‘What is claimed is:

1. 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--e+prodsus
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.6 alkenyl, Cy alkynyl, Cs.19 cycloalkyl, Cq_14 aryl, Cy.15 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(0)OR'", ~OC(O)NR'"R'®, ~OC(=NR')NR'"R'®, ~OS(O)R'?, ~OS(0O),R"?,
~OS(O)NR'*R'®, —OS(0),NR'"R'¢, -NR'’R'¢, -NR"*C(O)R'¢, -NR'*C(O)OR"?,
~NR™C(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, Cy alkenyl, Cs.¢ alkynyl, C;.19 cycloalkyl, Cq.14 aryl, C;.;5 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 C,.¢ alkyl; or R® and R* are
linked together to form a bond, C,.¢ alkylene, C,_¢ heteroalkylene, C,.¢ alkenylene, or
C, heteroalkenylene;

R is (a) hydrogen or halo; (b) C1. alkyl, Co. alkenyl, Co.6 alkynyl,
Cs.10 cycloalkyl, Ce.14 aryl, Cy.15 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(=NRMNRIPR, ~0S(O)R'?, —OS(0),R"?, ~OS(O)NR'PR®,
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10.  The compound of any one of claims 1 to 9, having the structure of Formula Ia:

R3 X ?7 R5d RSe
RSC
r\”\N Sz NMW
0 \J Ho poags
N
R4

(1a)

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

prodrug thereof.

11. The compound of any one of claims 1 to 9, having the structure of Formula Ib:

R3 X lY' R5d RSe
\\/\ ~ R5c
r N Z ]}\II m
5
o\/\J R% R

(Ib)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate—ex

prodrag thereof.

12. The compound of any one of claims 1 to 8, having the structure of Formula II:

Rl
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— »\Ré

N
NN

R3 IY RSa RSb
\(\/\N Sz7oNT R
o\/\/’ H
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(1D),

or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate—e+
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predrug thereof.

13. The compound of claim 12, having the structure of Formula Ila:
Rl

RZ\/\ N

/

- \
N)\R6
PN

R3 'Y' R5a R5b
Py
o\/\

R4
(IIa)

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

prodrug thereof.

14.  The compound of claim 12, having the structure of Formula IIb:
Rl

3 X7 Y R RS
DA N
(/\N 77 ONT R*
o\ H
R4
(IIb)

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

prodrue 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 —(CRSfRSg)n—(C6_14
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29. The compound of any one of claims 1 to 12, having the structure of Formula

VII:
Rl
2
_— \
6
N R
; X%Y RS2 RSbR72
Rr\/\N \Z | N R7b
O\/\J H R7e R7c
R R7d
(VID)

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;esprodrug

thereof;, wherein:

R™ R™ R, R”, and R™ are each independently (a) hydrogen, cyano, halo, or
nitro; (b) Cy alkyl, Co¢ alkenyl, Cy.6 alkynyl, Cs.1o cycloalkyl, Ce.14 aryl, C7.15 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)NR'®R'*, -C(NR'*)NR'R'*,
~OR', ~OC(O)R"™, —OC(0)OR"*, —OC(0)NR'®R'®, ~OC(=NR')NR'®R®, ~OS(O)R"?,
~0S(0),R", ~OS(O)NR'R'®, ~0S(0),NR'*R'*, -NR'*R¢, -NR'*C(0)R¢, -~NR'*C(O)OR,
~NR™C(O)NR'R', -NR"*C(=NR'Y)NR'"R'*, -NR'*S(O)R'¢, -NR'*S(0),R ",
~NR'"S(0)NR'"R'®, -NR'*S(0),NR'*R', —SR'? —S(O)R'?, —~S(0),R'?, —~S(O)NR'’R'®, or
—S(0)%NR'"™R'; or

two of R’ R™, R’ R, and R7° that are adjacent to each other form Cs._
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 X !YRsa ROR R
Sk
O\/\J R7e R7¢
R4 R7d
(VIIa)

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

prodrag thereof.

31.  The compound of claim 29, having the structure of Formula VIIb:

(VIIb)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate-~os

prodrag thereof.

32.  The compound of any one of claims 1 to 12, having the structure of Formula
P
XI:
Rl
2
R \// AN N
o \
N)\R() R7b
)\ Ta R7¢
R3 X7y RSaRSb
I
r\/\N SZ27ON R7d
O\/\/’ H' gstrse R7
R4
(XI)

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-esprodiug
thereof; wherein:

R’ R™ R R™ and R’ are each independently (a) hydrogen, cyano, halo, or
nitro; (b) C; alkyl, Co6 alkenyl, C,.¢ alkynyl, C5.1¢ cycloalkyl, Cg.14 aryl, C;.;5 aralkyl,
heteroaryl, or heterocyclyl, each of which is optionally substituted with one or more
substituents Q; or (c) —C(O)R', -C(0)OR'®, ~C(O)NR'° R, -C(NR'NR'°R ",

—OR" —OC(O)R", ~OC(0)OR'", ~OC(O)NR'’R'®, ~OC(=NR')NR'*R'®, ~OS(O)R"?,
~0S(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'YNR'’R'¢, -NR"*S(O)RY, -NR'*S(0),R "¢,
~NR'*S(O)NR'R'®, -NR'*S(0),NR'"R'¢, ~SR'? ~S(O)R'?, —S(O),R"?, ;-S(O)NR“’R“, or
—S(0),NR'™R'; or

two of R®, R”®, R7, R™ and R that are adjacent to each other form
Cs.19 cycloalkenyl, Cq.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 XIa:

(XIa)

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

selrpe thereof.

e
g13
£

34.  The compound of claim 32, having the structure of Formula XIb:

RSf RSg R7e
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(XIb)
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, or hydrate-e+

prodrug thereof.

35. The compound of any one of claims 32 to 34, wherein R™ is hydrogen, halo,

C1_6 alkyl optionally substituted with one or more substituents Q, or —OR'®.
36. The compound of claim 35, wherein R™ is hydrogen.

37. The compound of claim 35, wherein R7is (a) cyano, halo, or nitro;
(b) Cy.6 alkyl, Cy alkenyl, C,. alkynyl, Cs.j¢ cycloalkyl, Ce.14 aryl, C7.15 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)NR'®R'°, -C(NR'*)NR'*R'¢, ~OR'®, ~OC(O)R",
—~OC(0)OR™, ~OC(O)NR'R'¢, ~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'PR'®, -NR"*C(=NR'YNR'’R'*, -NR'?*S(O)R'¢, -NR'*S(0),R ¢,
~NR"™S(O)NR'PR'¢, -NR'*S(0),NR'"R'°, ~SR'? —S(O)R'?, =S(0),R'?, ~S(O)NR'"R'®, or
—S(0),NR'®R.

38. The compound of claim 35, wherein R™ is (i) halo; (ii) Ci.6 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,

C1_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,

Ci_6 alkyl optionally substituted with one or more substituents Q, or —OR 2.
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 —O-C 1-6 alkyl, optionally

substituted with one or more substituents Q.
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58.  The compound of claim 57, wherein R* is —-C(0)0-Cy alkyl.

59. The compound of claim 57, wherein R*® is ~C(O)OCHi.

60.  The compound of claim 32, having the structure of Formula XV:
Rl
Rz\// AN N
— N»\Ré R7b
Ta Tc
. XJ\Y RS2 RSbR R
R? ,
|/ /\N \Z E ! R7d
(S
oV\J 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-osprodre
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—o=

prodrag 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;-ex

prodrag 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 Cy.¢ 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, Cg 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 R7 is Cg_y4 aryl, optionally substituted

with one or more substituents Q.

70.  The compound of claim 69, wherein R’ is phenyl, optionally substituted with

one or 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

-252 -



N NH
o, A74

’ and | ;
A75 A76
and enantiomers, mixtures of enantiomers, mixtures of two or more diastereomers, and

isotopic variants thereof; and pharmaceutically acceptable salts, solvates, or hydrates—and

prodrags thereof.

114. A pharmaceutical composition comprising the compound of any one of claims
1 to 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;erprodrug

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 use of claim 120 or 121, wherein the compound or the composition is 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 I
PI3K.

127.  The method of claim 126, wherein the PI3K is p110y.
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