~-S0,—Cy ¢ alkyl;

mis Qorl; and

nis 0, 1,2, 3, or4;

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.6 alkenyl, Cy.¢ alkynyl, Cs_1 cycloalkyl, Ce.14 aryl, Cr.i5 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)NRPR®, -C(NR*NR°R®, —OR? —~OC(O)R?, ~OC(O)OR?, ~OC(O)NR"R’,
~OC(=NR*NRPR, ~OS(O)R?, ~OS(O),R?, ~OS(O)NRR®, ~OS(0),NR"R®, -NR°R",
~NR*C(O)RY, ~NR*C(0O)OR®, -NR*C(O)NRR®, -NR*C(=NR)NRR’, -NR*S(O)R’,
~NR*S(O),RY, -NR*S(O)NRPR®, ~NR*S(0),NR"R¢, —=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\.6 alkyl, Cy.¢ alkenyl, Co alkynyl, Cs.19 cycloalkyl, Cq.14 aryl, Cy.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 QF; 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, alkyl, Co.¢ alkenyl, Cy6 alkynyl, Cs.1o cycloalkyl,
Ce.14 aryl, Cy_y5 aralkyl, heteroaryl, and heterocyclyl; and (¢) ~C(O)R®, ~C(O)ORS,
~C(O)NR'RE, —~C(NR®NR'RE, ~OR®, “OC(O)R*, ~OC(O)ORE, ~OC(O)NR'RE,
~OC(=NR®)NR'RE, ~OS(O)R®, ~OS(0),R%, ~OS(O)NR'RE, —~OS(0),NR'RE, -NR'R,
~NR°C(O)R", ~NR°C(0)OR", -NR°C{O)NR'RE, -NR°C(=NR"NR'RE, -NR°S(O)R",
~NR°S(0),R", ~NR°S(O)NR'RE, -NR°S(O),NR'RE, —SR°, ~S(O)R", —S(0):R®, ~S(O)NR'RE,
and —S(O),NR'RE; wherein each R%, R, R, and R is independently (i) hydrogen; (ii)
Ci alkyl, Cy.¢ alkenyl, Cy. alkynyl, Cs.1o cycloalkyl, Ce.14 aryl, C7.i5 aralkyl, heteroaryl, or
heterocyclyl; or (iii) R and R® together with the N atom to which they are attached form
heterocyclyl.



T00053] In a first aspect. there is provided a compound of Formula 1
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or an enantiomer, a mixture of enantiomers. & muxture of two or more diastereomers, or an

isotopic variant thereof: or g vharmaceutically accentable salt, solvate, or hvdrate thereof:

wherein:

X. Y. and Z are each independentlv N or € R*. with the proviso that at least

two of X. Y. and Z are nifrogen atoms; where R* s hvdrosen or C alkvl

or heteroeyelyl: or (¢) ~CIOIR™, —C(OYOR™, —C(OINRPR'®, ~C(NR™MNR PR, ~OR %,
—OC(O)R"™, —OC(OYOR ™, ~OC(OINRR, —OCENRMNRPRY, —OSIOIRY, ~OS(O)R",
~OS(OINR'PR', —0S(0),NR "R, -NRR', -NR™*C(O)R", -NR"“C(O)OR ",
NRPCOINR'PRY, ~-NRPCENRIONR PR, NRES(OR™, -NR'*S(0),R ",
“NR*S(ONR'* R, -NR"“S(O)LNR "R, -SR™, —S(OIR", —S(O)R" —S(OINR*R"®, or

R [ 2 plb ple . ypldi, e . :
~S(01LNRPR™: wherein each R' R’ R', and R'" is independentlv (i) hvdrogen;

or hetercevelvl or (1) R and R® toeether with the N atom to which they are attached form

heterocvelvl:

3,4 ph < 3 4
R" and R” are each independently hvdrogen or € alkvl, or R” and R™ are

¢y heteroalkenviene:

2™ is (a) hvdrogen or halo; (b) € alkyl. Co ¢ alkenvl, Cy alkynyl,

~C(OYOR' —C(ONRRY, —C(NR'™NRPR'S, —OR'" —OCIOR", —OCICIOR ",
~OC(OINR'R, —OCENRMNR PR, —OS(OR™, ~OS(0)LR ™, —OS(ONRR',




—OS(ORNRPRY NR"PR, NRECOR, -NRP*COIOR, -NRMCIOWRR,
NRMUCENRNR PR NRESOIR", —NRMS(0),R 'Y, -NR*SOWNR R,
~NR¥S(0)NRPRY, —SR™ —S(OR", —S(OLR "™, —S(OWRR, or —S(O)NRR";

R is (a) halo: (1) Cy..alkyl, Cog alkenvl, Co.q alkynvl, Caq cveloatkyl,

Coiqarvl, Co.s aralkyl, heteroaryl, or heterocyelvl: or {¢) ~C(OR™, —C(OYOR™,

_COINRPR'S, —CONR'MNRTR. —OR™. ~OC(OR'*, ~OCIO)YOR ', ~OC(OINR 'R,
—QCENRMNRR —OS(ORY, —0S(01R ", —OS(OINR PR, ~OS(01LNRR', ~NRR ",

------ NR2CORY, - NR2coyorY, NRPCIOWRPR', _NRPCENRONRIPR
“NRPSOIR, —NRS(OLR ", —NRPS(OINRR, —INR*S(O),NR"R', —SR™ —S(OR™,

or {¢) ~C{OWR'™, —~CIOYOR", —CIOINR"R", ~C(NR'NRPR . ~OR" —OC(OR"™,
—OCOORY. —OCOINR PR, ~OCENR™NRRY, ~OS(OIR™, —0OS(0ORR",
~OS(OINRR', ~OS(0RLNRPR®, -NR"R" -NR"*C(OR'Y, -NR"*C(O)OR ",
_NRECIOINRPR' —NR"C(=NR'INRR', -NRPS(OIR'Y, -NR"S(0)-R"Y,
-NRUS(OINRR', -NR™S(0),NR'R', SR, —S(O)R'% —S(OLR", ~S(OWNR'R', or
—S(O)NR R

R and R’ are cach independently (a) hvdrogen or halo: (b) Cy.e alkyl,

or (¢} ~CIOR™, —CIOWOR" —CIOINR R, —CINR'NR PR, —OR", —OC(OR™,
~QCOYOR", —OCIOINRR", —OCE=NRMNR PR, -OS(OR™, —OS(ORR ",
~OSIOINR"R'®, ~0S(0)LNRPR", -NR'"RC —NR"*C(OIR!, -NR""C(OWOR',
“NRECOINRPR', -NRPC=NR'NRR ', -NR"*S(OIR', -NR"S(OWLR!
“NRUS(OINR'R', -NR"™S(Q)NRR", ~SR "™, -S(OIR", —S(0),R'", —SIOINR "R or

T ::Jii

o i 1bpy e . - . PRI
—S(OLNR R or (d) when one occurrence of R” and one occurrence of R are attached to

3 ~ 51 c oy Su . 5 .
the same carbon atom., the R” and R tovether with the carbon atom to which they are

mw is Gor 1:and

nis 0, 1, 2.3 ord:




wherein each alkvl, alkvlene, heteroalloviene, alkenvl, alkenviene,

heteroalkenylene, alkynvl cycloalkeyl, aryl. aralkvl. heteroaryl, and heterocyelvl in R, R R’

R R RA R RM R RM R R R RM R™ RY™ and R is optionally substituted with

one or more. in one embodiment, one, two. three, or four, subsiituents O, wherein sach

substituent (O is independently selected from (a) oxo. evane, halo. and nitro: (b)Y €, alkvl,

heterocvelvl, each of which is further optionally substituted with one or more, in one

embodiment, one. two, three. or four, substituents Q" and {¢) ~C{OR®, ~C(OYOR",
—CLOINRR®. —C(NRYNR'R®, ~OR®, ~OC(O)R", ~OC(OYOR", ~OC(ONRR®
~QC(=NRINRR®, ~OS(O)R®, —OS(OLR" ~OS(OINR RS, ~OS(ORLNR R, -NR R,
~NR*C(O)RY, “NR*C(O)ORY, -NR*CIOINR"R®, “NR*C(=NRINE"R®, -NR*S(O)R?,
“NR*S(ORRY, ~NR'S(OINR"R®, ~NR*S(0},NRR®, —SR*, ~S(OIR", —S(O}R". —S(OINR"RS,

and —S(O)LNRR®, wherein each R R”, R®, and RY is independently (i) hydrogen:

or heterocvelvl, each of which is further ontionally substituted with one or more, in one

. . 2 e I3 o ) . ) .
embodiment, one. two, three. or four, substituents % or (i1t} R” and R® tosether with the N

atomn to which thev are attached form heterocvelvi. which is further optionallv substituted

with one or more. in one embodiment, one, two. three, or four, substituents Q%

wherein each (% is independently selected from the group consisting of (a) oxo.

Cy.15.aralkyl, heteroaryl. and heterocyelvl; and (¢) ~C(OIR®, —C(O)OR®, ~C(OINR'RE,
~C(NRYINR'RE, —OR", ~OC(OIR®, “OC(O)OR’, ~OCIOINR'RE, —OC(=NRINRRE,
—OS(OIR®, —OS(QOLRE, ~OSIOINRRE —0S(OpNR'RE ~NR'RE, -NRC(OIR",
NRECIOJOR", ~NRC(OINR'RE, -NRC(=NR"NRRE, -NRS(OIR", “NRS(O}R",
“NR’S(OINR'RE, ~NRS(O)LNRRE —SR®. —S(OIR®, —S(0LR, —S(O)NR'RE, and

- N ey - N f o e . -
—S8{O }gNRiR": wherein cach RS, R\, R® and R" is independently (i) hvdrogen: (ii) Ci.ealkvl,

or (1) B and RF topether with the N atom to which thev are attached form heterocvelyl

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



{b) Cy alkyl, Cy alkenyl, Cy.s alkynyl, Cs_j9 cycloalkyl, Cq.14 aryl, Cy.;s 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(0),R ",
~OS(O)NR'°R’®, ~OS(O),NR'°R", —NR“’R“, ~NR"*C(O)R', -NR*C(0)OR ",
~NR*C(O)NR'PR®, -NR"™C(=NR'H)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(O),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.

0007al In a second aspect, there is provided a pharmaceutical composition comprising

the compound as defined above, or an enantiomer, a mixture of enantiomers, or @ mixture of

two or more diastereomers thereoft or a pharmaceuticallv acceptabie sali. solvate, or hvdrate

thereof and one or more pharmaceuticallv acceptable excinients,

[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 PI3K3-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 [, 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 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.

0010at In a third aspect, there is provided the use of a compound as defined above or

the sharmaceutical commposition as defined ahove in the manutacture of a medicament for the

treatrent, prevention, ot amelioration of one or more svmptoms of a PI3K -medigted disorder,

disease. or condition in a subjeet.
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[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 PI3K$ activity, comprising
contacting PI3K8 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.

[0013] Provided herein is a method for selectively modulating PI3KS activity,
comprising contacting PI3K38 with an 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.

013al In a fourth aspect. there 1s provided an in virre method for modulating PI3K

enzvmatic activity, comnrising contacting a PISK enzyvme 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



