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(57) Abstract: The present application provides the compounds of formula (J), or pharmaceutically acceptable salts, isomers, tau-
tomer, or a mixture thereof wherein n, m, R!, R?, R*, R, and R’ are described herein. The compounds are inhibitors to the activities
of phosphatidylinositol 3-kinase (PI3K) and are useful for treating conditions mediated by one or more PI3K isoforms. The present
application further provides pharmaceutical compositions that include a compound of formula (I), or pharmaceutically acceptable
salts, isomers, tautomer, or mixture thereof, and methods of using these compounds and compositions for treating conditions medi-

ated by one or more PI3K isoforms.
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PHOSPHATIDVLINOSITOL - KINASE INHIBITORS
EIELD
{0601} The present application relates fo novel compounds that selectively inhibit the
activities of P woforms and their uses in therapeutic freatments.
BACKGROUND
FDO2] el signaling via 3" -phosphorylated phosphoinositides has been implicated in a

variety of cettular processes, ez, malignant transformation, growih factor signaling,
inflarmmation, and tvnity (Rameh et ol J Biol Chem., 274:8347-8350, 1999),
Phosphatidylinosiiol 3-kinase {(P1 3-kinase or PI3K) is responsible for generating these
phosphorylated signaling products. PI3K was tnitislly identified as a protein associsted with
viral oncoproieins and growth factor receptor tyrosine kinases that phosphorviate
phosphatidylinositol (P13 and its phosphorylated derivatives at the 3 -hydroayl of the inositol

ring {Panayoton ef al., Trends Cell Biol., 2:358-60, 19923,

{831 Three classes of the PI 3-kinase (PI3K) are proposed based on the subsirate
specificities. Class I PI3Es phosphorylate phosphatidylinositol (P, phosphatidvlinositol-4-
phosphate, and phosphatidylinositol-4, 5-biphosphate (PIP,) to produce phosphatidylinositoi-i-
phosphate (PIP), phosphatidylinositol-3 4-biphosphate, and phosphatidvlinesitol-3,4,5-
riphosphate, respectively. Alse, Class I PI3Ks phosphorylate P and phosphatidvlinositol-d.

phosphate, and Class [ PI3Ks phosphoryiate PL

16004 The imtial puritication and molecular cloning of PY 3-kivase revealed that it was a
heterodimer consisting of p85 and pl 10 subunits (Oten er ol , Jell, 65:91-104, 1991; Hiles ez ol
Ledl, 76:419-29, 1992}, Later, four distinet Class | PE3Ks were identified and designated as
PI3K o, 8, 8. and v izoforms. Each isoform consists of a distinet 110 kDa catalviic subunit and 2
regulatory subunit. The catalytic subunits of PI3K w, b, andd 8 (Lo, pl10a, pl10B, and pl1 108,
respectively) interacts, individually, with the same regulatory subunit pBS, wheveas the catalytic

subunit of PI3K v {pt 10y) interacts with a distinct regulatory subunit plo1.

{6805} Studies have also showed that each PI3K isoform has distinet expression pattern. For
example, PIK3C4 which encodes PI3K e is frequently mutated in human cancers {Engelman,
Nat. Rev. Cancer, 9 550-562, 2009}, Also, PI3KS s generally expressed in hematopoistic cells.

Moreover, PI3K isoforms are shown to be associated with proliferation or survival signaling in
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cancers, inflamrnatory, or autoimmune diseases. As each PI3K isoform has different biclogical
function, PI3K 1soforos are potential targets to treat cancer or disorder {(US Patent Nos.

6,800,620; 8,435,988, 8,673 906; US Patent Application Publication No. US2013/0274253).

(8486} Thereiore, there is a need for developing therapeutic agents that inhibit PI3K

isoforms to treat diseases, disorders, or conditions that are roediated by PI3K.

SUMMARY

{007 The present application provides novel compounds that are inhibitors of PI3K
woforms. The application also provides compositions, including pharmaceuntical compositions,
kits that include the compounds, and methods of using and making the compounds. The
compounds provided hercin are useful in breating diseases, disorders, or conditions that are
mediated by PI3K isoforms. The application also provides compounds for use in therapy. The
application further provides compounds for use in a method of treating a diseass, disorder, or
condition that s mediated by PI3K isoforms. Moreover, the application provides uses of the
cornpounds in the manufacture of a medicament for the treatinent of g disease, disorder or

condition that is mediated by PI3K isoforms.

3008] The applications provides the compounds baving the structure of formula (I

N NH,

Y

\_\;J.‘f

;
@),

wherein:

nis 1.2, 00 3;

misforl;

zach R is independently sclected from hale, eyano, optionally substituted € alkyl,
optionally substituted Ci. haloalkyl, optionally substituted Cy 4 alkoxy, optionally substitoted
sulfonyl, optionally substituted Cyup aryl, optionally substitured Ca heteroaryl, opticnally
substituted Cyx cycloallyl, and optionally substituted Cs.¢ heterocyeloalkyis

cach R? is independently selected from halo and opticoally substituted O alkyi;

R’ is hydrogen, optionally substitnted C, 4 alkyl, optionally substituted Con arvl, or

optionally substituted {35 cycloalkyl;
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R is g six- to twelve-membered heteroaryl having at least one arcmatic group and at
least two heteroatoms, wherein the heteroatoms are selected from N, O, o1 S, wherein the
heteroaryl is optionally substituted with one, two, or three members independently selected from
halo, cyane, optionally substituted haloalkyl, optionally substituted U alkyl, and -NH;; and

1 is bydrogen or optionally substituted Cpg alioyl, wherein R® and R® together with the
atoms to which they are attached optionslly form s four- or eight-membered heterocyelic ring;

or a pharmaceutically acceptable salt, isomer, or & misture thereof

8005} The application also provides the compound having the structure of formula (13,
whergin:

nis lorl;

mis $ori;

each R’ is independently selected from hals, Crg alkyl, and ¢ haloalkoyl;

cach R is independently T atkyl;

R s hydrogen, O g atkyl, or Cag cveloalkyl

2 isa six- to twelve-membered heteroaryl having at least one aromatic ring and at least
two nitrogen atoms, wherein the heteroary! is optionally substituted with one, two, or three
mermbers independently selected from haleo, cyane, -NH;, Ci haloalkyl, and €y alkyl; and

R is hydrogen, methyl, ethvl, or propyl, or B and B fogether with the atoms to which
they are attached optionally form a fve-membered heterocyelic ring;

or a pharmaceutically accoptable aslt, isomer, or a minture thereof

016 In one aspect, the coropound of the present application having the structure of
formula (§), whercin each R is independontly selected from chlors, brome, fluore, maothyl,
sthyi, and propyl. o some aspect, the compound of the present application having the stracture
of formula (1), wherein each R is independently selected from meth vi, ethvl, and propyl, In
certain aspect, the compound of the prosent application having the structure of formula (3),
wherein B is hvdrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or eyelobutyl. In other
aspect, the compound of the present application having the structure of formula (1), wherein R”
is hiydrogen, methyl, ethyl, or propyl. In some other aspect, the compound of the present
application having the structure of formula (1), wherein B® and R® together with the atoms to
which they are attached optionally form pyrrohidingt. In further aspect, the compound of the
present applivation having the structure of formula (1), wherein B {s 2 monocvelic heteroaryl

having af least two nitrogen atoms, wherein R 18 substituted with two or three members
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independently selected from bromo, ehlore, flucro, oyano, methyl, ethyl, propyl, and -NH:. In
some further aspect, the compound of the present application having the structure of formula (1),
wherein R® is pyrimiding] substitated with two or three members selected from the STOUD

consisting of brome, chlore, fluers, cyano, yaethyl, ethyl, propyl, and -NH,.

0811} in certain embodiments, the PI3K inhibitors are the compounds selected from Table
t, a pharmaceutically acceptable salt, isomer, or a mixture thereof. In additions! embodiments,
the compound is an (S}-enantiomer. In other embodiments, the compound is an {R-enantiomer.

in other additional embodiments, the compound is an atropisonter.

18612} The application also provides a pharmaceutical composition that comprises a
compound of formula (1), a pharmacentically acceptable salt, Isomer, or a mixtore thereof
together with at least oue pharmacentically acoepiable vehicle. Examples of a pharmaceutically

acceptable vehicle may be selected from carriers, adjuvants, and excipients.

8013] Further provided herein is a method of treating a disease, disorder, or condition in a
human i need thereof by administering to the human a therapeutically effective amount of a
compound of formmnla (I} or a pharmaceutically acceptable salt, isorer, or a mixture thereof.
Further provided is a compound of formula (I} for use in 2 roethod of treating a disease, disorder
or condition that i mediated by PI3K isoforms. The application alse provides the use of a
compound of formula {1 in the manufacture of 2 medicament for the treatment of a disease,
disorder or condition that 13 mediated by PI3K isoforms. In certain embodiments, the disease,
disorder, or condition is associated or mediated by PI3K. In some embodiments, the disease,
disorder, or condition ¢ an inflammatory disorder. In other embodiments, the disease, disorder,

or condition 18 g cancer.

{Bi14] Also provided herein 15 a method of inhibiting the activity of a phosphatidylinositol
3-kinase polypeptide by contacting the polypeptide with & compound of formula (D or a

pharmaceutically acceptable sall, isomer, or a mixture therent.

(8015} Farther provided is a method of ihibiting excessive or destructive immune reactions,
comprising administering av offective amount of a compound of formula (D or a

pharmaceutically acceptable salt, isomer, or o mixture thereof,
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{80164 Also provided i a method of inhibiting growth or proliferation of cancer colls
comprising contacting the cancer cells with an effective amount of a compound of formmula (3 or

a pharmaceutically acceptable salt, isomer, or 2 mixture thereof.

18037) Also provided 1s a kit that includes a compound of formuta (1) or a pharmacentically
avceptable salt, isomer. or a mixture thercof. The kit may further comprise a label and/or
mstructions for use of the corupound in treating a disease, disorder, or condition in a umnan in
need therent. In sowe erabodiments, the disease, disorder, or condition may be associated or

mediated by PI3K getivity.

{018} Also provided are articles of manutfacturs that include a compound of formula (Dora
pharmaceutically acceptable salt, isomer, or 2 mixhure thereof, and 2 container. In one

embodiment, the container may be a vial, jar, ampoule, preloaded syringe, or an intravenous bag,

DETAILED DESCRIFTION

[8¢19] The following deseription sets forth exemplary methods, parameters anid the like.
Such desoription is not intended as g limitation on the scope of the present appHeation but is

instead provided as exemplary embodiments,

60281 As used herern, the following words, phrases and eymbols are generally intended to
have the meanings as set forth below, except to the extent that the context in which they are used

indicates otherwise.

LU A dash (7-7) that 1s not between two letters or symbols is used to indicate a point of
attachment for a substituent. For example, ~CONH, {8 attached through the carhon atom. A
dash at the front or end of a chemical group is a matter of convenience; chemical groups may be
depicted with or without one or raore dashes without losing their ordinary weaning. A wavy
line drawn through 2 line in a structure indicates a point of attachment of a group. Unless
chemtcally or structurally required, no dirsctionality is indicated or implied by the order in

which a chemnical group is written or named.

1G22 The prefix “C,.” indicates that the following group has from u o v carbon atowms,

For example. “Cre alkyl” indicates that the alky! group has from 1 to 6 carbon atoms.

RO Reference to “agbout”™ a value or parameter herein includes {and describes)

embodiments that ave directed to that value or parameter per se. In certain embodiments, the

N
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term “about” includes the indicated amount + 10%. In other embodiments, the term “about”
includes the indicated amount & 5%, In cerfain other embodiments, the term “about” ncludes
the indicated amount + 1%.  Also, to the torm “about X7 includes description of X, Also, the
singaalar forms "a” and "the” include phural refercnces unless the context clearly dictates
otherwise. Thus, e.g., reference to "the compound” includes a plurality of such compounds and
reference to "the assay” includes reference to one or more assays and equivalents thereof known

to those skilled in the art,

{80241 “ALKyE” refers to an unbranched or branched saturated hydrocarbon chain, As used

,(

herein, alkyl has 1 to 20 carbon atoms (Le., Cygp alkyl), 110 8 carbon ators (7 2., Cyg atkyly, 1
to 6 carbon atoms (e, Cig alkyl), or 1 1o 4 catbon atoms (7o, Tig alkyl). Examples of alkyl
groups include wethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, pentyl,
Z-pentyl, wopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, and 3-methyipentyl., When an alkyl
residue having a specific nuntber of carbons s vamed, all geometric fsomers having that wamber
of carbons may be encompassed; thus, for example, “butyl” includes n-butyl, sec-butvl, isobutyl

and t-butyl “propyl” incliudes nepropyi and (sopropyl.

{I25] “Alkenyl” refers to an aliphatic group containing at least oue carbon-carbon double
bond and having trom 2 to 20 carbon atoms (e, Gy alkenyl), 2 {0 § carbon atoms (e, Cog
alkenyl), 2 1o 6 carbon atows (e, T alkenyh), or 2 10 4 carbon atoms (e, Thy alkenyi).
Examples of alkenyl groups include ethenyl, propenyl, bitadieny! (including 1,2- butadieny] and

1,3-butadienvyi).

18026] “Alkynyl” refers fo an aliphatic group coniaining at least one carbon-carbon triple
bond and havigg from 2 {0 20 carbon atoms (fe., Cong dikm;vi) 210 8 carbon atoms (L2, (g
alkynyl), 2 to 6 carbon atoms {1.e., Cog alkynyl}, or 2 10 4 carbon atoms (fe, (o alkynyl). The

term “alkynyl” also includes those groups having one triple bond and one double bond.

a7 “Alkoxy” refers to the group “alkyl-0-". Examples of alkoxy groups include
methoxy, ethoxy, n-propoxy, iSe-propoxy, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, u-

hexoxy, and 1. 2-dimethytbutoxy.

{B8028] “aeyl” refers to a group -C{=OR, wherein R is hydrogen, alkyl, eyeloalkyl,
heterocyeloalkyl, aryl, heteroalkyl, or heteroaryl; each of which may be optionally substituted,
as defined herein. Examples of acyl include formyl, acetvl, evloshexyicarbonyl,

cyclohexylmethyi-carbonyl, and benzoyh

o
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[B029) “Amido” refers 1o both a “C-amido” group which refers to the group -Oi=OINRYR®
and an “N-amide” group which refers to the group -NRYCE=OR?, wherein RY and R” are
mdependently selected from the group consisting of hydrogen, allovl, aryl, haloalkyl, or

keteroaryl; each of which may be optionally substinuted,

16830) “Amino” refers to the group -NR'R” wherein RY and R” are independently selected
from the group consisting of hydrogen, allyl, baloalkyl, aryl, or heteroarvt; each of which may

be optionally substituted.

HEIRS ! “ArylT refers 1o an aromatic carbocychic group having a single ring {e.g. monocyclic)
or mudtiple rings {e.g. bicyelie or tricyelic) including fused systems. As used herein, aryl has 6
to 20 ring carbon atoms {Le., Tsog aryl), 6 to 12 carbon ring atoms {i.e., Cgpr aryi), or 6 to 10
carbon ring atoms {L.e., Coap aryl). Examples of aryl groups include phenvl, naphthyl, finorenyl,
and anthryl. Aryl, however, does not encompass or overlap i any way with heteroary! defined
below. If one or more aryl groups are fused with a heteroaryl ring, the vesulting ring system is

heteroaryl.
198321 “Cyano” or “carbonitrile” refers to the group -CN.

84331 “Cyeloalkyl” refers to a saturated or partially saturated cyclic alkyl group having a
single ring or multiple rings including fused, bridged, and spivo ring systems. The term
“eyeloalkyl” includes cycloalkeny! groups (Le. the cyclic group having at least one alkenyl). As
used herein, oycloalicyt has from 3 to 20 ring carbon atoms (Fe., Csp oycloalkyl), 2 1o 12 ring
carbon atorns {{e., Cipo cycloatkyly, 3 to 10 ring carbon atoms {ie., Csyg eveloalkyly, 30 8 Fing

carbon atoros {f.e, Cyq oycloalkyl), or 3 to & ring carbon atorus (e, Cag oycloallyl). Examples

of cycloalioyl groups include cyelopropyl, cyclobutyl, cyelopentyl, and cyelohexyl.
{68034] “Halogen™ or “halo™ includes fluore, chloro, brome, and iodo. “Haloalkyl” refers to

an unbranched or branched alkyl group as defined above, wherein one or more hydrogen atoms
are replaced by a halogen. For example, where a residue is substituted with more than one
halogen, 1t may be referred to by using a prefix corresponding to the munber of halogen moicties
attached. Dihaloalkyl and trihatoalkyl refer to alkyl substituted with two (“di”} or three (40}
halo groups, which may be, but are not necessarily, the same halogen. Examples of haloaiky

mchude difluoromethyl (CHF;) and teflooromethyl (-CFa).

-3
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1838 “Heteroalkyl” refers to an alkyl group in which one or more of the carbon atoms {and

any associated hydrogen atoms) are sach independently replaced with the same or different
heteroatomic group. By way of example, 1, 7 or 3 carbon atoms may be independently replaced
with the same or different hetercatomic group, Heteroatomic groups include, but are not Hmited
to, ~NR~, -0, =5- -S{0}-, -S{0 -, and the fike, where R {8 H, alkyl, aryl, cvclealkyl,
heteroalkyl, heteroaryl or heterocycloalkyl, each of which may be optinnally substituted.
Examples of heteroalky] groups include ~OCH,, ~CH.OCH,, -8CH,, -CHL8CH;, -NRCH,, and -
CHNRCH;, where R 18 hydrogen, alkyl, aryl, arylaliov], heteroalkyl, or heteroaryl, each of
which may be optionally substituted. As used herein, heteroalloyl include 1 to 10 carbon atoms,
1 1o B carbon atoms, or 1 o 4 carbon atoms: and 1 to 3 hetercatoms, 1 o 2 heteroatoms., or 1

heteroatom,

{6036} “Hetercaryl” refers 1o an aromatic group having a single ring, ymualtiple vings, or
muitiple fused rings, with one or more ring heteroatoms independeutly selected from nitrogen,
oxygen, and sulfur. As used herein, heteroary! include 1 to 20 ring carbon atoms {(Le., Cjag
heteroaryi), 3 to 12 ring carbon atoms {f.e., Cy» heteroaryl}, or 3 o § carbon ring atoms {{.2.,
Uy heteroaryly; and 1 to 5 hetercatoms, | 1o 4 heterpatoms, 1 o 3 ring heterpatoms, 1 io 2 ning
hetercatoms, or 1 ring heteroatom independently selected from nitrogen, oxyvpen, and sulfur.
Examples of heteroaryl groups inchude pyrimidinyd, porinyt, pyridyl, pyridazingd,

benzothiazolyl, and pyrazolyvl. Hetercaryl does not encompass or overlap with aryl as defined

above,
{6037] “Heterooycloalky!” refers o a saturated or onsaturated cyclic alloyl group, with oue

or maore ring heteroatoms independently selected from nitrogen, oxygen and sulfir. The term
“heterocycloatkyl” ncludes heterocyeloalkenyt groups (1.e. the heterocyeloalkyl group having at
least oue slkenyli. A heterocveloalkyl may be a single ring or multiple rings wherein the
multiple rings may be fused, bridged, or spiro. As used herein, heterocycloalkyl has 2 to 20 ring
carbon atoms {{.e., Cogg heterocyeloalkyl), 2 to 12 ring carbon atoms (e, Cupn
heterocycloalkyl}, 2 to 10 ring carbon atows (fe., Coyp heterocycloalkyly, 2 to & ring carbon
atoms {7.e., (g hetarocycloalkyll, 3 to 12 ring carbon atems {fe., Capy heterocycloalkyl), 3 to 8
ring carbon atoms {f.e., Cag heterocyeloalkyl}, or 3 to 6 ving carbon atoms (e, Cag
heterocycloalkyl); having 1 to 5 ring heteroatoms, 1 to 4 ring heteroatoms, 1 to 3 ting

heteroatoms, 1 10 2 ring heteroatoms, or 1 ring hetercatom independently selected from nitrogen,

D0
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sulfur or oxygen. Examples of heterocycloalkyl groups include pyrrolidinyd, piperidiny,

piperaxinyl, oxetanyl, doxolanyl, azetidinyl, and morpholiny,

3 ¥

{4038] “Hydroxy” or “hydroxy!” refors to the group -OH,
[B039] “Oxo” refers 1o the group (=0) or (),

{00401 “Sulfonyl” refers to the group -8(0ORR, where R is alkyi, haloalkyl, cyeloatkyt,
heterpeyeloalkyl, heteroaryl, or aryl. Examples of salfonyl are methylsulfonyl, ethylsulfonyl

bl

phenyisulfonyi, and toluenesulfpnyl

{6041 Certain commonly used alternative chemical names may be used. For example, 2
divalent group such as a divalent “alky!” group, a divalent “arvl” group, etc., may also be
referred to as an “alkylene” group or an “allylenyl” group, an “aryiene” group or an “arvienyt”
group, respectively. Also, unless indicated explicitly otherwise, where combinations of groups
are referred to herein as one molety, e g. arvialkyl, the last mentioned group contains the atom

by which the molety is attached 1o the rest of the molecule.

REER S, The terms “optional” or “optionally” means that the subseguently described event or
cireumstance may or may not ocour, and that the description nchades instances where said event
or circumatance oeeurs and instances in which it does not. Also, the term “optionally
substituted” refers to any one or more hydrogen atoms on the designated atom or group may or

may not be replaced by a moisty other than hvdrogen.

18043} The term “substituted” means that any one or more hvdrogen atoms on the
designated atom or group 18 replaced with one or more substituents other than hiydrogen,
provided that the designated atom’s normal valence {s not excesded. The one or more
substituents include, but are not Hvdted to, alkyl, alkenyl, alloynyl, alkoxy, acyl, amino, amido,
amidino, aryl, azido, carbamoyl, carboryl, carboxyl ester, oyano, guanidine, halo, hatoalkyl,
heteroatkyl, betercaryl, heterocycloaliyl, hydroxy, hydrazine, iming, oxo, nitro, alkvisulfiny,
sulfonie acid, alkvisulonyl, thicoyvanate, thicl, thione, or combinations thereof. By way of
exampie, there may be one, two, three, four, five, or six substituents. Polymers or similar
mndefinite structures arrived at by defining substituents with further substituents appended ad
mfinitum (e.g., a subsiituted aryl having a substituted alioyl which is itself substituted with a
substituted aryl group, which is further substituted by a substituted hetercalkyl group, ete.) are

not intended for inchusion herein. Unless otherwise noted, the maximumn number of serial
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substitations in compounds described herein is three. For example, serial substitutions of
substituted aryl groups with two other substituted aryl groups are limited to substituted aryl
{substituted aryl}y substituted aryl. Similarly, the above definitions are not intended o include
impermissibie substitution patterus {o.g., methy! substituted with 5 fluorines or heteroary
groups having two adjacent oxygen ring atoms). Such impermissible sabstitution patterns are
well known to the skilled artisan. When used to modify a chemical group, the torm
“substituted” ymay describe other chemical groups defined herein. For example, the term
“substituted aryl” includes, but is not Hmited to, “alkylarvl” Unless specified otherwise, where
g group is described as optionally substituted, any substituents of the group are themselves

ansubstituted.

{044} in some embodiments, the term “substituted alkyl” refers o an alkyl group having
one or voore substituents including hydroxyl, halo, alkoxy, cycloalkyl, heterocyeloalkyl, aryi,
and heteroaryl. In additional embodiments, “substitated cycloalkyl” refers to a eycioalloyl group
havipg one or more substituents including alkyl, haloalkyl, heterooyeloalkyl, arvl, heteroaryl,
aikoxy, hale, hydroxyl; “substituted aryl” refers to an ary] group having one or more substituenis
meluding halo, alkyl, haloalkyl, heterocveloalhoyl, hetercaryl, alkoxy, snd cyano, and
“substitoted sulfonyl” refers 1o a group -S{OLR, in which B is substituted with one or more
substituents of alkyl, cycloalkyl, heterooycloaliov], arvl, or betercarvl  In other embodiments,
the gue or more substituents may be further substituted with halo, alkyl, haloalkyl, alkoxy,
cycloalkyl, heterocveloalioyl, aryl, or heteroaryl, each of which is substituted. In additional
embodiments, the substituents may be further substituted with halo, slivl, haloalkyl, alkoxy,

cyeloalkyl, hetercoyeloalkyl, aryvl, or hetercaryl, each of which is unsubstituted.

PN Inlubitor Compounds
[B045] The present application provides the compounds that function as inhibitors of PI3K

isoforms. In one aspect, the PI3K whibitors are the compounds having the struciure of formula

9.
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wheretn:

niws 0,08, 2,3, or 4

misd b or2:

Wis CH or N;

each R’ is independently selected from bale, oyano, optionally substituted abkyl,
optionally substituted haloalkoyl, optionally substituted alkoxy, optionally substituted sulfonyl,
optionatly substituted aryl, optionaily substituted heteroaryl, optionally substituted cveloalloyl,
optionally substituted heterovyeloatkyl;

cach R7 is independently selected from halo, opticnally substituted alkyl, optionally
substituted haloalkvi;

R is hydrogen, optionally substituted alkyl, optionally substituted haloatkyl. optionally
substituted cycloalkyl, or oplionsily substituted arvi;

R" is heteroaryl optionally substituted with one, two, or thres members independently
selected from halo, cyano, opticnally substituted haloalkyl, optionally substituted alkyl, and -
Mo, and

27 is hydrogen or optionally substituted allevl, wherein B and R together with the atoms
to which they are attached optionally form a heterocyelic ring;

or a pharmnaceutically acceptable salt, isomer, or a mixture thereof,

{46} ‘The application also provides the compounds having the structure of formula (3 that
function ag inhibitors of PR3 isoforms. In one embodiment, the PI3K inhibitors are the

compounds of the formulda () having the structure of

6 NN
®y 5 L1
DOEAE
L/;rf\ /H R
e N o
M
YR
{1}

wheretiu

nis i, 2, or3;

mis{orl;

sach R'ia independently selecied from hale, eyano, optionally substituted Ci alkoyl,

optionally substituted Cy¢ haloalkyl, optionally substituied C, 4 alkoxy, optionally substituted

il
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sultonyl, optionally substituted Cag aryl, optionally substituted Cag heteroaryl, optionally
substituted (s 5 cyeloalkyl, and optionally substituted Cs heterocycloalkyl;

each R” is independently selected from halp and optionatly substitnted Cy . alkyl;

R® s hydrogen, optionally substituted {4 alkyl, optionally substituted Cypp aryl, or
optionaily subatituted O ¢ cycloalkyi;

R 5 a six- to twelve-menmbered heteroaryl baving st least one aromatic group and at
least two heteroatoms, whereln the hetervaioms are selected from M, O, or 8, wherein the
hetercaryl 1s optionally substituted with one, two, or three members independently selected from
hale, cvane, optionally substituted haloalky!, optionally substituted €y, alkyl, and ~-Nil,: and

R s hydrogen or optionally substituted ;¢ alioyl, wherein R” and together with the
atoms to which they are attached optionally form a four- or eight-membered heteroovelic ring;

or & pharmaceutically accepiable salt, isomer, or g mixture thereof,

{0471 tn some embodiment, the compounds have the structure of formula (1) wherein

nislorl;

misdor i

each R s independently sefected from halo, Ce alkyl, and Ci haloalkyl;

each B is Chg alkyl;

R’ is hydrogen, Cpe alkyl, or Csp cycloalkyl;

1 {52 six- to twelve-membered heteroaryl having af least one aromatic ring and at least
two nitrogen atoms, wherein the heteroaryl is optionally substitated with one, twe, or three
mernbers independently selected from hale, cyano, -NHs, €y haloalkyl, and €y alloyl: and

R e hydrogen, methyl, ethyl, or propyl, or BY and R together with the atoms to which
they are attached optionally form a five-membered heterooyelic ring;

or a pharmacentically scceptable salt, isomer, or & mixture thereof,

{3481 In some embodiment, the compound having the siructure of the formula (0} wherein:
nislor2;
misfior b
sach B' ig independenily selected from chloro, brome, fluore, methyl, ethyl, and propyl;
pach R” is independently selected from methyl, ethyl, and propyl;
R’ is hydro gen, methyi, ethyl propyl, butyl, eyelopropyl, or eyclobutyl;

B is a six- 1o twelve-membered moneeyelic beteroaryt haviog at least one aromatic ring

and at least two nitrogen atoms, wherein the monocyelic heteroaryl is substituted with two or
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three members independently selected from brome, chlore, fluore, cyano, methyl, ethyl, propyt,
and -Ni; and
R” is biydrogen;

or a pharmnaceutically acceptable sall, isomer, or a mixture thereof

{B049] In some embodiment, the compound having the structure of the formula (1) wherein;
nislorZ;

m s

each R is independently selected from chlore, brome, fluoro, methyl, ethyl, and propyl;

R’ g tydrogen, methyl, ethyl, propyl, butyl, evelopropyl, or eyclobutyl;

R* s a six- to twelve-membered bicyclic heteroaryl having at least one aromalic ring, at
least two nirogen atons, and at least one heteroatoms selected from N, O, and 8, wherein the
bicyelic heteroaryl is optionally substituted with one or two members independently selecterd
from bromo, chloro, fluoro, evane, methvl, ethvl, propyl, and -NH-; and

R’ is hydrogen:

or 3 pharmaceatically acceptable salt, isomer, ov a mixture thereof,

15058 in some embodiment, the compound having the structure of the formula (1) wherein:
nis1or2:
m ig {
each R is independently selected from chioro, bromo, fluoro, methyl, cthyl, and propyl;
R is pyrimidiny! substitated with two or three members independentty selected from
bromo, chlore, thiore, eyano, methyl, ethyl, propyl, and -NH-: and
R is hydrogen;

ot a pharmacentically acceptable salt, teomer, or a mixture thersof,

HUES S In some additional embodiment, the compounds have the structure of the formula (1)
whereit

nis lor2;

misforl;

each R’ is independently selected frora chioro, brome, fluoro, methyl, ethyl, and propyl;

gach R? is independently selected from methyl, ethyl, and propyl;

R’ is hydro gen, maethyl, ethyl, propyl, butyl, cyclopropyl, or cyclobuivi;

R* 49 a six- to twelve-nmembered monocyclic heteroaryl having at least one aromatic ring

and at Jeast fwo nitrogen atoms, whereln the monooyclic heteroaryl is substituted with two or

13
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three members independently selected from bromeo, chloro, fluore, cvane, wmethyl, sthyl, propyl,
flnoromethyt, diflucromethyl, trifluoromethyl, fuorcethyl, diftuoroethyl, triffucroethyl,
fluorepropyl, diflucropropyl, rifluoropropyl, and -NH: and

R” is hydrogen;

or a pharmaceutically acceptable salt, isomer, or 3 mixture thereof,

RLIRY: fn some embodiment, the compounds have the strocture of the formula () wherein:
nislorZ;

my is 4

each R} is independently selected from chioro, brome, fluore, methyl, ethyl, and propyl;

/7 ie hydrogen, methyl, ethyl, propyl, butvl, evelopropyl, or cvelobutyl;

1 is a six- to twelve-membered bicyelic heteroaryl having at least one aroroatic ring, at
teast two nifrogen atoms, and at least one heteroatoms selected from N, O, and 8. wherein the
bicyelic heteroaryl is optionally substituted with one or two members independently selected
frorn bromo, chiore, flucro, cyana, methyl, ethyl, propyl, fluoromethyl, diffuoromethyl,
trifluoromethyl, fuorcethyl, diffuoroethyl, trifluorcethyl, flucropropyl, difluoropropyl,
trifluoropropyl, and ~NH,; and

R is hydrogen;

or a pharmaceutically acceptable salt, isomer, or a mibxture thereof,

{353] in some embodiment, the compounds have the structure of the formula (1) wherein:
nis for2;
m is {3
each R' is mdependently selected from chloro, bromo, fluoro, methyl, ethvl, and propyl;
R* iz pyrimidinyl substituted with two or three members independently selected from
bromo, chloro, fluore, cyano, methyl, ethyl, propyl, fluoromethyl, diffucromethyl,
wrifluoromethyl, fluoroethyl, diffuoroethyt, tiflucroethyl, fuoropropyl, diftuoropropyl,
trifluoropropy! and ~NH;; and
R’ is hvdrogen:
ar a pharmaceutically acceptable sali, isomer, or a mixture thereof,
IG054] In some embodiment, the compounds have the structure of the formula () wherein:
nistor2;
i i

gach R' is independently selected from chlore, bromo, flucre, wethyl, ethyl, and propyl;

14



WO 2015/191754 PCT/US2015/035161

R is pyrimidiny! substituted with two or three members, cach of which is independently
selected from Huoromethyt, difluoromethyl, wifluoromethyl, fluercethyd, difluorcethyl,
triflucroethyl, fuoropropyl, diffeoropropyl, mifluoropropyl and -NH,; and

R is hydrogen;

or a pharmaceniically acceptable aalt, isomer, or a mixture thereofl

1055] Also, the compounds of formulae (1) or {I) may have the structare of formula (Ia)

A% N NHg
ge o |
R /gqfwfﬂxg\g/‘" SR
I\ /’/E\ ff'J\ RB
R T MY |
R'Iﬂ M (fd\}
RS/ \Rd'

wherein

each ' R R and R is independently selected from hydrogen, fluore, chloro,
bromo, and iodo;

gach R and R™ i independently selected from hydrogen, wmethyl, ethyl, and propyi;
ang

1% s selecied from

- A . iy N
. e oF IS ~ : NHy e oY c N -~ of N
3 ~ 5 N . o NB W - N ~ of N o .
NH, REXN [// N fﬁf d \'\\Q\r// 3 ]‘f \\\: ;F'tv///// \\\ \:.SJ\ - "\\1
R AN O A N A
[ fathe N i . N o \f/
P W\ f HR i & ]
N \\\ i \\ / \\\\ ’;
N N g NE e ¢ o
, N N, , N , e angd w—d

or & pharmaceutically accoptable salt, isomer, or a mixture thereof, wherein R* is
opiionally substituted with one, two, or three members independently selected from chlorn,
fluoro, brome, lodo, methyl, ethyl, propyl, cyane, and ~-NHy; and

®° and B are described herein;

or g pharmacentically acceptable sall, isomer, or a mixture thereof.

1056] In certain emboediment, the compounds have the structore of formula (Ja), wherein
each Rk‘? R “*, Rr' and R’ independently selected from hydrogen, fluore, chloro,
bromao, andd iodo;
cach R™ and B™ is independenily selected from hydrogen, methyl, othyl, and propyl:
and

R* g selected from hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, and evclobuivl

i3
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e Ny AN
S I and  Ne—o ; and
g .
R 1s hydrogen;

or a pharmeaceutically acceptable salt, isomer, or a mixture thereof,
{9857

In certain embodiment, the compounds have the structore of formula (1), wherein

ta gy it c d:. . : ; ;
each R’ R RY and R'is mdependently selected from hydrogen, fluore, chlore,
bromo, and iodo:

each R™ and R* is independently selected from hydrogen, methyl, ethyl, and propyl

R 13 selected from hydrogen, methyl, ethyl, propyl, butvl, eyclopropyl, and eyclobutyl;

~oss LN, R LN Ny
JJ\T e \\.\\] fw\i/ \\\7/,
¢ /& N
o:—"/\\v’f’;N o i
S
q . . ; PN
R” is selected from N and T

and
- 5 -
R is hvidrogen;

or a pharmaceutically acceptable sali, isomer, or a mixture thereof

{03381 The cormpounds of the formulae (3) or (I) may also have the structure of formula (b
23
gla j;; RT’fN\l ANHg
1 i -
\T/L\\T N N TR
ricT NN
R N N Ny
RS \ﬂ o
" /../’/_;AN
H5 (Ib)
wherein
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& ppib ple pid pla glb gl .
R R R R R RY R and B are defined herein:

pis 8, 1, or2; and

R™ is independently selected from halo, cvano, -NHy, and C; . alkyl;

or a pharmaceutically acceptable salt, isomer, or & mixture thereof,

160591 in certainy embodiment, the compounds have the structure of the formula (Ib),
wherein

rl® g R ¥ p% % R and & are defined herein

pisd I, or2; and

each R% s independently selected from halo, evano, -NH,, Oy halealkyl, and Cy . alkyl

ot g pharmacentically acceptable salt, isomer, or 2 mixture thereof,

HiB60] irs certaim embodiment, the compounds have the structure of the formula (Ib),
wherein

each RY R R™ p¥ 5 independently selected from hydrogen, fluoro, chiors, bromo,
and 1odo;

sach R and ™ is independently selecied from bydrogen, methyl, ethyl, and propyi;
and

R’ is selected from hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, and cyclobutyl;

pisior?; and

each R™ is independently selected from bromo, chloro, fuors, cyano, methyl, ethyl,
propyi, fuoromethyl, dithuoromethyl, iffuoromethyl, fluoroethyl, dittuoroethyl, wrifluoroethyl,
finoropropyl, difhuoropropyl, rifluoropropyl, and -NHy;

or a pharmaceutically acceptable sali, isomer, or a mixture thereof.

HEN In certain embodivoent, the compounds have the structure of the formula (Ib),
wherein

cach RV B Rmic g1 s independently selected from hydrogen, fluoro, chloro, bromo,
and jodo;

each B and B {s independently selonted from hydrogen, methyl, ethyl, and propyl;
aid

R’ i3 selected from hydrogen, methyl, eth vi, propyl, butvl, cyclopropyl, and cyciobutyi;

pis 1 or2; and
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cach ™ is § ndependently selected from fluoromethyl, diffuoromethyl, triffuoromethivi,
fluoroethyl, diflucroethyl, trifluoroethyl, flucropropyl, diffuorepropyl, triflusropropyl, and -
MNH;

or a pharmaceutically acceptable salt, isomer, or a mixture thereof,

IB062] in one embodiment, nis 0. In some embodiments, nis 1, 2, 3, or 4. In some
embodiments, nis 1, 2, or 3. In other embodiments, nis 1 or 2. In centain embodiments, n is 1
and B' moiety may be located on any position of the phenyl of the quinazolinone ring. In
another entbodiment, n is 2. Both B! substituents or moieties may be the same or different.
Two R moieties may be located on any two postiions of the phenyl of the quinazelinone ring,
By way of example, the first R mayv be ortho, mets, o para 1o the second RY. In vet another
embodiment, ris 3. AR substitpents or moieties may be the same or different, or two B! may
be the same and different fom the third BY. Three R moieties m ay be located on any three
positions of the phenyl of the quinazolinone ring. For example, the first R’ may be orthe 1o the
second R, and the first R} may be para to the third R, In vet another embodiment, nis 4. All
R substituents iy bo the same or different, three RY may be the same and different from the

fourth R, two R may be the sume and different from the third and the fourth B

{B863] T some other embodiments, cach B is mdependently halo, cyano, optionally
substitied Cyq alkyl, optionally substituted Ci. haloalkyl, optionally substituted €4 alkoxy,
hydroxy, optionally substituted Cs eycloalkyl, optionally substitated Ca heterocycloalkyl,
optionaily substituted Ci. aryl, optionally substituted Co.g heteroaryl, or optionally substituted
{1 alkylsulfonyl, In certain embodiments, cach R is independently halo, cyane, oplionally
substituted Cy.4 alkyl, optionally substituted €. halealkyl, optionally substituted Ciy alkoxy,
aptionally substituted Uy ¢ cycloalkyl. or optionally substituted © 4 atkyisubfonyt. In other
embodiments, cach R’ is independently halo, eyano, i haloalkyl, Ciaalkyl, or Cia
alkevisulfonyl. In certain embodiments, cach R is independently selected from fluorn, chioto,
iode, bromo, cyano, methyl, sthyl, propyl, butyl, flucromethyl, fluoroethvl, difluoromethyl,
ditlunoroethyl, triffuoromethyvl, triflucroethyl, methylsulfouyl, ethyvisuifonyl, or propylsulfonvl,
in somie embodiments, each R s mndependently fluore, chlore, fodo, cyane, methyl, sthyl,
difluoramethy! (~CHF,), trifluoromethyt (-CF3), methuxy, methylsulfonyl (-S0.CHsy,
cyclopropytmethyl, or cvclopropyl. Tn one embodiment, cach B is independently fluoro,

chiore, cyano, methylsulfonyl, methyl, or triflucromethyl.
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§{H)64] In certain emnbodiments, m i3 0. In some embodiments, mis 9, 1, or 2. In some other
embodiments, m is 1 or 2. When m is 1, R® substituent or moiety may be located on any

position of the pyrazine ring. When m i3 2, both R” substituents may be the same or different.

1B065] I certain embodiments, each B is independenily halo, cvanc, optionally suhstituted
Cie alkyl, and optionally substituted Cue haloalkyl. In some embodiments, each R” is
independently halo, cyano, Cis alkyl, and Crg baloalkyl. In some other cmbodiments, each R?
is independently fluoro, chloro, iodo, methoxy, ethoxy, propoxy, butony, pentoxy, hexoxy,
fluoromethyl {e.g. -CHFY diffucromethyl (e.g -CHE,), triffuoromethy! (e.g. -CFa), flucroethyl,
diftuoroethyl, wifluoroethyl, methyl, ethyl, propyl, or butyl, In one embodiment, ach R is

independently Huoro, chioro, methyl, -CHF,, or ~CF;,

3066} In certain embodiment, R is hydrogen, optionally substituted O alloyl, optionally
substituted Csyp oycloalkel, or optionally substituted Coparvl. In one embodiment, R is
hydrogen, g alkyl, Coe oveloalkovl, or Cop arvl, wherein O 4 alkyl is optionally substituted
with Cy . alkoxy, Ce.n aryl, or Cse cycloalkyl, wherein 4 alkoxy is optionally substituted with
Ce.to arvl. In additional embodiments, 75 g alkyl, Cug cycloalkyl, or Copn arvl, wherein €
s alkyl is optionally substituied with Co alkoxy, Coauo aryl, or Ty cycloalkyl, wherein Ciy
alkoxy is optionally substituted with phenyl, cyclopropyl, or cvelobutyl, In some embodiments,
R is hydrogen, methyl, ethyl, propyl, buivl, methoxy, ethox ¥y, eyclopropyimethyl,
cyclopropylbutyl, evelobutvimethyl, cyclopropylethyl, phenyl, cyclopropyl, cyclobutyl,
cyclopentyl, or evelohexyl, wherein methoxy and ethoxy is substituted with phenyl, eyclopropy!

or evelobuivl. To other embodiments, R is methyl, ethyl, cyclopropyimethyl, or cyclopropyl.

(86671 In additional embodiments, R’ is hydrogen or optionally substituted Ci alkyl, In
seme embodiments, R {s hydrogen or Cry alkyl, In certain embodiments, R is hydrogen,

methyl, ethvl, propyl or butyl. In certain other embodiments, R is hyvdrogen.

{H68] In further embodiments, B and R” with the atoms to which they are attached (e.p.
carbon and pitrogen, respectively) optionally brm 3 beterocyelic ring which is optionally
substitnied with halo. In other embodiments, the RO-R” heterceyelic ring is & four- 1o seven-
membered ring. In some other embodiments, the R-R’ heteroeyelic ring is a four- to seven-
membered ring optionally sphstituted with fluoro, chloro, bromo, or iodo. In certain other
enhodiments, the BR’ heterocyclic ring is azepanyl, azetidiny, piperidinyl, and pyrrolidingt.

) , ) 3 gy 8 L . a-
in some other embodiments, the R7-R7 heterocyclic ring is pyrrelidinyl. In one other
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embodiment, the R*-1 heterocyclio ring is a five-membered heterocyeloatkyl substituted with
halo, In other additional embodiments, the R R’ heterocyelic ring 18 pyrrolidiny!t substituted

with Huoere, chlore, brome, or fodo.

{69 tu certain embodiments, B is hydrogen, optionaily substituied C, 4 alkyl, optionally

substituted Cag cycloalkyl, or optionally sobstituted Ce g aryl, In one embodiment, R°is
hydroges, {1 cyc?ezzikyL Coie aryl, or Ciy alkyl which is optionally substituled with hydroxyl,
oo ary1C g alkoxy, or O cycloalkyl. in some embodiments, R i3 hydrogen, methyl, ethyl,
propyl, butyl, eyvclopropylmethyl, eyclopropylethyl, eyvelobutylmethyl, cyelobutylethvi,
cyclopropyl, cyclobutyl, cyelopentyl, eyclohexyl, ~-CHOH, -CoHGOH, -Cal OH,

5 . -~ = -~
-“é'(;Hg """ O‘““(/Hg " ""':"E __g _____ /// i\\".;}
~. ffrf . Y

benzyioxymethyl (Le. ~2T oy, or phenvl (e S

[B8076] fn further embediments, R and B with the atoms to which they are attached {e.g
carbon and nitrogen, respectively} optionaily form a hetercovelic ring. In other embodiments,
the R*-R7 heterooyelic ring is a three- o eight-membered heterocyeloalkyt (e, heterocyeloalioyl
having three to sight ring members and af least one ring member is 4 heteroatom). In other
embodiments, the R>-R” heterocyelic ring is a four- to seven-membered beterocycloalkyl (e
heterneyeioalkyl having four to seven ring roembers and at Jeast one ring member is a
heteroatom). In one embodiment, the B-R° heterocyelic ring 18 2 five-membered
heterocyeloalkvl. In certain other embodiments, the R7-R° heterooyelic ring is Csg
heteroeycloalkyl, In some other embodiments, the RO-R° heterocyelic ring is pyrrohidinyl. In
oue other embodiment, the R-R” heteroeyelic ving is g five-membered heterocycloalkyl
substituted with one or two members of halo. In other additional embodiments, the RIS

heterocyelic ring is pyrrolidinyl snbstituted with one member of fluoro, chiors, bromo, or iodo.

{711 T one embodiment, B is heteroaryl having at least two nitrogen atoms and at least
one aromatic ring, wherein R heteroarvl is optionally substituted with one, two, or three
members independently selected from halo, cyano, -NH;, C) 4 alkyl, and C s halosiivl. In
certain embodiments, R* heternaryl is a six- to twelve-membered heteroaryl (i.e. heteroaryl
having six to twelve ring members). In certain embodiments, R® heteroaryl is a six- to ten-
membered heteroary! (i.e. heteroaryl having six to ten ring membera). R heteroaryl miay he a
monocyelic or bicycle heteroaryl. In sorne embodiments, R heteroaryl is a monoevelic

heteroaryl having at least two nitrogen atoms. In certain embodiments, R hetrcaryl is a bieyclic

0
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heteroaryl having at least one aromatic ving, at least two pitvogen atoms, and at least one
additional hetercatom selected from N, O, or 8. In certain other embodiments, R? hetercaryl is
selected from puninyl, pyriveidinyl, thiazolopyrimidinyl, pyridopyrimidinyd, thienopyrimidinyl,

pyrrolopyrimidinyl, furopyrimidiny, or imidazotriazinyl,

[8472] in any of the foregoing formulae, R” is heteroaryvl optionally sabstinsted with one,
two or three members independenily selected from halo, cvane, -NH,, O alkvl, and Cqq

haloalkyl, wherein the R heteroaryl is selected from the group consisting of
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186731 In certain other embodiments, R s selected from purinyl, pyrimiding,

thizzolopyrimiding, pyridopyrimidinyl, thienopyrimidinyl, pyvrrolopyrimiding, furopyrimidinyi,

andd imnidazotriszinyl, cach of which is optionally substituted with one, two, or three members
independently selected from chloro, fluoro, brome, iode, methyl, ethyl, propyl, cvano, and ~MNH;.
Int other embodiments, R is selected from purinyl, pyrmidinyl, thiazolopyrimidiny,
pyridopyritoidinyl, thienopyrimidinyl, pyrrolopyrimidinyl, furopyrimidingd, and
imidazotriazinyl, each of which is optionally substituted with one, two, or three members
uudependently selected from chlars, flunro, bromo, iodo, methyl, ethyl, propvl, evano,
fuoromethyl, diffuormethyl, triflusromethyl, flusroethyl, diffuoroethyi, triflucroethyl,
flucrepropy!, diftuoropropy!, trifluoropropyl, and -NH;. T certsin other embodiments, R is
setected from thiazelopyrimidingl, pyridopyrimidinyl, thienopyrimidingl, pyreolopyrimidinyd,
furopyrimidinyl, and imidazotriazinyl, each of which is optionally substituted with two mernbers

independently selected from chiors, fluoro, brome, jodo, methyl, othyl, propyl, and -NiL. In
1Y 3 3 ¥i, Props
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other embodiments, B* is selected from thiazolopyrimmdinyl, pyridopyrimiding,
thienopyrimidinyl, pyrrolopyrimidinyl, fropyrimidingyl, and tidazotriazing], each of which is
optionally substituted with independently one member of chioro, fhuore, bromo, iodo, and -NH,.
tn other embodiments, B is selected from thiazolopyrimidinyd, pyridopyrimidinyl,
thienopyrimidinyl, pyrrolopyrinidinyl, furopyrirmidingl, and imidazotriszinyl, each of which is
opticnally substituted with one or two mewbers independently selected from chiloro, fluoro,
bromo, iode, methyl, ethyl, propyl, and -NH,. In some other embadiments, R is pyrinyidinyi or
pyrazinyl, cach of pyrimidinyl or pyrazinyl is substituted with at least one -NH,. In certain other
embodiments, R s pyrimidiny or pyrazinyl, each of which is substituted with two or three
memnbers independently selected from chlors, fluoro, bromo, iode, methyl, ethvl, propyl, cvane,
and -NH;. In certain embodiments, B {s pyrintidiny! or pyrazinyt, each of which is substituted
with at least two o1 three members, cach of the members is independently selected from -NH,.
fuoromethyl, difluormethyl, triflucromethyl, fluoroethyl, diflnoroeethyl, triflunrosthyl,

fuoropropyl, diluoropropyl, and triffuoropyl. In other embodiment, R? is selected from

o M ~ A /Nﬁx ~. !"r _,JN;\ /NH? Y o
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{6674] fn one embodiment, s 0. Tu some embodiments, pis | or 2. In the embodiment

where p is 1, R™ moiety may be located on any position of the pyrimudinyd ring. Whenp s 2,
both B substituents or mofcties may he the same or different. In the embodiment where p is 2,
both B™ substituents or moteties may bo the same or different; cach of the twn R moieties may
be located on any position of the pyrimidinyl ring. In the ambodiment where p is 3, alt R¥

. 2 < o 43 T o
substituents may be the same or different, or two B may be the same and different from the

third R*

{BO7SY In the present appheation, each R™ s independently selected from hale, cvane,
optionally substituted Cre allyl, and -NH,. In one embodiment, each R™ {5 indepondently hato,
cyane, Crg alkvl, and -NH>. In some embodiments, each R% is independently selected fom

brome, chioro, fluoro, iodo, cyano, methyl, ethyl, propyl, and -NH,. In additional embodiments,
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cach B is mdependently selected from brome, chioro, fluore, lodo, cyans, methyl, ethyl,
propyl, Huoromethyl, difluoromethyl, iiflucromethyl, Snoroethyl, diflucroethyl, miffuoroethyl,
fluoropropyl, diftucropropyl, tiflucropropyl, and -WNH,. In other embodiments, each ™ is
independently selected finoromethyl, diffucromethyl, trifluoromethyl, fluoroethyl, diffuoroethyl,
triftuorcethyl, Huoropropyl, difluoropropyl, trifluoropropyl, and -1H,. Each and every variation
of pand r* may be combined with each and every vartation of o, m, Rl, Y R cand R as

described above,

180746} ins the present application, ' R'®, B' and R may be the same or different. Fach
R R“’, R and R g independently selected from hvdrogen, {luors, chlore, bromo, and indo.
Also, R® and ™ may be the same or different. Each R™ and R? ig independently sclected from
hvdrogen, methyl, ethyl, and propyl. In oue embodiment, R™ is chlors, and R R, RY, p%,
ansd B are hydrogen. In one other smbodiment, ' and B¢ are chloro, and R R R R™
and R°° are hydrogen. In some other cmbodiments, B is chloro, B is fhioro, and Rlb, B R
and R are hydrogen. Tn additional ervbodiments, R and B™ are hvdrogen. In some additional
embodiments, sach B R® R™ and 8% s independently selected from hvdrogen, chloro,

fhuoro, bromo, iodo, and methyl,

{86771 I certain embodiments, W is CH or N. In certain other embodiments, W is CH. In
vet other erpbodiments, W is N. Each and every variation of W may be combined with sach and

o - R S S 5
every varistion of i, m, R, R5 R, RY and R as described above,

16678] The compounds of the present application may bear one or more chival conters. The
compounds bearing the chiral center have the same molecular formula snd the same chemical
name with different stereoisomer designations. For example, the below 3-(S-aminopyrazin-2-
yi-5-chloro-2-( 1 -{{2,6-diamine-S-chloropyrimidin-4-yljaminoethyl - 3-fluoroguinazolin-4{ 3H}-
oue bearing one chiral cender can be resolved into the (8) and (R) enantiomers, (§)3-3-(5-
aroinopyrazin-Z-yii-S-chlore-2-(1-{(2,6-diamino-S-chloropyrimidin-4-vljaminojethy] 3-8 -
fuoroquinazolin-4{3H}-one and {(R}-3-(S-aminopyrazin-2-vi}-3-chloro-2-{1-{{2.6-diarming-5-

chloropyrimidin-4-yhaminojethv-8-fluoroquinazeiin-4{3H}-one.
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{701 Representative compounds of the present application are listed in Table 1 below,

Additional representative compounds are listed in Table 1a below. The compounds may be

named using the nomenclature systems and symbols that are commuonly recognized in the art of

chemistry including, for example, ChemBioDraw Ulira 12.0, Chermical Abstract Service (CAS),

and International Union of Pure and Appled Chemistry (JUPAC). For example, cormpound 2 in

table 1 may be named as 2,4-diamino-6-I[{(1S)-1-[3-(S-aminopyrazin-2-y11-5-chioro-&-fluorc-4-

oxo-quinazolin-2-yllethyvljaminolpyrimidine-S-carbonitrile or {832, 4-diamino-6-{{ 1 -{3-(5-

aminopyrazin-2-yi-5-chlore-8-fhaoro-4-0x0-3 4-dithydroguinarolin-2-vhethyliamine)

pyrimidine-S-carbonitrile using WPAC or ChemBiolvaw Ultra 12.0, respectively.

Table 1. Representative Compounds

£
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{H08H The present gpplication provides pharmaceutically acceptable salts, hydrates,
solvates, isomers, tautomers, sterenisomers, enantiomers, racemates, atropisomers, polymorphs,
prodrugs, or a mixture thereof, of the compounds described herein. In addition, the present
apphication provides the corpounds in which from 1 o n hydrogen atoms attached (o a carbon
atom may be replaced by a devterfum atom or I, in which n is the pumber of hydrogen atoms in
the melecule. ¥ is known that the denterium atom is a non-radicactive isotope of the hydrogen
atorn. Such compounds roay increase resistance o metabolism, and thus may be useful for
increasing the half-life of the compounds of any of the formulae described herein or
pharmaceutically acceptable salts, isomers, prodrugs, or solvates thereof, when administered to 2
mammal. See. e.g., Foster, “Deuterium lsotope Effects in Studies of Drug Metabolisrn”, Trends
Pharmacol. Sci., 5(12%:524-327 (1984}, Such compounds are synthesized by means well known
in the art, {or cxample by emploving starting materials in which one or more hvdrogen stoms

have been replaced by dewterium,

{6081} The terms “a componnd of the present application,” “a compound described herein,”
“a compound of any of the formulae described herein,” or variant thereof refer to a compound
having the stracture of any of the formulae (1, ), (a), and (Ib).  In some embodiments,

compounds of the present apphication are Compounds 1-21 as described herein,

10811 “Fharmaceutically acceptable” or “physiologically acceptable” refer 1o compounds,
salts, compositions, dosage forms and other materials which are useful in preparing a
pharmacentical composition that is suitable for veterinary or human pharmaceutical use.

“Pharmaceutically acceptable salts” or “physiclogically acceptable salts” refer 1o salts of

26
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pharmaceutical compounds that retain the biclogical effectivencss and propertics of the
underlying compound, and which are not biologically or otherwise undesirable. There are acid
addition salts and base addition salts. Pharmaceutivally accepiable acid addition salts may be
prepared from inorganic and organic acids,  Acids and bases useful for reaction with an
anderlying compound to form pharmaceutically acceptable salts {acid addition or base addition
salis respectively) ave known to one of skill in the art. Similarly, methods of preparing
pharmaceutically acceptable salts from an underlying compound (apon disclosure) are known 1o
one of skill in the art and are disclosed in for example, Berge, at al. Journal of Pharmacentical
Science, fan. 1977 vol. 66, No. L, and other sources. If the compounds described herein are
ablained as an acid addition salt, the free base can be obtained by basifving a solution of the acid
salt. Conversely, if the product is a free base, an addition salt, particularly a pharmaceutically
acceptable addition salt, may be produced by dissolving the free base in a suitable organic
soivent and treating the solution with an acid, in accordance with conventional procedures for

preparing acid addition salts from base compounds.

[B083] “lsomers” refers o compounds that have the same wolecular formula. As used
herein, the term isomers include double bond isomers, racemates, stereoisomers, gnanticiners,
diastereomers, and atropisomers. Single isomers, such as enantiomers or diagtersomere, can be
obtained by asymmetric synthesis or by resolution of & mixiure of isomers. Resolution of g
mixiure of isomers {e.g. racomates) maybe accomplished, for example, by conventional methods
such as orystallization in the presence of a resolving agent, or chromatography, using, for
example g chiral high pressure Hguid chromatography (HPLCY colwmn. “Diouble bond isomers”
refer to £- and B- forms {or ois- and frans- forms) of the compounds with carbon-carbon double

honds,

{6684} “Atropisomers” refers o conformational sterecisomers which ocour when rotation
about a single bond in the molecule is prevented, or greatly hindered, as a result of steric
mteractions with other parts of the melecule and the substituents at both ends of the single bond
are asymimetrical, i.e., they do not require a stereccenter. Where the rotational harrier about the
single bond is high encugh, and intercenversion between conformations is slow cnough,
soparation and isolation of the isomeric species may be permitted. Afropisomers may be
separated by the methods well known in the art. Unless otherwise indicated, the deseription is

intended to include mmdividual atropisomers as well as mixtures. Also, as nnderstood by those

2
i
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skilled in the art, the atropisomers may be represenied by the same chemical name with different

afropisomer designations.
HHERY “Racemates” refers 1o 2 mixture of cnantiomers,

DRG] “Sterenisomers” or “steresisomeric forms” refer to compounds that differ in the
chirality of one or more stereocenters. Stereoisomers include enantiomers and diastercomers,
The compounds may exist in stereoisomeric form if they possess one or more asymmetric
centers or a double bond with asymmetric substitution and, therefore, can be produced a3
mdividual stereoisomers oy as mixtures. Unless otherwise indicated, the description is intended
to include individual stercoisomers as well as mixtures. The methods for the daetermination of
stereachemisiry and the separation of steresisomers ate well-known in the art (see, e.g., Chapter

4 of Advanced Organic Chemistry, 4¢h od., J. March, fohn Wiley and Sons, New York, 1992).

[BO8T] “Tautomers™ or “tautomeric formers™ refer to alternate forms of a compound that
ditfer in the position of a proton, such as encl-keto and iminc-snaming tantorners, or heteroaryls

such as pyrazoles, imidazoles, benzimidazoles, triazoles, and teiraroles.

T A “solvate” is formed by the interaction of a solvent and a cormpound. Solvates of
salts of the compounds of any of the formulae described herein are also provided. Hydrates of

the compounds of any of the formulae are also provided.

RS A Pprodrog” is defined in the pharmaceutical field as a bislogically inactive
derivative of a diug that upon administration to the human body is converted to the biologically

active parent drug according to some cherdeal or enzymatic pathway.

s In any one of the foregoing embodiments, the compound deseribed heretn or a
pharmaceutically acceptable salt thereof ts an {S)-cnantiomer. Tnany one of the foregoing
embodiments, the compound described herein or a pharmaceutically acceplable salt thereof is an
{Ri-enantiomer. In any one of the foregoing einbodiments, the compound described hersin or a

pharmaceutically accepiable salt thereof is an atropisomer,

10691} The application alse provides g composition containing a mixture of enantiowers of
the compound or a pharmaceutically accepiable sall thereof. In one embodiment, the mixture is
aracemic mixiure. In other embodiments, the composition comprises the (Si-enantiomer of a

compound i excess of over the corresponding the {RY-cnantiomer of the compound. In some
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ernbodiments, the compogition contains the {8 }-enantiomer of the compound and is substantially
free of ite corresponding (R}-enantiomer. In coriain embeodiments, a composition substantially
tree of the (R)-enantiomer has less than or about 40%, 35%, 309, 25%, 20%, 15%, 10%, 5%,
1%, 8.05%, or (.01% of the (R}-enantiomer. Tn other embodiments, the composition containing
the (8)-enantiomer of a compound or a pharmaceutically acceptable salt thereof, predominates
over s corresponding {(Ry-enantiomer by a molar ratio of af least or about 81, at least or about
19:1, at least or about 40:1, at least or about 8011, at least or about 160:1, or at least or abowt

32001,

[O092] The composition containing a compound according o any of the formulae described
herein or a pharmaceutically acceptable salt thereof, may also contain the compound in

enanticmenc excess {e.2.). By way of example, a cornpound with 93% (S)-isomer and 5% (R)-
isommer will have an e.e. of 80%. In some erobodiments, the compoumd has an e.e. of at least or

about 60%, 75%, 80%, 85%, 90%, 953%, 98% or 99%.

10093} in any one of the foregoing embodiments, the compound or a pharmaceutically
acceptable salt thereof, is an atropisomer. Another embodiment provides the composition
containing 2 mixture of atropisomers of the compound or a pharmaceutically acceptable salt
thereof. By way of examnple, 2 compound with 93% of one atropisomer and 3% of the ather
atropisorners. In some embodiments, a compound with about 90, 86, 76, 60, 50, 40, 38, 20, or
F0% of one atropisomer and 10, 20, 30, 440, 50, 60, 70, 80, or 90%, respectively, of the other

stropisomers.

10094} The application also provides the free base forms of the compounds desoribed herein,
in certain embodivnents, provided herein are the enantiomers, (R} or {8, of the compounds of
the formulae described herein, In other embodiments, provided herein are the atropisomers of

the compeounds of the formulae described herein,

{8095] The application further provides compositions comprising the compounds described
hersin or a pharoaceuiically acceptable sall, isomer, prodrug, or solvate thereof, The
compostiton may include racewic mixtures, mixtures containing an enantiomeric excess of one
enantiomer or single diastercomers or diastereomeric mixiores. All such isomeric forms of these
compounds are expressly incladed herein, the same as if each and every isomeric form were

spectfically and individually Hsted.

L



WO 2015/191754 PCT/US2015/035161

{6096] In certain embodiments, provided herein are also polyinorphs, such as orystailine and
amorphous forms, of the compounds described herein. In some embodiments, provided are also
chelates, non-covalent complexes, and mixtures thereot, of the compounds of the formula
described herein or pharmaceutically acceptable salts, prodrags, or solvates thereof. A “chelate”
is formed by the coordination of a compound 1o a metal 1on at two {or more) points. A “non-
covalent complex”™ 13 formed by the inferaction of a compound and another molecule wherein g
covalent bond 18 not formed between the compound and the molecule. For example,
complexation can oocur through van der Waals interactions, hydrogen bonding, and electrostatic

iteractions {also called ionic bonding),

1897} The compounds of the fornmiae described herein or a pharmaceutically sccepiable
salt, 1sorner, prodrug, or solvate thereof may be used for the treatment of diseases and/or
conditions mediated by PI3K isoforms. In addition, the application provides the compounds for
use in therapy. Also, provided herein are methods for imhibiting one or more PI3K isoforms. In
one embodiment, provided are methods for inhibiting PI3KS activity using the compound
described herein or a pharmaceatically acceptable salt, isomer, prodrag, or sclvate thereof. In
other embodiment, provided are methods for inhibiting PISKS and/or PIZKR activities using the
compound or a pharmaceutically accoptable salt, isomaer, prodrug, or solvate thereof. The
applhication further provides methods for use in such methods. The FI3K isoforms may be
selectively or specifically inhibited. Additionally, the compounds may he used to inhibit PI3K

activity therapeutically or prophvlactically, such as PISKE and/or PI3K(.

{BO9E] The cormpounds according to the present application may be used in combination
with one or more additional therapeutic agents. The therapeutic agents may be in the forms of
compounds, antibodies, polypeptides, or polynucleotides, The therapeutic agent includes, but is
not limited to, a chemotherapentic agent, an romunotherapeutic agent, a radiotherapeutic agent,
ant anti-neoplastic agent, an anfi-cancer agent, an anti-profiferation agent, an anti-fibrotic agent,
an apii-angiogemc agent, a therapeutic antibody, or any combination thersof. In one
emtbodiment, the application provides a product comprising a compound described herein and an
additional therapeutic agent a5 a combined preparation for siraultaneous, separate or sequential
use in therapy, e g0 a method of treating a disease, disorder, or condition that is mediated by

PI3K {soforms,

30
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{B099] Alse, the therapeutic agents may be those that inhibit or modulate the activities of
Bruton’s tyrosine kinase, spleen tyrosine kinase, apoptosis signal-reguiating kinase, Jamus
kinase, tysyl oxidase, lysyi oxidase-Hike proteins, matrix metallopeptidase, bromodomain-
containing protein, adenosineg A2B receptor, sociirate dehvdrogenase, serine/threonine kinase
TPLZ, discoidin domain recepior, serine/threonine~protein kinases, IKK, MEK, EGPR, histone
deacetviase, protein kinase €, or any comdvination thereot. In certain embodiments, the
therapeutic agent may be selected from a PI3K (including PI3Ky, PI3KS, PIRKS, PI3K g, and/or
pan-PI3K} inhibitor, a JAK (Janus kinase, including JAK1JAK2, and/or JAK3) inhibitor, a
SYX {spleen tyrosine kinase) inhibitor, a BTK {(Brutons tyrosine Kinase) inhibitor, ant A2B
{adenosine AZB receptor} inhibitor, an ACK {activated CDC kinase, including ACK inhibitor,
an ASK {apopiosis signal-regulating kinase, including ASK 1) inhibitor, Aurea kinase, a BRD
{bromodomain-containing protein, including BRI} inhibitor, 2 Bel (B-cell CLLAvmphoma,
including Bel-1 and/or Bel-2) inhibitor, a CAK (CDK-activating kinase) inhibitor, a CaMK
{calmodulin-dependent protein kinases) inhibitor, 3 CDK {cyclin-dependent kinases, including
CBKIL 2, 3, 4, and/or 6) indubttor, a UK {casein kinase, inchuding UK and/or CK2) inhibitor, a
DR (discoidin domain receptor, including DDRI and/or DDR2Y inhibitor, a EGFR inhibiter, a
FXR (farnesoid x receptor) inhibitor, a FAK {focal adhesion kinase) inhibitor, a GSK {glyoogen
synthase kinase) inhibitor, 2 HDAC (histone deacetyvlase) inhibitor, an IDO (ndoleamine 2.3-
dioxygenase) inhibitor, an IDH (isociirate dehydrogenase, including IDHTY inhibitor, an IKX (-
Kappa-B kinase} inhibitor, a KDMS {lysine demetbylase) inhibitor, a LOK (lymphocyte-specific
protein tyrosine kinase) inhibitor, a LOX (lvsyl exidase) inhibitor, a LOXL (ysyl oxidase Hke
protein, including LOXLL, LOXL2, LOXL3, LOXL4, and/or LOXLS) inhibitor, a MTH (mut T
bomolog) inhibitor, 2 MEK {mitogen-activated protein kinase kinase) inhibitor, a mairix
metatioprotease (MMP, including MMPZ and/or MMP9) inhibitor, 2 mitogen-activated protein
kinases {MAPK} inhibitor, a PE-1 {(programmed cell death protein 1) inhibitor, a PD-11
{programmed death-ligand 1} inhibitor, a PDGF (platelet-derived growth factor) inhibitor, a
phosphorylase Kinase (PK} inhibitor, a PLE {(polo-like kinase, inchiding PLK 1, 2, 3) inhibitor, a
protein kinsse (PK, including protein kinase A, B, ) inhibitor, a STK {serme/threonine kinase)
inhibitor, a STAT (signal transduction and transeription) inhibitor, a serine/threonine-protein
kinase inhibitor, 2 TBK {lank-binding kinase) inhibitor, a TLR {toll-like receptor modulators,
inchuding TLR-1, TLR-2, TLR-3, TLR-4, TLR-S, TLR-6, TLR-7, TLR-8, TLR-%, TLR-14,
TLR-1L TLR-1Z, andfor TLR-13} inhibuor, a TK {tyrosine kinase) inhibitor, a TPL2

{serine/threonine kinase) nrhibitor, a NER® inhibitor, an Abl inhibitor, a p38 kinase inhibitor, a
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PY ¥ inhibitor, a ¢-Kif inhnbitor, g NPM-ALE inhibiior, a Fit-3 inhibitor, a ¢-Met inhibitor, a
KDR mhabitor, a TIE-2 inhibitor, a VEGFR inhibitor, a SRC inhibitor, 2 HCK inhibitor, a LYN
inhibitor, a FYN mhibitor, a YES nhibitor, a chemothergpeutic agent, an immnunotherapeutic
agent, a radiotherapeutic agent, an anti-neoplastic agent, an anti-cancer agent, an anti-
profiferation agent, an anti-fibrotic agent, an anti-angiogenic agent, a therapeutic antibody, or
any combination thereol Tn some embodiments, the JAK inhibitor 13 M-{eyanomethyl}-4-{2-(4-
morpholinoantline jpyrimidin-4-ylibenzamide as named by ChemDraw (may also be referred to
as CYTO387 or momelotimb) and may be synihesized by the methods described in US. Patent
No. 8,486,941, {n certain embodiment, the SyK inhibitor is 6-{1H-indazol-6-y11-MN-{4-
morpholinophenyl Hrotdazo[ 1, 2-alpyrazin-R-amine g8 named by ChemDrvaw (mnay alse be
reterred to s 6-{ 1 H-indazol-6-y13-N-{4-{morpholin-4-yi}phenylHmidarol 1, 2-ajpyrazin-S-amine)
and may be synthesized by the methods described in ULS, Patent No. 8,450,321, In other
embodiments, the BTK inhibitor is (S)-6-amino-9-( -(but-2~ynoyDpyrrolidin-3-yD-7-{4-
phenoxyphenvl)-TH-purin-8(9H }-one as named by ChemDraw {mayv aleo be S-amino-9-{{3R -1~
{2-butynoyl}-3-pyrrolidinyi}-7-(d-phenoxyphenyl)y-7  -dihydro-8H -purin-8-one} and may be

synihesized by the mretheds in UR. Pat. No. 8,557,802,

001681  Chemotherapeutic agents may be categorized by thelr mechanism of sction into, for
exarnple, the following groups: anti-metabolites/anti-cancer agents, such as pyrimidine analogs
{fioruriding, capecitabine, and cytarabine); purine analogs, folate antagenists and related
mhibitors, antiproliferative/antimitotic agents including natural products such as vinea allkaloid
{vinblastine, vincristine} and roicrotubule such as taxane {paclitaxel, docetaxel), vinblastin,
nocedazole, epothilones and navelbine, epidipodophyllctoxins {etoposide, teniposide); DNA
damaging agents (actinomyein, amsacring, busulfan, carboplatin, chlorambuci), cisplatin,
cyclophosphamide, Cytoxan, dactinemyein, daunorubicin, doxorubicin, epirubicin,
iphosphamide, melphalan, merchlorehtamine, mitomyein, mitoxantrone, nitrosoures,
procarbazine, taxol, taxoters, teniposide, etoposide, tricthvlenethiophosphoraroide); antibictics
such as dactinomycin (actinemyein I3, daunorubicin, doxorubicin {adramyein), idarubicin,
anthracyclines, mitoxantrone, bleomycins, plicamycin (mithramyciny and mitomycin enzymes
{L-asparaginase which systemically metabolizes L-asparagine and deprives cells which do not
have the capacity to synthesize their own asparaginey; antiplatelet agents; antiproliferative/
antimitotic alkylating agents such as nitrogen mustards ovelophosphamide and analogs,
medphalan, chlorambucil), and (hexamethylmelamine and thiotepay, alkyl nitrosouress (BCNU)

and analogs, streptozocing, razenes-dacarbazinine (DTICY; antiproliferative/antimitotic

(9%
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antimetabolites such as folic acid analogs {methotrexate); platinum coordination complexes
{cisplatin, oxiloplatinim, carboplatin), procarbazine, hydroxyurea, mitotane, amincglutethimide;
hormones, hormone analogs (estrogen, tamoxifen, geserelin, bicalutamide, nilutamide) and
aromatase inhibitors {letrozole, anastrozole); anticosgulants (heparin, synthetic heparin salts and
other inhibitors of thrombin}; fibrinolviic agents (such as Hissue plasminogen activator,
streptokinase and wokinase), sspirin, dipyridamole, ticlopidine, clopidogrel; antimigratory
agents; antisecretory agents {brevelding, tnununosuppressives tacrolimas sirolinus azathioprine,
mycophenolate; compounds {TNP-470, genisteiny and growth factor inhibitors (vascular
endothelial growth factor inhibitors, fibeoblast growth factor inhibiiors); angiotensin receptor
blocker, nitric oxide dowors; anti-sense oligomucleotides; antibodies (frastuzurnab, ritukimaby;
cetl eyele inhibitors and differentiation jnducers (tretinoin); inhibitors, topoisomerase inhibitors
{doxorubicin (adriamyein), deunorubicin, dactinomycin, eniposide, epirubicin, cloposide,
wharubicin, irtnotecan and mitoxantrone, topotecan, irinotecan, camptothesin}, corticosteroids
{cortisone, dexamethasone, hydrocortisone, methylpednisolone, prednisone, and prenisoione):
growih factor signal transduction kinase inhibiiors; dysfunction inducers, toxins such as Cholera
toxin, ricin, Pseadomonas exotoxin, Bordotella pertussis adenylate cyclase toxin, or diphtheria

toxin, and caspase activators; and chromatin,

0181} As used berein the term "chemotherapeutic agent” or "chemotherapeutic” (or
“chemotherapy,” in the case of treatrent with a chemotherapentic agent} is meant to encompass
any non-profeimacecus (Lo, non-peptidic} chemical compound useful in the treatment of cancer.
Examples of chemotherapentic agents include alkylating agents such as thiotepa and
cyclophaspharmide (CYTOXANY, alkyl sulfonates such ss busulfan, improsolfan and piposulfan;
azinidines such as benzodopa, carbognone, meturedopa, and uredops; emvierumines and
memylamelamines including alfretamine, triemylenemelamine, tristhylenephosphoramide,
triethylencthiophosphoramide and frimemylolomelamine; acetogenins {especially bullatacin and
bullatacinone}; a camptothecin (including synthetic analogue topotecan); bryostating callystating
CO-1065 (inchuding ifs adozelesin, carzelesin and bizelesin synthetic analoguesy; cryptophyoins
{articularly cryptophyein 1 and cryptophyein 8Y; dolastatin; duocarmycin (Including the
synthetic analogues, KW-2189 and CBEL-TMI}; eloutherobing pancratisiating a sarcodictyin;
spongistating nitrogen mustards such as chlorambucil, chlornaphaeine, cholophosphamide,
estramusting, ifosfamide, mechlorethamine, ywechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofostamide, uraci mustard; nitrosouress such as

carpmusting, chlorozoiocin, foremustine, lomustine, nitnustine, ranimustine; antibiotics such as
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the enedivne antibiotics {o.g., calicheamicin, especially calicheamicin garnmall and
calicheamicin phill, see, e.g., Aguow, Chom. Intl. Bd. Bngl, 33:183-186 (1994); dynemicin,
nchueding dynemicin A bisphosphonates, such as clodronate; an esperamicing as well as
neccarzinostatin chromophore and related chromoprotein snediyne antibiotic chromomophores),
aclacinomysins, actinoryem, authramyein, azasering, bleomyeins, cactinomycin, carabicin,
carrninomyein, carzinophiling chromomycins, dactinomyein, daunorubicin, detorubicin, 6-diszo-
S-oxo-L-norleucing, doxorgbicin {including morpholine-doxorubicin, cyanomorpholino-
doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorabicin), epirubicin, esorubicin, idarubicin,
marceliomycin, mitonycing such as mitomyein C, mycophenohe acid, nogalamyein,
olivomycins, peplomyein, potfiromycin, puromyein, guelamyein, rodorubicin, streptonigrin,
streptozocin, tubercidin, vbenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate
and 3-fluorowracil (5-FUY; folic acid analogues such as demopterin, methotrexate, pteropterin,
rimetrexate; purine analogs such as fludarabine, S-mercaptopurine, thiamiprive, thicguanine;
pyrimidine analogues such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
didecxyunidine, doxifluridine, enocitabing, floxuridine, androgens such as calusterone,
dromostanoione propionate, epitiostancl, mepitiostane, testolactone; anti~adronals such as
aminoglotethimide, mitotane, trilostane; folic acid replinisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminclevolinic acid; entluract], amsacrine; hestrabucil; bisantrene;
edatraxate; defofamine; demecolaine; diaziguone; elformthine; elliptinium acetate; an
epothilone; stoglucid; gallivm nitrate; hydroxyures; lentinan; lencovoring lonidamine:
maylansinoids such as mavtansine and ansamitocins; mitoguazone; mitoxantrone; mopidamol;
nitracrine; pentostating phenamet; pirarnbicin; losoxantrone; fuorepyrimidine; folinic acid;
podophyilinic acid; Z-sthylhydrazide; procarbazine, PSK(r); razoxane: rhizoxing sivofiran;
spirogermanium; tenuazonic acid; triariquone; 2,7, 2 tricUorotriemylaming; trichothecenes
{especially T-2 toxin, verracurin A, roridin A and anguidine); urethane; vindesine; dacarbazine;
mannomustine; mitobronitol] rotiolactol; pipobroman; gacyiosine; arabinoside (“Ara-C");
cyclophosphamide; thiopeta; taxoids, e.g., pachitaxel {TAXOL{) and docetaxel
{(TAXOTERE({); chlorambucil; gemeitabine {(Gemzar(r}); 6-thiogoanine; mercaptopuring;
methotrexate; platinum analogs such as cisplatin and carboplating vinblastine; platinum;
etoposide (VP-16}; ifosfamide; mitroxantrone; vancristing, vinorelbine {Navelbine(ri);
novantrone; teniposide; edatrexate; daunomyein; aminoplering xeoloda; ihandronate; CPT-11;
toposomerase inhibitor RES 2000; diftuoromethylomithine (DMFOY: retinoids such as retinoic

acid; capecitabine; FOLFIRE (Huorouractl, leucovorin, and irinotecan) and pharmaceutically
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acceptable galis, acids or derivatives of any of the above. One or more chemotherapeutic agent

are nsed or included in the present application.

[0102]  Also included in the definition of "chernotherapeutic agent™ are anti-hormonal agenis
that act to regulate or inhibit hormone action on tumors such as anti-estrogens and selective
estrogen receptor modulators (SERMs), including, for example, tamoxifen {incloding
Nolvadex ™, raloxi fene, droloxifene, 4-hydroxviamoxifen, trioxifene, keoxifene, LY 117018,
onapristone, and toremifene {Farestondr}y); inhibitors of the enryme aromatase, which regulates
estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
aminoghutethimide, megestrol acetate (Megace(r)), exemestane, formestane, fadrozole, vorozele
{Rivisor(r}), letrozole (Femara(r)), and anastrozole {Arimidex{r).); and anti-androgens such as
fhutarnide, nilotamide, bicalutamide, leuprobde, and gosereling and pharmaceutically acceptable

salts, acids or dertvatives of any of the above.

{60163]  The apti-angicgenic agents include, but are not limited to, retinoid acid and
derivatives thereof, 2-methoxyestradiol, AMGIOCSTATING), ENDOSTATING), suramin,
sguatamine, tissue inhibitor of metalloproteinase-1, tissue inhibitor of metalloproternase-2,
plasminogen activator inhibilor-1, plasminogen activator inbibitor-2, cartilage-derived inhibiior,
pachitaxel (nab-paclitaxel), platelet factor 4, protamine sulphate {clupeine), sulphated chitin
derivatives {prepared from queen crab shells), sulphated polysaccharide peptidoglyean complex
{sp-pg), staurosporine, modulators of matriy metabolism, including for example, proling analogs
{{1-azetidine-2-carboxylic acid (LACA), cishvdroxyprolive, 4,1-3 4-dehvdroproling, thiaproling,
alpha-dipyridyl, beta-aminopropionitrile fomarate, 4-propyl-3-(4-pyridinyl)-2¢3h)-oxazolone;
methotrexate, mitoxanirone, heparin, ierferons, 2 macroglobulin-serum, chimp-3, chymostatin,
beta~cyelodextrin tetradecasulfate, epovemycin; fumagilling gold sodhon thiomalate, d-
penicillamine {CDPT), bela- Lanticollagenase-serum, alpba-Z-antiplasmin, bisantrene, lohenzarit
disodivm, n-2-carboxyphenyl-4-chloroanthronilic acid disodium or "CCAY, thalidomide;
angrostatic steroid, cargboxynaminolmidazole; metalloproteinase inhibiiors such as BB94. Gther
anti-angiogenesis agents include antibodies, preferably monoclonal antibodies against these
angiogenic growth factors: beta-FGF, alpha-FGF, FGF-5, VEGF isoforms, VEGF-C, HOF/SF
and Ang-1/4ng-2. See Ferrara N, and Alitalo, K. "Clinical application of angiogenic growth

actors and their inhibitors™ (1999} Natore Medicine 5:1358-1364,

[99104]  The anti-fibrotic agents include, but are not Hmited to, the compounds such as beta-

arpinoproprionitrite (BAPNY, as well as the compounds disclosed in ULS. Pat. No. 4,965,288 to

joe
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Palfreyman, et al., issued Oct. 23, 1990, entitled "Inhibitors of lysvl oxidase,” relating to
inhibttors of lysyl oxidase and their ose in the treatment of diseases and conditions associated
with the abnormal deposition of collagen; U.S. Pat. No. 4,997,854 to Kagan, et al., issued Mar.
5. 1991, entitled "Anti-fibrotic agents and methods for inhibiting the activity of lysyl oxidase in
situ using adpacently positioned diamine analogue sobstrate,” relating to compounds which
wnhibit LOX for the treatment of various pathological fibrotic states, which are herein
incorporated by reference. Further exemplary inhibitors are described in U8, Pat. Wo. 4,943,593
to Palfreyman, et al., issuad hul. 24, 1990, entitled "Inhibitors of bysyl oxidase,” relating to
compounds such as 2-isobutyl-3-tluoro-, chioro-~, or bromo-allvlaming; as well as, eg,, U, Pat.
No. 5,021,456, U5, Pat. No. 5,5059,714; U.S. Pat. No. 5,120,764, U8, Pat. No. 5,182,297; UK.
Pat. No. 5,252,608 (relating to 2-{ -naphthyioxymemyl-3-Hooroall viamine); and U.S. Patent
Application No. 2004/0248871, which are herein incorporaied by reference. Exemplary anti~
fitrotic agenis also include the primary amines reacting with the carbonyl group of the active
site of the lvsyl oxidases, and more particnlarly those which produce, after binding with the
carbonyl, a product stabilized by resonance, such as the following primary amines:
emvienemamine, hydrazine, phenvihydrazine, and their derivatives, semicarbazide, and urea
derivatives, aminoniiries, such as betg-sminopropioniirile (BAPN), or Z-nitroethylamine,
unsaturated or saturated haloamines, such as 2-bromo-ethylamine, Z-chlorocthylamine, 2-
riflucrosthylamineg, 3-bromopropylamine, p-halobenzyiamines, selenchomocysteing lactone,
Alse, the anti-fibrotic agents are copper chelating agents, penctrating or not penetrating the cells.
Exemplary compounds include indirect inhibitors such corpounds blocking the aldehyde
derivatives originating from the oxidative deamination of the Tysyt and hydroxylysyl residues by
the lysyl oxidases, such as the thiclamines, in particular D-penicillamine, or its analoguss such
as 2-amino-S-mercapio-S-methylhexanecic acid, D-Z-amino-3-methyl-3-{{2-
acetamidoethvlidithinibutanoic acid, p-2Z-amino-3-methyl-3-({Z-aminocthyidithioYbutanoic
acid, sodinm-4-{(p-1-dimethyl-Z-amine-2-carboxyethyl klithiofhotane sulphurate, 2-
acetgridocthyl-Z-acetamidosthanethiol sulphanate, sodium-4-mercaptobutanesulphinate

trihydrate.

[081065]  The immunotherapeutic agents include and are not timited to therapeutic antibodies
suitabde for treating patients; such as shagovomab, adecatumumab, afutuzumab, alemtuzomab,
altvmomab, amatuximab, anatumomab, arcttumomab, bavituximab, bechumomab, bevacizumah,
bivatizumah, blinatumomab, brentuximab, canturumab, catumaxomab, cetuximab, citatuzumab,

cixutunumab, clivatuzumab, conatumumah, daratumumab, drozitumab, duligotomab,
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dusigituinab, detumomab, dacetorumab, dalotuzamab, ecromeximab, elotuzumab, ensituximab,
ertumaxcmab, etaracizumab, farietuzumab, ficlatuzumab, figitumuomab, flanvotumab,
futuximsb, ganitumab, gemtuzumab, girentuximab, glembatumumab, tbritumorab, igovemab,
mmgaturumab, indatoximab, wotazomasb, intetumumab, ipilimumab, iratumumab, labstuzomab,
texaturnurpab, lintozomab, lorvetuzumab, fucatumamab, mapatumumab, watuzomab,
mulatuzuimab, minretumomah, mituromab, moxettmomal, narmatumab, naptumomab,
necitwmumab, mimotuzamab, nofetumomabm, ocaratuzumab, ofaturmumab, olaraturoab,
onartuzumab, oporturumab, oregovomab, panitumumab, parsatuzumnab, patritumab,
pemmiumomab, perturumab, pintumomab, pritomuomasb, racotumomab, radretumab, rilotumumab,
rituximab, robatumumab, sstumomab, sibroturumab, siitiximab, siminzumab, solitomab,
tacatuzumab, taplitumomab, tenatumomab, teprotomomab, tigatuzomab, tositumomab,
rastuzumab, tucotuzumaly, ubhituxunab, veltuzumab, vorsetunumab, votumumab, zalulumumab,
obingtuzumab, OC49 and 3F8. The exemplified therapeutic antibodies may be firther labeled or

combined with a radicisotope particle, such as indium In 111, vitrhum Y 90, todine 1131,

{00106 The application also provides method for treating a subject who is undergoing one or
more standard therapies, such as chemotherapy, radictherapy, immunotherapy, surgery, or
corsbination thereot, Accordingly, one or maore therapeutic agent or inhibitors may be
administered before, doring, or after administration of chemotherapy, radiotherapy,

wnunoetherapy, surgery or combination thereof

{0107]  Other examples of chemotherapy reatments {including standard or experimental
chemotherapies) are described below. In addition, reatment of vertain lymphomas s reviewed
in Cheson, B.D., Leonard, LP., “Monoclonal Antibody Therapy for B-Cell Non-Hodgkin’s
Lymphoma” The New England Jowrnal of Medicine 2008, 359(6), p. 613-628; and Wierda,
WG, “Current and Investigational Therapies for Patients with CLL” Hemarology 2006, p. 285-
294, Lymphoma incidence patterns in the United States is profiled in Morion, LM, ef af.
“Lymphoma Incidence Patterns by WHO Subtvpe in the United States, 1992-20017 8lpod 2006,
7L, p. 265-276.

(001681 Examples of immunotherapeutic agents include, but are not Hmited io, rituximab
{such as Rituxan), alembuawnab (such as Campath, Mab{ampath), anti-CD19 antibodies, anti-
CD20 antibodies, anti-MIN-14 antibodies, anti-TRAIL, Anti-TRAIL DR4 and DRS antibodies,
anti-CI74 antibodies, apolizumab, bevacizumab, CHIR-12.12, epratozomab (hLLZ- anti-CD22

humanized antibody), galiximab, ha20, ibritumomab Buxetan, lomiliximab, milatezomab,

(8]
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oiaturnumab, PROT3192E, SGN-40, WT-1 analog peptide vaccine, WT1 126-134 peptide
vaccine, tositumomab, antologous human tumor-derived HSPPC-96, and velturumab.

Additional immunotherapy agents includes using cancer vaccines based upon the genetic
maixmp of an individual patient’s tumor, such as lymphoma vaccine example is GTOPR-99

{MyY an®

{0189 Examples of chemotherapy agents inchude aldesleukin, alvocidib, antineoplaston
AbZ-1, antineoplaston A0, anti-thymocyte globulin, amifostine irihydrate, aminocampiothecin,
arsevue trioxnide, beta alething, Bel-2 family protein inhibitor ABT-263, ABT-199, BMS3-345541,
bortezomib {S"’eicmk@), bryostatin 1, busulfan, carboplatin, campath-1H, CC-5103, carmustine,

caspotungin scetate, clofarabine, cisplatin, Cladribine (Leustarin}, Chiorambucil (Leukerany,
Curcuimin, cyaiosp{mne, Cyelophosphamide (Cyloxan, Endoxan, Endoxana, Cyclostin,
cytarabine, denlleukin diftitox, dexamethasone, I¥T PACE, docetaxel, dolastatin 10,
Doxorubicin (Adriamyein®, Adriblastine), doxorobicin hydrochloride, enzastaurin, epoetin alfh,
etoposide, Everolimus (RADODT), fenretinide, flgrastim, melphalan, mesna, Flavopividol,
Fludarabine (Fludara}, Geldanamyein (17-AAQG), ifosfamide, irinotecan hydrochloride,
ixabepilone, Lenalidomide (Revlimid®, CC-5013%, Ivmphokine-activated kilier celis, melphalan,
methoirexate, mitoxantrone hydrochloride, rustexafin gadelinium, mycophenolate mofetil,
nelarabine, oblimersen (Genasense} Obatoclax (G 5-070), oblimersen, octrestide acetate,
omega-3 fatty acids, oxaliplatin, paclitaxel, PD03329%1, PEGviated liposomal doxorubicin
hydrochioride, pegfilgrastin, Pentstatin (Nipent), perifosing, Prednisolons, Prednisone, R-
roscovitine {Selicilib, CYC202), recombinant interferon alfa, recombinant interlenkin-12,
recombinant mterleukin-11, recombinant ft3 Hgand, recombinant human thrombopoietin,
nituximab, sargramostim, sildenafil chirate, simvastatin, sirolimus, Styrvl sulphones, tacrolimus,
tanespimycin, Temsirolimus (CCL779), Thalidomide, therapeutic allogeneic lymphocvies,
thiotepa, Hpifarnib, Velcade® (borteromib or P5-341}, Vinenstine {Oncovin), vincristine sulfate,
vinoretbing ditartrate, Vorinostat (SAHA), vorinostat, and FR (fludarabine, rifuximalby, CHOP
{eyclophosphamide, doxorubicin, vineristine, prednisone), CVP {cyclophosphamside, vineristine
and prednisone), FCM (fludarabine, cyclophosphamide, mitoxantrone), FCR (fudarabine,
cyclophosphamide, ritukimab), hyperCVAD (hyperfractionated cyclophosphamide, vineristine,
doxorubicin, dexamethasone, methotrexate, cytarabine), ICE {iphosphamide, carboplatin and
etoposide}, MCP (uitoxantrone, chlorambucil, and predoisolone), B-CHOF {rituximab plus
CHOPY, R-CVP (rituximab plus CVP), B-FCM {rituximab plus FOM), B-ICE (ritoximab-ICE),
and R-MCP (R-MCP),
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{68110]  The therapeutic treatments can be supplomented or combined with any of the
abovernentioned therapies with stem cell transplantation or treatment. One example of modified
approach is redicimmunotherapy, wherein a monoclonal antibody is combined with a
radicisotope particle, such as indivm In 111 vitrlum Y 90, jodine 1-131. Examples of
combination therapies include, but are not limited to, Todine-1231 tositumomab (Bexxar™),

Yitnum-90 ihritumoimab tinxetan {stﬂi}‘a{@}, Bexxar® with CHOP.

{80111}  Other therapeutic procedures include peripheral blood stern cell transplantation,
autologous hematopoietic stom coll transplantation, atologous bone marrow transplantation,
autibody therapy, biclogical therapy, enzyme inhibitor therapy, total body irradisgtion, infusion
of stemy cells, bone marrow ablation with stem cell support, in vigro-treated peripheral blood
stem cell transplantation, wmabilical cord blood transplantstion, immunoenzyme technique,
pharmnacniogical study, low-LET cobalt-60 gamma ray therapy, bleomyein, conventional
surgery, radiation therapy, and nonmyeloablative allogeneic hematopoletic stem cell

transplantation.

10112 In some embodiments, the methods include administering a compound of the formula
described herein or a pharmaceutically acceptable ssit, isomer, prodrug, or solvate thereof, ina
therapeutically effective swount o 2 human in need thereof. The method can be emploved to
ireat a patient who has or is believed to have a disease or condition whose symptoms or
pathology is mediated by expression or activity of FI3K] and/or PISKS. The patient may be s

maminal or a2 buman. In cerlain ernbodirnent, the patient may be g luman,

001313]  “Treatment” or “treating” is an approach for obtaining beneficial or desived results
incleding clinical results. Beneficial or desired clinical resulis may include one or more of the
following: a) inhibiting the disease or condition {e. g, decreasing one or more symptoms
resuliing from the disease or condition, and/or diminishing the exient of the disease or
condition}; b} slowing or arresting the development of one or more clinical symptorns associated
with the disease or condition {e.g., stabilizing the discase or condition, preventing or delayving
the worsening or progression of the disease or condition, and/or preventing or delaving the
spread {e.g., metastasis) of the disease or condition); and/or ¢} relieving the disease, that is,
causing the vegression of clinical symptoms {e.g., amelioraling the disease state, providing
partial or total remission of the discase or condition, enhancing the effect of another medication,

delaying the progression of the disease, increasing the quality of life, and/or prolonging survival,
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0114]  “Prevention” or “preventing” wmean any (reatment of a disease or condition that
causes the clinical symiptoms of the disease or condition not to develop., Compounds may, in
some embodiments, be administered (o a subject {including a human) who is at risk or has a

family history of the disease or condition,

[08115]  “Sublect” or “paticnt” vefer to an animal, such as a marmal (ncloding a human).
that has been or will be the object of treatiment, observation or experiment. The methods
described heretn may be usefud in human therapy and/or veterinary applications. In some
embodiments, the sobject 1s a mammal, In one embodiment, the subject is a human. “Human in
need thereot” refers o g human who may have or 13 suspect to have diseases, or disorders, or
conditions that would benefit from certain ireatment; for example, being treated with the PI3K
inhibiior of the compounds according to the present application. In certain embodiments, the

subvject may be a human who (1) has not received any treatiment including chemotherapy
after treatment with chemotherapy, or both (&) and (H). 1o some of embodiments, the subject is
refractory to af least one, at least two, at least three, or at least four chemotherapy treatiments

(including standard or experimnental chemotherapies),

801161 The terms “therapeutically effective amount™ or “effeciive amoum” of & compound
of the present application or a pharmaceutically acceptable salt, isomers, prodrug, or solvate
thereot, mean av amount suffcient to effect treatment when adminisiered fo a subject, t© provide
a therapeutic benefit such as ametioration of sympioms or slowing of disease progression. For
example, a therapeutically ctfective amount may be an amount sufficient to decrease a symptom
of a disease or condition responsive to inhibition of PI3KS and PI3KS sctivity, The
therapeutically effeciive amount may vary depending on the subject, and disease or condition
heing treated, the weight and age of the subject, the severity of the disease or condition, and the

manner of administering, which can readily be determined by one or ordinary skall in the art,

001171 In addition to the therapeutic uses, the compounds described berein have the
selectivily or selective inhibition to certain PI3K isoforms.  In one embodiment, the compounds
have selectivity to PI3KE. In some embodiments, the compounds have selectivity to PI3KES. In
vet other embodiments, the compounds have selectivity to PI3KP and PI3KS, The selectivity to
PEK isoforms may be determined by measuring the compound’s activity in inhibiting certain
PE3K isoforms using the assay described in the example below or the methods commonly used.

1t s understood that the conditions (e.g. the reagent concentration or the incubation femperature)
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may be varted and the results of the assay wmay vary. In some instances, the value may vary

within g range of one o three-folds,

IB01I8]  The term “inhibibion” indicates a decrease in the baseling activity of a biological
activily or process. The term “inhibition of activity of PIZK isoforms” or variants thercof refer
to a decrease in activity in any PI3K isoform {e.g., alpha, beta, gamma, or delta) as a divect or
idirect response to the presence of a compound of any of the formula described herein relative
to the activity of PI3K isoform in the absence of such compound. “Inhibition of PI3KA and/or
PI3K B activities” or variants thereof refer to a decrease 1n PI3KS and/or PI3E S activities as a
direct or indirect response 10 the presence of the compounds desoribed herein, relative to the
activities of PI3KS and/or PISKP in the absence of such compound. 1o some embodiments, the
inhitbition of PI3E teoform activities may e comparad in the same subiect prior to treatment, or

other subjects not receiving the roatment.

(01191 Without being bound to any theory, the decrease in the activity of PI3K may be due
o the direct interaction of the componnd with PI3K, or due to the interaction of the compounds
described herein with one or more other factors that affect PISK activity. For example, the
presence of the compounds may decrease the activities of PI3KS and/or PIZKE by directly
hinding to PRRKS and/or PI3K, by causing (directly or indirectly) another factor (o decrease
PI3KS and/or PI3K activities, or by {directly or indirectly} decreasing the amount of PI3ES

and/or PI3SKE present in the cell or organism.

B031206]  The term “"PI3K inhibitor” or variant thereof refers to a compound that inhibits the
activity of PI3K. The term "PI3K isoform selective inhibitor”™ or variant thereof refers to a
compound that inhibits the activity of one or more PI3K isoforms more effectively than the other
remaining PI3K {soforms. By way of example, the term “PI3ES selective inhibiter” generally
refers 1o a compounsd that inhibits the activity of the PI3KS isoform more effectively than other
isoforms of the PI3K family, and the term “PI3K 8 selective mhibitor” generally refers to a
compound that inhibits the getivity of the PI3ES soform more effectively than other isoforms of
the PI3K family. The term “dual PI3K&/B selective inhibitor” peperaliy refers (o a compound
that inhibits the activity of both PI3KS and PI3KS isoforms more effectively than other isoforms

of the PI3K famuly {e.g., PI3K o ory)

81211 The relative efficacies of compounds as inhibitors of an enzyme activity {or other

biological activity} can be established by determining the concentrations at which cach
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compound inhibits the achivily to a predefined extent and then comparing the results. In one
embodiment, the efficacy of a compound as an inhibitor of one or more PI3K isoforms can be
measwred by the compound concentration that inhibits 50% of the activity in a biochemical
assay, 1.¢., the 30% inhibitory concentration or “I{s”. The determination of ICsy values can be
accomplished using conventional technigues known in the art, including the fechoiques
described i the Examples below. In general, an 1Cs can be determined by messuring the
activity of a given enzyme in the presence of a range of concentrations of the compound under
the study. The experimentally obtained values of enzyroe activity may then be plotied against
the compound concentrations used. The concentration of the inhibitor that shows 50% enzyme
activity {as compared to the activity in the absence of any inhibitor) is taken as the I value.
Anglogously, other inhibitory concentrations can be defined through appropriate determinations
of activity. For example, in some settings it may be desirable 1o establish a 90% inhibitory

concentration, f.e., [Caq.

{B0E22]  According to the present application, a PISKE selective inhibitor is a compound that
exhibits a 50% inhibilory concentration {1Css) with respect to PI3KS that is at least 10-fold, al
least 20-fold, at teast 30-fold, at least 50-fold, at least 100-fold, at least 200-fold, or at least 500-
fold lower than the 1 with respect to either PI3K o or PI2KY or both PRKo and PI3Ey. In
addition, a PI3KS/B selective inhibitor is a componnd that exhibits a 50% inhibitory
cancentration {1so) with respect to PI3KE and PI3KS that is at least 10-fold, at least 20-fold, at
least 30-fold, at least 30-fold, ai least 75-Fold, at Teast 100-fold, at least 200-1old, and at least
500-fold lower than the 10y with respect to ither PI3Kw or PI3Ky. The dual PIRKS/H selective
inhibitor mayv have the same or sirotlar [Csg to both PI3KS and PI3KB or may have different ICa
to either PI3KS or PI3KA. As used herein, the term “potency,” “potent,” or variants thereof refer
to the compound exhibiting an ICsq value that is less than 100 nM. When comparing two
compounds, the compound that exhibits a lower 15 value is referred to as a more potent

inhibitor,

[901231  The compounds of the present application exhibit unexpected seleciivity to PI3KE.
As shown in the example, certain compounds in Table T exhibit low Iy values {e.g. 1 0 10D
ol to both PI3KP and PI3KS. Certain compounds in Table la also exhibited such selectivity to
PI3K isoforms.  Also, certain compounds of formula {1} exhibited at least between 10-fold 1o
$i0-fold lower 150 vahues for PISK] than PI3KYy, suggesting the compounds exhibit more

selectivity t0 PI3K compared to PI3Ky (i.c., inhibits the activity of the PI3KE isoform more
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gtfectively than the PI3Ky isoform as shown by the PI3K/PIZKE ratio). Moreover, the
compounds described herein exhubit selectivity to both PI3KE and PI3KS. The compound {S)-
2 4-diamine-6-{{1 -{5-chloro-4-oxo-3-phenyl-3 4-dikydroguinazolin-2-

vhethylhamino ypyrimidine-S-carbonitrile, described in US Provisional Application No.
61/745,437, exhibited less seloctivity to PI3Ky (e.g. the PI3Ky/PTAIKS ratio is less than 1-fuld),
The resnlts of the present application suggest that the compounds described herein are dual
sefective whibitors of PI3KS and PI3KE and exhibit more selectivity to PI3KS compared io
PE3Ky. Each of the patenis and the patent appHeations descoribed in the present application are

incorporated herein by the entirety,

{81241  The vusthode dJescribed herein may be apphied to cell populations in vive ot 2x vive.
“In vivo” means within a living individual, as within an animal or human, In this context, the
methods deacribed herein may be used therapewtically in an individual, “Ex vive” means ouiside
of a living individual. Examples of ex vive cell populations include in vitro cell cubtures and
mological samples including fluid or tissue samples obtained from individuals. Such samples
may be obitained by methods well known in the art. Exemplary biological fluid samples include
blood, cerebwrospinal fhuid, urine, and saliva. Exemplary tiesue samples include mmors and
biopsies thereof. In this context, the compounds may be used for a variety of purposes,
including therapsutic and experimentsl purposes. For example, it may be used ex vivo to
determine the optinal schedule and/or dosing of administration of a PI3K selective indhibitor for
a given indication, cell type, fudividual, and other parameters. Information gleaned from such
use may be used for experimental purposes or in the clinie to set protocsis for in vive treatment.
Other ex vive uses for which the invention may be suited are desceribed below or will become
apparent to those skilled in the art. The compounds of the formula described hersin or a
pharmaceniically acceptable salt, prodrag, or solvate thereof, may be further characterized to
examine the safety or tolerance dosage in hwman or nov-buman subjects. Such properties may

be examined using commonly known methods {0 those skilled in the art,

{8125]  Compared to other PI3K isoforms, PI3KS is generally expressed in hematopoietic
cells. Also, PI3K] is generally mis-regulated in cortain cancer cells. Aberrant proliferation of
cells often interferes with normal Hesue function, which may resulf in abnormal cellular
response such as imvounity, inflammation, and/or apoptosis. The selective inhibitors to PI3KA
and/or PI3KP are usetud in treating, inhibiting, or preventing aberrant proliferation of cancerous

andd/or hematopoietic cells and ameliorating the symptoms and secondary conditions.
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{60126]  The compounds described hereln may be used to treat subjects having various
disease states, disorders, and conditions {(also collectively referred to as “indications™) associated
with PI3K isoforms or their activities. As used herein. the terms “diseases,” “dicorders,”
“conditions” are used interchangeably. Such indications may include, for example, cancer,
including hematologic malignancies {e.g. leukemias and Iymphomas, myeloproliferative
disorders, myelodysplastic syndromes, plasma cell neoplasms) and solid tumors, inflammation,
fibrosis, aflergic conditions {including hypersensitivity), cardiovascular discases,

neurodegenerative dissases, renal disorders, viral infections, obesity, and autotmumune diseases.

{6127) In other embodiments, the compounds described herein may be used to ireat cancers
that are mediated by, dependent on, or associated with PI3K activity. In certain embodiments,
the disease or condition is an autoimmune disease, an inflammatory disease, or a cancer. In
some embodiments, the discase or condition is chosen from rheumatoid arthritis, ostecarthritis,
atherosclerosis, psoriasis, systernic lupus ervthematosus, muitiple sclerosis, inflammatory bowel
disease, asthma, chrouic obstructive airways disease, pneumonitis, dermatitis, alopecia,
nephritis, vasculitis, atherosclerosis, Alzheimer’s discase, hepatitis, primary biltary cirthosis,
sclerosing cholangiiis, digbetes (incloding type | diabetes), acute rejection of transplanted

organs, byraphomas, noultiple myelomas, leukemiag, neoplasims and solid mmors.

(00128] 1o other embodimenis, the disease is 2 solid mor. By way of examples, the solid
tumor includes bt is not imited 1o pancreatic cancer, bladder cancer, colorectal cancer, breast
cancer, prostate cancer, renal cancer, hepatocetlular cancer, lung cancer, ovarian cancer, cervical
cancer, rectum caneer, Hver cancer, kidney cancer, stomach cancer, skin cancer, gasiric cancer,
esophageal cancer, bead and neck cancer, melanoma, neurcendocrine cancers, CNS cancers
{e.g., neurcblastoma}, brain fumors {e.g., ghioma, anaplastic oligodendroglioma, adult
ghoblastoma muitiforme, and adult sanaplastio astrocyioma), bone cancer, or soft tissue sarcoma,
in some evnbodiments, the solid turnor is non~-small cell lung cancer, small-cell lung cancer,
colom cancer, CNS cancer, melanoma, ovarian cancer, renal cancer, pancreatic cancer, prostate

cancer, of breast cancer.

{60129]  The present application also provides a method for treating a human ju need thereof,
who has o7 is suspected of having a disease or condition responsive or beleved to be responsive
to the inhibition of PI3KS and/or PI3KP activity by adrinistering 1o the subject a compound of
the tormulae described herein or a pharmaceutically acceptable salt, enantiomer, atrapisomer,

tautomer, prodrug, or soivate thereof
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[HE36]  Additionally, the applicstion provides a method of inhibiting kinase activity of a
PI3KS and/or PI3KE polypeptides by contacting the polypeptides with a compound of the

tormulae described herein or a pharmacentically acceptable sali, isomer, prodrag, solvate, or a

&

mixiure thereotf,

00131 Moreover, the application provides a method of decreasing cell viability, increasing
cell death or apoptosis, increasing nterference with PR3 signaling pathwaye {including AKT,
S6RP, ERK phesphorylation), and/or reduciion in chemokine production with an effective
amount of a compound of any of the formulae described herein or a pharmaceutically acceptable

salt, isomer, prodrag, solvate, or a mixture thersof,

{BGI3Z}  The application further provides a wethod of disrupting leukocyte function
comprising contacting the leukocytes with an effective amount of a compound of any of the
formulae deseribed herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, or a

mixture thereof, in a human in need thereof

HIII33]  Provided is also a method of inhibiting growth or proliferation of cancer cells
comprising contacting the cancer celis with an effective amount of a compound of the fornmlae
described herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, or 2 mixiure

thereot,

[00134]  Provided herein are also kats that include a compound of the formulae of the present
application or a pharmaceutically accepiable salt, isomer, prodrug, or solvate thereof, and
suitable packaging. In one embodiment, a kit farther inchudes instructions for use. In one aspect,
a kit includes a compound of the formulae deseribed hereln or a pharmacentically acceptable
salt, isomer, prodrug, or solvate thereof, and g label andfor instructions for use of the compounds

in the treatiment of the indications, including the diseases or consditions, deacribed herein.

{0133]  Provided herein are also articles of manufacture that include 8 compound of any of
the formulae described herein or a pharmaceutically acceptable salt, isomer, prodrag, or solvate
therect, in a suitable container. The container may be a vial, jar, ampoule, preloaded syringe,

and intravenous bag.
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{00136]  Compounds provided herein are usually adminisiored in the form of pharmacentical
compositions. Thus, provides berein are also pharmaceutical compositions that contain one or
more of the compounds of any of the formulae disclosed herein or 3 pharmaceutically aceeptable
salt, 1somers, prodrug, or soivate thereof, and one or more pharmacentically acceptable vehicles
selecied from carviers, adjuvants and excipients. Suitable pharmaceutically acceptable vehicles
may mclude, for example, inert solid diluents and llers, dilnents, including sterile sguecus
solution and various organic solvents, permeation enhancers, solubilizers and adjuvants. Such
cornpositions are prepared in a manner well known in the pharmaceutical art. See, e.g.,
Remington’s Pharmaceutical Sciences, Mace Publishing Co., Philadelphia, Pa. 17th Bd. {1985y,

and Modern Pharmaceutics, Marce] Deldker, Toc, 3rd Ed. (G.8. Banker & C.7. Rhodes, Eds.).

[00137]  The pharmaceutical compositions may be administered in either single or muliiple
doses. The pharmacentical composition may be administered by various methods including, for
example, rectal, buceal, intranasal, and transdermal rowtes. In certain embodiments, the
pharmaceutical composition may be administered by intra-arterial injection, intravenously,
traperitoneally, parenterally, intramuscularly, soboutanecusly, orally, topically, or as an

inhalant. In some emsbodiments, the pharmaceutical composition is administerad orally.

[00138]  Cue mode for admimstration is parenteral, for example, by injection. The forms in
which the pharmaceutical compositions described herein may be incorporated for administration
by injection inchude, for example, agueous or oil suspensions, or envulsions, with sesame oil,
comn oil, cottonseed oil, or peanut oi, as well as elixirs, manniiol, dextrose, or a sterile agueous

solution, and similar pharmaceutical vehicles.

601391 Oral sdministration may be anocther rouie for administration of the compounds
described herein. Administration may be vig, for example, capsule or enteric coated tablots. In
making the pharmacentical compositions that include at least one compound of any of the
formulae deseribed herein or a pharmaceutically acceptable salt, prodrog, or solvate thereof, the
active ingrediont 18 usually diluted by an excipient and/or enclosed within such a carrier that can
be in the form of a capsule, sachet, paper or other container, When the excipient serves as a
dituent, it can be in the form of a solid, semi-solid, or lguid material, which acts as a vehicle,
carrier or medium for the active ngredient. Thus, the compositions can be in the form of tablets,

pills, powders, lozenges, sachets, cachets, elixirs, suspeusions, emulsions, solutions, syrups,
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acrosols {as a solid or in a hguid medivmy, sintments containing, for exarmple, up to 10% by
weight of the active compound, soft and hard gelatin capsules, sterile injectable solutions, and
sterile packaged powders. In certain embodiments, the pharmacentical composition is in the

form of tablets.

[08148]  Sowme examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mamitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystatline celtulose, polyvinyipyrrolidone, cellulose, sterile water, syrop, and
methyl cellulose. The formulations can additionally include lubricating agents such as tale,
magnesium steavate, and mineral oil; wetting agents; emulsifyving and suspending agents;
preserving agents such as methyl and propythydroxy-benzoates; sweetening agents; and

flavoring agents.

{01411 The compositions that include at least oune compound of any of the formulae
described herein or a pharmacentically accepiable salt, isomer, prodrug, or solvate thereof, can
be formulated so as to provide quick, sustained or delaved release of the active ingredient after
adwimistration to the subject by employing procedures known in the art. Controlled release drug
delivery systems for oral admunistration include osmotic purnp systeras and dissolutional
systers containing polymer-coated reservoirs or drug-polymer matrix formulations. Examples
of controlied release systems are given in ULS. Patont Nos. 3,845,770; 4,326,525; 4.902,514; and
5,616,245, Another formulation for use in the methods of the present invention employs
ransdermal delivery devices (“patches™). Such transdermal patches may be used to provide
continuous or discontimuonus infusion of the compounds described berein in controlled amounts.
The construction and use of transdermal patches for the delivery of pharmaceutical agents is
well known in the art. See, e.g., U8 Patent Mos. 5,023,252, 4,992 445 and 5,001,139, Such
patches may be constructed for continuous, pulsatile, or on demand delivery of pharmaceutical

agenis,

[00142] For preparing solid compositions such as tablets, the principal active ingredient may
be mixed with a pharmaceutical excipient to form a solid preformulation coroposition containing
a homogeneous mixture of a compound of any of the above formulae or a pharmaceutically
acceptable salt, prodrog, or solvate thereof. When referring to these prefonmulation compositions
as homogeneous, the active ingredient voay be dispersed evenly throughout the composition so
that the composition may be readily subdivided into equally effective umit dosage forms such as

tablets, pills and capsules,
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[80143]  The ablets or pills of the compounds described herein may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action, or to prolect
from the acid conditions of the stomach. For example, the tablet or pill can include an inner
desage and an ouler dosage component, the latter being in the form of an envelope over the
former, The two components can be separated by an enteric laver that serves 1o resist
disintegration in the stomach snd permait the inner component to pass intact info the ducdenum
or to be delayed in release. A variety of matenials can be used for such enteric layers or cogtings,
such materials including & wurnber of polymeric acids and mixtures of polymeric acids with such

matertals as shellac, ceryl alcobol, and cellulose acetate.

601441  Compositions for inhalation or insufflation may include selutions and suspensions in
pharmaceutically acceptable, squecus or organic solvents, or wixtares thereof, and powiders. The
lgquid or solid compositions may contain suitable pharmaceutically acceptable excipients as
described supra. in some embodiments, the compositions are administered by the oral or nasal
respiratory voute for local or systemic effect. In other embodiments, compositions in
pharmaceutically acceptable solvents may be nebnilized by use of inert gases. Nebulized
selntions may be inhaled directly from the nebulizing device or the nebulizing device mmay be
attached o 3 facemask tent, or intermiftent positive pressure breathing machine. Solution,
suspension, or powder compositions may be adminisiered, preferably orally or nasally, from

devices that deliver the formulation in an appropriatc manner.

Dosmng

{68145]  The specific dose level of a coropound of the formulas deseribed herein for any
particular subject will depend upon a variety of factors including the activity of the specific
compound cmployed, the age, body weight, general health, sex, diet, time of administration,
route of administration, and rate of excoretion, drug combination and the severity of the particular
disease iu the subject undergoing therapy. For example, a dosage may be expressed as a number
of milligrams of a compound of the formula per kilogram of the subject’s body weight (mg/kg).
Dosages of between about .01 and 200 mg/ke may be appropriate. In some embodiments,
about 0.01 and 150 mp/kg may be appropriate. In other embodiments 8 dosage of between 0.05
and 100 vop/kg may be appropriate.  Normalizing according to the subject’s body weight is
particularly useful when adjusting dosages between subjects of widely disparate size, such as
occars when using the drug 1w both children and adult humans or when converting an effective

dosage in a non-human subject such as dog 1o a dosage suitable for a human subject.
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[EN46]  The daily dosage may also be desoribed 85 a total arnount of a compound of the
formulas adrinistered per dose or per day. Daily dosage of 2 compound may be betweesn about
I mg and 2,000 mg, between about 1,000 to 2,000 mg/day, between zbout 1 to 1,000 mg/day,
between about 1 o 300 mg/day, between about 100 to 150 mg/day, between abowt 1 to 160
mg/day, between about between about 1 to 303 meg/day, between about 50 to 100 mg/day,
between about 100 to 125 mp/day, between about 100 to 150 myp/day, between about 100 10 175
myg/day, between about 100 to 200 mg/day, between about 100 10 225 my/day, between about
H) (0 250 mg/day, between about 100 10 3530 mg/day, between abont 100 to 400 myg/day,

between about 100 to 450 mg/day, or between about 100 to 500 mg/day.

{00147]  When administered orally, the total datly dosage for a human subject may be
between 1 mg and 1,000 myg/day, between about 1 o 100 mg/day, between about 1 to 50
mg/day, between about 50 to 100 mg/day, between 100 to 200 my/day, between about 200 o
30 mg/day, between about 300 to 400 mug/day, between about 400 to 500 myg/day, between
about 100 to 150 mg/day, between about 150 to 200 mg/day, between about 200 to 250 myg/day,

between about 75 to 150 mg/day, or between about 150 to 300 mg/day.

{08148] The compounds of the present application or the compositions thereof may be
administered once, twice, three, or four times daily, ssing any suitable mode described above.
Also, administration or treatment with the compounds according to any of the formulae
described herein may be continued for a number of days; for example, commonly freatment
would continue for af least 7 days, 14 days, or 28 days, for one evele of treatment. In some
treatment, the compound or the composition thereof is administered continuously, e every day.
Treatment cycles are well known in cancer chemotherapy, and are frequently aliernsted with
resting periods of about 1 1o 28 days, commonly about 7 davs or about 14 days, between cycles.

The ireatment cyeles, in other embodiments, may alse be continuocus.

(00149 In a particular embodiment, the method comprises administering (o the subject an
initial daily dose of about 1 10 300 mg of a compound of the above formula and increasing the
dose by incremusots votil chucal efficacy ¢ achieved. Increments of abowt 1, 5, 10, 25, 50, 75,
or 100 mg can be used to ncrease the dose. The dosage can be increased datly, every other day,

twice per week, or once per week,
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{158]  The compounds of the present application may be prepared using the methods
disclosed herein and routine modifications thereof, which will be apparent given the disclosure
herein and methods well kovown in the art. Conventional and well-known synthetic methods
may be used in addition to the teachings herein. The synthesis of typical compounds described
herein may be accomplished a5 desceribed in the following examples. If available, reagents may
be purchased commercially, e.g., from Sigma Aldrich or other chemical suppliers. In general,
compounds desoribed herein are typically stable and isclatable at room temperature and

PICSSUre.
General Synthesis

{68151  Typical embodiments of compounds described hereln may be synthesized using the
general reaction schemes described below. It will be apparent given the description herein that
the general schemes may be altered by substitution of the starting materials with other materials
having similar structures to result in producis that are correspondingly different. Descriptions of
syrtheses follow o mrovide numerous examples of how the starting materials may vary to
wrovide corresponding products, Given a desived product for which the substituent groups are
detfined, the neoessary starting materials generally may be determined by inspection. Starting
materials are typically obtained from commercial sources or synthesized using published
methods. For synthesizing compounds which are embodiments described in the present
disclosure, inspection of the structure of the compound t© be synthesized will provide the
ydentity of each substituent group. The identity of the final product will generally render
apparent the identity of the necessary starting materials by a sirple process of inspection, given

the exgmples herein,
Synthetic Reaction Povameters

{BIS21  The ferms "solvent”, “inert organic solvent”, or “inert solvent” refer to a solvent inert
urder the conditions of the reaction being described in conjunction therewith (including, for
example, benzene, tolnene, acetonitrile, tetrahydroturan (“THF™), dimethyHormamide CDIMEP™),
chloroform, methviene chlonde {or dichloromethane}, diethyl ether, methanol, and the likel.
{inless specified to the contrary, the solvents used in the reactions of the present invention are

inert organic solvends, and the reactions are carried oot under an inert gas, preferably nitrogen.
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{01831 The compounds of formula () may be prepared using the method shown in Reaction
Scheme I The compounds of formula (1) may be prepared using the method shown in Reaction

Scheme §, wherein R4 is optionally substituted pyrimidine.
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The compound of formula (1) can be made by combining compounds {A), (B) and

() in the presence of a dehydrating agent. Compounds {A), (B) and (C} are commercially

available or can be made by methoeds known in the art. With respect to compound (4}, R is as

defined herein. With respect to compound (B), R® and R is as defined herein, With respect o

cempound (C), B? ie as defined herein. Compound (A) can he mixed with Compound {B) in the

presence of g coupling agent such as diphenyl phosphite in & solvent such as pyridine. Afier

stirring at a temperature between ambient and 100°C for between 1 and 5 hours, compound (C)

ts added. Aftor Rther stirring at a temperature between ambiert and 100°C for between 5§ and
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24 hours, the reaction mixture 18 allowed to coni 1o room femperature. To extract the compound
of formula (1}, an organic selvent such as ethyl acetate (EtOAC) may be added, followed by
washing with, mild acid, water, and brine. The organic phase can be concentrated o obtain the
compound of formmula (1} Alternatively, the residue may be purified directly without an
aqueous work-up. The compound of formuia (1) may be purified by any suitable methods
known in the art, such as chromatography on siica gel. Altornatively, the compound of formula

{1} may be used in the next step without purification.
Step Z—Preparation of a compound of formula (23

[06358F  The compound of fornnida (2} can be made by removing the profecting group(s) from
the compound of formula (1), The compound of formula (1) is dissolved in a snitable solvent
and treated with a suitable acid. Suiiable solvents may include, for example, dichloromethane,
dipxane, or other suifable solvenis, Suitable acids may include, for example, triflucroacetic acid,
hydrochlonic acid, or boron rivromide (BBry). The reaction can be carried out at temperatures
between -78°C {o ambient temperature. On reaction completion, solvent i remeoved to obtain
the compound of formula {2}, In the case of a reaction using BBry the reaction may first be

treated with MeOH before an aquecus work-up to obtain a compound of formuls (2).
Step 4-—Preparation of a compound of formula (3)

[8615%]  The compound of formula (3) can be made by treating S-substituied-2,4,6-
trihalopynimidine with ammmontum hvdroxide in a suitable solvent such as dioxane, where the
halo is either chloro or fluore. The reaction is carried out at an clevated temperature hetween 30
and 80 °C for g suitable time, typically between 2 and § hours or when the reaction is complete,
Upon complstion, water is added 1o the cooled solution, and the precipitate is collected by

filtration. The nitrile can be converied to the carhoxamide under standard conditions.
Step S--Preparabion of a compound of formula (D

[09160]  The componnd of formula ({a) can generally be prepared by coupling compound of
forota (33 and compound of formula (2) in the presence of a suiigble base in a suilable solvent.
An example of a suitable base is diisopropylethylamine. An example of g suitable sobvent ig N-
methyipyrrobidone (NMP) The reaction is typically performed at a temperature between 50°C
to 150°C for about 30 minnies to 24 hours, Alternatively the reaction can be performed in a

microwave at a temperature between 100°C to 130°C for about 30 minutes to 24 hours, Water
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cant be added to quench the reaction upon completion, and the precipitate may be tiltered and
then dissolved in an organic solvent such as dichioromethane (BCM). The product can be
wolated by methods known in the art, for example by removal of solvent under reduced
pressure. The product can be purified using any suitable methods known in the art, for example,
chromatography of the residue on a silica column, Furthermore, compounds of formula (13 may
be prepared by coupling compounds of formula {2) with appropriately substituted heterooycles

- 4 o 4 . .
ot the general formula R™-X in a similar manner,

{00161 After aynthesis, the compounds may be isolated in the form of a free base or g cali
{which mechudes and is not Himited o a hydrochloric acid ealf form or a trifluoroacetic acid salt
forrn) and characterized by NMR. Thus, the resulling compounds and their NMR
characterizations may be either the free base or sall. The ratio of parent and corresponding salt

i3 not determined.
Exasmpic 1. Preparation of 2 compound of formuls {1}

- in A s = « N . . A
A. Preparation of a compound of formula {1} in which nis 2, R is chlore and fluore, mis 0, &

is H, and R is methyl

G162 A mixture of 2-amino-6-chiore-3-fluersbeneoic acid {(1.43 g, 7.6 munol) and Boo-L-
alanine {1.7 g, ®.1 sumol) in pyridine (4.9 mi, 60.5 mmeol) was warmed to 45°C until
homogeneous then allowed to cool to room temperature, at which thme diphenyl phosphite
{5.0mL, 26 munol} was added. The mixnire was stivred for one hour at 45 °C, then treated with
pyrazine-2, S-diamine bis HCH (1g, ©.1 mmol) in g single portion, The mixture was stirred
avernight at 55°C. After cooling to room temperature, the mixture was diloled with toluene {20
mL} and washed three times with 10 % agqueous hydrochloric acid solution, and concenirated to
dryness under reduced pressore. The residus was chromatographed, using a 25 g SiliaSep flash
column, ehuting with hexanes to 65 % ethyl acetate. The combined fractions were concenirated
under roduced pressure to give (Sitert-butvl (1-03-( S-aminopyrazin-2-yh-S-chloro-&-fluoro-4-

axo-3 4-dihvdrogquinarolin-2-yDethyhoarbamate, BER/MS 435.1 (M+H),

(]
Y
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B. Preparation of the below compounds of Formula (1) using the procedures described in

Example 1A and Reaction Scheme I

{8)tert-butyl (1-{3-(S-aminopyrazin-2-yi}-8-tluoro-4-oxo-3 4-dihydroguinazolin-2-

vhethyhearbamate;

{8 tert-butyl (1-03-(S-aminopyrazin-2-y13-S-chloro-4-0x0-3,4-dihvdroquinazolin-2-

vijethyloarhamate;

{S)tert-butsyt ((3-{S-aminopyrazin-2-vlj-S-chlore-4-030-3 4-dihydroquinaeclin-2-

vi¥eyclomopylimethyijcarbamate;

(Sptert-butyl {1-3-(S-aminopyrazin-2-y1 -6, 8-diftuoro-4-ox0-3 4-dihydroquinazelin-2-

yhethylcarbamate;

{S)-tert-butyl (1-(3-(S-aminopyrazin-2-yi}-&-chloro-6-fluore-4-ox -3, 4-dihvdroguinazolin-2-
: 73 yaroy

vhethvhicarbamate;

{5ktert-butyl {(3-(G-aminopyrazin-2-y1)-3 8-dichloro-4-0x0-3 4-dibvdroguinazolin-2-

vi¥ cyclopropyvimethyhearbamate; and

{3y -tert-butyl (1-G-(S~aminopyrazin-2-yi)-5,8-dichloro-4-0x -3, 4-dibvdroouinazolin-2-
3 ; 3 3 ; i

vhethvlicarbamate,

A. Preparation of a compound of fornmula (2) in which n i3 2, R' is chloro and fuoro, m is 0, R’

is H, and B is methyl.

E/I '\\\]:, 7 o ¥
i\\ P N /l\ -
. E/ ?“. \\:/
F MNH,

(081631 A solution of {give (Sptert-butyl (1-03-(-aminopyrasin-2-yi-S-chiloro-8-flucrn-4-
oxo-3 A-dibydroguinazolin-2-vliethylcarbamate (0.4g, 8.92 mmel) in dichloromethane (10 mL)
was treated with fluoreacetic acld (1.7 mL). After stirving 2h at room temperature, the

mixture was concentrated to dryness under reduced preasure 1o give {83-2-(F-amdnoethyh-3-(5-
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avnnopyrazin-2-yhi-5-chiloro-8-fluoroquinazolin-4{3H}-one as a golden amorphons semi-sohid,

which was carried forward without further purification. ES/MS 335.1 4 BAHHY.

8. Preparation of the below compounds of Formula (2) using the procedure described in
Example 2A and Reaction Scheme It

{5)-2~(1-aminoeth yi-3-(S-aminopyrazin-2-y1)-8- flucrequinazalin-4{ 3H -one;

{832+ -amminoethyi}-3-( S-aminopyrazin-2-y1)-S-chloroquinazolin-4{3H-one;

{81 2-{armino{cyclopropyimethyl -3~ S~-aminopyrazin-2 -vii-S~chloroguinazolin-4(3H)-oue;
{(53-2-{T-aminoethyl}-3-( S-aminopyrazin-2-v1)-6,8-difluoragninazolin-4(3H}-one;
{$32-{1-amincethyl}-3-(S-aminopyrazin-2- yip&-chioro-6-fluoroguinazolin-4(3H)-one;

{8)-2-(amino(cyclopropylmethy - 3-(S-aminopyrazin-2-y}-5 84 ichloroquinazolin-4(3H-one;
and

(532 L-ammoethyl)-3-{ S-aminopyrazin-2-y11-5, &-dichloroguinazolin-4(3H -one.

Example 3. Preparation of a compound of formula (3)

A, Preparation of a compound of formla (33 in which B is ON and X is O {2.4-diamino--

chloropyrinudine-S-carbonitrile)

i

N
o

\.AT:/ N
L
7N,

Ma

4

/‘/\‘

NN

[08164]  Ammonhun hydroxide (20 mL) was added to a solution of 2.4.6-trichloropyrimidine-
S-carhontirile (3.0 g, 24 mumol} in dioxane (20 mL) at roum temperature. The solution was
warmed to 307C and stirred for 3 hrs. The reaction mixture was cooled to 10°C and water {50
mi} was added. The resniting solid was filtered, washed with water, and dried nnder high
vacuwm 10 afford the title compound as a white solid. PH NMR (100 MHz, DMSQO) 164.8,
P62.6, 161.9, 115.8, 77.6. ES/MS m/z = 169.9 (M+H)Y.

8. Preparation of the below compounds of Formula (3) using the procedures described in

Example 34 and Reaction Scheme L
S-chloro-6-thisropyrimidine-2 4-diamine;
G-chiore-S-{methvisalfonyl pyrivotdine-2 d-damine;
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G-chloro-3-(trifluoromethyl ipyriondine -2 4-diarine, and
2 d-diamino-t-chloropyrimidine-S-carhoxamide,
Example 4. Preparation of 2 compound of formata (D

; . o . PR . . . 4 . 5
A. Preparation of a Compound of Formula (1) in which n is 2, R is chlors andd fluoro, m is 0, R
18 H, and R is methyl, which is (5)-3-(5-aminopyrazin-2-y1)-5-chloro-2-(1 {2, 6-diamino-5-

chloropyrimidin-d-yhaminoethyl)-8-fluoroguinazelin-4{3H}-one (Com pound 1}

{00163]  S-chloro-6-fuoropyrivsidine-2 4-diamine (0.11 g, .69 romol} and DIEA {0.4 mL,
2.3 mmol} were added to a solution of (83-2-(-aminoethy-3-( S-aminopyrazin-2-y1}-3-chioro-
3-Huoroguinarolin-4(3H}-one (015 g, 0.46 mmeol} in IPA. The resulting mixture was heated to
120°°C for 4 h in a microwave then concentrated. HPLO purification of the residue afforded the
title compound. 'H MNMBE (400 MHz, DMBO-de) 6 8.01 (s, 1H}, 7.85 - 7.71 (m, 3HY, 7.63 (dd, J
=87, 4.5 Hy, 1H}, 7.54 (s, 2H}, 7.43 (5, 3H), 6.86 (s, ZH), 5.01 - 4.91 {m, 1H), 143 (4, F = 6.5
Hz, 3H) ES/MS 477.1 {(M+H".

B. Preparation of the below compound of Formula (1), using the procedurss described Example

44 and Reaction Schome ©

(832 4-dizmino-6-{{ 1-(3~S-aminopyrazin-2-y1}-S-chloro-8-fluore-4-0x0-3 A-dibvdroguinazolin-
2-yhethyDaminojpyrimidine-5-carbonitrile (Compound 7). 'H NMR (400 Mz, DMEO-d 8
8.20 - 7.92 {m, 44}, 792 - 7.73 {m, 3H), 7.71 - 7,56 {m, 2H), 7.49 - 7.35 {m, 1H), 6.87 (s, ZHY,
300 g, S 0.8 He, THY, 1.42(d, 7= 6.7 M, 3H). ES/MB 4681 (MY

{8 )-4-amine-6-({1-{3-(S-aminopyrazin-2-vi-5-chloro-8-fuor-de-oxo-3 A-dihydroquingzolin-2-
yhethylaminolpyrimidine-S-carbonitrile (Compound 3). "H NMR (400 MHz, DMSO-di) 5
8.54 (g, 1H), 869~ 8.02 (m, 2H}, 7.94 (s, 1H}, 7.84 ~ 7.71 {m, 2H3, 7.60 (dd, /= &8, 4.3 Hz,
FH), 7.44 (s, 2H}, 6.86 (5, 2H), 4.85 - 4.80 (m, 1H), 1.42 (4, 7= 7.4 Hz, 3H). EYMS 4531
(M)

{53-2-{1-((3H-{1,2 3 trigzolo{4,5-dlpyrimidin-7- ylhaminojethyly-3-{S-aminopyrazin-2-yi}-2-
fluoroguinazolin-4(3H}-cne (Compound 4). 'H NMR (400 MHz, DMSO-ds) 8 9.51 {5, 1H),
B.41 (m, 3H}, 7.93 (1, = 9.1 Ha, 1H}, 7.74 - 7.64 {m, 1H), 7.53 {td, /= 8.3, 4.7 Hz, 1H), 746 -
L7 (1, 4H), 4.86 - 4.68 (m, TH), 1.66 (d, /= 6.8 Hz, 3H). ES/MS 420.1 (MY
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(5)-3-{S-amnopyrazin-2-yi -S-chloro-8-fluora-2-(F-{ foro] 2, 3-d [pyrimidin-4-

Viaminoethyl jguinazolin-4(3Hone (Compound 53 'H NMR (400 MHz, DMSO-d, 38 851 (s,
TH)Y 817 - 8.10 (m, 2H), B.03 (5, TH}, 7.91 = 7.67 {m, 3H), 7.58 (m, 1H}, 7.25 (m, 2H), 7.08 (3,
PH}, 478 (m, TH), 152 (d, 7= 6.8 He, 3H) ES/MS 4531 (M+H' ),

(3)-2.4-diamino-0-((1-{3-{ S-aminopyrazin-2-y-5-chloro-4-0x0-3 4-dihvdroguinazolin.I-
yhethylDaminopyrimidive-3-carbonitrile (Compound 6. 1H NMR (400 Mz, DMSO-d6) §
B8 (s, FH)Y .03 (s, 3H), 7.82 (1, J= 8.0 Hp, 2H), 7.65 (ddd, /= 20.3, 8.0, 1.2 Hz, 2H), 7.49
{bre, 1H}, 7.02 - 6.71 {brs, 3H}, 4.99 (g, J= 6.8 Hz, TH), 1.45 - 1.38 (m, 3H). ES/MS 450.1
(M

{8}3-3-{5-aminopyrazin-2-yl}-S-chloro-2-(1 -({2,6-damino-S-chloropyrimidin-4-
yhaminolethylquinazolin-4(3H}-one (Compound 7). 1H NMR (400 Milz, DRSOdB) 6 8.02
{brs, TH}, 7.86 - 7.77 (m, 3H}, 7.69 (dd, /= &.1, 1.2 Hz, 1H), 7.62 (dd, J = 7.9, 1.2 Hz, 1},
7.55 {brs, ZH) 7,44 {brs, ZH}, 6.84 (brs, 2H), 4.94 {p, 7= 6.8 Hz, 1H), 1.42 {4, J = 6.6 ¥z, 3H}
ES/MS 4591 (M+H )

(8 1-3-(S-aminopyrazin-2-yi-S-chloro-2-{ cvclopropyi(2, 6-Hamino-5- ~chloropyrimidin-4-
yhamineymethyliquinazolin-4(3H}-one {Compound ). 1H NMR (400 MHz, DAASO-do) & 7.88
178 (o, ZHY, 778 - 7.66 (m, 3H), 7.63 (B4, S = 7.8, 1.2 He, THY, 7.56 {5, 2H), 741 {5, 2H),
6.82—~06.73 (m, 2H), 4.74 - 4.47 {m, 1H), 1.53 (s, 1H), 0.57 (s, 1H), 0.46 {dp, 7= 12.4, 7.3, 6.1
Hez, 2H}, 0,16 (dy, 7= 9.6, 4.9 Ha, 1H). BS/ME 485.1 (M+H)Y"

(¥ )-2.4-damino-6-{{ 3-(S-aruinopyrazin-2-yi}-5-chloro-d-0x0-3 4-ditydroguinazolin-2-
viXeyclopropyhimethyamino Jpyrimidine-S-carbonitrile (Componnd 93, 1H NMR {400 MHz,
DMEQO-de} 8 8.14 {d, /= 19.0 Hz, 3H), 7.90 - 7.78 (m, 2H), 7.71 (dd, J= 8.2, 1.2 Hz, 1H), 7.63
(dd, /=738, 1.2 Hz, 1H), 7.48 (bes, THY, 6.75 (m, 2H}, 5.96 {bre, 2H), 4.69 (1, J= 8.3 Hz . FH,
L54 (s, TH), 0.57 (s, 1H), 0.51 - 0.39 (m, ZHY, 017 {my, 1H). ES/MS 4761 0G4+

{832 4-diamino-6-({(3-(S-aminopyrazin-2-v13-5,8-dichloro-4-0x0-3 A-dihvdrogquinazolin-2-
yi¥cyclopropylimethyDaminopyrimidine-S-carbonifrile (Compound 10, 1H NMR {400 Mz,
DMSO-d6) & 8.07 - 7.97 {m, 5H}, 7.91 - 7.82 {m, 1H), 7.80 (s, 1H), 7.63 (&, J = &.5 Hz, 1H),
747 - 7.4 {rn, IH), 6.85 (8, 2H), 4.82 (4, 7= 7.9 Hz, 1H), 0.57 - 0.39 {m, 45), .24 - 0.13 {m,
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THY. BS/MS 5101 (M+H"):

{832 4-diamyino-6-((1 -(3-(S-aminopyrazin-2-vh-5 S-dichiora-d-pro-3 A-dibydroguinazolin-2-
yhethyDamine)pyrimidine-5-carbonitrile (Compound 11 1TH NMR {400 MHe, BMEO-I6) &
811 7.90 (m, 5H), 7.83 {5, ZH}, 7.62 (d, J= 8.5 Hz, 1H), 7.54 — 7.26 (m, 2H), 6.90 (5, 2H),
507 (p, /=67 Hz, 1H), 143 {4, J= 6.6 Hz, 3H). ES/MS 4841 (M+HY™

(8 }-3-{S-aminopyrazin-2-yi1-8,8-dichloro-2-{cyelopropyi((2,6-diamine-5-chloro pyrinidin-4-
yhaminohmethyhquinazohin-4{3H}-one (Compound 12). 1H NMR {400 MHe. DMEO-d6)Y 8
8.52(d, /= 1.5 He, 1H), 8.07 - 800 (m, 2H}, 7.70(d, /= 1.5 Hz, 1H), 7.63 {4, J = 8.6 Hz, 1H},
A (d, = 8.5 Hz, TH), 6,89 - 6.81 (my, 3HD), 6.45 {s, 2H), 6,15 (d, /= 5.3 Hz, 1H). 4.81 ~ 4.76
fmy, AR, 138 - 142 (o, THY, 106 - 0.72 (m, 2H), 0.66 - 0.39 G, 2H). BES/MS 519.1 (M-+HY

(83 3-(S-ammopyrarin-2-y13-5, 8-dichloro-2-(1 ({2, 6-diamino-3-chloropyrimidin-4-
yhaminolethyl jguinazolin-4(3H}-one {Compound 133 1H NMR (400 Mz, DMS0O-d6Y 8 8.2
{dd, /= 8.6, 0.7 He, T, 7.84 (4, /= 8.1 He, 2H), 7.67 ~ 7.56 (m, 3H), 7.56 — 7.46 (i, 250,
6.9% - 6.87 {mn, 3H}. 5.01 {p, J= 6.7 He, 1H), 1.44 (d, 7= 6.6 Hz, 3H). ES/MS 493.0 (M+H )

{8)-2-amine-4-{{1-(3-(S-anminopyrazin-2-yl}-8-chloro-6-flusro-4-ox0-3,4-dihydroguinazolin-2-
vhethyljamino}-o-{difluoromethyljpyrimidine-3-carbonitrile {Compound 14). 'H NMR {400
MHz, DMSBO}6 B A6 (dd, 1= 8.5, 2.9 He, 1H), 8.08 ¢hrs, 1H), 7.86 — 7.79 (m, 3H), 7.54 (br 5,
1H}, 7.35 (brs, 1H}, 6.87 (brs, 2H), 6.65 (t, I == §3.5 He, 1H), 5,10~ 5.00 (m, 1H) 145, I~
8.5 Hz, 3H), ES/MB 5031 (M+H™:

(832, 4-Diamino-6-((1-(3-(5-aminopyrazin-2-v13-6,8-difluoro-4-0x0-3 4-dihydroguinarslin-2-
yhethyllaminojpyrimidine-S-carbonitrile {Compound 15), 'H NMR (400 MHz, DMSO-43 &
8.00 (s, 3H), 7.92 (ddd, 7= 10.3, 8.9, 2.9 Hz, 1H), 7.79 (5, 1H), 7.69 (ddd, /=82, 2.9, 1.3 Hz,
THY, 6.85 {5, 2H}, 5.01 {p, J= 6.7 Hz, TH), 1.40(d, J = 6.6 Hz, 3H). B3/MS 468.1 (v+HY,

{53-3-{5-Aminopyrazin-2-vi - 2-{1-({2,6-diarnino-3 -chloropyrimidin-4-yaminojethyl 36,8~
difluoroguinazolin-4(3H}-one (Compound 163 "H NMR (400 MH>, PMEO-dsy 8 7.93 (ddd, 7=
10.4, 89,29 Hy, 2H), 7.79(d, /= 7.8 Hz, 2H), 7.69 (ddd, /= 8.2, 2.9, 1.3 He, TH}, 7.50 (s,

g
2HY, 7.39 (s, 3HY 6.84 (s, 2H), 4.99 (p, J = 6.7 Hz, 15, 141 (d, J = 6.6 Hz, 3H), ES/MS 461 9
(MY
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{5}2,4-Digmino-6-{{1-(3-(F~-aminopyrazin-2-yl}-S-chloro-6-fluoro-4-oxe-3 4~
ditiydroguinazolin-Z-vhethyDamino pwiridine-S-carbonitrile (Compound 17). TH NMR (400
MHz, DM3O-d 3 8 8.17 (dd, J= 8.5, 2.9 He, 1H), .02 (5, 2H), 7.85 (80, /= 7.8, 3.6 Hz, 41},
G840 (s, 2H), 510 (p, J = 6.6 He, TH), 144 (d, 5= 6.6 Hz, 3H), BES/MS 468.1 (M+H ™y,

{5)-3-{5-Aminopyrazin-2-yi}-8-chloro-2-{1-{((2,6-diamino-3-chloropyrimidin-4-yDamino jethvi -
§-fluoroquinazolin-4(3H-one (Compound (R}, 'H NMR (400 MHz, DMSO-d) § §.10 {dd, 7=
8.5, 2.9 Hz, 1H}, 7.98 (s, ZH}, 7.86 (dd, J= 8.1, 2.9 Hz, 2H), 7.81 {s, 1H}, 7.56 {s, 4H), 6.90 ¢,

ZH)Y, 5.23 - 4.91 {m, 1H), 1.45 (4, /= 6.6 Hz, 3H). BS/MS 477.1 (M+H);

{($3-2-(1-{{6-Arnino-S-chloropyrimidin-4-yDamino jethyl}-3- S-aminopyrazin-2-yi)-5-
chloroquinazolin-4{3H-one (Compound 19}, 'H NMR (400 MHz, PMB0-dsy 6 873 (5, 1H),
SA8{d J= 1.4 Ha, TH), 7.92 (s, 1H), 7.89{d, /= 1.5 Hz, 1H), 7.67 - 7.60 (m, 1H), 749 {dd, J
= 8.2, 1.2 Hz, 1H), 744 (dd, F = 7.8, 1.2 He, 1H), 718 (s, 2H), 4.75 (s, 1H), 1.49(d, 5= 7.0 Hx,
3HY. ES/MS 4441 (MHHY

{(33-2-({&-Avnino-S-chloropyrimidin-d-yljamino}eyelopropyhimethyl}-3-(S-aminopyrazin-2-vi)-
5, 8-dichloroguinazolin-4{3H-one (Compound 20} "HONMR (400 MHz, DMSO-doy 6 8.01 (4, J
=85 Hy, 1H}, 7.82 (3, 1H), 7.71 (5, 1H}, 760 (d, J= 8.5 Hx, 1H}, 6.87 (5, 2H}, 66244, /=172
Hz, 3H), 4.67 (s, 1H), 1.42 (5, 1H}, 0.51 — 0.27 {m, 4H), 0.27 - 0.97 {m, 110). BS/MS 5041
{(M+H"}: and

{8)3-2-{{{t-Amino-5-chloropyrimidin-4-yDamino { cyclopropyhmethy!)-2-(S-aminopyrasin-2-vi)-
S-chloroquinazolin-4{3H}-one {Compound 21). 'H NMR (400 Mz, DMBO-ds) & 7.96 (s, 1H},
781 {q, /=79 He, 2H), 7.69 (d, J= 8.3 He, 3H), 760 (34, 7= 7.9, 1.2 Hz, 2H), 6.81 {5, 3H),
6.61 (s, 4H}, 4374d, /=125 Hz, 1H}, 149 (d, /= (2.0 Hz, 1H), 0.44 (s, 45, 0.34 (g, F= 4.5
Hr, TH). ES/MS 470.1 (M+H),

Biclogical Fxamples

{08166]  The compounds of formula (I} were characterized for their enzymatic activity against
the PIAK isoforms. The activities were roeasured using a time-resolved fluorescence resonance
energy transfer {TR-FRET} assay. TR-FRET monitored the formation of 3,4,5-inositol

triphosphate molecule that competed with fluorescently labeled PIP2 for binding o the GRP-1
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pleckstrin homelogy domain protein. An increase in phosphatidylinositide 3-phosphate product
resulied 1n a decrease tn TR-FRET signal as the Iabeled fluorophore was displaced from the

GRP-1 protemn hinding site.

[00167)  Class I PI3K tsofonms were expressed and purified as heterodimeric recombinant
proteins. All assay yeagents and buffers for the TR-FRET assay were purchased from Millipove,
PI3K isoforms were assayed under initial rate condibions in the presence of 25 mM Hepes

{pH 7.4}, and 2x Km ATP (75-500 pb), 2 oM FIP2, 5% glycerol, 5 mM MeCls, 50 mM NaCl,
0.05% {v/v} Chaps, I mM dithiothreitol, and 19 {v/v} DMSO at the following concentrations
for each woforny PI3Ka, PI3KE, and PI3ES botween 25 and 30 pM, and PI3Ky at 2 ndM. The
compounds of Table | and Compound X ((83-2 4-diamine-6-((1 -(5-chloro-4-gxo-3-{pyridin-3-
yi}-3 4-dihydroguinazolin-2-yDethyhaminopyrimidine-S-carbonitrile) and Compound Y {{8)-
2 4-diamino-6-{{1-(S~chloro-4-0x0-3-(pyridin-3-vi}-3,4-dihvdroquinazolin-2-
vhethyhammolpyrimidine-S-carbonitrile} were added to the assay sohution and incubated for
30 mmutes at 25°C, The reactions were terminated with a final concentration of 10 mM EDTA,
10 oM labeled-PIF3, and 35 nM Europhun labeled GRP-1 detector protein before reading
TR-FRET on an Envision plate reader (Ex: 340 nimy; Emv 615/665 mim; 100 us delay and 500 pg

read window).

[00168]  The results were normalized based on positive {1 pM wortmanin) and negative
(BMEO) controls, and the ICs, values for PI3K o, B, 8, and v were calculated from the fit of the
dose-response curves 1o a four-parameter equation. These assays generally produced resulis

within 3-fold of the reporied mean.

[6616%]  Table 2 smmumarizes the 105 (0 values for PI3K {eoforms £, 8, and v. The results
indicate thai certain compounds of formula (1} inhibit both PI2KS and PI3KB. Alse, Compound
X exhibited PI3KS [Cs of 0.2 nM, PR ICs of 11 oM, PI3Ky 150 of 7 bl The
PRKy/PI3KE ratio for Compound X is 0.6, The resulis indicate that certain compounds have
greater selechivity for FIBKP over PIR3KY compared to compound X, Compounds in Table la

were analyzed using the same assay, and the results are sununarized in Table 2a.

Table 2. The 15 values (ubd) for PI3K isoforms §, 8, and v,

-0 E A N
I SN Y Y TITT AW DYV IR S
LHIMHANLRQR FRIIND TRIND
A By R .
i 54 i 2 AAHANY
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[B0176] Al ofthe ULS. patents, U.S. patent application publications, U.S. patent applications,
foreign patents, foreign patent applications and non-patent publications referred 1o in this
specification are incorporated herein by reference, in their entivety to the cxtent not inconsistent
with the present description. From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the present

appication.

62



2015274637 29 Mar 2018

1002112814

[00171] Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that this
prior art could reasonably be expected to be understood, regarded as relevant, and/or combined
with other pieces of prior art by a skilled person in the art.

[00172] As used herein, except where the context requires otherwise, the term "comprise" and

variations of the term, such as "comprising", "comprises" and "comprised", are not intended to

exclude other additives, components, integers or steps.
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What is claimed:

1. A compound having the structure of formula (I):

N

(0] ~

R", J:
R) \I

NH,

wherein:

nis 1,2, or3;

mis 0 or 1;

each R' is independently selected from halo, cyano, optionally substituted C,_¢ alkyl,
optionally substituted C,¢ haloalkyl, optionally substituted C, alkoxy, optionally substituted
sulfonyl, optionally substituted Cs.g aryl, optionally substituted Cs.g heteroaryl, optionally
substituted Cs_g cycloalkyl, and optionally substituted Cs_g heterocycloalkyl;

each R? is independently selected from halo and optionally substituted C ¢ alkyl;

R’ is hydrogen, optionally substituted C,_¢ alkyl, optionally substituted Cg.1g aryl, or
optionally substituted Cs_g cycloalkyl;

R” is a six- to twelve-membered heteroaryl having at least one aromatic group and at
least two heteroatoms, wherein the heteroatoms are selected from N, O, and S, wherein the
heteroaryl is unsubstituted or substituted with one, two, or three members independently
selected from halo, cyano, optionally substituted haloalkyl, optionally substituted C;.¢ alkyl, and
-NH;; and

R’ is hydrogen or optionally substituted C ¢ alkyl, wherein R® and R’ together with the
atoms to which they are attached optionally form a four to seven-membered heterocyclic ring;

or a pharmaceutically acceptable salt, double bond isomer, racemate, stereoisomer,
enantiomer, diastereoisomer, atropisomer, or a mixture thereof;

wherein the term “cycloalkyl” refers to a saturated or partially saturated cyclic alkyl
group;

wherein the term “optionally substituted” means that any one or more hydrogen atoms on
the designated group may or may not be replaced with substituents selected from the group
consisting of alkyl, alkenyl, alkynyl, alkoxy, acyl, amino, amido, amidino, aryl, azido,

carbamoyl, carboxyl, carboxyl ester, cyano, guanidino, halo, haloalkyl, heteroalkyl, heteroaryl,
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heterocycloalkyl, hydroxy, hydrazino, imino, oxo, nitro, alkylsulfinyl, sulfonic acid,

alkylsulfonyl, thiocyanate, thiol, and thione.

2. The compound of claim 1, wherein

nis 1 or2;

mis 0 or 1;

each R is independently selected from halo, C ¢ alkyl, and C,_ haloalkyl;

each R? is independently selected from C ¢ alkyl;

R’ is hydrogen, C\.6 alkyl, or Cs.g cycloalkyl;

R” isa six- to twelve-membered heteroaryl having at least one aromatic ring and at least
two nitrogen atoms, wherein the heteroaryl is unsubstituted or substituted with one, two, or three
members independently selected from halo, cyano, -NH,, C¢ haloalkyl, and C,_¢ alkyl; and

R’ is hydrogen, methyl, ethyl, or propyl, or R® and R’ together with the atoms to which
they are attached optionally form a five-membered heterocyclic ring;

or a pharmaceutically acceptable salt, double bond isomer, racemate, stereoisomer,
enantiomer, diastereoisomer, atropisomer, or a mixture thereof;

wherein the term “cycloalkyl” refers to a saturated or partially saturated cyclic alkyl

group.

3. The compound of claim 1 or claim 2, or a pharmaceutically acceptable salt, double bond
isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof;

wherein each R' is independently selected from chloro, bromo, fluoro, methyl, ethyl, and propyl.

4. The compound of claim 1 or claim 2, or a pharmaceutically acceptable salt, double bond
isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof;

wherein each R! is halo.

5. The compound of claim 4, or a pharmaceutically acceptable salt, double bond isomer,
racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof; wherein

each R' is independently selected from chloro, bromo and fluoro.

6. The compound of any one of claims 1-5, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture

thereof; wherein each R is independently selected from methyl, ethyl, and propyl.
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7. The compound of any one of claims 1-6, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture

thereof; wherein R’ is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl.

8. The compound of any one of claims 1-7, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture

thereof: wherein R’ is hydrogen, methyl, ethyl, or propyl.

9. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture
thereof; wherein R® and R® together with the atoms to which they are attached optionally form

pyrrolidinyl.

10. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture

thereof: wherein R’ is hydrogen.

1. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture
thereof; wherein R is a monocyclic heteroaryl having at least two nitrogen atoms, wherein R* is
unsubstituted or substituted with two or three members independently selected from bromo,
chloro, fluoro, cyano, methyl, ethyl, propyl, fluoromethyl, difluoromethyl, trifluoromethyl,
fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl, and -
NHo,.

12. The compound of any one of claims 1-11, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture
thereof; wherein R” is pyrimidinyl substituted with two or three members selected from the
group consisting of bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl,
difluoropropyl, trifluoropropyl, and -NH,.

13. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt, double
bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture

thereof; wherein R” is a bicyclic heteroaryl having at least two nitrogen atoms, wherein R* is
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unsubstituted or substituted with one, two, or three members independently selected from halo,

cyano, -NH,, C 4 haloalkyl, and C,_ alkyl.

14. The compound of claim 13, or a pharmaceutically acceptable salt, double bond isomer,
racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof; wherein

R* is selected from the group consisting of:

15.  The compound of any one of claims 1-14, wherein the compound is an (S)-enantiomer.
16.  The compound of any one of claims 1-14, wherein the compound is an (R)-enantiomer.
17.  The compound of claim 1, wherein the compound is selected from the group consisting
of:

(S)-3-(5-aminopyrazin-2-yl)-5-chloro-2-(1-((2,6-diamino-5-chloropyrimidin-4-yl)amino)ethyl)-

8-fluoroquinazolin-4(3H)-one;

(S)-2,4-diamino-6-((1-(3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-4-oxo-3,4-dihydroquinazolin-
2-yl)ethyl)amino)pyrimidine-5-carbonitrile;

(S)-4-amino-6-((1-(3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-4-oxo-3,4-dihydroquinazolin-2-
yl)ethyl)amino)pyrimidine-5-carbonitrile;

(S)-2-(1-((3H-[1,2,3]triazolo[4,5-d]pyrimidin-7-yl)amino)ethyl)-3-(5-aminopyrazin-2-yl)-8-

fluoroquinazolin-4(3H)-one;

(S)-3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-2-(1-(furo[2,3-d]pyrimidin-4-
ylamino)ethyl)quinazolin-4(3H)-one;
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(S)-2,4-diamino-6-((1-(3-(5-aminopyrazin-2-yl)-5-chloro-4-oxo0-3,4-dihydroquinazolin-2-

yDethyl)amino)pyrimidine-5-carbonitrile;

(S)-3-(5-aminopyrazin-2-yl)-5-chloro-2-(1-((2,6-diamino-5-chloropyrimidin-4-
yl)amino)ethyl)quinazolin-4(3H)-one;

(S)-3-(5-aminopyrazin-2-yl)-5-chloro-2-(cyclopropyl((2,6-diamino-5-chloropyrimidin-4-
yl)amino)methyl)quinazolin-4(3H)-one;

(S)-2,4-diamino-6-(((3-(5-aminopyrazin-2-yl)-5-chloro-4-oxo0-3,4-dihydroquinazolin-2-
yl)(cyclopropyl)methyl)amino)pyrimidine-5-carbonitrile;

(S)-2,4-diamino-6-(((3-(5-aminopyrazin-2-yl)-5,8-dichloro-4-ox0-3,4-dihydroquinazolin-2-
yl)(cyclopropyl)methyl)amino)pyrimidine-5-carbonitrile;

(S)-2,4-diamino-6-((1-(3-(5-aminopyrazin-2-yl)-5,8-dichloro-4-o0x0-3,4-dihydroquinazolin-2-

yDethyl)amino)pyrimidine-5-carbonitrile;

(S)-3-(5-aminopyrazin-2-yl)-5,8-dichloro-2-(cyclopropyl((2,6-diamino-5-chloropyrimidin-4-
yl)amino)methyl)quinazolin-4(3H)-one;

(S)-3-(5-aminopyrazin-2-yl)-5,8-dichloro-2-(1-((2,6-diamino-5-chloropyrimidin-4-
yl)amino)ethyl)quinazolin-4(3H)-one;

(S)-2-amino-4-((1-(3-(5-aminopyrazin-2-yl)-8-chloro-6-fluoro-4-oxo-3,4-dihydroquinazolin-2-
yl)ethyl)amino)-6-(difluoromethyl)pyrimidine-5-carbonitrile;
(S)-2,4-Diamino-6-((1-(3-(5-aminopyrazin-2-yl)-6,8-difluoro-4-oxo-3,4-dihydroquinazolin-2-
yDethyl)amino)pyrimidine-5-carbonitrile;
(S)-3-(5-Aminopyrazin-2-yl)-2-(1-((2,6-diamino-5-chloropyrimidin-4-yl)amino)ethyl)-6,8-
difluoroquinazolin-4(3H)-one;
(S)-2,4-Diamino-6-((1-(3-(5-aminopyrazin-2-yl)-8-chloro-6-fluoro-4-oxo-3,4-
dihydroquinazolin-2-yl)ethyl)amino)pyrimidine-5-carbonitrile;
(S)-3-(5-Aminopyrazin-2-yl)-8-chloro-2-(1-((2,6-diamino-5-chloropyrimidin-4-yl)Jamino)ethyl)-
6-fluoroquinazolin-4(3H)-one;
(S)-2-(1-((6-Amino-5-chloropyrimidin-4-yl)amino)ethyl)-3-(5-aminopyrazin-2-yl)-5-

chloroquinazolin-4(3H)-one;
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(S)-2-(((6-Amino-5-chloropyrimidin-4-yl)amino)(cyclopropyl)methyl)-3-(5-aminopyrazin-2-yl)-
5,8-dichloroquinazolin-4(3H)-one; and
(S)-2-(((6-Amino-5-chloropyrimidin-4-yl)amino)(cyclopropyl)methyl)-3-(5-aminopyrazin-2-yl)-
5-chloroquinazolin-4(3H)-one;

or a pharmaceutically acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer,

diastereoisomer, atropisomer, or a mixture thereof.
18. The compound of any one of claims 1-17, or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition comprising the compound of any one of claims 1-18, or a
pharmaceutically acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer,
diastereoisomer, atropisomer, or a mixture thereof; and at least one pharmaceutically acceptable

vehicle.

20. A pharmaceutical composition comprising the compound according to any one of claims
1-17, or a pharmaceutically acceptable sale thereof, and at least one pharmaceutically acceptable

vehicle.

21. A method of treating a disease or condition associated with PI3K, in a human in need
thereof comprising the administering to the human a therapeutically effective amount of the
compound of any one of claims 1-18, a pharmaceutically acceptable salt, double bond isomer,
racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof, wherein
the disease or condition is selected from cancer, hematologic malignancies, leukemias,
lymphomas, myeloproliferative disorders, myelodysplastic syndromes, plasma cell neoplasms,
solid tumor, inflammation, fibrosis, autoimmune disorders, allergic conditions, hypersensitivity,
cardiovascular diseases, neurodegenerative diseases, renal disorders, viral infections, obesity,

and autoimmune diseases.

22, The method of claim 21, wherein the disease or condition is rheumatoid arthritis,
osteoarthritis, atherosclerosis, psoriasis, systemic lupus erythematosus, multiple sclerosis,
inflammatory bowel disease, asthma, chronic obstructive airways disease, pneumonitis,
dermatitis, alopecia, nephritis, vasculitis, atherosclerosis, Alzheimer’s disease, hepatitis, primary
biliary cirrhosis, sclerosing cholangitis, diabetes, acute rejection of transplanted organs,
lymphomas, multiple myelomas, leukemias, pancreatic cancer, bladder cancer, colorectal cancer,
breast cancer, prostate cancer, renal cancer, hepatocellular cancer, lung cancer, ovarian cancer,

cervical cancer, rectum cancer, liver cancer, kidney cancer, stomach cancer, skin cancer, gastric
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cancer, esophageal cancer, head and neck cancer, melanoma, neuroendocrine cancers, CNS

cancers, brain tumors, bone cancer, or soft tissue sarcoma.

23. A method of inhibiting the activity of a phosphatidylinositol 3-kinase polypeptide by
contacting the polypeptide with the compound of any one of claims 1-18, or a pharmaceutically
acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer,

atropisomer, or a mixture thereof.

24. A method of inhibiting excessive or destructive immune reactions or growth or a
proliferation of cancer cells associated with PI3K, comprising administering an effective amount
of the compound of any one of claims 1-18, or a pharmaceutically acceptable salt, double bond

isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof.

25. A method of inhibiting the activity of a phosphatidylinositol 3-kinase (PI3K) comprising
administering the compound of any one of claims 1-18, or a pharmaceutically acceptable salt,
double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a

mixture thereof,
26. The method of claim 25, wherein the PI3K is PI3Kf and/or PI3K-§.

217. The method of any one of claims 21-26, wherein the compound is presented as a

pharmaceutical composition.

28.  Use of a compound, or a pharmaceutically acceptable salt, double bond isomer,
racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof
according to any one of claims 1-18 for the manufacture of a medicament for treating a disease
or condition associated with PI3K, wherein the the disease or condition is selected from cancer,
hematologic malignancies, leukemias, lymphomas, myeloproliferative disorders,
myelodysplastic syndromes, plasma cell neoplasms, solid tumor, inflammation, fibrosis,
autoimmune disorders, allergic conditions, hypersensitivity, cardiovascular diseases,

neurodegenerative diseases, renal disorders, viral infections, obesity, and autoimmune diseases.

29. A kit comprising the compound of any one of claims 1-18, or a pharmaceutically
acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer,

atropisomer, or a mixture thereof; and a label and/or instructions for use.
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