
incubated for 2 hrs in a 37 °C, 5% CO, incubator. Compound treatment was performed by
adding the 5 x compound mixture to the cells and incubating for 2 hrs at 37 °C, 5% CO,, after

which the 10x stimulation mixture was added to the platcs and incubated for 30 min at 37 °C,
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5% CO,. Cells were pelleted by centrifuging plates at 1500 RPM for 5 min at room
temperature. Media was carefully removed and cells were lysed by adding 100 ul/well cell
Jysis buffer (Cell Signaling Technology # 9803) supplemented with protease and phosphatase
inhibitors (Thermo Fisher # 78443). Plates were incubated on 1ce for 30 min, then the lysates
(80 pL for pAKT™ 10 uL for total AKT) were transferred to prepared assay plates and
incubated at 4 °C overnight. After washing plates with wash buffer, 100 ui/well detection
antibody (Cell Signaling Technology # 7142 or 7144) diluted in blocking buffer was added to
the plates and incubated for | hrat 37 °C. Plates were washed and 100 ul/well of HRP-
conjugated secondary antibody (Ccll Signaling Technology # 7142 or 7144) diluted in
blocking buffer was added to plates and incubated for 1 hr at rcom temaperature. Plates were
washed with wash buffer and 100 pL/well of luminescent substrate was added to plates.
After 1 min on a plate shaker at medium speed, luminescence was read on a Wallac Victor2
plate reader. 1Csg values were determined by curve fitting using a Collaborative Drug

Discovery database (www.collaborativedrug.com).

Example IV
ELISA assay for P13Ka

[00589] PI3K alpha (PI3Ka) activity was determined by measuring the

phosphorylation of AKT (Thr308) using an in-cell ELISA assay. MDA-MB-453 (breast
carcinoma} cells were obtained from ATCC (ATCC # HTB-131). Growth medium was
DMEM (CeliGro # CV-10-013-CV) supplemented with 10% fetal bovine serum, 100 fU/mL.
penicillin, 100 pg/mL streptomycin, and | x MEM non-essential amino acids. Phosphate
buffered salinc (PBS) contained 2.7 M NaCl, 54 mM KCI, 86 mM Nas;PO, (dibasic,
anhydrous), and 28 mM K;PQOy4 (monobasic, anhydrous) at pH 7.2, Stimulation mixture (10 x)
was 1000 ng/mL LONG® R human IGE-1 (Sigma # 11271) diluted in serum-free DMEM
medium (CellGro # CV-10-013-CV). Compounds for testing were dissolved and serially
diluted in 100% DMSO (total of 10 concentrations), then diluted in serum-free DMEM (o 2 x
final assay concentration. Fixative solution (2 x) was 8% formaldchyde (Amresco # M 134)
diluted in PBS. Pcrmeabilization solution was PBS supplemented with 0.1% Triton X-160.
Blocking buffer was obtained from LiCor (LiCor # 927-40000). Wash buffer was PBS
supplemented with 0.1% Tween-20. Primary antibody solution was rabbit anti-pAK T
monoclonal antibody (Cell Signaling # 2965) and mouse anti-total S6 {(Santa Cruz # 74459)

diluted 1:500 and 1:2000, respectively, in the blocking buffer. Secondary antibody solution
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was IRDye 800CW-conjugated goat anti-rabbit [gG (LiCor # 926-32211) and IRDye 680LT-
conjugated goat anti-mouse 1gG (LiCor # 926-68020) diluted 1:1000 and 1:2000, respectively,

in the blocking buffer.

‘{00590} MDA-MB-453 cells were subcultured in growth medium and secded into flat,
clear bottom, 96-well plates (Corning # 3904) at 40000 cells/well, then incubated overnight
in a 5% COy incubator at 37 °C. Growth medium in plates was replaced with 100 pL/well
serum-frec DMEM and incubated overnight at 37 °C in a 5% CO; incubator. Fresh scrum-
free DMEM (50 pL/well) was added to plates. Compound treatment was performed by
adding 50 ul/well of 2 x compound mixture to plates and incubating for 1 hr at 37 °C and 5%
COy, after which 11 pL/well of 10 x stimulation mixture was added and plates were
incubated for 10 min at 37 °C and 5% CO,. Fixation was performed by adding 1106 plL/well
of 2 x fixative solution to the plates and incubating for 20 min at room tempcrature.
Permeabilization was performed by replacing fixation solution with 150 nL/well
permeabilization solution and incubating for 10 min at room temperature, Permeabilization
wags repeated (for a total of 2 times). Permeabilization solution was replaced with 100
pl/well blocking bufter and plates were incubated for 1 hour at room temperature, after
which 100 uL/well of primary antibody solution was added and plates were incubated
overnight at 4 °C. Plates were washed with wash buffer, after which 100 uL/well of
secondary antibody solution was added to the plates and incubated in the dark for 1 hr at
room termperaturce. Plates were washed with wash buffer, followed by a wash with PBS.
After completely removing PBS, plates were scanned on the Licor Odyssey Imager. Images
were quantified using Licor Qdyssey application software. 1Csy valucs were determined by

curve fitting using a Collaborative Drug Discovery database (www.collaborativedrug.com).

Examplc V
FLISA assay for PI3Ky

[00591] PI3K gamma (P13Kly) activity was determined by mcasuring the
phosphorylation of AKT (Ser473) using an in-cell ELISA assay. RAW 264.7 {mouse
macrophage) cells were obtained from ATCC (ATCC # TIB-71). Growth medium was
DMEM (CellGro # CV-10-013-CV) supplemented with 10% fetal bovine serum, 100 IU/mL
penicillin, 100 pg/mi streptomycin, and 1 x MEM non-cssential amino acids. Phosphate

buffercd saline (PBS) contained 2.7 M NaCl, 54 mM KCl, 86 mM NasPO4 (dibasic,
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anhydrous), and 28 mM K3POy4 (monobasic, anhydrous) at pH 7.2. Stimulation mixture (10
x) was 500 ng/mL recombinant human complement component CSa (R&D systems # 2037-
C5-023) diluted in serum-free DMEM medium (CellGro # CV-10-013-CV). Compounds for
testing were dissolved and serially diluted in 100% DMSO (total of 10 concentrations), then
diluted in serum-free DMEM to 2 x final assay concenfration. Fixative solution (2 x) was 8%
formaldehyde (Amresco # M 134} diluted 1n PBS. Permcabilization solution was PBS
supplemented with 0.1% Triton X-100. Blocking buifer was obtained from LiCor (LiCor #
927-40000). Wash buffer was PBS supplemented with 0.1% Tween-20. Primary antibody

solution was rabbit anti-pAKTS*"

monocional antibody (Cell Signaling # 4060) and mousc
anti-total 86 (Santa Cruz # 74459) diluted 1:500 and 1:2000, respectively, in the blocking
buffer. Sccondary antibody solution was IRDye 800CW-conjugated goat anti-rabbit IgG
(LiCor # 926-32211) and IRDye 680LT-conjugated goat anti-mouse 1gG (LiCor # 926-68020)

diluted 1:1000 and 1:2000, respectively, in the blocking buffer.

[00592] RAW 264.7 cells were subcultured in growth medium and seeded into flat,
clear bottom, 96-well plates (Corning # 3904) at 70000 cells/well, then incubated overnight
ina37°C, 5% CO; incubator. Growth medium in plates was replaced with 100 ul/well
serum-free DMEM and incubated overnight in a 37 °C, 5% CO; imcubator. Fresh scrum-free
DMEM (50 ul/well) was added to plates. Compound treatment was performed by adding 50
wl/well of 2 x corapound mixture to plates and incubating for 2 hrs at 37 °C, 5% CO,, after
which 11 pL/well of 10 x stirnulation mixture was added and plates were incubated for 3 min
at 37 °C, 5% CO,. Fixation was performed by adding 110 uL/well of 2 x fixative solution fo
plates and incubating for 20 min at room temperature. Permeabilization was performed by
replacing fixation solution with 150 pL/well permeabilization sofution and incubating for 10
min at room temperature. Permeabilization was repeated {for a total of 2 times).
Permcabilization solution was replaced with 100 pL/well blocking buffer and plates were
incubated for 1 hr at room temperature, after which 100 uL/well of primary antibody solution
was added and plates were incubated overnight at 4 °C. Plates were washed with wash buffer,
after which 100 pL/well of secondary antibody solution was added to the plates and
mcubated i the dark for | hr at room temperature. Plates were washed with wash buffer,
followed by a wash with PBS. After completely removing PBS, plates were scanned on the
Licor Odysscy Imager. Images were quantified using Licor Odyssey application software.
1Csy values were determined by curve fitting using a Collaborative Drug Discovery database

(www.collaborativedrug.com).
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[00593] The biological results of inhibition of cellular enzymatic activity of PI3Ks are

summarized in Table 2, wherein A, B, C, D, A’, B, C’, and D arc each as defined in Table 1.

TABLE?2
1Cy o/d B3/6 v/ aff
Compound . . . ;
p1 0o pl168 pli®y | pligs ratic rafio ratio ratio
A4 D A C A A A’ A B’
415 D A C A A’ 8 A C
Alé D A D A A A A’ B
AL7 C A A’
A18 D A C A A A’ A’ C
AlY A A I3y
A2 D B C A A’ A’ A’ A
A2Z D A C A A A A C
A23 A
A4 A
AZS A
AZT A A 19}
A33 A A A’ A’
A3S D A C A A’ A A A
A39 D A B A A A A
A40 ) A C A A’ A A A’
Adl D B D A A A A’ B
A43 D A C A A’ A’ A C
Add D A A A’ A A’ &
A48 C A A A A’ B’ A’ A’
A46 D A C A A’ B’ A’ A’
A4S D A ¢ A A’ B’ A’ B
ASH D A C A A A A B
ASBY D B3 B A A A’ C
AST D A B A A° D A e
ASS D B D A A A A’ A
AGD D C 8] A A A’ A’ A
A6l D B D A A A’ A A’
ABZ D A C A A A A’ A
AB3 D A Iy A A° A’ A’ A
Ab4 D A | D A A’ A A A
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ICs ol B8/4 v/6 a/p
Compound . . ; .
plida p1168 110y | pli0s ratio ratio ratio ratio
A6B D A C A A’ B’ A’ A’
Abb Iy B D A A’ A’ A’ A’
AH7 D C D A A’ A’ A A’
AG8 D A C A A’ A’ A’ A’
AT8 D A D A A’ A’ A’ A’
AT D A D A A’ A A A’
AT2 C A A A A’ A A’ A’
AT3 C A A A A &) A A’
AT4 D A C A A C A A2
ATS D A B A A’ B A’ A
Ao D A D A A A’ A A
o % K %
[00594] The examples set forth above arce provided to give those of ordinary skill in the

art with a complete disclosure and deseription of how to make and use the claimed
embodiments, and are not intended to limit the scope of what is disclosed herein.
Modifications that arc obvious to persons of skill in the art are intended to be within the
scope of the following claims. All publications, patents, and patent applications cited in this
specification arc incorporated herein by reference as if each such publication, patent or patent
application were specifically and individually indicated to be incorporated herein by

reference.



What is claimed is:

1. A compound of Formula I:
Ri

Rz\lj N N

g \

N)\R()
R3 X4L‘EY RSd RSS
Sc

(\’\N \Z)\N e
O\ Ho gsags

R4

@

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof,
wherein:

X, Y, and Z are each independently N or CR¥, with the proviso that at least
two of X, Y, and Z are nitrogen atoms; where R*is hydrogen or C; alkyl;

R! and R? are each independently (a) hydrogen, cyano, halo, or nitro; |
(b) Cy.6 alkyl, Cy alkenyl, Cos alkynyl, Cs.1 cycloalkyl, Cq.14 aryl, C;.;5 aralkyl, heteroaryl,
or heterocyelyl; or (c) C(O)R'?, ~C(OYOR™®, ~C(O)NR'PR, -C(NR')NR'*R", ~OR %,
—OC(O)R"™, ~OC(O)OR®, ~OC(ONR'PR, —~OC(=NR')NR'"R'®, ~OS(O)R %, ~OS(0),R ",
~OS(O)NR'®R®, ~OS(0),NR'R'®, -NR®R!®, -NR*C(O)R!, ~NR*C(O)OR'¢,
~NR™C(O)NR'™R, -NR"*C(=NR')NR'’R'®, -NR"*S(0)R !¢, -NR*S(O),R ¢,
~NR'S(O)NR'PR", -NR'*S(0},NR"R ¢, -SR? —S(O)R'?, —=S(O),R ¢, ~S(O)NR'°R°, or
~S(0)NR"R'®; wherein each R', R'®, R, and R is independently (i) hydrogen;
(i1) Cy.6 alkyl, Cy.6 alkenyl, Co alkynyl, Cs. 19 cycloalkyl, Ce.14 aryl, Cy.i5 aralkyl, heteroaryl,
or heterocyclyl; or (iii) R'® and R'® together with the N atom to which they are attached form
heterocyclyl;

R* and R* are each independently hydrogen or Cy. alkyl; or R® and R* are
linked together to form a bond, Cy.¢ alkylene, C;¢ heteroalkylene, Cy4 alkenylene, or
Cy.¢ heteroalkenylene;

R is (a) hydrogen or halo; (b) Ci. alkyl, Cy.¢ alkenyl, Co.6 alkynyl,
Cs.10 cycloalkyl, Cq.14 aryl, Cr.15 aralkyl, heteroaryl, or heterocyclyl; or (¢) ~C(O)R™?,
~C(O)OR™, ~C(O)NR'R', -C(NR'™)NR'®R®, ~OR"®, ~OC(O)R", —~OC(O)OR",
~OC(O)NR'R'®, —~OC(=NR™NR'"R", ~OS(O)R", ~OS(O),R ¢, ~OS(O)NR*R’®,
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—OS(0RNR PR, NRPR' -NR™MC(OR", -NRM“C(OYOR ™, -NRP*C(OINR'PR,
>>>>> NRJ&(&(:}\RId)NRlOR]L _NRE‘LQ(O)RId _‘\“J}{LIS(O)QR id _»\‘RI ).‘S(O)NRH)RIC

R s (a. y halo; (b) Ci6 aikyl, Cos aikcn_yi, Cag aikynyi, Ci10 cyc]oalky},
Co.14 ai*yi (‘7 I5 aralkyl heieroaryi or hc’{crocyclv , or (o) —~C{OWR™, —C(O)ORf .

—0(',( NR“)\IR“’R“ —O%(G)R“ —08(0)7}1“ OS(O)NR“’R“ ~08 (f));NR”’R NR“’R‘“,
NRMCO)RY, -NRPCOIORY, -NRPC(OINRPR'S, -NR“CENRINRPR,

—-NR“V(O)R% SNRMS(0),RY, -NRPS(OYNR'PR'S, - NRY¥S(0),NR PR, -SR'%, —S(O)R%,
~SORR™, -SOINR'PR®, or ~S(0),NR PR,

R is ~(CRYR8),—(Ce.y4 aryl) or «(CRVR %), ~heteroaryl;

R’ and R are cach independently () hydrogen or halo; (b) Cy.¢ alkyl,
T alkenyl, Cop alkynyl, Gy cycloalkyl, Cog aryl, Cqy5 aralkyl, heteroaryl, or heterocyelyl;
or (¢) ~C(OR", ~C(OIORY, ~CEOINR R, -C(NR*INR PR, ~OR*, ~OC(O)R",
~OC(OYOR™, —OC(OINR R, —OCE=NRMNR PR, ~OS(0)RY, ~OS(0),R ™,
~OS(O)NR RS, —OS(0)NR PR, -NR'PRS, ~NR"C(O)R'Y, -NR™C(OYOR ",
-~»NR“‘(‘(()" NRPR!'® _NR*C(=NR'NRR'C -NRUS(ORM, -NRS(O),R Y,

NRESOINR RS, - NR*S(0),NR "R, -8R, ~S(OIR™, - S(O)R", ~S(OYNR'PR', or

—o(O)zNR“’R“;

R*" and R7# are each independently (a) hydrogen or halo; (b) Ci alkyl,
Cre alkenyl, Cy alkynyl, Cag cybl{mik}l C()- 14 'aryl Cras aralky} heteroaryi or hctcrocyc]yi;

~--o<.(o)o(<‘~‘, ——OQ(O}NR”’R ~OC(= NR“)NR”’R“ --OS(U)R“ ~-O‘S(O};R“
~OS(CINR PR, ~OS(0),NR "R, -NRIRY -NRMCORY, -NRMC(O)YOR,
SNRPCOINRPR', -NR*CENRONRIPR, NRUS(OIR'Y, —NR*S(0),RY,
“%0 \JRJbR]“ ~NR! {P((})yNR”’P]C ~SR™ -f*(@)R"‘, —»S{O)vr?'“ —S(Q)NR”’R[“‘

the same carbon atom, the R* and R together with the carbon atom to which they arc
attached form a Cz.g cycloalkyl or heterocycelyl;

R is hydrogen, Ci alkyl, =S~ 1 alkyl, =S(0)-C\.¢ alkyl, or
-80,-C, 4 alkyl;

mis Qorl;and

nis0,1,2,3, 0r4;
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wherein each alkyl, alkylene, heteroalkyliene, alkenyl, alkenylene,
heteroalkenylene, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, and heterocyclyl in R', R”, R?,
rRYRS RS R™ R R RY, R™ R, R™ R™ R, RY, and R*® is optionally substituted with
onc or more, in one embodiment, one, two, three, or four, substituents Q, wherein cach
substituent Q is independently selected from (a) oxo, cyano, halo, and nitro; (b) Cy4 alkyl,
Cog alkenyl, Co alkynyl, Cao cycloalkyl, Co g aryl, Cq5 aralkyl, heteroaryl, and
heterocyelyl, each of which s further optionally substituted with one or more, i onc

embodiment, one, two, three, or four, substituents Q% and (¢} —C(O)R*, -C(GIOR",

SNRMC(OIRY, -NRCOYORY, -NR*C(OINRR®, -NRC(=NRHNR RS, -NR*S(O)RY,
“NR'S(0),RY, ~NR'S(OINR RS, -NR*S(0),NRR®, —SR*, ~S(O)RY, —S(0 )R, ~S(OINRR?,
and —S(0),NRRS, wherein each RY, R®, R®, and RY is independently (i) hydrogen;
(11) Cy 5 alkyl, Cop alkenyl, Cyq alkynyl, Cs.6 cycloalkyl, Cqi4 aryl, Cq5 aralkyl, heteroaryl,
or heterocyclyl, cach of which 1s {urther optionally substituted with one or more, 1m one
embodiment, one, two, three, or four, substituents Q% or (jii) R” and R® together with the N
atom to which they are attached form heterocyclyl, which is further optionally substituted
with one or more, in onc embodiment, one, two, three, or four, substituents Q%

wherein each Q" is independently selected from the group consisting of (a) oxo,
cyano, halo, and nitro; (b) Ci alkyl, Cog alkenyl, Cy alkynyl, Csyo cycloalkyl, Ty aryl,
Co.1s aralkyl, heteroaryl, and heterocyelyl; and (¢} —C{O)R®, —C(OYOR®, —C(O)NR'RE,
—C(NRYNRRE, ~OR®, ~OC(O)RY, —“OC(OYOR®, —OC(O)NR'RE, —OC(=NRONR'R?,

~NRS(O)NR'RE, -NRUS(0),NR'RE, —SR®, —S(O)R”, —=S(O),R°, ~S{O)NR'R®, and
~S(0)NR'R®, wherein cach R% RY, R¥, and R® is independently (i) hydrogen; (i) Cy. alkyl,
Coe alkenyl, Gy alleynyl, Cs0 cycloalkyl, Coag aryl, Cr s aralkyl, heteroaryl, or heterocyelyl;

or (iil} R" and R® together with the N atom to which they arc attached form heterocyclyl.

2. The compound of claim |, wherein the compoud 18 not 4-(2-(difluoromethyl)-
| H-benzo[dlimidazol-1-y1}-6-morpholine-N-(2-phenyl-2-(pyrrolidin- I -yDethyi)-1,3,5-triazin-
2-amine or 6~(2-(diffluoromethyl)-1 H-benzoldjimidazol- 1-yD)-N-(1-(4-((R)-3-

{methoxymethylymorpholino)phenylyethyl)-2-morpholinepyrimidin-4-amine.
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3. The compound of claim 1, wherein R™” is (a) halo; (b) Cy alkyl, Ca alkenyl,
Cag atkynyl, Ca.0 cycloalkyl, Ce14 aryl, Co5 aralkyl, or heteroaryl; or {¢) —C(O)R]a,
—C(OYOR"™, —C{ONR™R®, ~C(NR'NR PR, ~OR'*, ~OC(OIR", ~OC(CYOR "™,
~OC(ONR'PRY, ~OCENRNR PR, —OS(OR ", ~OS(O),R'®, ~OS(ONR PR,

_N}T{EAC(‘:N Rhi)NRIbE{IL, ’_NI{IQS(O)R]({, """ I\JRIILS(O}ZREd’ “—NRE(IS(O}NRH)R“’,
“NRMS(0),NRRY, —8R™, —S(OR™, —S(O),R", -S(OMR'PR', or ~S(O)LNR'PR',

4. The compound of claim 1, wherein R™ and R°® are each independently
(2) halo; (b) Ci4 alkyl, Cq alkenyl, Cys alkynyl, Cag cycloalkyl, Coq aryl, Crops aralkyl,
beteroaryl, or heterocyclyl; or {¢) ~C(O)R'*, ~C(OYOR'™, —C(OINR R, ~CNR™NR PR,
~OR'* —OC(O)R", —OC(OYOR™, ~OC(O)NR''R', ~OCENR'NR R, —OS(OIR'™,
~OS(0)R", —OS(OINRR'S, —OS(O)RNRPR™, —-NRPR®, NRPC(ORY, -NRC(O)OR,
SNRMCOINRIPR', -NRPCENRMNRIPR - NRPS(O)R ', -NRMS(0),R ',

~S{O),NRRY

- o . L oa Sk :
5. 'he coropound of claim 4, wherein R™ and R™ arc cach methyl, optionally

substituted with one or more halo.

6. The compound of any onc of claims 1 to 5, whercin nis 1.

7. The compound of any one of claims 1 to 6, wherein R* and R are each
hydrogen.

5. The compound of any one of claims 1 to 5, wherein n is 0.

G, The compound of any onc of claims 1 to 8, wherein m is 0.
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10.  The compound of any one of claims 1 to 9, having the structure of Formula la:

R]
RZ_7 N
\’ w’
— N )\RG
R3 XéL /FYk R R5e .
R C
r\/\N Sz ON
o) M R
R4
(la)
or an isotopic variant thereof} or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.
11.  The compound of any one of claims 1 to 9, having the structure of Formula Ib:
Rl
RZ\/ AN N

R3 X7y RDd R5c
) { S¢
}éN\TLN e~
o\/\J Ho gsa g
R4
(Ib)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof.

12. The compound of any one of claims 1 to 8, having the structure of Formula II:

D,

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

- 243 -



thereof.

13.  The compound of claim 12, having the structure of Formula 1la:
R}

(iIa)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof,

14.  The compound of claim 12, having the structure of Formula IIb:

(IIb)
or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, or hydrate

thereof.

15. The compound of any one of claims 1 to 14, wherein R> is Ce.14 aryl,

optionally substituted with one or more substituents Q.

16.  The compound of claim 15, wherein R is phenyl, optionally substituted with

one or more substituents Q.

17.  The compound of claim 15, wherein R is naphthyl, optionally substituted

with one or more substituents Q.

18.  The compound of any one of claims 1 to 14, wherein R* is -(CR*R*¢);—(Cg.14
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aryl), wherein the aryl is optionally substituted with one or more substituents Q.

19, The compound of claim 18, wherein R*® is ~(CH,)-phenyl, whercin the phenyl

is optionally substituted with one or more substituents Q.

20.  The compound of claim 18, wherein R is ~(CH,)-naphthyl, wherein the

naphthyl is optionally substituted with one or more substituents Q.

21, The compound of any one of claims 1 to 14, wherein R is heteroaryl,

optionally substituted with one or more substituents Q.

22, The compound of claim 21, wherein R is monocyclic heteroaryl, optionally

substituted with onc or more substitucnts Q.

23. The compound of claim 21, wherein R™ is 5- or 6~-membered heteroaryl,

optionally substituted with onc or more substituents Q.

24, The compound of claim 21, wherein R is bicyclic heteroaryl, optionally

substituted with one or more substituents Q.

25.  The compound of any one of claims | to 14, wherein R™ is ~(CRR%),~

heteroaryl, whercin the heteroary! is optionally substituted with one or more substituents Q.

26.  The compound of claim 25, wherein R is ~(CR'R’®),~(monocyclic

heteroaryl), wherein the heteroaryl 18 optionally substituted with one or more substituents Q.

27.  The compound of claim 25, wherein R* is «(CRR%),(5- or §-membered

heteroaryl}, wherein the heteroaryl is optionally substituted with one or more substituents Q.

- . . 5¢ . T . .
28.  The compound of claim 25, wherein R is ~(CR7R%),—(bicyclic hetercaryl),

wherein the heteroaryl is optionally substituted with onc or more substituents Q.
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29.  The compound of any one of claims 1 to 12, having the structure of Formula

VII:
RI
2
Y
N )\ R6
3 XJ\Y RS2 RSPR7
R { R7b
A NS
( N Z° N
O\/ J H R7C R?L
i
R4 R7d

(VID)
or an enantiomer, a mixfure of enantiomers, a mixture of two or more diastereomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof;,
wherein:

"2 R™ R’ R and R are each independently (a) hydrogen, cyano, halo, or
nitro; (b) Cy alkyl, Co alkenyl, Co.¢ alkynyl, Cs.1o cycloalkyl, Ce.j4 aryl, Cr.15 aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; or (¢) —C(O)R'?, ~C(O)OR'?, ~C(O)NR'’R¢, -C(NR'*)NR'°R’®,
~OR", —~OC(O)R", ~OC(O)OR'*, ~OC(O)NR’R'®, ~OC(=NR')NR'"R'®, ~OS(O)R"?,
~OS(0);R"?, ~OS(O)NR'PR?, ~0S(0),NR'®R’®, -NR'°R ', -NR"*C(O)R?, -NR*C(O)OR ™,
“NR®C(O)NRPR'®, -NRPC(E=NRIGNR PR, -NRES(O)RY, -NR2S(0),R Y,
~NR"™S(O)NR'"R'®, -NR"S(0),NR'’R'®, ~SR" —~S(O)R'*, ~S§(O),R"?, =S(O)NR'°R'®, or
~S(O),NR'R'; or

two of R7®, R™ R", R7, and R™ that are adjacent to each other form Cs.ig
cycloalkenyl, Cq.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one or

more substituents Q.
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30.  The compound of claim 29, having the structure of Formula VIla:

R3 X7y R% RSOPR™
\/\ ~ { ) R
f N Z° N
O ” H 7e 7
~~ R R
R4 R7d
(Vlia)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

31, The compound of claim 29, having the structure of Formula Vilb:
Rr!

2
RS NN

(VIib)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof.

32.  The compound of any one of claims 1 to 12, having the structure of Formula

XI:

R5f RSg R7e

(XD

or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an
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isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof;
wherein:

R™ R™ R R™ and R are each independently (a) hydrogen, cyano, halo, or
nitro; (b) Ci.6 alkyl, Cy alkenyl, Co6 alkynyl, Cs.1 cycloalkyl, Co.14 aryl, Cy.5 aralkyl,
heteroaryl, ot heterocyclyl, each of which is optionally substituted with one or more
substituents Q; or (¢} ~C(O)R"?, ~C(O)OR'?, ~C(O)NR'®R®, -C(NR*)NR'"R,
~OR!™ ~OC(O)R"?, ~OC(O)OR™, ~OC(OINR'PR'®, ~OC(=NR*NR'’R", ~OS(O)R'?,
~OS(0)R", ~OS(O)NR'PR', ~OS(0),NR'* R, -NR'®R*, -NR"*C(O)R'?, -NR"*C(O)ORY,
~NR“C(O)NR'PR'®, -NR"*C(=NR'9)NR PR, -NR'*S(O)R !, -NR*S(O),R ',
~NRS(O)NR'R', -NR'S(0),NR""R'®, ~SR'* —S(O)R'®, ~S(0),R"?, ~S(O)NR'®R*®, or
~S(O),NRR'; or

two of R” R, R™ R and R”® that are adjacent to each other form
Cs.1p cycloalkenyl, Cs.14 aryl, heteroaryl, or heterocyclyl, each optionally substituted with one

or more substituents Q.

33.  The compound of claim 32, having the structure of Formula XJa:

(Xla)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

34.  The compound of claim 32, having the structure of Formula XIb:
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{XIb)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

35.  The compound of any one of claims 32 to 34, wherein R” is hydrogen, halo,

C 6 alkyl optionally substituted with one or more substituents Q, or ~OR 2.
36.  The compound of claim 35, wherein R” is hydrogen.

37.  The compound of claim 35, wherein R is (a) cyano, halo, or nitro;
(b) Ci¢ alkyl, Co alkenyl, Cy6 alkynyl, Cs.1¢ cycloalkyl, Ce.14 aryl, Cy.y5 aralkyl, heteroaryl,
or heterocyclyl, each of which is optionally substituted with one or more substituents Q; or
(c) -C(O)R™, -C(O)OR™, ~C(O)NRR'®, -C(NR™¥)NR'*R'¢, ~OR"®, ~OC(O)R",
~OC(0)OR"®, ~OC(O)NR'PR*, ~OC(=NR'"NR"R'®, —~OS(O)R ™, ~OS(0),R %,
~OS(0O)NR'PR'®, ~OS(0),NR'*R ¢, -NR"*R'¢, -NR*C(O)R'¢, -NR"*C(0)OR ',
~NRC(O)NR'PR, -NR™C(=NR!INR'*R ", -NR**S(O)R ¢, -NR'*S(O),R !¢,
~NR™S(O)NR'"R'®, -NR'*S(0),NR'°R ¢, -SR"?, ~§(O)R"?, —S(O),R*?; ~S(O)NR'*R*, or
~S(O),NR'PR'.

38.  The compound of claim 35, wherein R is (i) halo; (ii) Cy.¢ alkyl, Ce.14 aryl,
Cr.15 aralkyl, heteroaryl, or heterocyclyl, each of which is optionally substituted with one or
more substituents Q; or (iii) ~OR'® or -NR'*R",

39. The compound of any one of claims 32 to 38, wherein R™is hydrogen, halo,

C )6 alkyl optionally substituted with one or more substituents Q, or —OR'%.
40.  The compound of claim 39, wherein R”” is hydrogen.

41.  The compound of any one of claims 32 to 40, wherein R™ is hydrogen, halo,

Cj¢ alkyl optionally substituted with one or more substituents Q, or —OR'®.
42.  The compound of claim 41, wherein R” is hydrogen, halo, or ~OR'%.
43, The compound of claim 41, wherein R”° is chloro.

44, The compound of claim 41, wherein R is -0-Cy alkyl, optionally

substituted with one or more substituents Q.
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45, The compound of any one of claims 32 to 44, wherein R’ is hydrogen, halo,

C, s alkyl optionally substituted with onc or more substituents Q, or —OR™,
46. The compound of claim 45, wherein R™ g hydrogen.

47, The compound of any one of claims 32 to 46, wherein R™ is hydrogen, halo,

C; ¢ alkyl optionally substituted with one or more substituents Q, or ~OR'",
48.  The compound of claim 47, wherein R™® is hydrogen.

. - - T b e
49, The compound of any one of claims 32 to 34, wherein two of R™, R™, R
74 e . . p < ~ .
R, and R’ that are adjacent to ecach other form Cs o cycloalkenyl, Coiq aryl, heteroaryl, or

heterceyclyl, each optionally substituted with one or more substituents Q.

~

. : 7z Th :
50.  The compound of claim 49, wherein R™ and R together with the carbon
atoms to which they are attached from (g4 aryl, optionally substituted with one or more

substituents (.

51.  The compound of claim 49, wherein R™ and R™ together with the carbon
atoms to which they are attached from Cea aryl, optionally substituted with one or more

substituents Q.

-~ ~ i PR S ~ - o . Sa »
52.  The compound of any one of claims | to 3 and 6 to 51, wherein R™ s
hydrogen.
53. The compound of any onc of claims 1 te 51, wherein R™ is Cy6 alkyl,

optionally substituted with one or more substituents Q.

54.  The compound of any one of claims 1 to 51, whercin R™ is hydrogen, methyl,

or cthyl.

. Jqn ‘. . 5Sh -
55. The compound of any one of claims 1 to 4 and 6 to 54, whercin R bis

Cy. alkyl, optionally substituted with onc or more substituents Q.
56.  The compound of claim 55, wherein R is methyl, ethyl, or propyl.

57.  The compound of any one of claims 1 to 4 and 6 to 54, wherein R is

~C(OYOR™,



58. The compound of claim 57, wherein R is ~C(0)O-Cj¢ alkyl.
59.  The compound of claim 57, wherein R*® is ~C(O)OCHj.

60.  The compound of claim 32, having the structure of Formula XV:

RJ
2
R* N N
Ta Tc
R3 XJ\Y RSa 1{513 R
|
PNy L
0.\ R™
\R4

(XV)
or an enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, or an

isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof.

61.  The compound of claim 60, having the structure of Formula XVa:

(XVa)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof.

62.  The compound of claim 60, having the structure of Formula XVb:
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(XVb)

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate

thereof.

63.  The compound of any one of claims 60 to 62, wherein R* is C;.¢ alkyl,

optionally substituted with one or more substituents Q.
64.  The compound of claim 63, wherein R* is methyl.

65.  The compound of any one of claims 60 to 64, wherein R* is C,.¢ alkyl,

optionally substituted with one or more substituents Q.
66.  The compound of claim 65, wherein R*® is methyl.
67. The compound of any one of claims 60 to 66, wherein R** and R are methyl.

68.  The compound of any one of claims 60 to 67, wherein R” is hydrogen, halo,
Ci-¢ alkyl, Ceq.14 aryl, heteroaryl, or heterocyclyl, where the alkyl, aryl, heteroaryl, and

heterocyclyl are each optionally substituted with one or more substituents Q.

69. The compound of claim 68, wherein R s Ce1a aryl, optionally substituted

with one or more substituents Q.

70.  The compound of claim 69, wherein R is phenyl, optionally substituted with

one o more substituents Q.

71.  The compound of claim 69, wherein R™ is phenyl, 2-fluorophenyl,
2-chlorophenyl, 2-bromophenyl, 2-methylphenyl, 2-(3-dimethylaminopropyl)phenyl,
2-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
4-florophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 2,4-difluorophenyl,
2,6-difluorophenyl, 4-fluoro-3-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, or
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3-morpholin-4-yimcthylphenyl.

72, The compound of claim 68, whercin R™ is heteroaryl, optionally substituted

with one or more substituents Q.

73, The compound of claim 72, wherein R™ is monocyclic heteroaryl, optionally

substituted with one or more substifuents Q.

-~ . - Ta - o«
74, 'he compound of claim 72 or 73, wherein R™ is 5- or 6-membered heteroaryl,

cach optionally substituted with one or more substituents Q.

75.  The compound of claim 74, wherein R™ is imidazolyl, pyrozolyl, pyridinyl, or

pyrimidinyl, each optionally substituted with one or more substituents Q.

76.  The compound of claim 74, wherein R7 is imidazol-1-yl, pyrozol-4-yl,
[-mcthyl-pyrozoi-d-yl, 2-methylpyrozoi-3-yi, pyridin-Z-yl, pyridin-3-yl, pyridin-4-yi,
2-fluoropyridin-3-yl, 2-methylpyridin-4-yl, 2-(4-methylpiperazin-1-yDpyridin-4-yl,
2-methoxypyridin-4-yl, pyrimidin-5-yl.

77.  The compound of claim 68, wherein R™ is heterocyclyl, optionally substituted

with one or more substituents Q.

78. The compound of claim 77, wherein R™ is monocyclic heterocyclyl,

optionally substituted with onc or more substituents Q.

e : ~ . e
79.  The compound of claim 77 or 78, wherein R™ is 5- or 6-membered

heterocyclyl, cach optionally substituted with onc or more substituents Q.

. . . s . Tu » g 4 . C e
80. The compound of claim 79, wherein R™ is pyrrolidinyl, piperidinyl, or

piperazinyl, cach optionally substituted with one or more substitucnts Q.

&1.  The compound of claim 79, wherein R is pyrrolidin-3-yl,
L-methylpyrrolidin-3-yl, piperidin-4-yl, I-methylpiperidin-4-yi, 1-ethylpiperidin-4-yl,
I-isopropylpiperidin-4-yl, [-acetylpiperidin-4-yl, 1-methylsulfonylpiperidin-4-yi, or
4-methylpiperazin-1-yl.

82. The compound of any onc of claims 60 to 81, wherein R™ s hydrogen, halo,

or Cy.¢ alkyl optionally substituted with onc or more substituents Q.
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83.  The compound of claim 82, whercin R'® is hydrogen.

84, The compound of any one of claims 60 to 83, whercin R™ s hydrogen, halo,

or Cy_ alkyl optionally substituted with one or more substitucnts Q.

. . . Te -
85. The compound of claim 84, whercin R™ is hydrogen.

. . . C s Td
86. The compound of any onc of claims 60 to 85, wherein R is hydrogen, halo,

or U.¢ alkyl optionally substituted with onc or more substituents Q.
87.  The compound of claim 86, wherein R is hydrogen.

88.  The compound of any onc of claims 60 to 87, wherein R’ is hydrogen, halo,

or Ci.¢ alkyl optiopally substituted with onc or more substituents Q.
89.  The compound of claim 88, wherein R7 is hydrogen.

90. The compound of any one of claims 60 to 62, wherein R™is Cora aryl,
heteroaryl, or heterocyelyl, cach optionally substituted with onc or more substituents Q; and

B
R R R’ and R™ are hydrogen.

91. The compound of any onc of claims 1 to 90, wherein R’ is hydrogen.
02. The compound of any one of claims | to 90, wherein R'is—-OR"™
93, The compound of claim 92, wherein R'is-0-Ciy alkyl.

94.  The compound of claim 92, wherein R' is methoxy.

95.  The compound of any one of claims 1 to 94, wherein R is hydrogen.
96.  The compound of any one of claims 1 to 94, wherein R” is -NR'PR ',
97.  The compound of claim 96, wherein R” is amino.

98. The compound of any one of claims 1 to 97, whercin R” is hydrogen.
99, The compound of any onc of claims 1 to 98, wherein R is hydrogen.

100, The compound of any one of claims 1 to 99, wherein RO is Cig alkyl,
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optionally substituted with one or more substituents Q.

101, The compound of claim 160, wherein R%is methyl, fluoromethyl,

difluoromethyl, or trifluoromethyl.

102.  The compound of claim 100, wherein R® is difluoromethyl.

103, The compound of any one of claims | to 102, wherein X is N.

104.  The compound of any one of claims 1 to 102, wherein X is CR™.

105.  The compound of ¢claim [04, wherein X is CH.

o

166.  The compound of any one of claims 1 to 105, wherein Y is N.

107.  The compound of any one of claims 1 to 105, wheremn Y is CR™

108.  The compound of claim 167, whercin Y 1s CH.

109, The compound of any one of claims 1 to 108, wherein Z is N.

110, The compound of any one of claims 1 to 108, wherein Z is CRrR*

111, The compound of claim 110, wherem Z 15 CH.

112, The compound of any one of claims 1 to 102, wherein 24, Y, and Z are N.

113, The compound of claim 1 selected from the group consisting of:
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> and E
and enantiomers, mixtures of enantiomers, mixtures of two or more diastereomers, and

isotopic variants thereof; and pharmaceutically acceptable salts, solvates, or hydrates thereof.

114, A pharmaceutical composition comprising the compound of any one of claims
1to 113, or an enantiomer, a mixture of enantiomers, or a mixture of two or more
diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or hydrate thereof, and

one or more pharmaceutically acceptable excipients.

115. The pharmaceutical composition of claim 114, wherein the composition is

formulated for single dose administration.

116.  The pharmaceutical composition of claim 114 or 115, wherein the

composition is formulated as an oral, parenteral, or intravenous dosage form.

117.  The pharmaceutical composition of claim 116, wherein the composition is

formulated as an oral dosage form.
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118.  The pharmaceutical composition of claim 117, wherein the oral dosage form is

a tablet or capsule.

119.  The pharmaceutical composition of any one of claims 114 to 118, further

comprising a second therapeutic agent.

120.  Use of a compound of any one of claims 1 to 113 or the pharmaceutical
composition of any one of claims 114 to 118 in the manufacture of a medicament for the
treatment, prevention, or amelioration of one or more symptoms of a PI3K-mediated

disorder, disease, or condition in a subject.

121.  The use of claim 120, wherein the PI3K-mediated disorder, disease, or

condition is an inflammatory disease or a proliferative disease.

122.  The vse of claim 120 or 121, wherein the compound or the composition 1s to

be administered in combination with a second therapeutic agent.

123.  An in vitro method for modulating PI3K enzymatic activity, comprising
contacting a PI3K enzyme with the compound of any one of claims 1 to 113 or the

pharmaceutical composition of any one of claims 114 to 118.
124.  The method of any one of claims 120 to 123, wherein the PI3K is a wild type.

125. The method of any one of claims 120 to 123, wherein the PI3K is a PI3K
variant.

126. The method of any one of claims 120 to 125, wherein the PI3K is a Class 1

127.  The method of claim 126, wherein the PI3K is p110y.
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