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(0061 The present application relates to novel compounds that selectively inhibit the

activities of PIAR woforms and their uses 1o therapeutic treatments.

BACKGROUND

RS el signaling via 3" -phosphoryiated phosphoinositides has been implicated ina
variety of celtular processes, ez, malignant transformation, growth factor signaling,
inflammation, and imwmunity (Rameh ef ol , 0 Biol Chem., 274:8347-8350, 1999),
Phosphatidyvlinosiiol 3-kinase (P1 3-kinase or PI3K)} is responsible for generating these
vhosphorylated signating prodocts. PIIK was initislly identified as a protein associated with
viral oncopreieins and growih faclor receptor tyrosine kinases that phosphorylate
phosphatidylinositol {(P1) and its phosphorviated dertvatives at the 3 -hydroxyl of the inositol

ving {Panayoton ¢f al, Trendy Cell Biol |, 2:358-60, 1992).

{31 Three classes of the PI 3-kinase (PI13K) are proposed based on the substrate
specificities. Class | PI3Ks phosphorylate phosphatidylinositol (P, phosphatidylinosiiol-4-
phosphate, and phosphatidvlinositol-4, 5-biphosphate (PIP;) to produce phosphatidylinositol-3-
phosphate {PIP), phosphatdylinositol-3 4-biphosphate, and phosphatidvlinesitol-3,4,5-
wiphosphate, respectively. Alse, Class H PI3Ks phosphoryviate P and phosphatidylinositol-4.

phosphate, and Class {1 PI3Ks phosphorylate PL

{0004} The imtial purification and molecular cloming of PI 3-kipase revealed that it was g
heterodimer consisting of p¥S and pl 10 subumite (Otsn er of, Cell, 65:91-104, 1991 Hiles er of,
Cefi, 70:419-29, 1992}, Later, four distinet Class | PLIIKs were identified and designated as
PI3K ¢, [, 8. and v isoforms. Each isoform consists of a distinet 110 kDa catalviic subumit and 2
regulatory sebunit. The catalviic subunits of PI3K «, B, and & {ie., pliGa, p110f, and pl1105,
reapectively} interacts, individually, with the same reguiatory subunit p8S, whereas the catalytic

subunit of PI3K v (p! 10y} interacts with g distinct reguiatory subunit plltl.

(6605} Studies have also showed that each PI3K isoform has distinet expression pattern. For
example, PIK 34 which encodes PI3Ka s frequently mutated in human cancers (Engelman,
Nat. Rev, Cancer, 90 550-562, 2009}, Also, PI3KS is generally expressed in hematopoistic cells.

Moreover, PI3K isoforms are shown to be associated with proliferation or survival signaling in
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cancers, inflammatory, or auteimmune diseases. As each PIK isoform has different biclogical
funetion, PI3K sofonns are potential targets o treat cancer or disorder {US Patent Nos.

6, 800,0620; €,435,988; 8,673.906; US Patent Application Publication No, US2013/0274253).

{6606} Therciore, there is a need for developing therapeutic agents that inhibit PI3K

isoforms io treat diseases, disorders, or conditions that are mediated by FI3K.

SUMMARY
{60871 The prosent application provides novel compounds that are inhibitors of PI3K
woforms. The application also provides compositions, including pharmaceutical compositions,

kits that include the compounds, and methods of using and making the compounds. The
compounds provided hercin are useful in dreating diseases, disorders, or condifions that are
mediated by PI3K isoforms. The apphication also provides compoeunds for use in therapy. The
application further provides compounds for use in 2 method of treating a disease, disorder, or
condition that is mediated by PI3K isoforms. Moreover, the application provides uses of the
compounds in the manufacture of a medicament for the treatment of & disease, disorder or

condition that is mediated by PI3K isotorma,

HEEIEY The applications provides the compounds having the structure of formula (I

. g N
(R L
[?"‘q\‘ NTUNTNRR),
¢ 3
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Rsf \’R4
)

wherein:

nis 1.2, or 3;

mis{or i

zach R is independently selected from halo, evane, optionally substituted C e alloyl,
optionally subetituted C ¢ haloalkyl, optionally substituted Cig alkoxy, optionally substitored
sulfonyl, optionally substitited Ty aryl, optionally substituted Ca g heteroaryvl, optiopally
substituted Cs¢ cyvcloalkyl, and optionally substituted Cs.¢ heterocyeioalkyi;

cach R is independently selected from helo and opticnally substituted () ¢ alkyl;

Rlis hydrogen, optionally substitoted Cy s alkyd, optionally substituted Cop arvl, or

optionally substituted (5.5 cycloalkyl;

3
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R is g six- to twelve-membered hetervaryl having at least one aromatic group and at
{east two heteroatoms, wherein the hetercatoms are selected from M, O, or S, wherein the
heternaryt 15 optionally substituted with one, two, or threo members independently selected from
halo, eyane, optionally substituted haloalkyl, optionally subsiituted g alkyl, and -NHy and

R is bydrogen or optionally substituted Crs atkoyl, wherein R and R® together with the
atoms 10 which they are atfached optionally form a four- or eight-membered heterocyelic ring;

or a pharmaceutically acceptahle salt, isomer, or o mixture thereot

jHH09] ‘The apphication also provides the compound having the structure of formula {1,
wherein:

nis lorl;

mis Gorl;

cach B is independently selected from halo, O alkyl, and O haloaliovt;

each K7 is independently . alkyl;

R is hydrogen, O alkyl, or Cig eveloaikyh

27 isa six- to twelve-membered hetoroary] having at least onc aromatic ring and at feast
two nitrogen atoms, whorein the beteroaryl is optionally substituted with one, two, or three
mernbers independently selocted from halo, cyano, -NH;, Ci haloalkyl, and €4 alkyl; and

R’ is hydrogen, methyl, ethvl, or propyl, or B and B together with the atoms 0 which
they are attached optionally form a five-membered heterocychic ring;

or a pharmaceutically acceptable salt, izomer, or a mixiure thersof,

{010 In one aspect, the covopound of the present application having the strocture of
formula (), wherein each R' is independently selected from chloro, brome, fluore, mothyi,
ethyl, and propyl. In sowe aspect, the compound of the present application having the stracture
of formula (1}, wherein each R” is independently selocted from methyl, ethyl, and propyl, In
certain aspect, the coropound of the present application having the structure of formula (0),
wherein B is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or oycisbutyl, In other
aspect, the compound of the present application having the structure of formula (1), wherein B°
is hydrogen, methyl, ethyl, or propyl. In some other aspect, the compound of the present
application having the strocture of formula {1}, wherein R and ®° together with the atoms 1o
which they are attached optionally form pyreolidinyl. In further aspect, the compound of the
present application having the structure of formula (13, wherein R is 2 monoeyelic heteroaryl

having af least two nitrogen aloms, wherein B 18 substiiuted with two or three members
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mdependently selected from bromo, chlore, fiuors, cvano, methyl, sthyl, propyl, and -NH,, In
some further aspect, the compound of the present application having the structure of formula (1),
wherein R® iz pyrimidiny] substituted with two or three members selected from the group

consisting of brome, chlore, fluors, cyano, methyl, ethyl, propyl, and -NEh.

100117 Trn certain embodiments, the PI3K inhibitors are the compounds selected from Table
i, & pharmaceuntically acceptable salt, 1somer, or a mixture thereof. In additional embodiments,
the compound is an (S)-enantiomer. In other embodiments, the compound is an (R }-enantiomer.

i other additional embodiments, the compound is an atropisomer.

8612} The application alse provides a pharmaceutical composition that comprises a
compound of formula (1), a phanmacentically acceptable salt, isomer, or a mixture thereof,
sogether with at least one pharmacentically acceptable vehicle. Examples of g pharmaceutically

aceeptable vehicle muay be selecied from carriers, adinvants, and excipients,

[B813] Further provided herein is a method of treating a disease, disorder, of conditionina
human in need thereof by administering to the human a therapeutically effective amount of a
compound of formula (1} or a pharmaceutically acceptable salt, isorer, or a mixture thereof,
Further provided is a compound of Tormula (1) for use in 2 method of treating a disecase, disorder
or condition that is 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 o disecase,
disorder or condition that s mediated by PI2K isoforms. In certain embodiments, the disease,
disorder, or condition 1S associated or mediated by PI3K. In some embodiments, the disease,
disorder, or condition 1€ an inflammatory disorder. In other embodiments, the disease, disorder,

or condition 18 g cancer.

RS EY: Also provided herein is a method of inhibiting the activity of a phosphatidylinositol
3-kinase polypeptide by contacting the polypeptide with a compound of formula (B or a

pharmaceutically acceptable sall, isomer, or a wxture therent

(8413} Further provided is a method of mhibiting excessive or destructive immune reactions,
comprising administering an offective amount of a componnd of formoula (Hor a

pharmaceutically acceptable salt, isomer, or a mixture thereof,
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{60161 Also provided is a method of inhibiting growth or proliferation of cancer cells

comprising contacting the cancer cells with an effective amount of & compound of formuda () or

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

66171 Also provided is a kat that includes a compound of forpila (1) or a pharmacentically
acceptable sall, isomer, or a mixture thereof. The kit may further comprise a label and/or
mstructions for use of the corapound in treating a disease, disorder, or condition i a human in
need thereot, In some erpbodiments, the disease, disorder, or condition may be associated or

mediated by PI3K getivity.

3618} Also provided are articles of manufacture that iuclude a compound of formula (D ora
pharmaceutically acceptable salt, isomer, or a mixhure thereof, and a container, Inone

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

DETAHED DESCRIPTION

819} The following description sets forth exemplary methods, parameters and the like.
Such description is not intended as a Himitation on the scope of the present application but is

instead provided as cxemplary embodiments,

{4281 As used herern, the following words, phrases and aymbols are generally intended to
have the mesanings as set forth below, except 1o the extent that the context in which they are used

indicates otherwise.

A dash (%-7) that is not between two letiers or symbols iz used to indicate a point of
attachment for a substituent. For example, ~-CONH: i attached through the carbon atom. A
dash at the front or end of a chemical group is a matter of convenience; chemica!l groups may be
depicted with or without one or rnore dashes without losing their ordinary reaning. A wavy
line drawn through 2 line in a structure indicates a point of attachment of a group. Unless
chernteally or structurally required, no directionality is indicated or implied by the order in

which a chemical group is written or named.

The prefix *C,." indicates that the following group has from v 1o v carbon atoms.

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

Reference 1o “agbout”™ a value or parameter herein includes {and deseribes)

embodiments that are divected to that valoe or parameter per se. In centain embodiments, the

N



WO 2015/191754 PCT/US2015/035161

iermn “about” inchudes the indicated amonnt + 10%. In other embodiments. the term “about™
includes the indicated amount + 5%, in certamn other embodiments, the term “about” includes
the indicated amount + 1%.  Also, to the term “about X7 includes description of X, Also, the
singular forms "a" and "the” include plural references uniess the context clearly dictates
otherwise. Thus, e.g., reference to "the compound” ncludes a plurality of such componnds and
reference to "the assay” includes reference to one or more assays and eguivalents thereof known

to those skilled in the art,

{80144 “AkvE” relers to an unbranched or branched satuvated hydrocarbon chaln, As used

hrercin, alkyl has 1 to 20 carbon atoms (Lo, Cigp alkyl), 1o 8 carbon ators (( e, T alkyly, |
to 6 carbon atoms (e, g alkyl), or 110 4 carbon atoms {f.e, Uy alkyl)y. Examples of alkyl
groups include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, pentyi,
Z-pentyi, tsopentyl, neopentyl, hexyi, Z2-hexyl, 3-hexyl, and 3-methvipentyl. When au alkevl
residue having a specific number of carbons 1s named, all geometric somers having that munber
of carbons may be encompassed; thus, for example, “butyl” includes n-butyl, sec-butyl, isobutyl

and t-butvl; “propy!” includes n-propy! and isopropyl.

{HI2S] “Alkenyl” refers to an aliphatic group containing at least one carbon-carbon double
bond and having from 2 to 28 carbon atoms (fe, Cyap alkenyl), 2 1o § carbon atoms (e, Cyg
alkenyl}, 2 10 6 carbon atoms (e, Cue alkenyl), or 2 10 4 carbon atoms {.e., {4 alkenyi}.
Exampdes of alkenyl groups include ethenyl, propenyl, btadieny? {including 1,2- buwtadieny! and

1,3-butadienyl).

180426} “Alkynyl” refers to an aliphatic group containing at least one carbon-carbon triple
bond and having om 2 (o 20 carbon atoms {f.e., Cayp alkynvl), 2 10 8 carbon atoms (Le, Ua g

alkynyl), 2 to 6 carbow atoms {1e., Thg alkynyly, or 2 o 4 carbon atoms (Le., o aliynyl), The

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

iy “Alkoxy” refers to the group “alkyvi(3-". Examples of alkoxy groups inchude
methoxy, cthoxy, n-propoxy, So-propoxy, n-butoxy, tert-butoxy, sec-buloxy, n-pentoxy, n-

hexoxy, and 1,2-dimethylbutoxy.

{802 8] “Acyl” refers 1o a group -C(=OR, wherein R is hyvdrogen, alkyl, cycloatkyl,
heterooyeloalkyl, aryl, heleroalkyl, or heteroaryl; each of which may be optionally substituted,
as defined herein, Examples of acyl include formyl, acetyl, evlcohexylcarbonyl,

cyclohexyimethyl-carbonyl, and benzoyl
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1B8029] “Amido” refers to both a “C-amide” group which refers to the group -{U{=0INR'R"
and an “N-amide” group which refers to the group -NRYCE=(R®, wherein RY and R are
mdependently selected from the group consisting of hydrogen, alkyl, aryl, haloalkyl, or

heteroaryl; each of which may be optionally substituted.

16830) “Aming” refers to the group -NR'R” wherein RY and B’ are independently selected
from the group consisting of hydrogen, alkoyl, baloalkyl, arvl, or heteroaryl; cach of which may

be optionally substituted.

D031} “Aryi” refers to an aromatic carbocychic group having 4 single ring {e.g. wonoeyclic)
or mudtiple rings {e.g. bieyehe or tricyclic) including fused systems. Ag used herein, aryl has 6
to 20 ring carbon atoms {{.e., Can arvl}, 6 to 12 carbon ring atoms (fe., Cepp aryl), or 610 10
carbon ring atoms (Lo, Co.n aryl). Examples of arvl groups include phenyl, naphthyl, Suorenyi,
and anthryl, Aryl, however, does not encompass or overlap 1o any way with hetercaryl defined
below. If one or more aryt groups are fused with a heteroaryl ring, the resulting ring system i3

heteroaryl.
8321 “Cyvano” or “carbonitrile” refers to the group -CN.

84331 “Cyveloalkyl” refers to a saturated or partially saturated cychic atkyl group having a
single ring or muliiple rings including fused, bridged, and spivo ring systems, The term
“eyeloalkyl” includes eycloalkenyl groups (e, the cyclic group having at least one alkenyi). As
used herein, cyciloalkyl has from 3 1o 20 ring carbon atoms {f.¢., Csoap cycloalkyly, 3 fo 12 ring
carbon atoms {i.e., Caip cveloalkoll, 3 to 10 ring carbon atoms ({2, Uso eveloalkyiy, 3 to 8 ring

carbon atows {f.e., Cyg cycloalkyl), or 3 10 & ring carbon atomws (e, Cus ovcloalkyl), Examples

of eycloalkvl groups include eyclopropyl, eyclobatyl, cvelopentyi, and cvelohexyl,
10034} “Halogen™ or “hale™ includes fluore, chlore, brome, and todo. “Haloaltkyl” refers to

an unbranched or branched alkyi group as delined above, wherein one or more hydrogen stoms
are replaced by a halogen. For example, where a residoe 8 substituted with more than one
halogen, it may be referred to by using a prefix corresponding 1o the number of halogen medsties
attached. Dihaloalkyl and trihaloalky] refer to alkyl substituted with two (5di™) or three (41}
halo groups, which may he, but are not necessarily, the same halogen, Examples of haloailyi

inchude difluoromethyl (CHF;} and trifluoromethvl (-CFa).

-3
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138 “Heteroalkyl” refers 1o an alky? group in which one or more of the carbon atoms {and
any associated hydrogen atoms) are sach independenily replaced with the same or different
heteroatomic group. By way of example, 1, 2 or 3 carbon atoms may be independently replaced
with the same or different hetercatomic group. Heteroatomic groups inchude, but are not limited
to, ~NR-, -0, «8-, -S{3-, -S{{-, and the like, where R i H, alkvl, arvl, cveloalkyl,
heteroalkyl, heteroaryl or heterocycloalkyl, each of which may be optionally substituted.
Examples of heteroallyl groups inchude -OCH,;, -CH-OCH,, -8CH,, -CH,8CH:, -NRCH;, and -
CHNROH;, where R 1s hydrogen, alkyl, arvl, arylaliov], hetercalkyl, or heteroaryl, each of
which may be optionally substituted. As used hercin, heteroalloyl include 1 o 10 carbon atoms,
110 B carbon atoms, or 1 to 4 carbon atoms; and 1 to 3 hetercatoms, 1 o 2 heteroatoms, or 1

heteroatom,

{6036} “Heteroaryl” refers to an aromatic group having a single ring, multiple vings, or
mltiple fased rings, with one or more ring heteroatoms independently selected from nitrogen,
oxygen, and sulfur. As used herein, heterparyl include § (o 20 ring carbon atoms (e, G
heteroaryly, 3 to 12 ring carbon atoms {f.e., Tsys heteroaryly, or 3 to 8 carbon ring atoms {i2.,
i heteroarvly and 1 o 5 hetercatoms, | 1o 4 heteroatoms, 1 to 3 ring heteroatoms, 1 o 2 ring
hetercatoms, or 1 ring heteroatom independently selected from nitrogen, oxypen, and sulfur,
Exampies of heteroaryl groups inchude pyrimidingy, porinyl, pyridyl, pyridazinyd,
benzothiazolyl, and pyrazelyl. Hetercary! does not encompass or gverfap with aryl g3 defined

above,

{6037] “Heterocycloallyl” refers to a saturated or pnsaturated oyclic alloy! group, with one
or more ring heteroatoms independently selected from nitrogen, oxygen and sulfr. The torm
“heterocycloatkyl” includes heterocyeioalkeny! groups (1.e. the heterocyeloalkyl group having at
feast one alkenyll. A heterooveloalkyl may be a single ring or multiple vings wherein the
multiple rings way be fused, bridged, or spiro. As used herein, heterocycioalkyl has 2 to 20 ving
carbon atoms {fe.. Coog heterocyeloalkoyll, 2 to 12 ving carbon atoms (e, Cup
heterocycloalkyl}, 2 to 10 ring carbon atoms (e, Coyp heterocycioalkyl), 2 to & ving carbon
atoms {7.¢., (zp heterocyeloalkyly, 3 to 12 ring carbon atoms {f.e., Cayn heterooyeloalkyl), 3o 8
ring carbon atoms {f.e., Cyg heterocycloalkyly, or 3 1o 6 ring carbon atoms (e, Uiy
heterpoveioalkyl); having 1 to 5 ring heteroatoms, 1 to 4 ving heteroators, | to 3 ring

heteroatows, 1 to 2 ving heteroatoms, or 1 ring helercatom independently selected from nitrogen,

D0
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sulfur or oxygen. Examples of heterocyeloalkyl groups include pyrroliding, piperidinyd,

piperazinyl, oxetanyl, dioxolanyl, azetidinyl, and morphohnyl,
{038 “Hydroxy” or “hydroxyl” refors to the group -OH.
[B039] “Oxeo” refers 10 the group {(=0) or (1),

{00401 “Kulfony!” refers to the group -MORRK, where R is alkvi, haloalkyl, eyeloalkyl,
heteroovelnalkyl, hetercaryl, or aryl, Examples of sulfony! are methylsulfonyl, ethylsulfony,

phenyisulfonyl, and toluenesulfonyl.

{6041} Certain commonly used alternative chemical names may be uged. For example, a
divalent group such as a divalent “alky!” group, a divalent “aryl” group, etc., may also be
referred to as an “alkylene” group or an “alkylenyl” group, an “aryiene” group or an “arvlenyt”
group, respectively. Alse, unless indicated explicitly otherwise, where combinations of groups
are veferred to herein as one wwoiety, e g arvlalkyl, the last mentioned group contains the atom

by which the molety is attached to the rest of the molecule,

10431 The terms “optional” or “optionally” means that the subsequently described event or
cirgnmsiance may or may nol occur, and that the deseription inchudes instances where said event
or ciroumstance occurs 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 hydrogen,

10431 The term “substituted” means that any one or more hydrogen atoms on the
designated atom or group 18 replaced with ong or more substituents other than hydrogen,
provided that the designated atorn’s normal valence v not exceaded. The one or more
substituents include, but are not lmited to, alkyl, alkenyl, alloynvl alkoxy, acyl, amino, amido,
amiding, aryl, azido, varbamoyl, carboxyl, carboxyl ester, eyano, guaniding, halo, haloalkyl,
heteroatkyl, heteroaryl, heterceycloalloyl, hydroxy, hydrazine, iming, oxo, nitro, alkylsulfingd,
sulfonie acid, alkyisulfonyl, thiceyanate, thiol, thione, or combinations theveof. By way of
examplie, there may be ong, two, three, four, fve, or six substituents, Polvimers or similar
indefinite structores arrived at by defining substituents with further substituenis appended ad
mfinitum {e.g., a substituted aryl having a substituted alloyl which is ftgelf substituted with a
substitited aryl group, which is further substituted by a substituted heterpalkyl group, ete) are

not intended for inclusion herein. Unless otherwise noted, the maximurn number of serial
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substitations 1y compounds described herein is three, For example, sorial substitutions of
substituted aryt groups with two other substituted aryt groups are Himited to subatituted aryl
{subsiituted aryl) substituted aryl. Similarly, the above definitions are not intended o nclude
impermissible substitution patterns {e.g., methy! substitnted with 5 Buorines or heteroaryl
groups having two adjacent oxygen ving atoms). Such impermissible substitution patterns are
well known to the skilled artisan. When used to modify a chemical group, the torm
“substituted” may describe other chemical grovps defined herein, For example, the term
“substituted aryl” includes, but is not bmited to, “alkvlaryl.” Unless specified otherwise, where
a group is described as optionally substituted, any substituents of the group are themselves

ansubstituted.

.

{3044 In some embodiments, the term “substituted alkyl” refers to an alkyl group having
ong or moere substifuents mchuding hydroxyl, halo, alkoxy, cvcloalkyl, heterocycloalkyl, arvi,
and hetercaryl. In additional embodiments, “substiinied cyveloalkyl” refers to a cveloalkyl group
having one or more substituents including alkyl, haloalkyl, heterooveloatkyl, arv, heteroaryi,
alkoxy, halo, hydroxyl; “substituted aryl” refers to an aryl group having one or more substituents
ncluding halo, alkyl, haloalkyl, heterocyeloalkyl, heteroaryl, alkoxy, and cyann, and
“substituted sulfonvl” refers 1o a group ~S{OLR, i which R is substituted with one of wore
suhstituenis of atkyl, cycloalkyl, heteroevcloalkyl, arvl, or hetercarvl,  In other embodiments,
the one or more suhstituents may be further substituted with halo, aikyl, haloalkyl, alkoxy,
eyeloalkovl, heterooveloaliof, aryl, or heteroaryl, cach of which is substituted. in additional
embodiments, the substituents may be Auther substituted with halo, aliyl, haloalkyl, alkoxy,

eyeloallyl, belerceveloalkyl, arvl, or hetercarvl, each of which is unsuhstituted,

1
TROUNGas

{8045} The present application provides the compounds that function as inhibitors of PI3K
iseforms. In one aspect, the PI3K whibilors are the compounds having the structure of formula

{Jx

P s B
®ye 1
A S M R Y
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whereti:

nis, |, 2 3, o 4

misé b or2;

Wis CHor N;

cach R’ is independently selected from hale, cyano, optionally substinuted alkyl,
optionally substituted haloalkyl, optionally substituted alkoxy, optionally substituted sulfonyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted cyeloalloyl,
optionally substituted heterocyveloaltkyl;

cach R’ is independently selected from halo, optionally substituted alkyl, optionally
substituted haloalkyl;

R’ is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl, optionally
substitnted cyeloalkyl, or optionally substituted arvl;

R is heteroaryl optionally substituted with one, two, or three members independently
selected from halo, cyano, optionally substituted halealkyl, optionally substituted alkyl, and -
Mo, and

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

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

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

compounds of the formula (1) having the structure of

/ -"
®y § L T
f\"‘T SN (R,
L = ;,H A

e N o
N
YR
{}

wherein

nist, 2, or3;

mis Gor

sach R' is independently selected from halo, cyano, optionally substituted Cr alkyl,

optionally substituted Ci4 haloalkyl, optionally substituied Cy 4 alkoxy, optionally substituted

il
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sulfonyl, optionally substituted Ca g arvl, optionally substituted Cag heteroaryl, optionally
substituted Oy cvcloalkyl, and optionally substituted Cs.¢ heterocycloalkyl;

cach B is independently selected from halo and optionally substituted C, 4 alkyl;

R® is hydrogen, optionally substituted O alkyl, optionally substituted Cog aryd, or
optionally subsatituted Cs 4 cycloalkyl;

R® is a six- to twelve-membered heteroaryl baving at least one aromatic group and at
feast two heteroatoms, wherein the hetercaloms are selecied from N, O, or 8, wherein the
heterearyl ts optinnally substitoted with one, two, or three members independently selected from
halo, cvanc, optionally substituted haloalkyl, optionally substituied Cy 4 alkyl, and -NH;, and

R* is tydrogen or optionally substituted Oy alkyl, wherein R and R togother with the
atoms to which they sre attached optionally form 3 four- or sight-memnbered heterocyelic ring;

or a pharmaceutically accepiable salt, isomer, or a mixture thereofl

{0471 o some embodiment, the compounds have the structure of formmula (1) wherein

nis 1 orl;

misdori;

cach R is independently selected from halo, C 6 alkyl, and Cy; haloalkyl;

each B is v alkvls

R’ is hydrogen, Crs abloyl, or Cap cycloalkyl;

1 {52 six- o twelve-membered heteroaryl having af least one aromatic ring and at least
two nitrogen stoms, wherein the heteroaryl is optionally substituted with one, twe, or three
mamnbers independently selected from halo, evano, -NH,, O ¢ haloalkyvl, and C; ¢ alkyl; and

R® ig hydrogen, methyl, ethyl, or propyl, or RB” and R together with the stoms to which
they are attached optionally form a five-membered heterocyelic ring;

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

10481 In some embodiment, the compound having the structure of the formula ) wherein:
nislor?;
misorl;
sach B' i independently selocted from chloro, brome, fluore, methyl, ethyl, and propyl;
each R is independently selected from methyl, ethyl, and propyl;
R’ is hvdrogen, methyl, ethyl, propyl, butvl, cyvclopropyl, or eyelobutyl;
B* ix a six- to twelve-membered monocyelic heternaryt having at least one aromatic ring

and at least fwo nitrogen atoms, wherein the monocyelic heteroaryl is substifuted with two or
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three mombers independently selected from brome, chioro, flucre, cyano, methyl, ethyl, propyl,
ang ~NH.; and
R’ is hydrogen;

or g pharmaceutically acceptable sall, isomer, or a mixture thereot

{B049] In some embodiment, the compound having the structure of the formula () wherein:
nistor?;

mis )

each R’ s independently selected from chlore, bromo, fusro, methyl, ethyl, and propyl;

R is hydrogen, methyl, cthyl, propyl, butyl, cyclopropvl, or eyelobutyl;

R" is 2 six- to twelve-membered bieyclic heternaryl having at least one sromatbic ring, at
feast two nurogen ators, and at least one heteroatoms selected from N, ) and §, wherein the
bicvelic heteroaryl is optionally substituted with one or two members independently selected
from bromo, chioro, fuors, evane, methyl, ethyl, propyl, and -MNH,; and

R” is hydrogesn;

or 8 pharmacentically acceptable salt, isomer, or a mixture thereofl

HEESH: in some embodiment, the compound having the structure of the formula (1) wherein:
nislor?;
mis
each R is independently selected from chioro, hromo, fluoro, methyl, ethyl, and propyl;
R is pyrimidiny! substitnted with fwo or fhree members independently selected from
bromo, chlore, fhioro, cyano, methyl, ethyl, propyl, and -NH:; and
R s hydrogen;

ot a pharmacentically acceptable salt, weomer, or & mixture thereof

LIRS Y in some additional emboditoent, the corpounds have the structure of the formula (1)
Wherei

nis tor2;

misdorl;

each R’ is independently selected from chioro, brame, fluore, methyl, ethyl, and propyl;

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

R is hydrogen, methyl, ethyl, propyt, butyl, cyclopropyl, or cyclobutyl;

R*is a six- to twelve-memberad monceyelic heteroaryl having at least one aromatic ring

and at least two nifrogen atorms, wherein the monoovelic heteroaryl is substituied with two or

13
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three members independently selected from bromeo, chioro, fluore, evane, methyl, ethyl, propyl,
flnoromethyl, diffucromethyl, trifluoromethyl, fluoroethyl, diffvorocthyl, trifluoroethyl,
flaoropropyvl, diffucropropyl, triffuoropropyt, and -INHz  and

R is hydrogen;

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

FREIRYS It seame embodiment, the compounds hgve the siracture of the formula (I} wherein:

nis 1o Z;

ny is 4

each R’ is independently aelocted from chlors, brome, fluoro, methvl, ethyl, and propyl

/Y is hydrogen, methyl, ethyl, propvl, butyl, evelopropvl, or cvelebutyls

®* 15 a aix- to twelve-membered bieyelic heteroaryl having at least one aromatic ring, at
feast two mitrogen atoms, and al least one hetersatoms selected from N, O, and 5, wherein the
bicyehic heteroaryl is optionaily substituted with one or two members independently selected
from brome, chiore, flucroe, oyvane, methyl, ethyl, propvl, fuoromethyl, dithaoromethvi,
trifhuoromethyl, fuoroethyl, difluoroethyl, trifluoreethyl, flueropropyl, diftuoropropyl,
trifluoropropyd, and ~-NHy; and

R is hydrogen,

or a pharmacenticaily acceptable salt, isomer, or & mydure thereof

{HIE3] In some embodiment, the compounds have the struciure of the formula (1) wherein:
nislor2;
m is {3
each R' is independently selected from chloro, bromo, fluaro, methyl, ethvl, and propyl
R* is pyrimidiny substituted with two or three members independently selected from
bromo, chlore, fluore, cyano, methyvl, ethyl, propyl, finoromethvl, difhuoromethyl,
wriftaoromethyl, fluorcethyl, diffnoroethyl, rifluorcethyl, Buoropropyl, dittuoropropyl,
trifluoropropy! and -NH;; and
R g hydrogen;
or a pharmacentically acceptable salf, isomer, or a mixture thereof,
IG054] in some embodiment, the compounds have the stracture of the formula (1) whersin:
nistor2;
i i

zach R' s independently selected from chloro, brome, fluors, methyt, sthyl, and propyl;

14
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R is pyrimidiny! substituted with two or three members, each of which ts independently
selected from fuoromethyt, difluoromethyl, rifluoromethyl, fluorccthyl, difluoroethyd,
triflucroethyl, fuoropropyl, difluoropropyl, mithuoropropyt and -NH,; and

R’ is hydrogen;

or a pharmaceniically acceptabie salt, isomer, or a mixture thereof.

[055] Also, the compounds of fornmnudae (1) or () may have the structare of formula (Ia)

TH {Ia}
=b ia)
/?‘i\

wherein
sach R™, R B and R s independently selected from hydrogen, fluore, chloro,

bromo, and iodo;
gach B™ and B i inddependently selected from hydropen, wethyl, ethyl, and propyi;

and

1% s selected from

.- 5 N T i, MRy et RS N . .
M., Ny g - & RN o T’ -2 RPN ~. PRGN
b k I r:a i “ i \|
i B . A PR ~. e i , :
N M AN N - ENC N, P‘ NN ’
pod ~ e o ~ N T e ! 7
e ! P “a J HR i & /
T i H W / W
it N, NH, , N NH pp—Y ) gl Nt -
B M b - b

or & pharmaceutically accoptable salt, isomer, or a mixture thereof, wherein B is
opiionally substituted with one, twe, or three members independently selected from chioro,
fluoro, brome, lodo, methyl, ethyl, propyl, cyane, and -NH;; and

®° and K are described herein;

or g pharmacentically acceptable sali, isomer, or a mixture thereot.
H056] In certain emboediment, the compounds have the structure of formula (Ja), wherein
1w pla pib b o . s . c :
cach R, R }‘, R, and R’ wmdependently selected from hydrogen, fluore, chiloro,

bromo, and 1odo;
} be Iy X )
cach R™ and B ts independenily selected from hydrogen, methyl, sthyl, and propyl:

and
R s selected from hydrogen, methyl, ethvl, propyl, butyl, cyclopropyl, and evclobuivl;

i3
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bromo, and 1odo;

1

5 M
~3 T
P N

; 3,1”‘;;’
4. . !
R is selected from

N agd
- 5 -
R is hydrogen;

[6658]

28
e O RT,,N\ _NHg
RL*\:I/L\ Jiodg

p
wherein

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

in certain emsbodiment, the compounds have the structure of formulda (Ia), wherein

each R, Ribﬁ RY and R' s independently selected from hydrogen, fluore, chioro,
ench B™ and R? is tndependently selected from hydrogen, methyl, ethyl, and propyl;

~ S M Nty
N
\] Py

T

-

R” 15 selected from hydrogen, methyl, ethyl, propyl, butyl, eyclopropyl, and cyclobutyl;
~

and

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

The compounds of the formulae (3} or (1) may also have the structure of formula (Ib):

(b}
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a pu it il pls ph ol 5 .
RS R RS R R R R and B are defined herein;
pis 0, 1, 0r 2; and
R} is independently selected from halo, cvane, -NH,, and Ci atkyvl;

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

{60591 in certain embodiment, the compounds have the structure of the formula (Ib),
wherein

2 rP R p¥ p% r® R® and RO are defined herein

pis{, I, or 2; and

each R¥is independently selected from halo, ovane, ~-WNH;, T haloalkyl, and € alkyl;

or g pharmacentically acceptable salt, isomer, or a mixture thereof,

{8368] iny certain embodiment, the compounds have the strocture of the formula (Ib),
wherein

sach R R R”, 2y independently selected from hydrogen, fluoro, chiore, bromo,
and 1wodo;

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

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

pistor?; and

each R™ is independently selected from brome, chiovo, fuore, cyano, methyl, ethyl,
propyl, fluoromethyl, diftuoromethyl, wiffuoromethyl, fluorcethyl, dittuoroethyl, triffuoroethyi,
flaoropropyl, diftuoropropyl, trifluoropropvl, and -NH;;

or 2 pharmaceutically acceptable sall, isomer, or a mixture thereof,

{3061} In certain embodiment, the compounds have the structure of the formula (Ib),
wherein

sach R, B 2 8" is independently selected from hydrogen, fluoro, chioro, hroms,
and jodo;

each B™ and ™ is independently selocted from hydrogen, methyl, ethyl, and propyl;
and

R’ is selected from hydrogen, methyl, ethyl, propyl, butyl, eyclopropyl, and evelobutyl;

pis 1 or; and
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each B™ is independently selected from fluoromethyl, difluoromethyl, tiflnoromethyl,
fluoroethyl, difluoroethyl, riflucroethyl, fuoropropy], difluoropropyl, triflusropropyl, and -
NH,;

or g pharmaceutically acceptable salt, isomer, or a mixture thergof,

IB062] in one embodiment, nis 8. In some embodiments, nie 1, 2, 3, or 4. In some
emboditnents, n iz 1, 2, or 3. In other embodiments, nis 1 or 2. In cenain embodiments, nis §
andd B moiety may be loeated on any position of the phenyl of the quinazolinone ring. In
another embodiment, n is 2. Both R’ substituents or moleties may be the same or different.
Two R moletics may be [ocated on any twe positions of the phenyt of the gquinazolinone ring.
By way of example, the firsi R may be ortho, mets, or para to the second R'. In vet another
erabodiment, nis 3. All R substitoents or moieties may be the same or different, or two R may
be the same and different from the third B, Three Y moieties may be located on any three
positions of the phenyl of the quinazolinone ring. For example, the first R’ may be ortho to the
second R, and the first R! may be para o the third ®In vet another embodiment, nis 4. All
R substituents muay bo the same or different, three R may be the same and different from the

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

6063] In some other embodiments, each B’ is independently halo, cyano, opticually
substitiied Cie alkyl, optionally substituted Ci ¢ haloalkyl, optionally substituted €, ¢ alkoxy,
hydroxy, optionally substituted Cs 4 oveloalkyl, optionally substituied O ¢ heterocycloalkyl,
optionally substituted C.yp arvl, optionally sobstituted Cog heteroaryl, or optionally substituted
{1 allovisulfonyl. In certain embodiments, each R’ is independently halo, cyano, optionally
suhstituted Ci4 alkyl, optionally subatituled 4 halealkyl, optionally substinted O 4 alkoxy,
optionally substituted 14 cycloalkyl, or optionally substituted ) s alkyisulfonyl. In other
emthodiments, cach R mdependently halo, cyano, €4 haloalkyl, Crgalkyl, or Oy
alkvisuifonyl. In certain embodiments, each R is independently selected from fluoro, chloro,
iode, bromo, cyvano, methyl, sthyl, propyl, butyl, fluoromethyl, fluoroethyi, diflooromethyl,
difluoroethyl, rifluoromethvl, trifhuoroethyl, methyvisutfouyl, ethylsulfonyl, or propyisulfonvl,
in some embodiments, each R' s independently flucvo, chilore, iode, cyano, methyl, sthyl,
diftuoromethy! {~CHF,), tnitluoromethyvl (-CF), methoxy, methyisulfonyt (-S80,CH;3,
cyclopropyimethy, or cvelopropyl. In one embodiment, cach R’ {s independently fluoro,

chlore, evano, methvisulfonyl, methyl, or triffuoromethyl,
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§{H)64] In certain epnbodiments, m 8 9. Io some embodiments, mis 0, 1, or 2. In some other
embodiments, m is 1 or 2. When 1 is 1, R” substituent or moiety may be located on any

position of the pyrazine ring. When m is 2, both R° substitnents may be the same or different.

1B065] In certain embodiments, each B s independenily halo, cvanc, optionally sohstituted
Cie alkyl, and optionally substituted Cie haloalkyl, In some embodiments, each R is
independently halo, cyano, Crs alkyl, and Ci baloalivl. In sowe other embodiments, cach R?
is independently fluoro, chloro, iodo, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy,
fluoromethyl {e.g. -CHFY diffucromethyl {e.g -CHE,}, trifluoromethyt {e.g. -CF1}, fluoroethyl,
diftuoroethyl, wifluoroethyl, methyl, ethyl propyl, or butyl, In one embodiment, ach R is

independently fluoro, chioro, methyl, -CHF,, or ~CF;.

3066} In certain embodiment, R is hydrogen, optionally substituted Cig alloyl, optionally
substitnted Cyp oycloalkel, or optionally substituted Copparvl. In one embodiment, R is
hydrogen, g alkyl, Coe oveloalkovl, or Ceyp arvl, wherein €1 alkyl ie optionally substituied
with Cy . alkoxy, Ce.n arvl, or Cse cycloalkyl, wherein €4 alkoxy is optionally substituted with
Ce.1o arvl. In additional embodiments, 795 g alkyl, Cug cycloaikyl, or Copo arvl, wherein €
s alkyl is optionally substituted with Cy 4 alkoxy, Coup aryl, or Ty cycloalkyl, wherein Ciy
alkoxy is optionally substitated with phenyl, cyclopropyl, or cvelobuivl. In some smbodiments,
R” is hydrogen, methyl, ethyl, propyl, butvl, methoxy, ethox ¥y, eyclopropyimethyl,
cyclopropylbutyl, evelobutvimethyl, cyclopropyiethyl, phenyl, cyclopropyl, cyvclobutyl,
cyclopentyl, or evelohexyl, wherein methoxy and ethoxy is substituted with phenyl, cyclopropyl

or cvelobutvl. To other embodiments, R is methyl, ethyl, cyclopropylmethyl, or cyclopropyl.

(86671 In additional embodiments, R” is hvdrogen or optionally substituted Cy alkyl, In
seme embodiments, R is hydrogen or Cug 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 o a beteracyelic ring which is optionally
substitnied with halo, In other embodiments, the R¥-R” hetercevelic ring is a four- 1o seven-
membered ring. In some other embodiments, the R-R’ heterooyelic ring is a fonr- to seven-
membered ring optionally sphstituted with fluore, chiloro, bromo, or iodo. In certain other
embodiments, the B7-R heterocyelic ring is azepanyl, aretidinyd, piperidinyl, and pyrroliding.

) , ) 3 gy 8 L . a-
iy some other embodiments, the R7-R7 heterocyclc ring is pyrrolidinyl. In one other
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embodiment, the R7-R® heterooyclic ring is a five-membered hetevocyel calkyl substinnted with
halo. In other additional embodiments, the R-R’ heteroeyelic ring 1s pyrrolidiny! substituted

with fluoro, chioro, bromo, or iodo.

jB69] tu certain embodiments, R is hydrogen, optionally substiiuted C 4 alkyl, optionally
substituted Cig cycloalkyl, or optionally substituted Coparyl. In one embodiment, R’ is
hydrogen, {3 cveloalkyl, Cegaryl, or Ciy alkyl which is optionally substituted with hydroxyl,
Coorp 8yl alkoxy, or Cre cycloalkyl. In sorne erbodiments, R #s hydrogen, methyl, ethyl,
propyl, butyl, cyvelopropylmethyl, eyclopropylethyl, eyvclobutylmethyl, eyclobutylethvl,

cyclopropyl, oyelebutyl, cvelopentyl, eyclohexyl, ~-CHOH, ~CoHOH, -CaHOH,

"‘g C‘Hg """ O‘““(/Hg // \Qﬁ\ --g ///f\}\\\
g J g H }
r
.
. ; . R . o . . . //0
benzvioxymethyl (Le. 27y, or phenyl (e, )

[8078] fu further embodiments, R and R with the atoms to which they are attached {e.g.
carbon and nitrogen, respectively) optionally form g heteroovelic ving. In other embodiments,
the R*-R7 heterooyclic ring is a three- to cight-membered heterocyeloalkyi {Le. heterocyelnatioyl
having three to eight ring members and al least one ring member is 8 hetercatom). in other
embodiments, the R>-R” heterocyelic ving is a four- to seven-membered heterooyeloaiky! {ie.
heterocyeioalkyl having four to seven ring members and at least one ring member is a
hetercatom). In one embodiment, the BB heterocyelic ring 18 a five-membered
heterocycloatkyl. In certain other embodiments, the ™1 heterpoyelic ring 18 Csg
heterocycloalkyl, In some other embodiments, the RO-R’ heterocyelic ring is pyrrohidinyl. In
otie other embodiment, the R>-R® heterocyelic ving is s five-membered heterooyeloalkyl
substituted with one or two members of halo. In other additional embodiments, the B°-R°

heterooyelic ting is pyrrolidinyl substituted with one member of fluero, chlorn, brome, or iodo.

LEINRY Tn one cmbodiment, B is hoteroaryl having af least two pitrogen atoms and at least

one aromatic ring, wherein R heteroaryl is optionally substituted with one, twa, or three
members independently selected from halo, cyano, -NH;, O alkvl, and Cighaloslivl. In
certain embodiments, R” heteroaryl is a six- to twelve-membered heteroary] (i.e. heteroaryl
having siX to twelve ring membera). In certain embodiments, R* heteroary! is a six- 1o ten-
membered hetoroaryt (e, heteroaryl having six to ton ring members). R heteroaryt may be a
monocyelic or bicyelic heteroaryl. In some embodiments, RY heteroaryl is a monocyelic

heteroaryl having at least two nitrogen atoms, In certain embodiments, R hetroaryt is 8 bieyelic

0
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heteroaryt having at least one aromatic ring, at least two pityogen atoms, and at least one
additional hetercatom selected from N, Q. or 8. In certain other embodiments, R* hetercaryl is
selected from purinyl, pyrivoidinyl, thiazolopyrimidiny], pyridoepyrinidinyd, thienopyrimidinyd,

pvrrolopyrimidinyl, furepyrimidinyt, or imidazotriazinyl.

[8472] in any of the foregoing formulae, R” is heteroary! optionally substituted with one,
two or three members independently selected from halo, cyano, ~NH;, Uy galkvl, and Cig

haloallyl, wherein the R heteroaryl is selected from the group consisting of
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186731 In certain other embodiments, ] is sefected from purinyl, pyrimidingd,

thiazolopyrimidingd, pyridopyrimidinyl, thienopyrimidiny, pyrrolopyrimidinyl, furepyrimuding,
and imidazotriazinyl, each of which is optionally substituted with one, two, or three members
independently selected from chlore, fluvre, brome, fodo, methyl, ethyl, propyl, cvano, and -NH;.
In: other embodinents, R® is selected from puriny!, pyrimidinyl, thiszolopyrimidingd,
pyridopyrivodinyl, thienopyrimidinyl, pyrrolopyrimidinyd, furopyrimidingd, and
imidazotriazinyl, each of which is opiionally substituted with one, two, or three members
ndependently selected from chiorn, fluore, bromo, iodo, methyl, ethyl, propyl, evano,
fluoromethyl, diffvormethyl, trifluoromethyl, fluorsethyl, diffuoroethyl, triffucroethyl,
fluoropropyl, diftucropropyl, triftuoropropyl, snd -NH;.  Tn coriain other embodiments, B s
selected from thiazolopyrimidiny, pyndopyrimidinyl, thienopyrimidingd, pyrrolopyrimidingd,
furopyrinndingd, and imidazoiniazinyl, sach of which is optionally substitated with two members

independently selected from chiors, fluoro, broma, jodo, methyl, cthyl, propyl, and -NH,, In
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other embodirents, R* is selected from thiazolopyrimidinyl, pwidopyrimidingd,
thienopyrimidinyl, pyrrolopyrimiding, furopyrimidingl, and imidazotriarinyl, sach of which is
optionally substituted with independently one member of chioro, fluore, bromo, lodo, and -NH,.
tn other embodiments, R is selected from thiazolopyrinddiny, pyrisdopyrimiding,
thienopyrimidinyl, pyrrolopyrumidiny, furopyrimidinyl, and imidazotriseingl, cach of which is
optionatly substituted with one or two mewbers independently selecied from chiors, fluoro,
hromo, iode, methyl, ethyl, propyl, and -NH,. In some other ombodiments, B? is pyrimidinyd or
pyrazinyl, each of pyrimidinyt or pyrazinyt 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
members independently selected from chloro, fluore, bromo, fodo, methyl, ethvl, propyl, cvane,
and -NH,. In certain embodiments, R is pyrimidinyl or pyrazinyl, each of which is substifuted
with at teast two or three members, each of the members is independently selected from -NH,.
flgoromethyl, difluormethvl, triflucromethyl, fluoroethyl, difluoroesthyl, trifluorocthyl,

fiuoropropyl, diluoropropyl, and triffuoropyl. In other embodiment, B is selected from
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§6674] o one embodiment, pis 8. To some embodiments, pis 1 or 2. In the embodiment

where p is 1, R™ moiery may be located on any position of the pyrimidiny] ring. When pis 2,
hoth R* substituents or molcties may be the same or different. In the embodiment where pis 2,
both R™ substituents or moteties may be the same or different; cach of the two B* moisties may
be located on any position of the pyrimidinyl ring. In the embodiment where p is 3, all R

third R™

IBG75 In the present application, each R™ is independently selected from halo, cvano,
optionally substituted Cy alkyl, and -NH,. In one ambodiment, each R ig independently halo,
eyans, Crg atkyl, and M. In some embodiments, each ™ is independently sclocted from

bromo, chloro, fluoro, wdo, cyane, methyl, ethyl, propvl, and -NH,. In additions} embodiments,
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each B is independently selected from brome, chioro, fluore, iode, cyans, methyl, ethyl,
propyl, Huoromethyl, difluoromethyl, nflucromethyl, fooroethyl, diffuoroethyl, mifluoroethyl,
fluoropropyl, difluoropropyl, siflucropropyl, and -NH,. In other embodiments, sach R¥ is
independently selected Buoromethyl, diffuoromethvl, tnifluoromethyl, fluoroethyl, diffuoroethyl,
triffuoroethyl, fuorcpropyl, difluoropropyl, irifluoropropyl, and -WNH,. Each and every variation
of p and R™ miay be combined with each and every variation of o, m, BL RO R snd B as

described above,

0076} in the present application, R R R gnd R may be the same or different. Each
R R RS and RM is independently selected from hydrogen, fluoto, chlore, brome, and iodo.
Also, B and R™ may be the same or different. Bach B™ and R” is independently selected from
hvdrogen, methyl, ethvl, and propyl. In one embodiment, R™ s chioro, and R R BRY »?,
anid B™ are hydrogen. In one other embodiment, R and B are chloro, and R'®, RS, R' R
and B° are bydrogen. In some other embodiments, R ix chlore, R is fiuors, and Rlb, R RY
and R™ are hydrogen. In additional erabodiments, R and B™ are hvdrogen. In some additional
embodiments, each B, R™®, RY, and R' is independently selected from hydrogen, chioro,

fhuoro, bromo, 1odo, and methyl,

18077} In certain embodiments, W is CH or N. Ip certain other embodiments, W is CH. In
vet other erpbodiments, W is No Each and gvery variation of W may be combined with each and

c s ~ H 2 3 3 k Lt
every varigtion of o m, R, R° R, RY, and R as deseribed above.

160781 The compounds of the present application may bear one or more chival centers. The
compounds hearing the chiral center have the same mwolecular 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-diamnno-S-chioropyrimidin-4-yvihaminojethyl -8-fluoroguinazolin-4{3H)-
one bearing one chiral center can be resolved inte the (8) and {R) enantiomers, {833-(5-
aminopyrazin-2-vip-5-chlore-2-(1<{(2,6-diamins-S-chloropyrimidin-4-yijaminojethyl -8~
fluoroquinarchin-4(3Hone and {(R}-3-(S-armdnopyrazin-2-vi}-3-chioro-2-(1-{{2,6-diamine-5-

chloropyrimidin-4-yhaminoe jethyi}-8-Hooroqunazolin-4(3H}one.
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HE ! Representative compounds of the present application are listed in Table 1 below,
Additional represeniative compounds are hsted in Table 1a below, The compounds may be
named using the nomenclaturs systems and symbols that are commonly recognized in the art of
chemistry including, for example, ChemBioDraw Ulira 12,0, Cherical Abstract Service (CAS),
and Intemational Union of Pure and Applied Chemistry (BUPAC). For example, compound 2 in
table | may be named as 2,4-diamino-6-{[{1S)-1-[3-(S-aminopyrazin-2-y1}-3-chloro-&-fluorc-4-
oxo-guinazolin-2-yllethylaminolpyrimidine-S-carbonitrile or {8)-2 4-diamino-6-{{1-{3-(5-
aminopyrazin-2-y1-S-chiore-8-flupro-4-ox0-3 4-dithydroquinazolin-2-yDethyl jamino)

pyrirmdmne-5S-carboniinile using TUPAC or ChemBioDwaw Ultra 12.0, respectively.

Table 1. Reprosentative Compounds
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16 it
i7 21
{080} The present gpplication provides pharmaceutically acceptable salts, hydrates,

solvates, isomers, tautomers, slerooisomers, enanfiomers, vacemates, atropisomers, polymorphs,
prodrugs, or a wixtires thereof, of the compounds described herein. In addition, the present
application provides the compounds in which from 1 to n bydrogen atoms attached o a carbon
atom may be replaced by g devterivm atom or I3, in which n is the pumber of hydrogen atoms n
the moleculs. It is known that the deunterivm atom is 8 non-radicactive isotope of the hydrogen
atom. Such compounds may increase resistance o metabolism, and thus may be useful for
increasing the half-lite of the compounds of any of the formulae described herein or
pharmaceutically acceptable salts, isomers, prodrugs, or solvates thereof, when administered to s
marmmal. See. e.g., Foster, “Dewterium Isotope Effects in Studies of Drug Metabolistn”, Trends
Pharmacol. Sci., 3(1231524-327 (1984}, Such compounds are synthesived by means well known
in the art, for example by emploving starting waterials in which one or mors hydrogen atoms

have been replaced by deuterium.

BT

HHI The terms “a compound 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 sirocture of any of the formmlae (1), (), (fa), and (Ib).  In some embodiments,

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

{8082} “Pharmaceutically acceptable” or “physiclogically acceptable” refer 1o compounds,
salts, compositions, dosage forms and other materials which are aseful ju preparing a
pharmaccutical composition that is suitable for veterinary or buman pharmaceutics! use.

“Pharmaceutically acceptable salts” or “physiclogically acceptable salte” refer to salts of
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pharmacentical compounds that retain the bivlogical effectivencss and propertics of the
underlving compound, and which are not biologically or otherwise undesirable. There are acid
addition salts and base addition salts. Pharmaceutically acceptable actd addition salis may be
prepared from inorganic and orgasic acids.  Acids and bases usefil for reaction with an
wderlyving compound to form pharmacsutically acceptable salts {acid addition or base addition
salts respectively) are known to one of skill inthe art. Similarly, methods of prepanng
pharmaceuiically acceptable salts from an underlving compound (upon disclosure} are known to
one of skill iy the art and are disclosed in for cxample, Berge, at al, Joumal of Pharmaceutical
Science, fan. 1977 vol. 66, No. i, and other sources. I the compounds described herein are
ohtained as an acid addition salt, the free base can be obtained by basifving a solution of the acid
salt. {ooversely, if the product is g 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 sohution with an acid, in accordance with conventional procedures for

preparing acid addition salis from base compounds.

[B083] “Isomers” refers to compounds that have the same wolecular formula. As used
herein, the term isomers include dowuble bond isomers, racemates, sterecisomers, enantiomers,
diastercomers, and atropisomers, Single isomers, such as enantiomers or diastersomers, can be
obtained by asymmetric synthesis or by resolution of a mixture of isomers. Resolufion of g
mixture of iscmers {e.g. racemates) maybe accomplished, for example, by conventional methods
such as crystallization in the presence of a resolving agent, or chromatography, using, for
example g chiral high pressure hignid chromatography (HPLC) column, “Double bond isomers™
refer to - and B- forms {or ofs- and frans- torms) of the compounds with carbon-carbon double

honds,

{56841 “Atropisomers” refers to conformational sterecisomers which ocour when rotation
about a single bond in the molecule is prevented, or greatly hindered, as a result of steric
interactions with other parts of the melecule and the substituents at both ends of the single bond
are asyiminetrical, i, they do not require a stereocenter. Where the rotational harrier about the
single bond is high encugh, and interconversion befween conformations is slow cnough,
scparation and isolation of the isomeric species may be permiited. Afropisomers may be
separated by the methods well known in the art. Unless otherwise indicated, the description is

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

t2
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skilled in the art, the atropisomers may be represented by the same chewical name with different

atropisormer designations.
HHERY “Racemates” refers 10 a muxture of cnantiomers.

DRG] *Stereoisomers” or “steresisomeric forms” refer to compounds that difter in the
chirality of one or more stereocenters. Stereoisomers include enantiomers and diagtersomers.
The compounds may exist in sterepisomeric form if they possess one or more asyinumetric
centers or a double bond with asymymetsic substitution and, therefore, can be produced as
mdividual stereoisomers or as mixtures. Unless otherwise indicated, the description is infended
to include individual sterecisomers as well as mixtures. The methods for the determination of
stereachomistry and the separation of steresisomers are well-known in the art {see, g, Chapter

4 of Advanced Organic Chemistry, 4th ed., 1. March, John Wiley and Sons, New York, 1992}

[BO8T] “Tautomers™ or “taulomeric formers” refer to altemnate formis of a compound that
ditfer in the postiion of a proton, such 35 enci-keto and {mine-enamine tautomers, or heteroaryls

such as pyrazoles, imidazoles, benmimidazoles, triazoles, and tetrgroles,

T A “solvate” is formed by the interaction of a solvent and 4 compound. Solvates of
salts of the compounds of any of the formulae described berein are also provided. Hydrates of

the compounds of any of the formulas are also provided.

RS A “prodrug” is defined in the pharmaceutical field as a bivlogically inactive
derivative of a diug that upon sdiministration to the human body is converted to the biologically

active parent drug according to some cherical or enzyvmatic pathway.,

s In any one of the foregoing embodiments, the compound described herein or a
pharmaceutically acceptable salt thereof ts an {8)-cnantiomer. Tn any one of the foregoing
embodiments, the compound described herein or a pharmaceutically accepisble sall thereof is an
{Ri-enantiomer. In any nne of the foregoing einbodiments, the compound described hereinor a

pharmaceutically accepiable salf thereof is an atropiscmer.

186911 The application alse provides a composition containing a mixture of enantiomers of
the compound or 8 pharmaceutically acceptable salt thereof. In one embodiment, the mixtare is
aracemic mixture. In other embodiments, the composition comprises the (S-onantiomer of a

compeound in excess of over the corresponding the {R}-enantiomer of the compound. In some
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ernbodiments, the composition contains the {(8}-enantiower of the compound and s substantially
free of its eorresponding (R}-enantiomer. In cortain embodipents, a composition substantially
free of the (R)-enanticmer has less than or about 40%, 35%., 30%, 258%, 209¢, 15%, 109, 3%,
1%, 0.059%, or $.01% of the (X}-enantiomer. Tn other cinbodiments, the composition containing
the (8)-enantiomer of & compound or a pharmaceutically acceptable salt thereof, predominates
over its corrgsponding (Ry-enantiomer by a molar ratio of at least or about 9:1, at least or about
19:1, at least or about 40:1, at least or about 80:1, at least or about 160:1, or gt least or abowt

32001,

{50! The composition containing a compound according to any of the formulae described
hereln or a pharmaceutically acceptable salt thereof, may also contain the compound in

enanticmeric excess (e.¢.). By way of example, a cormpound with 83% (Shisomer and 5% (R)-
isomer will have an e.e. of 80%. In some ernbodiments, the compound has an e.e. of at least or

about 60%, 75%, R0%, 85%, 90%, 95%, 98% or 99%.

10093} In any one of the foregeing embodiments, the compound or a pharmaceutically
acceptable salt theveof, is an stropisomer. Another cmbodiment provides the composition
coniaiming a mixture of atropisommers of the compound or a pharnmaceutically acceptable salt
therent. By way of exarople, 2 compound with 93% of one atropisemer and 5% of the other
atropreomers. In some embodiments, a compound with about 90, &0, 70, 60, 50, 40, 30, 20, or
F0% of one atropisomer and 10, 20, 30, 44, 50, 80, 70, 80, or 30%, respectively, of the other

stropisomers.

{0941 The application also provides the free bage forms of the compounds described herein.
in cortain embodiments, 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 compounds of the formulae described hersin.

{B095] The application farther provides compositions comprising the compounds described
hersin or a pharpaceniically acceptable sall, isomer, prodrug, or solvate thereof, The
composition may include racemic mixtures, mixtures containing an cnantiomeric excess of one
enantiomer or single diastereomers or diastersomeric mixiores, All such isomeric forms of these
compounds are expressly included herein, the same as if each and every isomeric form were

specifically and individually Hsted.
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{0096} In certain embodiments, provided herein are also polymorphs, such as orystalling 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 aeceptable salis, prodrags, or solvates thereofl A “chelate™
is formed by the coordination of a compound to a metal 1on at two {or more) points. A “non-
covalent complex” i formed by the interaction of a compound and another molecule wherein g
covalent bond iz not formed between the compoumd and the molecule. For example,
complexation can ocour through van der Waals interactions, hydrogen bonding, and electrostatic

interactions {also called ionic bonding).

{97} The compounds of the formulae deseribed herein or a pharmacewtically acceptable
salt, 1somer, prodrug, or solvate thereot may be used for the treatment of diseases and/or
conditions mediated by PI3K isoforms. Ip addition, the application provides the compounds for
use in therapy. Also, provided hevein are methods for inhibiting one or more PI3K isoforms. In
one embodiment, provided are methods for inhibiting P3RS activity using the compound
described herein or a phanmaceatically acceptable salt, tsomer, prodrag, or solvate thereofl In
other embodiment, provided are methods for inhibiting PI3KS and/or PI3KP activities using the
compound or a pharmaceutically accoptable salt, isomer, prodrug, or solvate thereof. The
application further provides methods for use in such methods, The PI3K isoforms may be
selectively or specifically inhibited. Additionally, the compounds may be used to inhibit PIZK

activity therapeutically or prophvlactically, such as PISKS and/or PISKS.

{00981 The corpounds according o the present application may be used {n corubination
with one or more additional therapeutic agents. The therapeutic agents may be in the forms of
compounds, antihodies, polypeptides, or polynueleotides. The therapeutic agent includes, but i3
not Himited to, a chemotherapentic agent, an imomunotherapeutic agent, a radiotherapeutic agent,
an anti-necplasiic agent, an anti-cancer agent, an anti-proliferation agent, an anti-fibrotic ageut,
an anti-angiogenic agent, a therapeutic antibody, or any combination thereof. In one
smbodiment, the application provides a product comprising a compound described herein and an
additional therapeutic agent as a combined preparation for simuliancous, separate or seguontial
ase in therapy, e.g. a method of treating a disease, disorder, or condition that is mediated by

PI3K {soforms,
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18099} Also, the therapeutic agents may be those that inhibit or modulate the activities of
Biruton’s tyrosine kinase, spleen tyrosine kinase, apoptosis signal-regulating kinase, Janus
kinase, fysyl oxidase, lysyi oxidase-Hke proteins, matrix metallopeptidase, bromodomain-
containing protemn, adenosineg A2ZB receptor, sociirate dehvdropeonase, serine/threonine kinase
TPL2, discoidin domain recepior, serine/threonine~protein kinases, IKK, MEK, EGFR, histone
deacetviase, protom kinase €, or any combination thereot. In certain embodiments, the
therapeutic agent may be selected from a PI3K {(including PI3Ky, PI3KS, PIAKS, PIK g, and/or
pan-PI3K} inhibitor, a JAK (Janus kinase, including JAK T, JAK2, and/or JAK3) inhibitor, 8
SYK {spleen tyrosine Xnase) mbibitor, a BT {Bruton’s tyrosine kinase) inhibitor, an AZB
{adenosing AZB receptor} indubitor, an ACK {activated CDC kinase, inchading ACK 1Y inhibitor,
an ASK {apopiosis signal-regulating kinase, including ASK 1) inhibitor, Aurea kinase, a BRD
{bromodomain-containing protein, including BRD4} inhibitor, a Bel (B-cell CLLAymphoma,
including Bel-1 and/or Bel-2) inhibitor, a CAK (CDK-activating kinaseg) inhibitor, a CaMK
{calmodulin-dependent protein kinases) inhibitor, & CDK {cyclin-dependent kinases, including
DK, 2, 3, 4, and/or 6} inlubttor, a UK {casein kinase, inchuding UK and/or CK2) inhibitor, a
DR (discoidin domain receptor, including DDRI and/or DDR2ZY inhibitor, a EGFR inhibitor, a
FXR {farnesoid x receptor) inhibitor, a FAK (focal adhesion kinase) inhibitor, a GSK {glycogen
syathase kinase} inhibitor, 2 HDAC {histone deacetvlase) inhibitor, an IDO (indoleamine 2.3~
dioxygenase) inhibitor, an IDH (soaitrate dehydrogenase, including IDHT) inhibitor, an TKK {I-
Kappa-B kinase) inhibitor, a KDMS (lvaine demethylase) tnhibitor, a LOK (Ilymphocyte-specific
protein tyrosine kinase) inhibitor, a LOX (ysyl oxidase) inhibitor, a LOXL {Iysy] oxidase like
profein, including LOXLI, LOXL2, LOXL3, LOXLA4, and/or LOXLS) infubitor, a MTH (mut T
homolog) inhibitor, a MEK {mitogen-activated protein kinase kinase) inhibitor, a mairix
metaioprotease (MMP, including MMPZ and/or MMPS)} inhibitor, 2 mitogen-activated protein
kingses {MAPK} inhibitor, a PE3-1 {(programmed cell death protein 1) inhibitor, a PD-L1
{(programmed death-higand 1) inhubitor, a PDGE (platelet-derived growth factor) inhibitor, a
phosphoryiase Kinase (FK} inhibitor, a PLE (polo-like kinase, inchuding PLE, 2, 3) inhibitor, a
protein kinase (PR, inchuding protein kinase A, B, C) inhibitor, a STK {serine/threonine kinase}
inhibitor, a STAT {(signal transduction and transeription) inhibitor, a serine/threonine-protein
kinase inhubitor, a TBK (lank-binding kinase) inhibitor, a TLR (toll-like receptor modulaiors,
including TLR-1, TUR-2, TER-3, TLR-4, TLR-S, TLR-6, TLR-7, TLR-8, TLR-%, TLR-1¢,
TLR-HL, TLR-1Z, and/or TLR-13} inhibuor, a TK {tyrosine kinase) inhibitor, a TPL2

{sering/threonine kinase) ithibitor, a NEKY inhibitor, an Abl inhibitor, a p38 kinase inhibitor, a
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PY¥ inhibitor, a ¢-Kit inhibitor, g NPM-ALK inhibilor, a Fit-3 inhibitor, a ¢-Met inhibitor, a
KI3R inhibitor, 2 TIE-2 inhibitor, a VEGFR inhibitor, 2 SRC inhibilor, 2 HCK inhibitor, a LYN
infubitor, a FYN imhibitor, a YES inhibior, a chemothorapeutic agent, an immnunctherapeutic
agent, a radictherapeutic agent, an anti-neoplastic agent, an anti-vancer agent, an anti-
profiferation agent, an anti-fibrotic agent, an anti-angiogenic agent, a therapeutic aniibody, or
any combination thereof In some embodiments, the TAK inhibitor 18 M-{eyanomethyl}-4-{2-(4-
morpholincantlinejpyrimidin-4-ylibenzamide as named by ChemDraw (may alse be referred to
as CYTO387 or momelotinb) and may be synthesized by the methods described in ULY. Patent
No. 8,486,941, In certain embodiment, the SyK inhibitor i3 6-{1 H-indazol-6-vi3-MN-{4-
morphoiimophenyl prnidazof 1, 2-alpyrazin-8-amine 45 named by ChemBrraw {may alse be
referred to as 6-{1H-indazol-6-v13-N-{4-{morpholin-4-vjphenyllimidarol 1, 2-ajpyrazin-S-amine)
and may be synthesized by the methods described in UK, Patent No. 8,450,321, In other
embodiments, the BTK inhibitor is {8)»-6-amino-9-(L-{but-2~ynovDipyrrolidin-2-y1}-7-{4-
phenoxyphenyi}-7H-purin-8(9H -one as named by ChemDiraw {may aleo be f-amine-9-[{(3R -1~
{Z-butyooyi-3-pyrrolidingt}-7-(4-phenoxyphenyiy-7 S-dihvdro-8H -purin-8-onel and may be

synthesized by the methoeds in U8, Pat. No. 8,557,803,

{01061 Chemotherapeutic agents may be categorived by their mechanism of action into, for
examnple, the following groups: anti-metabolites/anti-cancer agents, such as pyrimidine analogs
{Hoxoridine, capecitabing, and cytarabine); purine analogs, folate antagonists and related
inhibitors, antiproliferative/antimitotic agents including natural products such as vinca atkaloid
{vinblastine, vincristine) and mcrotubale such as taxane {paclitaxel, docetaxel), vinblastin,
nocodazole, epothilones and navelbine, epidipodophylictoxins {etoposide, teniposide); DNA
damaging agents {actinomycin, amsacring, busulfan, carboplatin, chlorambueil, clsplatin,
cyciophosphamide, Cytoxan, dactinemycin, daunorubicin, doxorubicin, eptrubiein,
iphosphamide, melphalan, merchlorehtamine, mitomycin, miloganirone, nitrosourea,
procarbazing, taxol, taxotere, teniposide, etoposide, tricthvienethiophosphoramide); antibotics
such as dactinomycin {actinomyein 13}, daunorubicin, doxorabicin (adriamyeiny, idarnsbicin,
anthracychines, mitoxantrone, bleomyoins, plicamycin {mithramycin) and mitomyeing engymes
{{~asparaginase which systemically metabolizes L-asparagine and deprives cells which do not
have the capacity to synthesize their own asparagine}; antiplatelet agents; antiprofiferative/
antimitotic alkylating agents such as nitrogen mustards ovelophosphamide and analogs,
melphalan, chlorambucil), and thexamethvlimelamine and thiotepa), atkyl nitrosouress (BCNU}

and analogs, streptozocing, trazenes-dacarbazinine (DTIC); antiproliferative/antimitatic

[
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antimetabolites such as folic acid analogs {methotrexate); platinum coordination complexes
{cisplatin, oxiloplatinim, carboplating, procarbazine, hydroxyures, mitotane, aminoglutethimide;
hormones, hormone analogs (estrogen, tamoxifen, geserelin bicalutamide, nilatamide) and
aromatase inhibitors (letrozole, anastrozole); anticoagulants Cheparin, synthetic heparin salts and
other inhibitors of thrombiny; fibrinolviic agents (such as Hssue plasminogen activator,
streptokinase and arokinase}, sspinn, dipyridamole, ticlopidine, clopidogrel; antimigratory
agents; aniisecretory agents {breveldin}, fnununosuppressives iacrolimus sirolimus azathiopring,
wycophenolate; compounds (TNP-470, genistein} and growth factor inhibitors {vascular
endothelial growth factor inhibitors, fibroblast growih factor inhibilors); angiotensin receptor
blocker, nitric oxide donors; anti-sense sligonucleotides; sntibodics (frastuzimab, rnuximaby;
cell cycle inhibitors and differentiation inducers (tretinoin}; inhibitors, topoisomerase inhibitors
{doxerubicin (adriamyein), deunorabicin, dactinomycin, eniposide, spirubicin, cloposide,
idarubicin, innotecan and mitoxantrone, topotecan, irinotecan, carmptothesing, corticostoroids
{cortisone, dexamethasone, hydrocortisone, methyipednisolone, predaisone, and prendsoione)
growth factor signal transduction kinase inhibitors; dysfunction inducers, toxins such as Cholera
toxin, ricin, Pseadomonas exotoxin, Bordetella pertussis adenylate cyclase toxin, or diphtheria

toxin, and caspase activators; and chromatin,

I60101]  As used berein the term "chemotherapeutic agent” or "chemotherapeutic” (or
"chemotherapy,” in the case of treatment with a chemotherapeutic agent) is meant {0 encompass
any non-proteinacecus (1.6, non-peptidic) chemical compound usefnl in the treatment of cancer,
Examples of chemotherapentic agents include alloviating agents such as thictepa and
cyelophosphamide (CYTOXANY; atkyl sulfonates such gs busulfan, improsulian and piposulian
arividines such as benzodopa, carboguone, meturedopa, and uredops; emylerumines and
memylamelamines inchoding alfretamine, triemvienemelamine, tnethylenephosphoramide,
riethylencihiophosphoramide and trimemylolomelamine; acetogenins {especially bullatacin and
hollatacinone); & camptothecin (including synthetic analogue topotecan), bryostating callvstating
C{-1065 (ncluding is adozelesin, carzelesin and bizelesin synthetic analogues), cryptophyeins
{articulariy cryptophyein | and cryptophyein 8); dolastating duscarmycin (including the
synthetic analogues, KW-2189 and CBI-TMIY; elowtherobin; pancratistating a sarcodictyin,
spongistating ntfregen mustards such as chlorambuci], chlomaphazine, cholophosphamide,
estramrusting, fostamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, predmimusime, trofostamide, wract] mustard; nitrosoureas such as

carmustine, chlorozolocin, foremusiine, lomustine, ndmustine, ranimusting: antibiotics such as
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the enedivne antibiotics {e.g., calicheamicin, especially calicheamicin gammall and
calicheamicin phill, see, e.g., Agnow, Chem. Intl. Bd. Eogl, 33:183-186 (1994); dynemicin,
including dynemicin A; bisphosphonates, such as clodronate; an esperamicing as well as
neccarzinostatin chromophore and related chromoprotein enedivne antihiotic chromomophores),
aclacinomysins, actinomycin, authramyein, azasering, bleomycins, cactinomycin, carabicin,
carrninomycin, carzinophiling, chromomyeins, dactinomyein, davnorubicin, detorubicin, 6-diazo-
5-oxo-L-noriencing, doxorubicin {including morpholino-doxorubicin, cvanomorpholino-
doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirnhicin, esorubicin, idarubicin,
marcelomyen, mitorayeins such as mitomyein O, mycophenolic acid, nogalamycin,
clivomyeins, peplomyein, potfiromyein, puromycin, guetamyein, rodorobicin, strepionigrin,
streptozocin, tubercidin, vbenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate
and 5-fluorouract] (5-FU}; folic acid analogues such as demopiern, methotrexate, pteropterin,
frienetrexate; purine analogs such as fludarabine, H-mercaptopurine, thismiprine, thiognanine:
pyrimidine analogucs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
didecxyuridine, doxifluriding, enocitabine, Hoxuridineg, androgens such as calusterone,
dromostanoions propionate, epitiostancl, mepifiostane, testolactone; anti-adrenals such as
aminogluletiimide, mitotane, irilostane; folic acid replinisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminclevulinie acid; enthuractl; amsacrine; hastrabucil; bisantrene;
edatraxaie; defolamine; demecoleine; diaziguone; elformthine; elliptinium acetate; an
epothilone: etoglucid; gallium nitrate; hydroxyures; lentinan; lencovoring lonidamine:
maviansinoids such as maviansine and ansamitocing; mitoguazone; mitoxantrone; moptdamol;
nitracring, pentostating phenamet; pirarabicin; losoxantrone; fluorepyrimidine; folinic acid;
podophyilinie acid; Z-ethyvlhydraride; procarbazing: PSK); razoxane; rhizoxin; sizofiran;
spirogermanium; tenuarzonie acid; triazigquone; 2,2°, 2 -tricUoretriemylamine; trichothecenes
{especially T-2 toxin, verracurin A, roridin A and anguidine}; urethane; vindesine; dacarbazine;
rpanpomusting, mitobrenitol; rwiiolaciol; pipobroman; gacyiosineg; arabinoside ("Ara-C");
cyclophosphamide; thiopety; taxoids, e.g.. paclitaxel {TAXOL{) and docetaxel
{TAXOTERE(r}); chlorambucil; gemeitabine {Gempzar(r}}; 6-thiogoanine; mercaptopurine;
methotrexate; platinum avalogs such as cisplatin and carboplating vinblasiine; platinum;
sloposide (VP-16}; ifosfamide; mitroxantrone; vancristine, vinorelbine (Navelbine{(r}};
novanirong; teniposide; edatrexate; daunomyein; aminopiern; xeoloda; ibandronate; CPT-11;
topoisomerase inhibitor RES 2000, diflucromethviomithine {DMFOY: retinoids such as retinoic

acid; capectiabine; FOLFIRI (fluorouraci], leucovorin, and irinotecan) and pharmaceutically
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acceptable salis, acids or denivatives of any of the above. One or more chemotherapeutic agent

are used or included in the present application.

[80102]  Also included in the definition of "chemotherapeutic agent” are anti-hormonal agents
that act to regulate or inhibit hormone action on tumors such as anti-estrogens and selective
estrogen veceplor modulators (SERMs), wcluding, for example, tamoxifen {(including
Nolvadex™ ™, raloxifene, droloxifene, 4-hydroxytamexifen, trioxifene, keoxifene, LY 117018,
onapristone, and toremifene {Fareston{r}); inhibitors of the enzyme aromatase, which regulates
estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
aminoglutethimde, megestrol acetate (Megace(r)), exemestane, formestane, fadrozole, vorozole
{Rivisor{r}, letrozole (Femars(r}), and anastrozole {Anmidexd(rl.}; and anti-andvogens such as
flutamide, nilntamide, bicalitamide, leuprohde, and gosereling and pharmaceutically acceptable

salts, actds or derivatives of any of the above.

I60183]  The anti-angicgeme agents include, but are not limited to, retinedd acid and
dertvatives thereof, 2-methoryestradiol, ANGIOSTATING), ENDOSTATING), suramin,
squalamine, tissue inhibifor of metatloproteinase-1, tissuc inhibitor of metalloproternase-2,
plasminogen activaior inhibilor-1, plasminogen activator inbibitor-2, cartifage-derived juhibitor,
paclitaxel (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 matrix metabolism, inchuding for example, proline analogs
{{1-azetidine-2-carboxvhic acid {LACA), cshydroxyproline, 4,1-3 4-dehydroproline, thiaproling,
alpha-dipyridyl, beta-aminopropionitrile fumarate, 4-propyl-3-(d-pyridinyl)-2{3h}-oxazoions;
methotrexate, mitoxanirone, heparin, irterferons, 2 macroglobulin-serum, chimp-3, chymostatin,
beta~cyvelodextnin tetradecasulfate, spovemycing fomagilling gold sodium thiemalate, d-
pemiciliamine {CDPT), beta- L-anticollagenase-serum, alpba-Z-antiplasmin, bisantreng, lohenzari
disodium, n-2-carboxyphenvi-4-chiloroanthronilic scid disodium or "CCA”, thalidomide;
angrostatic steroid, cargboxynaminolmidazole; metalloproteinase inbibitors such as BB94. Gther
anti-angiogenesis agents include antibodies, preferably monoclonal antibodies againat these
angiogenic growth factors: beta-FGF, alpha-FGF, FGF-5, VEGF isoforms, VEGF-C, HGF/SF
and Ang-1/Ang-2. See Ferrara N, and Alitalo, K. "Clinical application of angiogenic growth

actors and their inhibitors™ (1999} Mature Medicine $:1359-1364,

160184]  The anti-fibrotic agents include, but are not limited to, the compounds such as beta-

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

(3
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Palfreyman, ot al., 1ssued Cct, 23, 1990, entitled "Inlubitors of lysyl oxidase,” relating to
tnhibtiors of lysyl oxidase and their use m the treatment of diseases and conditions associated
with the abnormal deposition of collagen; US. 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 adiacently positioned diamine analogue sobstrate,” relating to compounds which
inhibit LOX for the treatment of varicus pathological tibrotic states, which are herein
incorporaled by reference. Further exemplary inhibitors are described in UL, Pat. No. 4,943,593
¢ Palfreyman, et al., issued Jul. 24, 1990, entitled "Inhibitors of ysyl oxidase,” relating to
compounds such az 2-isobutyl-3-fluoro-, chioro-, or bromo-allvlamine; as well as, e.g., U.S. Pat.
Ng, 5,021,456; U5, Pat. No. 5,5059,714; U.S. Pat. Neo. 5,120,764, U8, Pat. No. 5,182,297, UK
Pat. No, 5,252,608 (relating 1o 2-{ -naphthyioxymemyl-3-Hooroall viamine); and 1S, Patent
Application No. 2004/0248871, which are herein incorporated by reference, Exemplary anti-
fibrotic agenis also include the primary amines reacting with the carbonyl group of the active
site of the Ivsyl oxidases, and more particnlarly those which produce, after binding with the
carbomyl, a product stabilized by resonance, such as the following primary aminss:
emvienemamine, hydrazine, phenyvihydrazine, and their derivatives, semicarbazide, and urea
derivatives, aminontiriles, such as beta-arninopropionitrie (BAPMN), or Z-nitroethylamine,
unsaterated or saturated haloamines, such as Z-bromo-ethylamine, Z-chlorecthylarmne, 2-
triflucrccthylaming, 3-bromopropylamine, p-halobenzylamines, selenchomocysteing lactone,
Also, the anti-fibrotic agents are copper chelating agents, penetrating or not penetrating the cells,
Exempiary compounds include indirect inhibitors such corpounds blocking the aldebyvde
derivaiives ongmating from the oxidative deamination of the Tysyl and hydroxylvsyl residues by
the lysyl oxidases, such as the thiclamines, in particular D-peniciilamine, or its analogues such
a8 2-grainge-S-mercapto-3-methyihexanecic acid, D-Z-amino-3-methyl-3-{{2-
acetamidoethvl}dithioibutanoic acid, p-2-amino-3-methyl-3-{(2-aminocthylidithic}butanocic
acid, sodivm-4-{{(p-1-dimethyl-2-amino-Z-carboxyethyhidithiothotane sulphurate, 2-
acetarnidocthyl-2-acetamidoethanethiol sulphanate, sodium-4-mercaptobutanesulphinate

trihydrate.

(601851 The immunotherapeutic agents mclude and are not Lmited to therapeutic antibodies
suitable for ireating patients; such as abagovomal, adecatumumab, afutuzumab, slemtuzamalb,
altmomab, amatuximab, angiumomab, arcitumomab, bavituximab, bechumormab, bevacizumab,
bivatuzumah, blinatirnomab, brentuximab, cantusurmab, catumaxomab, cetuximab, citatuzumab,

cixutumumab, clivatuzumab, conatumumab, darstumumab, drozitumab, duligotumaly,
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dusigitwmab, detumnomab, dacetorumab, dalotuzamab, ecromeximab, elotuzumab, ensituximab,
ertumaxomab, etaraciaunab, farietuzumab, ficlatuzumab, figitumuomab, flanvoiumab,
futuximab, garutimmab, gemtuzumab, girentuximab, glembatumumab, ibritumomab, igovomab,
imgatuzumab, indstuximab, wotuzumasb, ntetomumab, ipiHunenab, iratumumab, labetuzomab,
fexaturnumab, Bntozumab, lorvotuzmmab, lncatumumab, mapatumumab, waluzomab,
milatuzumab, minretumonab, mitumomab, moxetumomaly, narcatumab, naptumomab,
necttpmumab, nimotuzomab, nofetumomabm, ocaratuzumab, ofaturmumab, olaraturnab,
onartuzumab, oporturumab, oregovomab, penitumumal, parsatitzumab, patrituimab,
pemtumomab, perturumab, pintumomab, pritamumab, racotumomal, radretumab, rilohumumab,
rituximab, robatunmmab, satumomab, dbreturumab, siitidimab, simtuzomab, solitomab,
tacatirzumab, taplitumomab, tenattmomab, teprotumuomab, tigatuzumal, tositumomab,
irastuzumab, tucoturumal, ublituximab, veltuzomab, vorseturnnab, votumumab, zalutumuamab,
obiputuzamab, CC49 and 3F8, The exemplified therapeutic antibodies may be further labeled or

combined with a radicisotope particle, such as indium In 111, vitrivm Y 90, todine I-131.

[98186]  The application also provides method for reating a subject who is undergoing one or
maore standard therapies, such as chemotherapy, radiotherapy, inumunotherapy, surgery, of
combination thereot., Accordingly, one or more thergpeutic agent or inhibitors may be
administered betore, during, or after administration of chemotherapy, radiotherapy,

syynunotherapy, surgery or combination thereof.

[0197]  Other cxamples of chemotherapy reatments {(including standard or experimental
chemotherapies) are described below. I addition, treatment of certain Ivmphomas is reviewed
in Cheson, B.D,, Leonard, LP., “Monoclonal Antibody Therapy tor B-Cell Non-Hodgkin’s
Lymphoma” The New England Journal of Medicine 2008, 359(6), p. 613-626; and Wierda,
W.G, “Current and Investigational Therapies for Patients with CLL” Hematology 2006, p. 285-
294, Lymphoma incidence patterns in the Untled States is profiled in Morton, LM, er ¢f
“Lymphoma Incidence Patterns by WHO Subtvpe in the United States, 1992-20017 Blpad 2006,
70, p. 265-276.

(601681 Exaoples of immunoctherapeutic agents include, but are not Hmited io, rituximab
{such as Rituxan}, alemtuarnab (such as Campath, MabCampath), anti-CD19 antibodics, anti-
D20 anttbodies, anti-MN-14 antibodies, anti-TRAIL, Anti-TRAIL DR4 and DRS antibodies,
anti-C74 antibodies, apolizumab, bevacizumab, CHIR-12.12, epratozomab (hLLZ- anti-CD22

humanized antibody), galiximab, haZ(, itbritumomab Huxetan, lomiliximab, milatuzomab,

(%]
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ofstumnumab, FRO131921, 8ON-40, WT-1 analog peptide vaccine, WTT 126-134 peptide
vaccine, toaitumomah, antologons heman tomor-derived HSPPC-96, and veltuzumab,
Additional immunotherapy agents includes using cancer vaccines based epon the genetic
makenp of an individual patient’s tumor, such as lymphoma vaccine example 18 GTOP-89

(v Vax™.

083109]  Examples of chemotherapy agents inchade aldesleukin, alvocidib, antineoplaston
ANZ-1, antineoplaston A0, anti-thymocyte globulin, amifostine inhvdrate, aminocampiothecin,
arsenic trioxide, beta alethine, Bel-2 family protein inhibitor ART-263, ABT-199¢, BM3-345541,
hortezomib {Veleade™), hryostatin 1, busulfan, carboplatin, campath-1H, CC-5103, carmusting,
caspofungin acetate, clofarabine, cisplatin, Cladribine {Leustaring, Chiorambucil {Leukeran),
Curcumin, cyclosporine, Cyelophosphamide {(Cyloxan, Endoxan, Endoxana, Cyclosting,
cytarabine, demleukin diftitox, dexamethasone, T PACE, docetaxel, dolastatin 10,
Doxorubicin (Adriam ycin®$ Adriblastine}, doxorubicin hydrochioride, enzastaurin, cpoetin alfy,
ctoposide, Everolimus (RADDOT), fenretimde, flgrastim, melohalan, mesna, Flavopividol,
Fludarabine (Fludara}, Geldanamyem (17-AAG), fosfamide, irinotecan hvdrochloride,
ixabepilone, Lenalidomide (Reviimid®, ©C-5013), Iymphokine-activated kilier cells, melphalan,
metholrexate, mitoxantrone hydrochloride, motexafin gadolinium, mycophenolate mofetil,
nelarabing, oblimersen (Genasense} Obatoclax (GX15-070), oblimersen, octreotide acetate,
omega-3 fatty acids, oxaliplatin, paclitaxel, PD0332991, PEGvlated liposomal doxorubicin
hydrochloride, pegfilgrastin, Pentstatin (MNipent), perifosing, Preduisolone, Prednisone, R~
roscovitine (Sehicilib, CYC202), recombinant interferon alfs, recombinant interlenkin-12,
recombinant interieukin-11, recombinant 13 ligand, recombinant human thrombopoietin,
vituximab, sargramestim, sildenafil citrate, simvastatin, sirolimus, Styryl sulphones, tacrolimus,
tanespimycin, Temsirolimus (CCLT779), Thalidomide, therapentic allogeneic lymphoovies,
thiotepa, tpifaraib, Velcade®™ Gorterornib ar PS-341), Vincristine (Cneovin), vineristine sulfate,
vinorething ditartrate, Vorinostal {SAHA]Y, vorinostat, and FR (fodarabine, ntuxamalyy, CHOP
{zyclophosphamide, doxorubicin, vinenistine, prednizone}, UVP {eyvclophosphannde, vincristine
and prednisone), FCM {(Hudarabine, cyclophosphamide, mioxantrone), FOR (fludarabine,
cyclophoapharmide, rituximab), hyperCVAD (hyperfractionated cyclophosphamide, vineristine,
doxorubicin, dexamethasone, methotrexate, cvtarabine), ICE (phosphamide, carboplatin and
etoposide}, MOP (mutoxantrone, chlorambucil, and predunisolone), R-CHOF (rituximab plus
CHOPY, R-CVP {rituximab plus CVP), B-FCM {ritukimab plus FCM), RAICE (ritveamab-JOE),
and R-MCP (R-MCP),
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(0110]  The therapeutic freatments can be supplemented or combined with any of the
abovernentioned therapies with stem cell transplantation or trestment. One example of modified
approach is redicimmunotherapy, wherein a monoclonal antibody is combined with a
radicisotope particle, such as wdiom In 1H, vitrium Y 90, jodine 1131, Examples of
combination therapies include, but are not Hiited to, Todine-131 tosttumomab (Bexxar™),

Yitrium-90 thritunomab tiuxetan {Zr;‘ws.ﬁn{@}, Bexxar with CHOP,

[8113]  Other therapeutic procedures juchude peripheral blood sterm cell transplantation,
autologous hematopoietic stom cell transplantation, autologous bone marrow transplantation,
antihody therapy, bislegical therapy, eoeyme inhibitor therapy, total body wradiation, infusion
of stem celis, bone marrow ablation with stem cell support, in virro-treated peripheral blood
stem cell transplantation, umbilical cord blood transplantation, Immunosnzyme technigue,
pharmacoiogical study, low-LET cobalt-60 gamma ray therapy, blecroycin, conventional
surgery, radiation therapy, and nonmyeloablative allogeneic hematopoietic stem cell

transplantation.

081121 In some embodiments, the methods include administering a compound of the formula
described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate thereof, ina
therapeutically effective amount lo a human in need thereof. The method can be emploved to
treat a patient who has or is believed to have a disease or condition whose symptoms or
pathology is mediated by expresaion or activity of PI3K] and/or PI3KS. The patient may bea

marnunal or a human, In ceriain ernbodimnent, the patient may be a bursan.

e0113]  “Treatmemt” or “treating” is an approach for obtaining beneficial or desired resuiis
inchading clinical results. Beneficial or desired clinical resulis may include one or more of the
following: a) inlubiting the disease or condition (e g, decreasing one or more symptoms
resulting from the disease or condifion, and/or diminishing the extent of the disease or
condifiony; b} slowing or arresting the development of one or more clinical symptors associated
with the disease or condition {e.g., stabilizing the discase or condition, preventing or delaying
the worsening or progression of the disease or condition, and/or preventing or delaying the
spread (o.z., metastasis) of the disease or condition); and/or ¢ relieving the disease, that is,
causing the regression of clinical symptoms {e.g., ameliorating the disease state, providing
parifal or total rernssion of the discase or condition, enhancing the effect of another medication,

delaying the progression of the disesse, increasing the quality of life, and/or prolonging survival,
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H0114]  “Prevention” or “preventing” wmean any (reatment of a disease or condition that
causes the clinical symiptoms of the disease or condition not {o 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 homan),
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 dseases, 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

subject 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 treatiuents

(including standard or experitnental chemotherapies),

881161 The terms “therapeutically effective amount™ or “effeciive amoum” of & compound
of the present application or a pharmaceutically acceptable salt, isomers, prodrug, or solvate
thergot, 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 sympiom
of a disease or condition responsive to inhibition of PI3KS and PI3KS sctivity, The
therapeutically effeclive 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 herein have the
selectivity or selective inhibition to certain PI3K isoforms.  In one embodiment, the compounds
have selectivity to PI3KE. In some embodiments, the compounds have selectivity to PI3KS. In
vet other embodiments, the compounds have selectivity to PI3KP and PI3ES. 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 way 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 in PI3KS and/or PI3E S activities as a
direct or indirect response 1o 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
PISKS and/or PI3K activities, or by {directly or indirectly} decreasing the amount of PI3EA

and/or PISKE present in the cell or organism.

B03206]  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 PI3KES 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

ofthe PI3K famuly {e.g., PI3K o ory)

81231 The relative etficacies 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
measured by the compound concentration that inhibits 50% of the activity in a biochemical
assay, Lo, the 30% inhibitory concentration or "I, The determination of 1T values can be
accomplished using conventional technigues known in the art, including the fechmgques
described i the Examples below. In general, an 1Csy can be determined by measuring the
activity of a given enzyme in the presence of a range of concentrations ot the compound under
the study. The experimentally obtained values of enzyme activity may then be plotted against
the compound concentrations used. The concentration of the inhibitor that shows 50% enryme
activity {as compared to the activity in the absence of any jnhibitor) is taken as the 15 value,
Anslogously, other inhibitory concentrations can be defined through appropriate determinatinns
of activity. For exarpple, in some setlings it may be desirable to establish a 90% inhibitory

concentraiion, fe., o,

IB0122]  According to the present apphication, a PI3K selective inhibitor is a compound that
exhibits a 30% wnhibtiory concentration (1Csp) with respect to PISK[ that is at jeast 10-fold, at
least 20-fold, at teast 30-fold, at least 30-foid, at least 100-fold, at least 200-fold, or at least 300~
fold lower than the g with respect to either PI3K o or PI3Ky or both PRKo and PI3Ey. In
addition, a PIRKS/P selective inhibitor i3 a componnd that exhibits a 50% inhibitory
conceniration {(§sp) with respect to PIAKE and PI3KS that is at least 19-fold, at least 20-fold, at
least 30-fold, at least 30-fold, af teast 75-fold, at Teast 100-fold, at least 200-f01d, and at least
A00-fold lower than the 1Cq with respect to either PI3Kw or PI3Ky. The dual PI3KS/P selective
inthibitor mav have the same or similar ICs to both PI3KS and PI3KB or may have different [Cq
to either PISKS or PIAKR. As used herein, the term “potency,” “potent,” or variants thereof refer
to the compound exhibiting an 1Csq value that 1s less than 100 oM., When comparing two
compounds, the compound that exhibits a lower 15 value is referred to as a more potent

inhibitor,

[@8323] The compounds of the present application exhibit unexpected selectivity to PI3KA.
As shown in the example, certain compounds in Table T exhibit low Iy values {e.g. 1 10 10D
uhd} to both PI3KE and PI3KS. Certain compounnds in Tabie 1a also exhibited such selectivity to
PI3K isoforms.  Also, certain compounds of formula (1} exhibited at least between 10-fold to
400-fold lower 1050 vahues for PI3KP than PI3Ky, suggesting the compounds exhibit more

selectivity 0 PIBKE compared to PI3Ky (e, inhibits the activity of the PI3KE isoform more
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effectively than the PI3Ky isoform as shown by the PI3EWPIIKS ratio). Moreover, the
compounds described herein exhibit selectivity to both PI3KE and PI3KS. The compound {83
2 A-diaming-6-{(1 -{ 5-chloro-4-oxo-3-phenvl-3 4-dibydroguinazolin-2-
vhethyDaminopvrimidine-S-carbonitrile, described in US Provisional Application No.
61/745,437, extibited less selectivity to PI3Ky {e.g. the PISKy/PI3K[ ratio is less than 1-fuld),
The resulis of the present apphication suggest that the compounds described herein are dual
selective inhibiiors of PIRKS and PISK and exhibil more selectivity to PIZKE compared io
FI3Ky. Each of the patenis and the patent applications described in the present application are

incorporated herein by the entirsty.

81247 The methods described herein may be applied to cell populations s vive or ex vive,
“In vive"” means within a Hiving individual, as within an animal or human, In this context, the
methods deacribed herein may be used therapeutically 1o an individual, “Ex vive” means ouiside
of 8 living individaal. Examples of ex vive cell populations include in vitro cell cultures and
hiclogical samples including fluid or tissue samples obisined from individuals. Such samples
may be sbtained by methods welt known in the art. Exemplary biclogical fhuid samples include
blood, cergbrospinal fluid, urine, snd saliva. Exemplary tissue samples include tumors and
biopsies thereof. 1o this context, the compounds may be used for a variety of purposes,
including therapeutic and experimental porposes. For example, it may be used ex vive to
determineg the optimal schedule and/or dosing of administration of a PI3K selective indibitor for
a given indication, cell type, ndividual, and other parameters. Information gleaned from such
use may he used for experimental purposes or in the clinic to set protocols for in vive treatment.
Other ex vive nses for which the invention may be suited are described helow or will become
apparent to those skilled 1o the art. The compounds of the formula described herein or a
pharmacentically acceptable salt, prodrug, or solvate thereof, may be further characterized to
examine the safety or tolerance dosage in human or non-human subjects. Such properties may

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

{81258 Compared t© other PI3K isoforms, PI3KS is generally expressed in hematopoietic
celle. Also, PISKE s generally mis-regulsted in certain cancer cells, Aberrant profiferation of
celle often interferes with normal tissue function, which may vesol! in abnormal cellular
response such as imrounity, mflammation, and/or apoptosis, The selective inhibitors to PISKS
and/or PI3KE are usetul in treating, inhibiting, or preventing aberrant proliferation of cancerous

and/or hematopotetic cells and amehorating the symptoms and secondary conditions.
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{88126]  The compounds described herein may be used to treat subjects having varions
disease states, disorders, and conditions {also collectively referved fo 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 hemaiologic malignancies {2.g. leukemias and lymphomas, myeloproliferative
disorders, myelodysplastic syndromes, plasma coll neoplasms) and solid tumors, inflamumation,
fibrosis, atlergic conditions {including hypersensitivity), cardiovascular diseases,

neurodegencrative diseases, renal disorders, viral infections, obegity, and autolmumune diseases.

{GE27] 1o other embodiments, the compounds described herein may be used to treat 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 disease or condition is chosen from rheumatold arthritis, ostecarthritis,
atherosclerosis, psoriasis, eysiernic lapus ervthematosus, multiple scleresis, inflammatory bowel
disease, asthma, chrouic obstructive airways disease, pneumonitis, dermatitis, alopecia,
nephritis, vasculitis, atherosclorosis, Alzheimer’s discase, hepatitis, primary biliary cirhosis,
sclerosing cholangitis, digbetes (including type [ diabetes), acute rejection of transplanted

organs, yaphomas, multiple myelomas, leukemias, neoplasms and solid mmors.

B0I28] o other embodiments, the disease is a solid tomor. By way of examples, the solid
tumor includes but is not hmited o pancreatic cancer, bladder cancer, colorectal cancer, breast
caneer, prostate cancer, renal cancer, hepatocelular cancer, funyg cancer, ovarian cancer, cervigal
cancer, recturn cancer, liver cancer, kKidney cancer, stomach cancer, skin cancer, gastric cancer,
esophageal cancer, bead and neck cancer, melanomas, neuroendocrine cancers, CNS cancers
{e.g., neurcblastomay, brain tumors {e.g., glioma, anaplastic oligodendroglioma, adult
ghoblastoma multiforme, snd adult snaplastic astrocyiorma), bone cancer, or soff tissue sarcoma.
in some evnbodiments, the solid turnor is non-small cell lung cancer, small-cell lung cancer,
colon cancer, CNS cancer, melanoma, ovarian cancer, renal cancer, pancreatic cancer, prostate

cancer, of breast cancer,

{68129  The present application also provides a method for treating a human $u need thereof,
who bas or is suspected of having a disease or condition responsive or believed to be responsive
to the inhibition of PI3KS and/or PI3KE activity by administering to the subject a compounid of
the formulae described herein or a pharmaceutically acceptable salt, enantiomer, atropisomer,

tautomer, prodrag, or solvate thereof
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[HI36]  Additionally, the apphcation provides a method of inhubiting kinase activity of a
PI3KS and/or PI3KE polypeptides by contacting the polvpeptides with a compound of the
tormulae described herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, ora

mixiure thereof

{08131 Moreover, the application provides a method of decreasing cell viability, increasing
cell death or apoptosis, increasing tierference with PI3K signaling pathways {inchuding AKT,
SERP, ERK phosphorylation), and/or reduction in chemokine production with an effective
amount of & compound of any of the formulae desoribed herein or a pharmacentically acceptable

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

[B0132f  The application further provides a method of disruptiog leukoovte function
comprising contacting the leukooytes with an effective amount of a compound of any of the
formulae described hercin or a pharmacentically acceptable salt, isomer, prodrug, sobvate, ora

mixture thereof, in a human in need thereof

[133]  Provided i also a method of inhibiting growth or proliferation of cancer cella
comprising contacting the cancer cells with an effective amount of a compound of the formulae
described herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, or a mixiure

thereot,

[00134]  Provided herein are aleo kits that include 3 compound of the formulae of the present
application or a pharmaceutically accepiable salf, isomer, prodrag, or solvate thereof, and
suitable packaging. Tn one embodiment, a kit further includes instructions {or use. In one aspect,
a kit includes a compound of the formulae described hereln or g pharmaceniically acceptable
salt, isomer, prodrag, or solvate thereot, and a label and/or instructions for use of the compounds

in the treatment of the indications, including the diseases or conditions, deseribed herein,

{B01351  Provided herein are also articles of manufacture that include 2 compound of any of
the formulae described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate
thereot, in a suitable contaimer. The container may be a vial, jar, ampoule, preloaded syringe,

and intravenous bag.
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[80136]  Compounds provided herein are usually administered in the form of pharmaceutical
compositions. Thus, provides herein are also pharmacentical compostiions that contain one or
more of the compounds of any of the formulae disclosed herein or a pharmaceutically acceptable
salt, 1somers, prodrag, or solvate thereof, and one or more pharmaceutically acceptable vehicles
selecied from carriers, adjuvants and excipignts. Suitable pharmaceutically accepiable vehicles
may mciude, for example, wert sobid diluents and Hilers, dilvents, including sterile agueous
solution and various organic sobvents, permeation enhancers, sofubilizers and adjuvants, Such
compositions are prepared in a manner well known in the pharmaceutical art. See, e.g.,
Remington’s Pharmaceutical Sciences, Mace Publishing Co., Philadelphia, Pa. 17th £d. {1985y

and Modern Pharmacentics, Marcel Deldeer, Tnc, 3rd Ed, (3.8, Banker & C.T. BRhodes, Eds).

[08137)  The pharmaceutical compositions may be administered in either single or muliiple
doeses. The pharmacentical composition may be administered by various methods including, for
example, rectal, buccal, indranasal, and ransdermal routes. In certain embodiments, the
pharmacentical composition may be administered by intra-arterial injection, intravenously,
intrapertioneally, parenterally, intramuscularly, subcutaneocusly, orally, topically, or as an

inhalant. In some embodiments, the pharmacentical composition is administered orally,

(001381 One mode for adrimstration s parenteral, for example, by injection. The forms in
which the pharmaceutical compositions described herein roay be incorporated for administration
by mmjection inclade, for example, aguecus or oil suspensions, or ennulsions, with sesame otl,
corn oil, eottorseed oil, or peanut oil, as well as elixirs, manmiol, dextrose, or a sterile agueous

solution, and similar pharmacsutical vehicles,

{681391  Oral administration may be another route for administration of the compounds
described herein. Admimstration may be vig, for example, capsule or enferic coated {ablets. In
making the pharmaceuntical compositions that inclode at least one compound of any of the
tormulas described herein or a pharmaceutically acceptable sait, prodrug, or solvate thereot, the
active ingrediont 15 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
difuent, it can be 1n the form of a solid, semi-solid, or Hguid material, which acts as a vehicle,
carrier or medivm for the active wgradient. Thus, the compositions can be i the form of tablets,

pills, powders, lozenges, sachets, cachets, elixirs, suspensions, smulsions, soluations, syrups,
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acroscels {as a solid or in 2 hguid wediom), ointments containing, for exaraple, up to 109 hy
weight of the active compound, soft and hard gelatin capsules, sterile injectable solutions, and
sterile packaged powders. o certain embodiments, the pharmacentical composition s in the

form of ablets.

{81401 Some examples of suitable excipients include Tactose, dexirose, sucrose, sorbiinl,
mannitol, starches, gom acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
siticate, microcrystatline celtulose, polyvinvipyrrolidone, celinlose, sterile water, syrup, and
methyl cellulose. The formulations can additionally include tubricating agents sach as tale,
magnesium stearate, and mineral otl, wetting agents; ermulsifving and suspending agents;
preserving agents such as methyl and propyvihydroxy-benzoates; sweetening agents; and

flavoring agents.

{01411 The compositions that include at least ane compound of any of the formulae
described herein or a pharmaceutically accepiable salt, isomer, prodrug, or solvate thereof, can
be formulated so as to provide guick, sustained or delaved release of the active ingredient after
admimstration to the subject by employing procedures known in the art. Controlled release drug
delivery systems for oral administration include osmotic puamp systews and dissclutional
systems contatuing polymer-coated reservoirs or drug-polvmer matrix formulations, Examples
of controlied release systems are given n ULS. Patent Nos. 3,845,770; 4,326,525, 4,902,514; and
5,616,345, Another formulation for use in the methods of the present invention employs
transdermal delivery devices (Mpatches™). Such transdermal patches may be used to provide
continnous or disconiimuons infusion of the compounds deseribed herein in controlled amounts,
The constroction and use of transdermal patches for the delivery of pharmaceutical agents is
well known in the art. See, e.g, US, Patent Mos, 5,023,252, 4,992 445 and 5,601,139, Such
patches may be constructed for continuous, pulsatile, or on domand delivery of pharmaceutical

agenis,

(#0142}  For preparing solid compositions such as {ablets, the principal active ingredient may
be yuxed with a pharmaceutical excipient to form a solid preformulation coroposition containing
a homogenesus nuxture of a compound of any of the above formulae or a pharmaceuticaily
acceptable salt, prodrag, or solvate thereof. When referring to these preformulation compositions
as homogeneous, the active ingredient may be dispersed evenly throughout the composition so
that the composition may be readily subdivided into equally effective unit dosage forms such as

tablets, pills and capsules.
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(68143}  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
dosage and an outer dosage cornponent, 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 ntact indo the duodenum
or to he delayed in release. A variety of matenals can be used for such enteric layers or cogtings,
such materials including & wurnber of polymeric acids and mixtures of polymeric acids with such

materials as shellae, ceryl alcobold, and cellulose acatate.

31447  Compositions for inhalation or insufflation may include sclutions and suspensions in
vharmaceutically acceptable, squecus or organic solvents, oy wixtures thereof, and powders. The
Hguid or sobid compositions may contain suitable pharmaceutically acceptable excipients as
described supra. In some erobodiments, the compositions are administered by the oral or nasal
respiratory voute for local or systemic effect. In other embodiments, compesitions in
pharmaceutically acceptable solvents may be nobulized by use of inert gases. Nebulized
selutions roay be inhaled directly from the nebulizing device or the nebulizing device wway be
attached 1o 8 Tacemask tent, or intermiftent positive pressure breathing machine. Solution,
suspension, or powder compositions may be adminisiered, preferably orally or nasally, fom

devices that deliver the formulation in an appropriate manner.

Dosmng

{83145] 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 employed, the age, body weight, general health, sex, diet, timse of administration,
route of administration, and rate of excoretion, drug combination and the severity of the particular
disease in the subject undergoing therapy. For example, a dosage may be expressed as a numbey
of milligrams of 2 compound of the formula per Kilogram of the subject’s body weight (mg/kg).
Dosages of hetween about (.01 and 200 mg/'kg may be appropriaie. In some embodiments,
about 0.01 and 150 mp'kg may be appropriate. In other embodiments a dosage of hetweean .05
and 100 wmg/g may be appropriate.  NMormalizing aceording to the subject’s body weight is
particularty usefol when adjusting dosages between subjects of widely disparate size, such as
oeeurs when using the drug o both children and adult humans or when converting an effective

dosage in & non-human subiect such as dog 1o a dosage suitable for a human subject.



WO 2015/191754 PCT/US2015/035161

[98146]  The daily dosage may also be desoribed 85 a total smount of a compound of the
formulae adrinistered per dose or per day. Daily dosage of @ compound may be betwesn about
I mg and 2,000 mg, between about 1,000 to 2,000 mg/day, between zbout 1 to 1,000 mg/day,
hetween about 1 1o 580 mg/day, between about 100 to 150 mg/day, between about 1 to 100
mg/day, between about between about 1 t0 30 mg/day, between abowt 50 to 100 mg/day,
between about 100 to 125 myg/day, between about 100 to 150 myp/day, between about 10010 175
my/day, between about 100 to 200 mg/day, between about 100 1o 225 mg/day, between about
100 to 250 mg/day, between about 100 to 330 myg/day, between about 100 1o 400 mg/day,

between about 100 to 450 mg/day, or between about 130 o 500 wg/day.

{80147 When admirustered orally, the total datly dosage for a human subject may he
between 1 myg and 1,000 mg/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 myg/day, between about 200 o
3040 mg/day, between about 300 to 400 rug/day, between asbout 400 to 500 myg/day, between
about 100 1o 150 mg/day, between about 150 to 200 mg/day, between about 200 to 230 my/day,

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

{B3148]  The compounds of the present application or the compositions thereof may be
administered once, twice, three, or four times daily, nsing any suitable mode described above.
Also, administration of reatment with the compounds according to any of the formoulae
described herein may be continued for a number of days: for example, commonly treatiment
would continue tor at least 7 days, 14 days, or 28 days, for one cyele of treatment. In some
treatinent, the compound or the composition thereof is administered continuousty, e every day.
Treatroent oycles are well known in cancer chemotherapy, and are frequently aliernated with
resting periods of about 1 1o 28 days, commonly about 7 days or about 14 days, between cyeles.

The treatment cyeles, in other emnbodiments, may alse be continuous.

[ee14%]  In g panticular embodiment, the method comprises administering o the subject an
inttial daily dose of about 1 t0 500 mg of 3 compound of the above formula and increasing the
dose by increments untl chinical efficacy 1 achieved. Increments of abowt 1, 5, 19, 25, 50, 75,
or 100 mg can be used to increase the dose. The dosage can be increased datly, every other day,

twice per week, or onee per week,

4%
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[9158]  The compounds of the present application may be propared using the methods
disclosed herein and routine modifications thereof, which will be apparent given the disclosure
hereiny and methods well known in the art. Conventional and well-known synthetic methods
may be used in addition to the teachings herein. The synthesis of typical cornpounds described
herein may be accomplished as deseribed in the following examples. If available, reagents may
he purchased commercially, e.g., from Sigma Aldrich or other chemical suppliers. In general,
compounds desoribed herein are typically stable and isolatable at room temperature and

PICSSUIE.
General Synthesis

{60181}  Typical embodiments of compounds described herein may be synthesized vsing the
general reaction schemes deseribed 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 siructures to resull in products that ave correspondingly different. Descriptions of
syrtheses follow 1o provide nurscrous examples of how the starting materials may vary to
wrovide corresponding products. Given a desired product for which the substituent groups are
defined, the necessary starting materials generally may be determined by inspection. Starting
materials are typically obtained from comumercial sources or synthesized using published
methods. For synthesizing compounds which are embodiments described wn the present
disclosure, inspection of the atructure of the compound 1o be synthesized will provide the
identity of each substitoent group. The identity of the final product will generally render
apparent the identity of the pecessary starting materials by a simple process of inspection, given

the examples herein.
Synthetic Reaction Povameters

{B0152]  The terms "solvent”, “inert organic solvent”, or “incrt solvent” refer to 3 solvent inert
under the conditions of the reaction being described in conjunction therewith (including, for
example, benzene, toluene, acetonitrile, tetrahydrofuran (“THF), dimethyiformamide DME™),
chloroform, methyiene chlonide {or dichloromethane}, diethyl ether, methanol, and the like).
Linless specified to the conirary, the solvents used in the reactions of the present invention are

inert organic solvends, and the reactions are carried out under an inert gas, preferably nitrogen.
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{1831 The cornpounds of formula (J) may be prepared using the method shown in Reaction
Scheme I The compounds of formula (I} 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 methods known in the art. 'With respect to compound (A), R' is as

defined herein. With respect fo compound (8), R® and B” {s as defined herein. With respect o

compound (€, B” s as defined herein, Compound (A) can be mixed with Compound {B) i the

presence of a coupling agent such as diphenyl phosphite tn a solvent such as pyridine. After

stirring at 2 temperature between ambient and 100°C for between 1 and 5 hours, compound (C)

is added. Aftor further stirring at a temperature between ambient and 100°C for between 5 and
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24 hours, the reaction mixture 19 allowed to cool to room femperature. To extract the compound
of formula (1}, an organic solvent such as ethyl acetaie (Et0OAC) may be added, followed by
washing with, mild acid, water, and brine. The organic phase can be concentrated to obiain the
compound of formula (1} Alternatively, the residuc may be purified dircetly withont an
aqueous work-up. The compound of formuia (1) may be purified by any suitable methods
known in the art, such as chromaiography on silica gel, Alterpatively, the compound of formula

{1} may be used in the next step without purification.
Step Z—Preparation of a compound of formula (2}

[06358F  The compound of fornnuda (2) can be made by removing the protecting group(s) from
the compound of tormula (1), The compound of formula (1) is dasolved in a snitable solvent
and treated with a suitable acid. Suiiable solvents may include, for example, dichloromethane,
dipxane, or other suifable solvents, Suitable acids may inclade, for example, triffucroacetic acid,
hydrochionic acid, or boron tribromide (BBry). The reaction can be carried out at temperatures
between -78°C {0 ambient temperature. On reaction completion, selvent is removed 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 aqueocus work-up to obtain a compound of formula (2},
Step 4-——Preparaiion of a compound of formula (3)

[86159]  The compound of formula (3} can be made by treating S-substituied-2.4,6-
trihalopynimidine with arnmontum hydroxide in a suitable solvent such as dioxane, where the
hale is either chloro or fluore. The reaction is carried out af an elevated temperature between 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 cap be converied to the carhoxamide under standard conditions.
Step S--Preparation of a compound of formula (1

{08160]  The compound of formula {Ia) can generally be prepared by coupling compound of
foromita (33 and compound of formula (7} in the presence of a suitsble base in a suilable solvent.
An example of 4 suitable base is diisopropylethyiamine. An example of g suitable sobvent fg N-
methyipyrrolidone (NMP) The reaction is typically performed at o temperature between 50°C
te 150°C for about 30 minotes to 24 hours, Alternatively the reaction can be porformed 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 tfiltered 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 vesidue on a silica column, Furthermore, compounds of formmaia (1) 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 2 sali
{which mechudes and is not Himited o a hvdrochloric acid salt form or a trifluoroacetic acid salt
formn) and characterized by NMR. Thus, the resulting compounds and their NMR
characterizations may be either the free base or salf. 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 chiore and fluore, mis 0, &

is H, and R is methyl

G162 A mixture of 2-amino-6-chiore-3-fluorobenwoic acid {1.43 g, 7.6 mynol) and Boo-L-
glanine {1.7 g, ®.1 smmol) in pyridine (4.9 wml, 60.5 mmeol) was warmed to 45°C until
homogeneous then allowed to cool 1o room temperature, at which thme diphenyi phosphite
{5.0mL, 26 mumol} was added. The mixture was stirred for one hour at 45 °C, then treated with
pyrazine-2, S-diamine bis HCY (1g, ©.1 mmol) in a single portion. The mixture was stirred
overnight at 55°C. After cooling to room temperature, the mixture was diluted with toluene {20
mL} and washed three times with 10 % agueous hydrochioric acid solution, and concentrated to
dryness under reduced pressore. The residue was chromatographed, using a 25 g StliaSep flash
column, shiting with hexanes to 65 % ethyl acetate. The combined fractions were concenirated
under roduced pressure to give (Sy-tert-butyl (1-{3-{S3-aminopyrazin-2-yi}-S-chlore-&-fluoro-4-

oxo-3 4-dihydroquinarolin-2-yDethyhearbamate, ES/MS 4351 (M+H")

(]
Y
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B, Preparation of the below compounds of Formuda (1) using the procedurss desoribed in

Example 1A and Reaction Scheme I

{S-tert-butyd {1-{3-(S-aminopyrazin-2-yi}-8-fluoro-4-oxo-3 4-dihydroguuinazolin-2-

vhethyhearbamate;

{S-tert-butyl {(1-{3-(S-amnopyrazin-2-v1 - S-chlore-4-0x0-3, d-dihvdroquinazolin-2-
¥ 1

vijethyloarhamate;

S-tert-butyt {(3-{ S-ammopyrazin-2-vi}-S-chloro-d-0x0-3 4-dihvidroguinazolin-2-
AZ RG] 2 5 YOrog

vi¥eyclomopylimethylearbamate;

{Si-tert-butyl (1-{3-{S-aminopyrazin-2-y1 -6, 8-difluoro-4-ox0-3 4-dihydroguinazolin-2-

yhethylcarbamate;

{S)-tert-butyl (1-(3-(S-arainopyrazin-2-yi}-&-chloro-6-fluore-4-ox6-3,4-dibvydroguinazolin-2-

vhethvhicarbamate;

{(S¥tert-batyvl {(3-(S-aminopyrazin-2-vii-3,8-dichloro-4-0x0-3 4-dihvdroguinazolin-2-

viKevclopropyvlimethyDearbamate; and

{Sy-tert-butyd (1-(3-(S~aminopyrazin-2-yi}-3,8-dichloro-4-ox0-3 4-dikvdroguinazolin-2-

vhethvlicarbamate,

A, Preparation of a compound of formunla {2} in which iy i3 2, &' is chloro and fluoro, mis O, R’

is H, and B is methyl.

3 Rk,

{B01631 A solution of (give {(Srert-buivl (1-(3-(S-aminopyrazin-2-vi1-5-chloro-8-fluoro-4-
oxo-3 4-dihvdroguinazolin-2-viethvicarbamate (8.4, 8.92 nunol) in dichloromethane (10 mi)
was treated with riffuoreacetic acid (3.7 mL). After stizring 2h at room tomperature, the

sixture was concentrated to dryness under reduced pressurs 1o give (83-2-(1 -aminoethyl}-3-{5-
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aminopyrazin-2-yh-S-chloro-8-fluoroquinazolin-4 3t }-one as a golden amorphous semi-sohd,

which was carried forward without further purification. ES/MS 3351 (MH+H).

B. Preparation of the below compounds of Formula (2) using the procedure described in
Example 24 and Reaction Scheme b
{5)2--aminoethyl)-3-(S-aminopyrazin-2-y1-8-fluoroquinazolin-4{ 3 H}-one;

{(83-2-{ L -muinocthyt}-3-{ S-aminopyrazin-2-y1-5-chloroquinazolin-4{ 3 H{-one;

{532 -{muno{cyclopropyhmethyl -3~ S-aminopyracn-2-vi-5-chloroguinazolin-4{3H }-one;
(8}-2-¢ T-aminoethyl}-3-{ S-aminopyrarin-2-v1-6, 8-difluoroguinazolin-4(3H}-one;
{$3-2-{1-aminoethyl}-3-(S-armnopyrazin-2-yi}-8-chioro-6-flucroguinazolin-3 3 Hi-one;

{5)-2-(amino{cyclopropylimethy-3-(S-aminopyrazin-2-yi}-3 8-dichloroquinazolin-4{3H)-one;
and

(832 L-armnoethyt}3-(S-ammopyrazin-2-yip-5 &-dichlorsguinazolin-43H}one.
Example 3, Preparation of a compound of formula (3)

A.  Preparation of 2 compound of formula {3} in which R is CN and ¥ iz 1 {2.4-diamino-6-

chloropyrimidine-S-carbontirie)

[B8164] Armmoniuws hydroxide (20 mL) was added to a solution of 2 4,6-trichloropyrimidine-
S-carbontirile (5.0 g, 24 mumol} in dioxane (20 mL) at roomw temperature, The sohition was
warmed 1o 307C and stirred for 3 hrs. The reaction mixture was covled to 10°C and water (50
ml} was added. The resulting solid was filtered, washed with water, and dried under high
vacuum o afford the title compound as a white solid, PH NMR (100 MHz, DMSO) 164.8,
162.6, 161.9, 115.8, 77.6. BS/MS m/z = 169.9 (M+HY.

8. Preparation of the below compounds of Formuda (3} using the procedures described in

Example 34 and Reaction Scheme [
S-ehloro-t-thioropyrimidine-2 4-diaming;
G-chiore-S-{methvlsulfonylipyrimidine-2 4-diaming,
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G-chioro-5-(tritluoromethyDipyrimidine- 2 4-dimmine; and
2 4-Famino-t-chloropyrimidine-S-carboxamide,
Example 4. Preparation of a compound of formula (8

) . - . oy . . . P . 5
A. Preparation of a Compound of Formula (I} in which o iz 2, R’ is chloro and fluoro, mis O, B
is H, and R is methyl, which is {8}-3-{5-aminopyrazin-2-yh-S-chloro-2-(1 ({2, 6-diamino-5-

chioropyrimidin-d-yhamino ethyi}-8-fluoroguinazolin-4{ 3 }-one (Compound 1).

{0165)  S-chloro-o-Huoropyrimidine-2 4-diamine (0,11 g, 0.69 ramol} and DIEA (0.4 mL,
2.3 ol were added to a solution of (832 L-amimnoethyl}-3-{ S-aminopyrazin-2-vi}-5-chloro-
B-thuoroguinarolin-4{3H-one {0.15 g, 0.46 mmoi} in IPA. The resulting mixture was heated to
120 °C for 4 b in a ruicrowave then concentrated, HPLC purification of the residue afforded the
title compound. "H NME (400 MHz, DM3Q-d6) 8 8.01 (s, 1H), 7.85 - 7.71 G, 3H), 7.63 (dd, J
= &7, 4.5 Hz, THY, 7.54 (s, 2H), 7.43 {5, 3H}, 6.86 {x, 2H)}, 501 491 {m, 1H), 143 {, F = 6.5
Hz, 3HYL ES/MS 477.1 (M+H

B. Preparation of the below compound of Formula (I}, using the procedures described Example

44 and Reaction Scheme 1

(832 A-digmino-6-{{ 1-{3-{ S-aminopyrazin-2-y-S-chlore-8-fluore-4-0%0-3,4-dihvdroguinazolin-
2-yhethyDamino)pyrimidine-S-carbonitrile (Compound 2). "H NMR (400 Mz, DMSChde) §
B.28 — 792 {m, 4H}, 792 - 7.73 (m, 3H), 7.71 - 7,56 {m, 2H}, 7.49 - 735 {m, 1H}, 6.87 (s, 2H),
308 fg, 7= 6.8 He, TH), 1.424d, 7= 6.7 He. 3H). BS/MS 4681 (MY

{Sy-4-amino-6-{(1-{3-{3-amivopyrazin-2-vi3-5-chloro-8-fluors-4-0x0-3 4-dihydrogquingzolin-2-
vhiethyhaminopyrimidine- S-carbonitrile (Compound 3). 'H NMR (400 MHz, DMSO-d,) §
8.54 (s, 1H), €09 - 8.02 {m, ZH), 724 (5, 1H), 7.84 - 7.71 (1, 2H), 760 {dd, /= 8.8, 4.3 Hz,
1H3, 744 (s, 2H), 6.86 (3, 2H), 4.85 - 480 {m, 1H}, 142 (d, J= 7.4 He, 3H). ES/MS 4531
(MH)

{532-(1-((3H-[ 1.2 3ltrigzolol4, S-dipyrimidin-7~ylaminoethyl - 3-{ S-aminopyrazin-2-yi}-8-
fhuorogquinazolin-4(3H)}-ons (Compound 4). 'H NMR (400 MHz, DMSO-ds) § 9.5 (s, 1H},
841 (m, 3H), 793 (1, /=91 Hz 1H), 774 - 764 (m, 1H), 733 (d, /= 83,47 Hz, 1}, 746 ~
747 (m, 4H), 4.86 - 4.68 G, 1H), 1.66 ¢d, J= 6.8 Hz, 3H). ES/MS 420.1 (M-HHY
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(83-3-{S-amnopyrazin-2-y1-5-chioro-8-flucra-2-( 1 «{ furo[ 2, 3-dlpvrimidin-4-
Viaminoyethyliguinazolin-4(3H-one {Compound 53 'H NMR (400 Mz, DMSO-d,) 5 8.51 (s,
THY 817 — 810 {m, 2H), 3.03 (s, 1H), 7.91 = 7.67 {m, 3H), 7.58 {m, 1H), 7.25 (m, 2H}, 7.08 (s,
P, 478 (m, THY, 15244, 7= 6.5 He, 3H) ES/MSB 4531 (M+H )

{5)-2.4-dammo-6-{(1-3-{ S-aminopyrazin-2-yi}»-S-chloro-4-ox06-3 4-dihvdroguinarolin. 2-
vhethyhaminolpyrimidine-5-carbonitrile (Compound 6}, 1H NMR (400 Mz, DMSO-d6) &
B8 {e, P Hy, B.03 {s, 3H), 7.82 (1, /=80 Hz, 2H), 7.65 (ddd, /= 203, 8.9, 1.2 Hz, 21}, 7.49
{brg, 11}, 7.062 ~ 671 {brs, 3H}, 499 (g, /= 0.8 He, 1H), 145 - 1.38 {m, 3H). ES/MS 450.1
(MDY,

{83-3-{ S-aminopyrazin-2-y-S-chloro-2-( 1 -{{2, 6-diamino-S-chloropyrimidin-4~
yhaminoethylguinazolin-4{3Hone (Compound 7). 1H NMR (400 Mz, DMSO-d63 8 8.02
{brs, 1H}, 7.86 777 {m, 3H), 7.69 (dd, J= 8.1, 1.2 Hz, 1H)}, 7.62 (dd, J= 7.9, 1.2 Hz, 1H},
7.55 {brs, ZH), 7.44 {brs, 2H), 6.84 (brs, 2H)L 4.94 (p, S = 6.8 Hz, 1H), 1.42 {4, J= 6.6 Hz, 3H)
BS/MS 4591 (M+H™,

{83-3-{5-aminopyrazin-2-vi-S-chlore-2-{cvelopropyl{( 2, 6-Hamino-S-chioropyrimidin-4-
vijamine ymethyhguinarohn-4(3H-one (Compound 8). 1H NMR (400 MHz, DMSO-d6) & 7.88
— 778 G, 26, 776 - 7.66 (m, 3B 763 (84, J = 7.8, 1.2 Hz, TH), 7.56 (s, 2H), 7.41 (5, 2H),
6820675 (m, 2H), 474 - 4.47 (rn, THY, 1.53 (s, TH}, 0.57 (5, 1H), 046 {dp, /= 124,73, 6.1
Hez, 2H), 0.16 {dy, 7 = 9.6, 4.9 He, 1H). BS/MS 485.1 (M+H)Y

{83-2.4-dianmino-6-({{3-(S-arnmopvrazin-2-vi}-3-chloro-4-ox0-3 4-dibydroguinazolin-2-

vi¥ cyclopropyhimethyDaming ipyrinaddine-S-carbonitrile {Compound 9. 1H NMR (400 MHz,
DMSQ-d6y s 814 (d, /= 19.0 Hz, 3H), 7.90 - 778 {m, 2H}, 7.71 {dd, /=82, 1.2 Hz, 1H), 7.63
{dd,.J= 72, 1.2 Hz, 1H}, 748 (bre, 1H}, 6.75 (m, 2H}, 596 (bre, 2H), 4.69 (1, J= 8.3 Hz, 1H},
154 (s, 1H}, 0.37 (s, 1H), 0.51 ~ 0.39 (m, 2HL 0.17 {m, 1H). ES/MS 4761 M+

{8¥y2 4-diamino-6-({(3-(S-aminopyrazin-2-v13-5 8-dichioro-4-0x0-3, 4-dibvdroguinazolin-2-
vi¥cyclopropyhimethyDaminopyrimidine-5-carboniivile (Compound 10} 1H NMR (400 Mz,
DMSO-d6) 6 807 - 7.97 {m, 5H}), 7.91 - 782 {m, 1H), 7.8G (s, 1H), 7.63 {4, J= &5 Hz, 1H),
TAT - 7.41 (v, 2H}, 6.85 (5, 2H), 482 (1, 7= 79 Hz, 1H}, .57 - 0.39 {m, 4H), .24 - 0.13 {m,
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1RY. BS/AS 5101 (M+H Y

{532 d-diamino-6-{{1-3-{ S-aminopyrazin-2-yh-3 &-dichloro-d-ox0-3 4-dihydroguinazolin-2-
yhethylaminejpyrimidine-S-carbonitrile {Compound 11}, TH NMR {400 MHz, DMSO-d46) §
11 - 790 (my, 5H), 783 (5, 2HY, 7.62 (4, J= 8.5 Mz, THY, 7.54 - 7.26 (v, 2H), 6.9 (5, 2H]),
S507{p, J= 67 Hz, 1H), 1.43{d, J= 6.6 Hz, 31 ES/MS 4841 (MHH)

{S3-3-(G-aminopyrazin-2-yi-5,8-dichloro-2-{ cyelopropyl({ 2 6-diamino-3-chloropyrimidin-4-
yviaminoimethvhquinazohin-4(3H}-one {(Compound 12}, 1H NMR (400 MHz, DMEO-d6) &
8.52 {d, J= 1.5 He, 1, 8.07 - 800 (m, 2HY, 7.70(d, J= 1.5 He, 1H), 7.63 {d, J= 8.6 Hz, 11},
Ta9(d, =85 Hz, 1H}, 6.89 - 6.81 {m, 3H}, 6.45 (5, 2H), 6,15 {d, /=33 Hz, 11}, 4.81 - 4.78
fmy, THY 138 - 102 (o, BH, 1.06 - 072 (my, 28D, 0,66 - 0.39 G, 2ZH), BS/MS 518.1 (M+HY

{S3-3-(S-amnopyrazin-2-v11-5,8-dichloro-2-(1 -{{2,&~digmino-3~chioropyrimidin-4-
vhaminojethyl guinazolin-4{3H-one {Compound 133 1H NMR (400 MHz, DMSO-d6) 4 £.02
{dd, J= 8.6, 0.7 He, 2F), 7.84 (4, J = §.1 Hz, ZH), 7.67 — 7.56 (m, 3H), 7.56 - 7.46 {m, 2H),
6.95 - 6.87 {mn, 3H}, 5.01 {p, J= 6.7 Ha, 1H), 1.44 {d, 7= 6.6 Hz, 3H). E5/MS 493.0 {M+H );

{23 2-amine-4-{{ 1-3-(S~armivopvrazin-2-v1}-8-chloro-6-fluoro-4-oxo-3, 4-dihydroguinazolin-2-
viethyljarino}-6-{difluoromethvpyrimidine-3-carbonitrile {Compound 14). "H NMR (400
Mz, DMS0OYS B0 (dd, 1= 8.5, 2.9 He, 1D, 808 (he s, THY, 7.86 — 779 (m, 31D, 7.54 (br s,
1HY, 735 (brs, 1H) 6.87 (brs, 2H)L, 665 (1, J =835 He, 1HYL 510500 0m, 1H), 145, I =
6.5 Hz, 3H). ES/MB 5031 (M+H™Y;

{S 12 4-Diamino-6-(( -3~ S-aminopyrazin-2-vl -6, 8-diffuoro~4-oxo-3 4-dihydroguinarolin-2-
yhethyllamino ipyrimidine-S-carbonitrile {Compound 15). 'H NMR (400 MHz, DMSO-ds) §
8.004{s, 3H), 7.92(ddd, 7= 103,89, 2.9 Hy, THY, 7.79 (s, 1H), 769 (ddd, /=82, 2.9, 1.3 Hz,
PHY, 6.85 (5, 2H3, 5.01 {p, J= 6.7 He, 1HD, 1.40(d, 7= 6.6 Hz, 3H). BS/MS 468.1 (M+H),

{5}-3-{5-Aminopyrazin-2-v11-2-{1-{(2,6-diarnino-3-chloropyrimidin-4~-vhamino jethyl 3-8, 8-
diflucroguinazotin-4{3H-one (Compound 16} HONMR {400 MHz, DMEO-d3 8 7.93 (ddd, 7=
104, 89,29 Hy, 2H), 7.79(d, =78 Hz, 2H), 7.6 {(ddd, 7= 8.2, 2.9, 1.3 He, TH}, 7.50 (s,

2H3, 7.39 (s, 3H), 6,84 {8, 2H), 4.99 (p, =67 He, 1H), 141 {d. 7= 6.6 Hz, 3H), EA/MS 4619
(MY
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{8)}2 4-Pramino-6-{{1-(3-3~aminopyrazin-2~yi}-S-chloro-6-Huoro-4-ox -3 4~
ditiydraguinazolin-2-vhethyDamins inwinidine-S-carbonitrile {Compound 17} TH NMR (400
MHz, BMBO0-d3 8 8.17 (dd, J= 8.5, 2.9 Hy, 1H), 8.02 (5, ZH}, 7.85 (10, J= 7.8, 3.6 Hz, 4H},
690 (s, 2H), 510 (p, J = 6.6 He, THD), 144 (4, 7= 6.6 Hz, 3H). BS/MS 468.1 (M+H™),

s-fluorogquinazolin-43H -one (Compound 183 'H NMR (400 MHz, DMSO-d,) 8 8.19 (dd, 7=
8.3, 2.9 He, 1H), 7.98 (s, 2H), 7.86 (dd, J= 8.1, 2.9 Hz, 2H}, 7.81 {5, 1H), 7.56 {s, 41}, 6,90 (5,
2H), 5.23 - 4.91 fmy, 1H), 1.45(d, /= 6.6 Hz, 3H) BS/MS 4770 (M+H )

{53-3-(5-Aminopyrazin-2-yi-8-chlore-2-{1-((2 6-dlamino-S-chloropyrimidin-4-yllaminojethyl -

{S3-2-(1-({6-Amino-S-chloropyrimidin-4-vDaminojethyl)- 3+ S-aminopyrazin-2-yi}-5-
chloroquinazolin-d{3H -one (Compound 19}, 'H NMR (400 Mz, DMSO-ds) 8 .73 (5, 1H),
SAB{d, J=1.4Hz 1H), 7.92 (s, 1H), 789(d, /= 1.5 He, 1H}, 7.67 - 7.60 (m, 1H), 749 (dd, J
=82, V2 He, 1HY, 744 (dd, 7= 7.8, 1.2 e, 1H), 718 (5, 2H3, 475 (5, 1H), 1.49(d, F= 7.0 Hz,
3H) ES/MS 4441 (M+H )

{(R3-2-{{{o-Amino-S-chloropyamidin-4-yhamino {oyelopropy imethyi -3 -(S-aminopyrazin-2 -yl
5 &-dichloroguinazolin-4(3H)-one (Compound 20). 'H NMR (400 Mbz, DMSO-d) 6 8.01 (4, J
=85 Hr, 1H}, 7.82 (s, 1H), 7.71 (5, 1H}, 760 (d, J= 35 Hy, 1H}Y, 6.87 (s, 2H), 662 {4, /=172
Hz, 3H3, 4.67 (s, 1H), 1 .42 {5, 1H}, .51 — 0.27 {m, 4H), 0.27 — 0.07 {m, 1H). ES/MS 504.1
{(M+H}: and

{5)-2-{{{~Amino-S-chloropyrimidin-4-yDamino ¥ ovelopropyDmethyi-3-( S-aminopyrazin-2-vi)-
S-chloroquinazolin-4(3H-one (Compound 21). 'H NMR (400 Mz, DMSO-de) 8 7.96 (s, 1H),
7.81 (g, = 7.9 Hz, 2F), 7.69 {d, J= 9.3 He, 3H), 7.60 {dd, 7= 7.9, 1.3 Hz, 2H}, 6.81 {s, 3H),
6561 {s, 4HY, 437 (d, /=125 He, 1H}, 1.49(d, /= 12.0Hz, 1H}, 044 (5, 4H), 034 {g, J= 4.5

Hz, 1H) BS/MS 4701 (M+H )
Biclogical Fxamples

[3166]  The compounds of formula (1) were characterized for their enzymatic activity against
the PIAK isoforms. The activities were measured nsing a time-resolved fluorescence resonance
energy transfer (TR-FRET) assay. TR-FRET monttored the formation of 2,4, 5-inostiol

triphosphate molecule that competed with flucrescently labeled PIP? for binding to the GRP-1
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pleckstrin homology domain protein. An increase in phosphatidylinositide 3-phosphate product
resulied m a decrease in TR-FRET signal as the labeled fluorophore was displaced from the

GRP-1 protein binding site,

1901671 Class I PI3K isoforms were expressed and purified as heterodimeric recombinant
proteins. All assay reagents and buffers for the TR-FRET assay were purchased from Millipore,
PI3K isoforms were assayed under indtial rate conditions in the presence of 25 mM Hepes

{pH 7.4}, and 2x Kim ATP {75-500 pbi), 2 oM PIP2, 5% glveerol, 3 mM MgCl, 50 mM NaCl,
(.05 {v/v) Chaps, 1 mM dithiothreitol, and 196 {v/v} DMSBO at the following concentrations
for each wsoformy: PI3K e, PI3KE, and PI3RS botween 25 and 30 pM, and PI3Ky at 7 obl. The
componnds of Table | and Compound X ({82 4-damino-6-((1 -{5-chioro-4-ox0-3-{pyridin-3-
vi}-3,4-dihydroguinazolin-2-yhethvbBaminopyrimidine-S-carbonitrile) and Compound ¥ ({8}
2 A-damino-6-{{ 1-(S-chloro-4-0x0-3-{pyridin-3-vi}-3 d-dihydroquinazelin-2-

vhethyl Jaminolpyrimidine-S-carbonitrile} were added to the assay solution and incubated for
30 minutes at 25°C, The reactions were terminated with a fing! concentration of 10 mM EDTA,
10 oM labeled-PIP3, and 35 aM Buropivm labeled GRP-1 detector protein before reading
TR-FRET o an Envision plate reader (Ex: 340 nm; Em: 615/665 mim; 100 ps delay and 500 ps

read window),

[00168]  The results were normalized based on positive {1 pM wortmanin) and negative
{DMEO} controls, and the [Ca values for PI3K o, B, 4, and v were calculated from the fit of the
dose-reaponse curves 1o a four-parameter equation. These assays generally produced resulis

within 3-fold of the reported mean.

[06169]  Table 2 summarizes the Hs (nM ) values for PI3K teoforms £, 8, and v, The resuits
indicate that cerain compounds of formula (8} inhibit both PI3KS and PI3KB. Alse, Compound
X exhibited PI3KS ICq of 0.2 nM, PE3KE ICs of 11 nid, PI3Ky 1050 of 7 6dM. The
PIKy/PIER ratio for Compound X is 0.6, The resulis indicate that certain compounds have
greaier selechivity for PI3KE over PI2KYy compared to compound X, Compounds in Table la

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

Tahle 2. The 1{s; values (nbd} for PI3K iscforms 5, 8, and v,

x> -y N I ¢
W HDON NS IR DY IR R TV N
Componngd FLIKH RSN VRSNY
t e SO
i i 4 ; g 2 URANG
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1801781 All ofithe ULS. patents, U.S. patent application publications, U5, patent applications,
foreipn patents, Ioreign palent applications and non-patent publications referred 1o in this
specification are incorporated herein by reference, i thelr entivety to the extent 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 iHustration, various
modifications may be wade without deviating from the spirit and scope of the present

appication.
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What s clatmed:

i A compound having the structure of formula (I
o %Ni MM,
®, § LT
me TN NN,
i ‘?\fi" RE
N
Rﬁf R
{1
wherein:

nig i, 2, 0r3;

mis Bori;

each &' is independently selocted from halo, cyvane, optionaly substituted Cue alkyl,
optionally substituted {4 baloalkvl, optionally substituted Ci ¢ alkoxy, optionally substituted
sultfonyl, optionally substituted Ciyg axyl, oplionally substituted Ca heteroarvl, optionally
substituted Ty cyveloalkyl, and optionally substituted Cy. heterocyeloalkyls

each R’ is independently selectad from halo and opticnally substituted O alkyl;

B is hydrogen, optionally substituted U alkyl, optionally substituted Cag arvl, or
optionally substituted Csy cycloalkyvl;

kY 9 a six- to twelve-membered heteroaryl having at least one sromatic group and at
feast two heteroatoms, wherein the hetercatoms are selected from N, O, or 8, wherein the
heteroaryl is optionally substituted with one, two, or three members independently selected from
halo, cyano, optionally substituted haloalkyl, optionally substituted Ci 4 alkyl, and -NH;; and

R’ is hydrogen or optionally substituted €, alkyl, wherein R” and R topether with the
atoms o which they are attached optionally forny a four- or eighi-membered hetercoyalic ring;

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

2. The compound of claim 1, wherein
nis 1 or2;
misorl;
each R’ {s independently selected from halo, O, ¢ alkyl, and C, . haloalloyl;
pach R” s independently aelonted from Cpg allov;

R is hiydrogen, Cg aliovl, or Cip oyeloalkyt;
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27 s 2 six- o twelve-membered heterparyt having at Jeast one aromatic ring and af least
two nitrogen atoms, wherein the hetercaryi is optionally substituted with one, twe, or three
members independently selected from halo, cyano, -NH,, Cy ¢ haloalkyi, and O, alkyl; and

®ish ydrogen, methyl, ethyl, or propyl, or R and B mgether with the atoms to which
they are atiached optionally form 8 five-membered heterocyelic ring

or a phanmacentically acceptable salt, isomer, or a mixture thersof

e . . P o
3. Fhe compound of claivos -2, wherein each R s independently selected from chlorn,

bromo, fluore, methyl, ethyvl, and propyl.

o . . ] . N, . o
4, The compound of any of claims 1-3, wherein each R~ is independently selected from

methyl, ethyl, and propyl

- .. . T, . )
5. The compound of any of claims 1-4, wherein R 1s hydrogen, methyvl, ethyvl, propyl,

butyl, cyclopropyl, or cyclobutyl

f. The compound of any of claims 1.5, wherein R is hydrogen, methyl, ethyl, or propyl,
7 The compound of any of claims 1-6, B’ and &7 together with the atoms to which they are

atiached optionally form pyrrolidinyl,

. . - . . R 4 - . .

X. The compound of any of claims 1-7, wherein R” is 2 monocyelic heteroaryl having at
. . 4 - . . .

least two nitrogen atoms, wherein R s substituted with two or throe members independently

selected from brome, chloro, fluors, cyane, methyl, ethyl, propyl, and -NH..

e . - . . 4 . P . .
9. Fhe compound of any of claims 1-8, wherein R” is pyrmmidiny] substituted with two or
three members selecied from the group consisting of bromo, chlore, fluero, cyano, methyl, ethyl,

propvi, and -MNH..

16, The compounds of any of claims 1-19, wherein the compound is an {8)-enantiomer.
11, The compounds of any of claims 1-19, wheretn the compound 1¢ an (R b-epantiomer.
t2. The compound of claim 1, wherein the compound e selected from the group consisting
ot

{(S)-3-(S-aminopyrazipg-2-yi}-5-chloro-2-{ 1 -{{2,6-diaming-S-chloropyrimidin-d- vl jamino jethyl}-

S-fluoroquinazaolin-4{3H}-one;

G4
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{3}-2,4-diamino-6-({ 1 -3 -S-aminopyrazin-2-yh-3-chioro-8-fluore~-4-ox0-3,4-dihvdroguinazolin-

2-vhethvlaminopyrimidine-3-carbonitrile;

{5}-4-amino-6-{{1-3-{S~aminopyrazin-2-vi}-S-chloro-8-thiors-4-oxo-3 4-dihydroguinazobin-2-

vijethyhamineo ypyrimidine-S-carbontirtie;

{S3-2-(1-{(3H-11,2 3liriarolnl4, S-dlpyrimidin-T-yhaminoyethyl 3-3-{ Scaminopyrazin-2-vi}-8-

fluoroquinazolin-43H}one;

{S3-3-S-aminopyrarin-2-v1)-S-chloro-B-flucre-2-( 1 -{foro[ 2, 3-djpyrimidin-4-

viaminoethylguinazolin-4(3Hone;

{83-2 4-diamine-6-{{(1 -3~ S-aminopyrazin-2-vl - 5-chloro-d-oxo-3.4-dihydroguinazolin-2-

yviethyhamings ipyrimidine-S-carbonitrile;

{S)-3-{5-aminopyrazin-2-vi+5-chloro-2-{ 1 ({2, 6-diamino-S-chloropyrimidin-4-

yvhaminejethyhgumnazolin-4(3H-one;

{S3-3-(S-aminopyrazin-2-v1i-S-chloro-2-{cyclopropyl{ {2,6-diamino-5-chloropyrimidin-4-

viaminomethyhguinazolin-4(3H\one;

(512 4-damine-6-{{{3-{S-aminopyrazin-2-y1-S-chloro-d-gx0-3 4-dihvdroguinazolin-2-

yvievelopropyhimethyhDlamino jpyrimidine-S-carboniinile;

{8)-2 4-diamino-6-{{{3-( S-aminopyrazin-2-vi)}-5,8-dichioro-4-ox0-3,4-dihvdroguinazolin-2-

vixeyelopropyiimethyDamino ipyrimidine-S-carthonitrile;

{8)2 4-diarnino-0-({ 1-(3-(S-aminopyrazin-2-y -3, 8-dichlioro-4-ox0-3 4-dibydroguinazolin-2-

vhethybBaminelpyrimidine-S-carbonitrile;

{(5y3-{S-aminopyrazin-Z-vi 3. 8-dichloro-2-{cyclopropyl{{ 2 &-diamine-S-chloropyamidin-4-

vhaminoynethyhquinazolin-4{3H one;

{8)¥3-{ S-aminopyrazin-2-yi)-3,8-dichloro-2-{ 1-{{2,6-diamino-S-chloropyrimidin-4-

yviaminojethyhquinazohin-4{3H}one;

{(8¥-2-amino-4-({ 13- S-aminopyrazin-2-vi -8-chioro-6-fluore-4-oxo-3, 4-dihvdroguinazolin-2-

yvhethyhamine 6-{diffucromethylipyrimidine-S-carbonitrile;

)
L
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{(8¥-2 4-Diamino-6-{{1 -{3-{S-aminopyrazin-2-yi}-6, 8-difhuoro-4-ox0-3 4-dihydroquinazelin-2-
yvhiethylaminopyrimidine-S-carbonitrile;

{(8¥-3-{5-Aminopyrazin-2-yi}-2-(1 (2. 6-diaming-S-chloropyrimidin-4-vi jamine yethyl3-6,8-
dittuoroguinarolin-4{3H}-one;
{S2,4-Diamdno-6-(( 1-( 3~ S-aminopyrazin-2-vl j-B-chloro-6-fluorg-d-gxo-3,4-
dihydroguinazolin-2-shethylamine )pyrimidine- S-carbonitrile;

(S 3-3-(5-Aminopyrazin-2-v1i-8-chioro-2-(1 -{(2,6-diamino-5-chloropyrimidin-4-viarminoethyl -
&-flucroquinazolin-4(3H }-one;

{33-2-(1-{{6~ Arnino-3-chloropyrimidin-4 -yl lanvinoethyl 1 3-(S-aminopyrazin-2-vi 1-5-
chloroguinazolin-4(3H-one;

(33 2-({ {6~ Amino-S-chloropynmidin-$-yDamino Y cyclopropyviraethvi 3 - S-aminopyrazin-2-vi -
5 &-dichloroguinazolin-4{3H}-one; and

{(8y-2-{{{6-Amino-S-chloropyrimidin-d-yDamino ¥ eyvelopropylimethvh-3-(3-aminopyrasin-2-vi
S-chloroguinazolin-4{3H-one;

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

13, A pharmaceutical composition comprises the compound of any of claims 1-12 and at

ieast gue pharmaceutically acceptable vehicle,

4. A method of treating a disease or condition in 2 buman in need thereof comprises the
administering to the human a therapeutically effective amount of the compound of any of claims
1-12, wherein the disease or condition s selected from cancer, hematologic malignancics,
leukernias, bymphomas, myeloproliferative disorders, myelodysplastic syndromes, plasma cell
neoplasms, solid tumor, inflammation, fibrosis, avlohromune disorders, altergic conditions,
bypersensitivity, cardiovascular diseases, neurodegenerative diseases, renal disorders, viral

nfections, obesity, and autoinunune diseases.

13, The method of claim 14, wherein the disease or conditton is selected from rheumatoid
arthritis, osteoarthiritis, atherosclerosis, proriasis, systemic lupus erythematosus, multiple
sclerosis, inflammatory bowel discase, asthma, chronic obstructive alrways discass,
preumonits, dermatitis, alopecia, nephritis, vasenlitis, atherosclerosts, Alzheimer’s disease
hepatitis, primary biliary cirrhosis, sclerosing cholapgitis, disbeies (ncluding type | diabeiesL
acute rejection of transplanted organs, bymphomas, multiple myelomas, leukemias, pancreatic
cancer, bMadder cancer, colorectal cancer, breast cancer, prostate cancer, renal cancer,

hepatoceliular cancer, lung cancer, ovanan cancer, cervical cancer, rectunm cancer, liver cancer,
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kidney cancer, stomach cancer, skin cancer, gasiric cancer, esophageal cancer, head and neck
cancer, melanoma, nouroendocring cancers, CNS cancers {o.g., neuroblastoma), brain tumors
{e.p., glioma, anaplastic chigodendroglioma, adult ghoblastoma multiforme, and adalt anaplastic
astrocytoma), bone cancer, or soft tissue sarcoma. A method of inhibiting the activity of a
phosphatidylinositol 3-kinase polvpeptide by contacting the polypeptide with the compound of

any of claims 1-12.

i6. A method of inhibiting excessive or destructive immume reactions or growth or a
proliferation of cancer cells, comprising administering an effective amount of the compound of

any of claims 1-12,

17. A kit comprises the compound of any of claims 1-12 or a label and/or instructions for
BEC,
8. The compound, a pharmaceutically acceptable salt, isomer, or a mixture thereof of any of

claims 1-12 for use in therapy.

19 The compound, a pharmaceutically acceptable salt, isomér, or 3 mixture thereof of any of

claims 1-12 for vse it a method of reating of any of claims 14-15.

20, Use of the compounnd, a pharmaceutically acceptable salt, isomer, or 2 mixture thereof of
any of claims 1-12 for the manufacture of 3 medicament for freatrent of a disease or condition

of any of claims 14-15.
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