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PHOPHAIDYINSITL 3KINSEINH,11IBITORS 

FIELD 

[00011 The present application relates to novel compounds that selectively inhibit the 

activities of P13K isoforms and their uses in therapeutic treatments.  

BA CKGROUND 

100021 Cell signaling via 3'-phosphorylated phosphoinositides has been implicated in a 

variety of cellular processes, e.g., malignant transformation, growth factor signaling, 

inflammation, and innunity (Rameb et al, J. Biol Chem., 274:8347-8350, 1999).  

Phosphatidylinositol 3-kinase (PI 3-kinase or P13K) is responsible for generating these 

phosphorylated signaling products. P13K was initially identified as a protein associated with 

viral oncoproteins and growth factor receptor tyrosine kinases that phosphorylate 

phosphatidylinositol (PI) and its phosphorylated derivatives at the 3'-hydroxyl of the inositol 

ring (Panayotou et al., Trends Cell Biol, 2:358-60, 1992).  

[0003] Three classes of the PI 3-kinase (PI3K) are proposed based on the substrate 

specificities. Class I PI3Ks phosphorylate phosphatidylinositol (PI), phosphatidylinositol-4

phosphate, and phosphatidylinositol-4,5-biphosphate (PIP2 ) to produce phosphatidylinositol-3

phosphate (PIP), phosphatidylinositol -3.4-biphosphate, and phosphatidylinositoi-3,4,5

triphosphate, respectively. Also, Class 11 P13K s phosphorylate P1 and phosphatidylinositol-4

phosphate, and Class III PI3Ks phosphorylate PL 

[00041 The initial purification and molecular cloning of P1 3-kinase revealed that it was a 

heterodinier consisting of p85 and p110 subunits (Otsu et at, Cell, 65:91-104, 1991; Hiles et al! 

CeIL, 70:419-29, 1992). Later, four distinct Class 1 P13Ks were identified and designated as 

P13K a, , ,6. andy isoforms. Each isoform consists of a distinct 110 kDa catalytic subunit and a 

regulatory subunit. The catalytic subunits of P13K a, , and 6 (i.e., p10a, p10 , nd p1(, 

respectively) interacts, individually, with the same regulatory subunit p85, whereas the catalytic 

subunit of P13K y (pl 10y) interacts with a distinct regulatory subunit p101.  

[00051 Studies have also showed that each P131K isofbrm has distinct expression pattern. For 

example, PIK3CA which encodes PI3Ka is frequently mutated in human cancers (Engelman, 

Nat. Rev. Cancer, 9: 550-562, 2009). Also, PI1KS is generally expressed in hematopoietic cells.  

Moreover, P13K isoforns are shown to be associated with proliferation or survival signaling in
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cancers, inflammatory, or autoilmmune diseases. As each P13K isoform has different biological 

function, P13K isoforms are potential targets to treat cancer or disorder (US Patent Nos.  

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

[0006] Therefore, there is a need for developing therapeutic agents that inhibit P.3K 

isoforms to treat diseases, disorders, or conditions that are mediated by P13 K.  

SUMMARY 

100071 The present application provides novel compounds that are inhibitors of P13K 

isoforms. The application also provides compositions, including pharmaceutical compositions, 

kits that include the compounds, and methods of using and making the compounds. The 

compounds provided herein are useftil in treating diseases, disorders, or conditions that are 

mediated by P3K isoforis. The application also provides compounds for use in therapy. The 

application further provides compounds for use in a method of treating a disease, disorder, or 

condition that is mediated by P13K isoforms. Moreover, the application provides uses of the 

compounds in the manufacture of a medicament 1br the treatment of a disease, disorder or 

condition that is mediated by PI3K isoforns.  

100081 The applications provides the compounds having the structure of formula (I): 

(R O N NH 2 

N 3 N (R2)mn 

S N 4 

(I) 

wherein: 

n is 1, 2, or 3; 

m is 0 or 1; 

each Rt is independently selected from halo, cyano, optionally substituted CL6 alkyl, 

optionally substituted C- 6 haloalkyl, optionally substituted C1..6 alkoxy, optionally substituted 

sulfonyL, optionally substituted C3.s aryl. optionally substituted C>-8 heteroaryl, optionally 

substituted C3 -8 cycloalkyl, and optionally substituted C3.8 heterocycloalkyi; 

each R2 is independently selected from halo and optionally substituted C,- alkyl; 

R3 is hydrogen, optionally substituted Cf. alkyl, optionally substituted C6 -10 aryl, or 

optionally substituted C3..8 cycloalkyl;
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R4 is a six- to twelve-membered heteroaryl having at least one aromatic goup and at 

least two heteroatoins, wherein the heteroatoms are selected from N, 0, or S, wherein the 

heteroaryl is optionally substituted with one, two, or three members independently selected from 

halo, cyano, optionally substituted haloalkyl, optionally substituted C1 s alkyl, and -NH 2; and 

R5 is hydrogen or optionally substituted C1 -6 alkyl, wherein R2 and R5 together with the 

atoms to which they are attached optionally form a four- or eight-membered heterocyclic ring; 

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

100091 The application also provides the compound having the structure of formula (1), 
wherein: 

n is I or 2; 

in is 0 or 1; 

each R is independently selected from halo, CV(. alkyl, and C76 haloalkyl; 

each R2 is independently C1 6alkyl; 

R' is hydrogen, C .6 alkyl, or C3-S cycloalkyl; 

I4 is a six- to twelve-membered heteroaryl having at least one aromatic ring and at least 

two nitrogen atoms, wherein the heteroaryl is optionally substituted with one, two, or three 

members independently selected from halo, cyano, -NIHI, C- haloalkyl, and C1 s alkyl; and 

R5 is hydrogen, methyl, ethyl, or propyl, or R and R. together with the atoms to which 

they are attached optionally form a five-membered heterocyclic ring; 

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

100101 In one aspect, the compound of the present application having the structure of 

forrnula (I), wherein each R' is independently selected from chloro, bromo, fluoro, methyl, 

ethyl, and propyl. In some aspect, the compound of the present application having the structure 

of formula (I), wherein each R" is independently selected from methyl, ethyl, and propyl, In 

certain aspect, the compound of the present application having the structure of formula (I), 

wherein R3 is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl. In other 

aspect, the compound of the present application having the structure of formula (1), wherein .R 

is hydrogen, methyl, ethyl, or propyl. In some other aspect, the compound of the present 

application having the structure of formula (1), wherein R. and R' together with the atons to 

which they are attached optionally form pyrrolidinylt In further aspect, the compound of the 

present application having the structure of formula (I), wherein R is a monocyclic heteroaryl 

having at least two nitrogen atoms., wherein R4 is substituted with two or three members 

3
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independently selected from bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, and -NH- In 

some further aspect, the compound of the present application having the structure of fonmila (I, 
wherein R is pyrnmidinyl substituted with two or three members selected from the group 

consisting of bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, and -N1-12.  

[0011] In certain embodiments, the P13K. inhibitors are the compounds selected from Table 

1, a pharmaceutically acceptable salt, isomer., or a mixture thereof. In additional embodiments., 

the compound is an (S)-enantiomer. In other embodiments, the compound is an (R)-enantiomer.  

In other additional embodiments, the compound is an atropisomer.  

[0012] The application also provides a pharmaceutical composition that comprises a 

compound of fonrnula (I), a phannaceutically acceptable salt, isomer, or a mixture thereof, 

together with at least one phannaceutically acceptable vehicle. Examples of a phannaceutically 

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

[00131 Further provided herein is a method of treating a disease, disorder, or condition in a 

human in need thereof by administering to the human a therapeutically effective amount of a 

compound of formula (I) or a pharmaceutically acceptable salt, isomer, or a mixture thereof.  

Further provided is a compound of formula (I) for use in a method of treating a disease, disorder 

or condition that is mediated by P13K isoforms. The application also provides the use of a 

compound of formula (F) in the manufacture of a medicament for the treatment of a disease, 

disorder or condition that is mediated by P13K isoforms. In certain embodiments, the disease, 

disorder, or condition is associated or mediated by PI3K. In some embodiments, the disease, 

disorder, or condition is an inflammatory disorder. In other embodiments, the disease, disorder, 

or condition is a cancer.  

10014] 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 (I) or a 

pharmaceutically acceptable salt, isomer, or a mixture thereof 

100151 Further provided is a method of inhibiting excessive or destructive immune reactions, 

comprising administering an effective amount of a compound of formula (I) or a 

pharmaceutically acceptable salt, isomer, or a mixture thereof 

4
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[00161 Also provided is a method of inhibiting growth or proliferation of cancer cells 

comprising Contactinig the cancer cells with an effective amount of a compound of formula (I) or 

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

10017] Also provided is a kit that includes a compound of formula (I) or a pharnaceutically 

acceptable salt, isomer, or a mixture thereof. The kit may further comprise a label and/or 

instructions for use of the compound in treating a disease, disorder, or condition in a human in 

need thereof In some embodiments, the disease, disorder, or condition may be associated or 

mediated by P13K activity.  

10018] Also provided are articles of manufacture that include a compound of formula (I) or a 

pharnaceutically acceptable salt, isomer, or a mixture thereof, and a container. In one 

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

DETA I LED DESCRIPTION 

10019] The following description sets fbith exemplary methods, parameters and the like.  

Such description is not intended as a limitation on the scope of the present application but is 

instead provided as exemplary embodiments.  

[0020] As used herein, the following words, phrases and symbols are generally intended to 

have the meanings as set forth below, except to the extent that the context in which they are used 

indicates otherwise.  

10021 1 A dash ('") that is not between two letters or symbols is used to indicate a point of 

attachment for a substituent, For example, ~CONH2 is attached through the carbon atom. A 

dash at the front or end of a chemical group is a matter of convenience; chemical groups may be 

depicted with or without one or more dashes without losing their ordinary meaning. A wavy 

line drawn through. a line in a structure indicates a point of attachment of a group. Unless 

chemically or structurally required, no directionality is indicated or implied by the order in 

which a chemical group is written or named.  

[00l 22 'he prefix "Ca" indicates that the following group has from u to v carbon atoms.  

For example, "C1 -6 alkyl" indicates that the alkyl group has from I to 6 carbon atoms.  

i[023] Reference to "about" a value or parameter herein includes (and describes) 

embodiments that are directed to that value or parameter per se. In certain embodiments, the
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term "about" includes the indicated amount L 10%. In other embodimrents, the term "about" 

includes the indicated amount 5%. In certain other embodiments, the term "about" includes 

the indicated amount ± 1%. Also, to the term "about X" includes description of "X". Also, the 

singular forms "a" and "the" include plural references unless the context clearly dictates 

otherwise. Thus, e.g, reference to "the compound" includes a plurality of such compounds and 

reference to "the assay" includes reference to one or more assays and equivalents thereof known 

to those skilled in the art.  

100241 "Alkyl efers to an unbranched or branched saturated hydrocarbon chain. As used 

herein, alkyl has I to 20 carbon atoms (ie. C-2c alkyl). I to 8 carbon atoms (ie, Ce-s alkyl), I 

to 6 carbon atoms (i.e, Ct-6 alkyl), or I to 4 carbon atoms (ine, C 4 alkyl). Examples of alkyl 

groups include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl. iso-butl, tert-butyl, pentyl, 

2-pentyl, isopentyl, neopentyl, hexy, 2-hexyl, 3-hexyl, and 3-methylpentyl. When an alkyl 

residue having a specific number of carbons is named, all geometric isomers having that number 

of carbons may be encompassed; thus, for example, "butv" includes n-butyl, sec-butyl, isobutyl 

and t-butyl; "propy!" includes n-propyl and isopropyl.  

10025] "Alkenyl" refers to an aliphatic group containing at least one carbon-carbon double 

bond and having from 2 to 20 carbon atoms (i.e- Cxo alkenyl), 2 to S carbon atoms (i.e., C> 

alkenyl), 2 to 6 carbon atoms (i.e., C>6 alkenyl), or 2 to 4 carbon atoms (i.e- C2. alkenyl).  

Examples of alkenyl groups include ethenyl, propenyl, butadienyl (including 1,2- butadienyl and 

I1,3-butadienyl).  

[00261 "Alkynyl" refers to an aliphatic group containing at least one carbon-carbon triple 

bond and having from 2 to 20 carbon atoms (ie CX. alkynyl), 2 to 8 carbon atoms (i.e, C>8 

alkynyl), 2 to 6 carbon atorns (i.e., C>6 alkynyl), or 2 to 4 carbon atoms (i.e, C2 alkynyl). The 

term "alkynyl" also includes those groups having one triple bond and one double bond, 

00271 "Alkoxy" refers to the group "alkyl-0". Examples of alkoxy groups include 

methoxy, ethoxy, n-propoxy, iso-propoxv, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n

hexoxy, and 1,2-dimethylbutoxy.  

[00281 "Acyl" refers to a group -C(=0)R, wherein R is hydrogen, alkyl, cycloalkyl, 

heterocycloalkyl, aryl, heteroalkyl, orheteroaryl; each of which may be optionally substituted, 

as defined herein. Examples of acyl include formal, acetyl, cylcohexylcarbonyl, 

cyclohexylmethyl-ca.rbonI, and benzoyl.  

6
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[00291 "Amido" refers to both a "C-amido" group which refers to the group - O)NR'Rz 

and an "N-amido" group which refers to the group -NRYC(=O)Rz, wherein R' and R are 

independently selected from the group consisting of hydrogen, alkyl, aryl, haloalkyl, or 

heteroaryl; each of which may be optionally substituted.  

[0030] "Amino" refers to the group --NRYR wherein R and R' are independently selected 

from the group consisting of hydrogen, alkyl. haloalkyl, aryl, or heteroaryl; each of which may 

be optionally substituted.  

10031] "Aiyl refers to an aromatic carbocyclic group having a single ring (e.g. nonocycliec) 

or multiple rings (e.g. bicyclic or tricyclic) including fused systems. As used herein, aryl has 6 

to 20 ring carbon atoms c 6-20 aryl), 6 to 12 carbon ring atoms (i.e., C6_.2 aryl), or 6 to 10 

carbon ring atoms (i. C aryl) Examples of aryl groups include phenyl, naphthyl, fluorenyl, 

and anthryl. Aryl, however, does not encompass or overlap in any way with heteroaryl defined 

below. If one or more aryl groups are fused with a heteroaryl ring, the resulting ring system is 

heteroaryl.  

[00321 "Cyano" or "carbonitrile" refers to the group -CN.  

100331 "Cycloalkyl" refers to a saturated or partially saturated cyclic alkyl group having a 

single ring or multiple rings including fused, bridged, and spiro ring systems. The tern 

"cycloalkyl" includes cycloalkenyl groups (.e. the cyclic group having at least one alkenyl). As 

used herein, cycloalkyl has from 3 to 20 ring carbon atoms (i.e., C3- 0 cycloalkyl), 3 to 12 ring 

carbon atoms (i.e., C3. i2 cycloalkyl), 3 to 10 ring carbon atoms (i.e, C3.10 cycloalkyl), 3 to 8 ring 

carbon atoms (i.e., C>s cycloalkyl), or 3 to 6 ring carbon atoms (ie, Can cycloalkyl), Examples 

of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopenty!, and cyclohexyl.  

[0034] "Halogen" or "halo" includes fluoro, chloro, brono, and iodo. "Haloalkyl" refers to 

an unbranched or branched alkyl group as defined above, wherein one or more hydrogen atoms 

are replaced by a halogen. For example, where a residue is substituted with more than one 

halogen, it may be referred to by using a prefix corresponding to the number of halogen moieties 

attached. Dihaloalkyl and trihaloalkyl refer to alkyl substituted with two ("di") or three ("tri") 

halo groups, which may be, but are not necessarily, the same halogen. Examples of haloalkyl 

include difluoromethyl -CH [F 2 ) and trifluoromethyl (-CF).
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3 "Heteroalkyl" refers to an alkyl group in which one or more of the carbon atoms (and 

any associated hydrogen atoms) are each independently replaced with the same or different 

heteroatomic group. By way of example, 1, 2 or 3 carbon atoms nay be independently replaced 

with the sarne or different heteroatomic group. Heteroatomic groups include, but are not limited 

to, -N,-, -0- -S-, -S(0)- -S()-, and the like, where R is H, alkyl, aryl, cycloalkyi, 

htero'alkyl, heteroaryl or heterocycloalkyl, each of which may be optionally substituted.  

Examples of heteroalky groups include -OCHi3, -CH 2 0H, -SCH3 , -CH 2 SCHS , -NRCH3 , and 

CHI2NRCH3, where R is hydrogen, alkyl, aryl, arylalkyl, heteroalkyl, or heteroaryl, each of 

which may be optionally substituted. As used herein, heteroalkyl include I to 10 carbon atoms, 

1 to 8 carbon atoms, or I to 4 carbon atoms; and I to 3 heteroatoms, I to 2 heteroatoms, or i 

heteroaton 

[0036] "Heteroaryl" refers to an aromatic group having a single ringo, multiple rings, or 

multiple fused rings, with one or more ring heteroatoms independently selected from nitrogen, 

oxygen, and sulfur, As used herein, rheteroaryl include i to 20 ring carbon atoms (i.C2 

heteroaryl), 3 to 12 ring carbon atoms (i.e., Cam heteroaryl), or 3 to 8 carbon ring atoms (i..  

C71 heteroaryl) and I to 5 heteroatoms, I to 4 heteroatomns, I to 3 ring heteroatoms, 1 to 2 ring 

heteroatoms, or 1 ring heteroatom independently selected from nitrogen oxygen, and sulfur.  

Examples of heteroaryl groups include pyrimidinyl, purinyl, pyridyl, pyridazinyl., 

benzothiazolyl, and pyrazolyl. Heteroaryl does not encompass or overlap with aryl as defined 

aboy 

[0037] "Heterocycloalkyl" refers to a saturated or unsaturated cyclic aikyl group, with one 

or more ring heteroatomns independently selected from nitrogen, oxygen and sulfur. The term 

"heterocycloalkyl- includes heterocycloaikenyl groups (i.e. the heterocycloalkyl group having at 

least one alkenyl). A heterocycloalkyl ay be a single ring or multiple rings wherein the 

multiple rings may be fused, bridged, or spiro. As used herein, heterocycloalkyl has 2 to 20 ring 

carbon atoms (i.e. C2.2 0 heterocycloalkyl), 2 to 12 ring carbon atoms (i.e, C2 [2 

heterocycloalkyl), 2 to 10 ring carbon atoms (i, e, C24 0 heterocycloalkyl), 2 to 8 ring carbon 

atons (i.e, C2 . heterocycloalkyl), 3 to 12 ring carbon atoms (i.e., C3 .1 heterocycloalkyl), 3 to 8 

ring carbon atoms (i., CvR heterocycloalkyl), or 3 to 6 ring carbon atoms (i., CY6 

heterocycloalkyl); having I to 5 ring heteroatoms, I to 4 ring heteroatoms, 1 to 3 ring 

heteroatoms, I to 2 ring heteroatoms, or I ring heteroatom independently selected from nitrogen, 

8
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sulfur or oxygen. Examples of heterocycloalkyl groups include pyrrolidinyi, piperidinyl, 

piperazinyl, oxetanyl, dioxolanyl, azetidinyl, and miorpholinyl.  

[00381 "Hydroxy" or "hydroxyl" refers to the group -OH, 

[00391 "Oxo" refers to the group (::0) or (O).  

100401 "Suifonyl" refers to the group -S(O) 2R, where R is alkyl, haloalkyl, cycloalkyl, 
heterocycloalkyl, heteroaryl, or aryi, Examples of sulfinyl are methylsulfonyl. ethylsulfonyl, 

phenyisulfonyl, and toluenesulfonyl, 

[00411 Certain commonly used alternative chemical names may be usedL For example, a 

divalent group such as a divalent "alkyl" group, a divalent "aryl" group, etc., may also be 

referred to as an "alkylene" group or an "alkylenyl" group, an "arylene" group or an "arylenyE" 

group, respectively. Also, unless indicated explicitly otherwise, where combinations of groups 

are referred to herein as one moiety, e.g. arylalkyl, the last mentioned group contains the atom 

by which the moiety is attached to the rest of the molecule.  

[00&421 The terms "optional" or "optionally" means that the subsequently described event or 

circumstance may or may not occur, and that the description includes instances where said event 

or circumstance 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 moiety other than hydrogen.  

100431 The term "substituted" means that any one or more hydrogen atoms on the 

designated atom or group is replaced with one or more substituents other than hydrogen, 

provided that the designated atom's normal valence is not exceeded. The one or more 

substituents include, but are not limited to, alkyl, alkenyl, alkynyl, alkoxy, acyL amino, anido, 

amidino, aryl, azido, carbamoyl, carboxyl, carboxyl ester, cyano, guanidino, halo, haloalkyi, 

heteroalkyl, heteroaryl, heterocycloalkyl, hydroxy, hydrazino, imino, oxo, nitro, alkylsuifiny, 

sulfonic acid, alkylsulfonyl, thiocyanate, thiol, thione, or combinations thereof. By way of 

example, there may be one, two, three, four, five, or six substituents. Polymers or similar 

indefinite structures arrived at by defining substituents with further substituen ts appended ad 

infinitui (e.g., a substituted aryl having a substituted alkyl which is itself substituted with a 

substituted aryl group, which is further substituted by a substituted heteroalkyl group, etc.) are 

not intended for inclusion herein. Unless otherwise noted, the maximum number of serial 

9
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substitutions in compounds described herein is three. For example, serial substitutions of 

substituted aryl groups with two other substituted aryl groups are limited to substituted aryl 

(substituted aryl) substituted aryl. Similarly, the above definitions are not intended to include 

impermissible substitution patterns (e.g., methyl substituted with 5 fluorines or heteroaryl 

groups having two adjacent oxygen ring atoms). Such impernissible substitution patterns are 

well known to the skilled artisan. When used to modify a chemical group, the tern 

"'substituted" may describe other chemical groups defined herein. For example, the term 

"substituted aryl" includes, but is not lirnited to, "alkylaryl Unless specified otherwise, where 

a group is described as optionally substituted, any substituents of the group are themselves 

unsubstituted, 

[00441 In some embodiments, the tenn "substituted alkyl"' refers to an alkyl group having 

one or more substituents including hydroxyl, halo, alkoxy, cycloalkyl, heterocycloalkyl, aryl.  

and heteroaryl. In additional embodiments, "substituted cycloalkyl" refers to a cycloalkyl group 

having one or more substituents including alkyl, haloalkyl, heterocycloalkyl, aryl, heteroaryl, 

alkoxy, halo, hydroxyl; "substituted aryl" refers to an aryl group having one or more substituents 

including halo, alkyl, haloalkyl,. hetercycloalkyl, heteroaryl, alkoxy, and cyano, and 
"substituted sulfonyl" refers to a group -S(O)2R, in which R is substituted with one or mnore 

substituenis of alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl In other embodiments, 

the one or more substituents may be further substituted with halo, alkyl, haloalkyl, alkoxy, 
cycloalkyl, beterocycloalkyl, aryl, or heteroaryl, each of which is substituted. In additional 

embodiments, the substituents may be further substituted with halo, alkyl, haloalkyl, alkoxy, 

cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of which is unsubstituted.  

PIK inhib.itor Coml2ounds 

[0045] The present application provides the compounds that function as inhibitors of P13.K 

isoforns. In one aspect, the Ph3K inhibitors are the compounds having the structure of foirula 

(J): 

ON>(R 2)mn 
(R)f jj, j 

N ' 'NH2 

R/ R4 

(J) 

'0
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wherein: 

n is 0, 1, 2, 3, or 4; 

m is 0, 1, or 2; 

W is CH or N; 

each R, is independently selected from halo, cyano, optionally substituted alkyl, 

optionally substituted haloalkyl, optionally substituted alkoxy, optionally substituted sufinyl, 

optionally substituted aryl, optionally substituted heteroaryl, optionally substituted cycloalkyl, 

optionally substituted heterocycloalkyl; 

each R2 is independently selected from halo, optionally substituted alkyl, optionally 

substituted haloalkyl; 

R3 is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl, optionally 

substituted cycloalkyl, or optionally substituted aryl; 

R' is heteroaryl optionally substituted with one, two, or three members independently 

selected from halo, cyano, optionally substituted haloalkyl, optionally substituted alkyl. and 

NH; and 

R5 is hydrogen or optionally substituted aly, wherein R3 and R3 together with the atoms 

to which they are attached optionally frm a heterocyclic ring; 

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

[0046] The application also provides the compounds having the structure of formula (I) that 

function as inhibitors of P13K isoforms. In one embodiment. the PISK inhibitors are the 

compounds of the formula (1) having the structure of 

N -NH 

R3 

Nt 
RS R4 

(I) 

wherein: 

n is 1, 2, or 3; 

m is 0 or 1; 

each R' is independently selected from halo, cyano, optionally substituted C -, alkyl, 

optionally substituted C1 ,6 haloalkyl, optionally substituted C 6 alkoxy, optionally substituted 

11t
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sulfbnyl, optionally substituted C aryl, optionally substituted C3 s heteroaryl, optionally 

substituted C3 - cycloalkyl, and optionally substituted C3 s heterocycloalkyl; 

each R is independently selected from halo and optionally substituted C_6 alkyl; 

R3 is hydrogen, optionally substituted C, alkyl, optionally substituted C6 10 aryl, or 

optionally substituted C3 , cycloalkyl; 

R is a six- to twelve-membered heteroaryl having at least one aromatic group and at 

least two heteroatoms, wherein the heteroatoms are selected from N, 0, or S, wherein the 

heteroaryl is optionally substituted with one, two, or three members independently selected from 

halo, cyano, optionally substituted haloalkyl. optionally substituted CI 6 alkyl, and -NH2; and 

R3 is hydrogen or optionally substituted Ces alkyl, wherein R3 and R3 together with the 

atoms to which they are attached optionally fonn a four- or eight-membered heterocyclic ring; 

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

100471 In some embodiment, the compounds have the structure of formula (I) wherein 

n is I or 2: 

mis 0 or 1; 

each R' is independently selected from halo, Ct 6 alkyl, and C 6 haloalkyl; 

each R is Cj.(. alkyl; 

R3 is hydrogen, C- alkyl, or C3 8 cycloalkyl; 

R is a six- to twelve-membered heteroaryl having at least one aromatic ring and at least 

two nitrogen atoms, wherein the heteroaryl is optionally substituted with one, two, or three 

members independently selected from halo, cyano, -NI-, C1 .( haloalkyl, and C16 alkyl; and 

R5 is hydrogen, methyl, ethyl, or propyl, or R- and R3 together with the atoms to which 

they are attached optionally form a five-membered heterocyclic ring; 

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

[0048] In some embodiment, the compound having the structure of the formula (I) wherein: 

n is 1 or 2; 

in is 0 or 1; 

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

each R" is independently selected from methyl, ethyl, and propyl; 

R3 is hydrogen, methAy, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl; 

Ri is a six- to twelve-membered monocyclic heteroaryl having at least one aromatic ring 

and at least two nitrogen atoms, wherein the monocyclic heteroaryl is substituted with two or 

12
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three members independently selected from bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, 

and -NH-; and 

R5 is hydrogen; 

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

[00491 In some embodiment, the compound having the structure of the formula (I) wherein: 

n is I or 2; 

m is 0; 

each R1 is independently selected from chloro, bromo, fluoro, methyl, ethyl, and propyl; 

R3 is hydrogen, methyl, ethyl., propyl, butyl, cyclopropyl, or cyclobutyl; 

R4 is a six- to tweive-membered bicyclic heteroaryl having at least one aromatic ring, at 

least two nitrogen atoms, and at least one heteroatoms selected from N, 0, and S, wherein the 

bicyclic heteroaryl is optionally substituted with one or two members independently selected 

fom brono, chloro, fluoro, cyano, methyl, ethyl, propyl, and -NH2; and 

R. is hydrogen; 

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

[00501 In some embodiment, the compound having the structure of the formula (I) wherein: 

n is 1 or 2; 

m is 0: 

each RW is independently selected frorn chloro, bromo, fluoro, methyl, ethyl, and propyl; 

R4 is pyrimidinyl substituted with two or three members independently selected from 

bromo, chloro, fluoro, cyano., methyl, ethyl, propyl, and -NH2 ; and 

R4 is hydrogen; 

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

[0051] In some additional embodiment, the compounds have the structure of the formula (I) 

wherein: 

n is 1 or 2: 

m is 0 or 1; 

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

each R2 is independently selected from methyl, ethyl, and propyl; 

R3 is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl; 

R4 is a six- to twelve-membered monocyclic heteroaryl having at least one aromatic ring 

and at least two nitrogen. atoms, wherein the monocyclic heteroaryl is substituted with two or 

13
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three members independently selected from bromo, chloro, fluoro, cyano methyl, ethyl, propyl, 

fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl, difluoroethyl, trifluoroethyl, 

fluoropropyL difluoropropyl, trifluoropropyl, and -NH2 ; and 

R is hydrogen; 

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

[0052] In some embodient, the compounds have the structure of the formula (1) wherein: 

n is 1 or 2; 

i is 0; 

each R is independently selected from chloro, bromo, fluoro, methyl, ethyl, and propyl; 

R3 is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl; 

R4 is a six- to twelve-menbered bicyclic heteroaryl having at least one aromatic ring, at 

least two nitrogen atoms, and at least one heteroatoms selected from N, 0, and S., wherein the 

bicyclic heteroaryl is optionally substituted with one or two members independently selected 

from bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, fluoromethyl, difloromethyl, 

trifluoromethyl, fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, difluoropropyl, 

trifluoropropyl, and -NTH 2; and 

R is hydrogen; 

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

100531 In some emibodiment, the compounds have the structure of the formula (I) wherein: 

n is I or 2; 

m is 0; 

each R' is independently selected from chioro, bromo, fluoro, methyl, ethyl, and propyl; 

R4 is pyrimidinyl substituted with two or three members independently selected fron 

bromo, chloro, fluoro, cyano, methyl, ethyl, propy, fluoromethyl, difluoromethyl, 

trifluoromethyl, fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, difluoropropyl, 

trifluoropropyl and ~NH 2: and 

RS is hydrogen; 

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

[0054] In some embodiment. the compounds have the structure of the formula (I) wherein: 

n is I or 2; 

n is 0; 

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

14
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R4 is pyrimidinyl substituted with two or three members. each of which is independently 

selected from fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl, difluoroethyl, 

trifluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl and -NH2 ; and 

R5 is hydrogen; 

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

[00551 Also, the compounds of formulae (J) or (I) may have the structure of formula (1a): 

RI' AN, ,NH2 

pib R2bC 
R N- N 'R 

R "N 
R3' N 

Rid 7 N (la) 

RS R 

Wherein 

each R! R, RI", and R!a is independently selected from hydrogen, fluoro, chioro, 

bromo. and iodo; 

each R" and R is independently selected from hydrogen, methyl, ethyl, and propyl; 

and 

R4 is selected from 

N. NH 

-4H *2 and-N NN 

or a pharmaceutically acceptable salt, isomner, or a mixture thereof whri R4 is 

optionally substituted with one, two, or three members independently selected from chloro, 

fluoro, bromo, iodo, methyl, ethyl, p--ropyl, cyano, and -NH2; and 

R3 and R5 are described. herein; 

or a pharmnaceutically acetbeslisomner, or a. mixture thereof.  

[0056] In certain emnbodimnent, the compounds have the structure of formnul a (la), wvherein 

each R ,R , R1", anid R isindependently selected from hydrogen, fluoro, chloro, 

broNo, and ,odo; 

each Rt and Rwo is indepeddently selected from hydrogen, methyl, ethyl, and propyl, 

and 

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

15
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Ris selected firom 

N - N N~ NH2 S N ~ NNH 

JC N 

N N 2 H2  NH2 

N N 

N and and 

R5 is hydrogen; 

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

[00571 In certain embodiment. the compounds have the structure of formula (la), wherein 

each R a, R!', R", and Rid is independently selected from hydrogen, fluoro, chloro, 

bromo, and iodo; 

each Rm and Rib is independently selected from hydrogen, methl, ethyl, and propyl; 

R3 is selected from hydrogen, methyl, ethyl propyl, butyl, cyclopropyl, and cyclobutyl; 

R4 is selected from and and 

R5 is hydrogen; 

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

[0058] The compounds of the formulae (J) or (I) may also have the structure of fionula (Ib): 

R1 I N Y NH2 

R N N R 

R'N N 
Rid 5 N N NH2 

/. N 
)P (Ib) 

wherein 

16
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Rid, R b RI, R7(, R, Rt, RW and R5 are defined herein: 

p Is 0, 1, or 2; and 
R" is independently selected from halo, cyano, - and C- alkyl; 

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

[0059] In certain embodiment, the compounds have the structure of the formula (Ib), 

Wherein 

R , R R , R ", Ri , R, R3 and R5 are defined herein; 

p isO, 0, or 2; and 

each R4 is independently selected from halo, cyano, -N-12, Cj haloalkyl, and Cpf alkyl; 

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

100601 In certain embodiment, the compounds have the structure of the formula (Ib), 

wherein 

each R1 , R" R", R is independently selected from hydrogen, fluoro, chloro, bromo, 

and iodo; 
2a T each R2 and R. is independently selected from hydrogen, methyl, ethyl, and propyl; 

and 

R3 is selected from hydrogen, methyl, ethyl, propyl, butyl, cyciopropyl, and cyclobutyl; 

p is 1 or 2; and 

each R4e is independently selected from bromo, chloro, fluoro, cyano, methyL ethyl, 

propyl, fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl. difluoroethyl, trifluoroethyl, 

fluoropropyl, difluoropropyl, trifluoropropyl, and -NHj; 

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

[00611 In certain embodiment, the compounds have the structure of the formula (Ib), 

wherein 

each Rm, R' R R, R ( is independently selected from hydrogen, fluoro, chloro, bromo.  

and iodo; 

each Rra and RE5 is independently selected from hydrogen, methyl, ethyl, and propyl; 

and 

R3 is selected from hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, and cyclobutyl; 

p is I or 2'; and 

17



WO 2015/191754 PCT/US2015/035161 

each R4 is independently selected from fluoromethylt difluoromethyl. trifluoromethyt, 

fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl, and 

NH'; 

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

[0062] In one embodiment, n is 0. In some embodiments, n is 1, 2, 3, or 4. In some 

embodiments, n is 1, 2, or 3. In other embodiments, a is I or 2. In certain embodiments, n is 1 

and Ri moiety may be located on any position of the phenyl of the quinazolinone ring. In 

another embodiment, n is 2. Both R substituents or moieties may be the same or different.  

Two R 1 moieties may be located on any two positions of the phenyl of the quinazolinone ring.  

By way of example, the first R may be ortho, meta, or para to the second R. in yet another 

embodiment, n is 3. All R1. substituents or moietes may be the same or different, or two R' may 

be the same and different from the third R1. Three R' 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 Ri. may be para to the third R, In yet another embodiment, n is 4. All 

R substituents may be the same or different, three R 1 may be the same and different from the 

fourth R.. two R i may be the same and different from the third and the fourth R ' 

[0063] In some other embodiments, each R1 is independently halo, cyano, optionally 

substituted C, alkyl, optionally substituted CI, haloalkyl, optionally substituted Cp( alkoxy, 

hydroxy, optionally substituted C3_ cycloalkyL. optionally substituted C-, heterocycloalkyl, 

optionally substituted C ,. o aryl, optionally substituted C4.s heteroaryl, or optionally substituted 

C1 _6 alkylsulfonyl. In certain embodiments, each R' is independently halo, cyano, optionally 

substituted C1 -. alkyl, optionally substituted C- haloalkyl, optionally substituted C1A alkoxy, 

optionally substituted C3 _6 cycloalkyl, or optionally substituted C. alkylsulfonyL In other 

embodiments, each RW' is independently halo, cyano, C 1 haloalkvl, C, 4 alkyl, or C 4 

alkylsulfonyl. In certain emibodiments, each R! is independently selected from fluoro, chioro, 

iodo, bromo, cyano, methyl. ethyl, propyl, butyl, fluoromethyl, fluoroethyl, difluoromethyl, 

difluoroethyl, trifluoromethyl, trifluoroethyl, methylsulfnyl, ethylsulfonyl, or propylsuifonyL 

In some embodiments. each R1. is independently fluoro, chloro, iodo, cyano, methyl. ethyl, 

difluoromethyl (-CHF2 ), trifluoromethyl (-CF,), methoxy, methylsulfonyl (-SO2CH4), 

cyclopropylmethyl, or cyclopropyl. In one embodiment, each R i is independently fluoro, 

chloro, cvano, rnethyisulfonyL methyl, or trilluoromethyL.  
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[0064] In certain embodiments, m is 0. In some embodiments, m is 0, 1, or 2. In some other 

embodiments, in is I or 2. When rn is 1, R2 substituent or moiety may be located on any 

position of the pyrazine ring. When rn is 2, both R2 substituents may be the same or different.  

[0065] In certain embodiments, each Ri is independently halo, cyano, optionally substituted 

C_(j, alkyl, and optionally substituted CI-(6 haloalkyl. In some embodiments, each R2 is 

independently halo, cyano, CM alkyl, and C. haloalkyl. In some other embodiments, each R2 

is independently fluoro, chloro, iodo, methoxy, ethoxy, propoxy, butoxy. pentoxy, hexoxy, 

fluoromethyl (e.g. -CH'F), difluoronethyl (e.g. -CHF2), trifluorornethyl (e.g. -CF3), fluoroethyl, 

difluoroethyl, trifluoroethyl, methyl, ethyl, propyl, or butyl. In one embodiment, each R' is 

independently fluoro, chloro, methyl, -CHF2 , or -CF3.  

[0066] In certain embodiment, R' is hydrogen, optionally substituted C.. alkyl, optionally 

substituted C3- cycloalkyl, or optionally substituted C6.10 anyl, In one embodiment, R is 

hydrogen, CIA alkyl, C3.6 cycloalkyl, or C6 IO aryl, wherein CM alkyl is optionally substituted 

with Cjalkoxy, Ce.10 aryl, or C3_6 cycloalkyl, wherein C1 4 alkoxy is optionally substituted with 

CMGo aryl. Inr additional embodiments, R is C alkyl, C3. 6 cycloalkyl, or C6 -10 aryl. wherein Cj

alkyl is optionally substituted with C alkoxy, C6a.o aryl, or C- 6 cycloalkyl, wherein C -.4 

alkoxy is optionally substituted with phenyl, cyclopropyl, or cyclobutyl. In some embodiments, 

R 3 is hydrogen, methyl, ethyl, propyl, butyl, methoxy, ethoxy, cyclopropylmethyl, 

cyclopropylbutyl, cyclobutylmethyl, cyclopropylethyl, phenyl, cyclopropyl, cyclobutyl, 

cyclopentyl, or cyclohexyl, wherein methoxy and ethoxy is substituted with phenyl, cyclopropyl 

or cyclobutyl. In other embodiments, R3 is methyl, ethyl, cyclopropylmethyl, or cyclopropyl, 

[0067] In additional embodiments, R5 is hydrogen or optionally substituted Cb6 alkyl. In 

some embodiments, R5 is hydrogen or Ci. 4 alkyl, In certain embodiments, R' is hydrogen, 

methyl, ethyl, propyl or butyl. In certain other embodiments, R5 is hydrogen.  

[0068] In further embodiments, R3 and R5 with the atoms to which they are attached (e.g.  

carbon and nitrogen, respectively) optionally form a heterocyclic ring which is optionally 

substituted with halo. In other embodiments, the R'-R 5 heterocyclic ring is a four- to seven

membered ring. In some other embodiments, the R t R5 heterocyclic ring is a four- to seven

mernbered ring optionally substituted with fluoro, chloro, bromo, or iodo. In certain other 

embodiments, the R3-R heterocyclic ring is azepanyl, azetidinyl, piperidinyl, and pyrroidinyl.  

in sone other embodiments, the R3 heterocyclic ring is pyrrolidinyl. In one other 
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embodiment, the R3-R5 heterocyclic ring is a five-membercd heterocycloalkyl substituted with 

halo. In other additional embodiments, the RKRZ heterocyclic ring is pyrrolidinyl substituted 

with fluoro, chloro, brorno, or iodo.  

10069] In certain embodiments, R3 is hydrogen, optionally substituted C- alkyl, optionally 

substituted C3.s cycloalkyl, or optionally substituted C6 _o aryl. In one embodiment, R' is 

hydrogen, C3 ., cycloalkyl, C61 o aryl, or C, 4 alkyl which is optionally substituted with hydroxyl, 

Co6.. aryiC- 4 alkoxy. or C3.6 cycloalkyl. In some embodiments, R3 is hydrogen, methyl, ethyl, 

propyl, butyl, cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, cyclobutylethyl, 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, -CH 2OH, 421 40H, -C3H0H.  

-- c - 0-- - NN SC OH 2 .  

benzyloxymethyl (i.e ), or phenyl (i.e. .  

[0070] In further embodiments, R3 and R5 with the atoms to which they are attached (e'g.  

carbon and nitrogen, respectively) optionally form a heterocyclic ring. In other enbodiments, 

the R -Ri heterocyclic ring is a three- to eight-membered heterocycloalky! (i.e. heterocycloalkyl 

having three to eight ring members and at least one ring member is a heteroatom). In other 

embodiments, the R3R 5 heterocyclic ring is a four- to seven-membered heterocycloalkyl (i.e.  

heterocycloalkyl having four to seven rug members and at least one ring member is a 

heteroatom). In one embodiment, the R -R heterocyclic ring is a five-menbered 

heterocycloalkyl. In certain other embodiments, the R Ri heterocyclic ring is C3

heterocycloalkyl. In some other embodiments, the RR heterocyclic ring is pyrrolidinyl. In 

one other embodiment, the R3R 5 heteroccli c ring is a five-membered heterocycloalkyl 

substituted with one or two members of halo. In other additional embodiments, the RiR-5 

heterocyclic ring is pyrrolidinyl substituted with one member of fluoro, chloro, bromo, or iodo.  

[0071]1 In one embodiment, R4 is heteroaryl having at least two nitrogen atoms and at least 

one aromatic ring, wherein R4 heteroaryl is optionally substituted with one, two, or three 

members independently selected from halo, cyano, -NH2, C.a alkyl, and C1 6 haloalkyl. In 

certain embodiments, R4 heteroaryl is a six- to twelve-meinbered heteroaryl (i.e. heteroaryl 

having six to twelve ring members). In certain embodiments, R4 heteroaryl is a six- to ten

mnembered heteroaryl (i.e. heteroaryl having six to ten ring members). R" heteroaryl may be a 

monocyclic or bicyclic heteroaryL in some embodiments, R4 heteroaryl is a monocyclic 

heteroaryl having at least two nitrogen atoms. In certain embodiments, R4 hetroaryl is a bicyclic 

20



WO 2015/191754 PCT/US2015/035161 

heteroarv having at least one aromatic ring, at least two nitrogen atoms, and at least one 

additional heteroatom selected from N, 0, or S. In certain other embodiments, R4 heteroaryl is 

selected from purinyl, pyrimidinyl, thiazolopyrimidinyl, pyridopyrimidinyl, thienopyrimidinyl, 

pyrrolopyrimidinyl., furopyrimidinyl, or imidazotriazinyl.  

100721 In any of the foreg going foriulae. R4 is heteroaryi optionally substituted with one, 

two or three members independently selected from halo, cyano, -NH2, C1 - alkyl, and C1

haloalkyl, wherein the R" heteroaryl is selected from the group consisting of 

ii rs N N N 

NN-SCNNN, 

NN 

[07] 4 /eti te moiet R4i1eetdfo uiy yiiiy 

th a l yy p m i f i 
ao s i w i om co fu ,y p 

Inothe es Rs s e f r p n 

pyioyrmn yl, thie'~Nopriidnyl, S~ ~N v; pyrlprmdnyfrprmdn1l, X and 
Nc fo tm pn en o pyl 

[073 In cetan ote VbdmrtRfCn ~i l~ 

fuoyiiiyand imidazotriazinyl, each of which is optionall11y substituted with oe twoe members 

independently selected from chloro, fluoro, bromo, iodo, methyl, ethiyl, propyl, can, n2 InH 

[0073n hther certainm sediments, 4 is selected ftomyrm urinyl, pyrimidinyl, 

thpzlpyndnvpridopyrimidin yi. thienopyrimidinyl. pvrro opyrimidinyl, frropyrimidinyl, 

aimidazotriazinyl, each of which is optionally sbstituted with one two, or three mem,-tbers 

independently sdeeted. from eliloro., fluoro. bronin, iodo, mnethyl ethyl, propyl, cyano,an-N.  

Ioniothr , bdifamets, l R tsselctdromhl purl. pridinyluorthzoloprimidinviyl 

pelctd oiiny thinopyrimidinyl. pyrroprimnvteryi-idinyl, thropyrin-dinvi, and 

ftrp ilyadimidazotriazinyl, ea-ch of vhich is optionaly substituted with oe twoothe members 

independently selected -from chioro, fluoro, bromo, iodo, methyl, ethyl. propel, and -N1- In
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other embodiments, R4 is selected from thiazolopyVrimidinyl, pyridopyrimidinyl, 

thienopyrimidinyl, pyrrolopyrimidinyl, furopyrimidinyl, and imidazotriazinyl, each of which is 

optionally substituted with independently one member of chiloro, fluoro, bromo, iodo, and -NH2

in other embodiments. R, is selected from thiazolopyrimidinyl, pyridopyrimidinyi.  

thienopwimidinyl, pyrrolopyrimidinyl, ftiropyrinidinyl, and imidazotriazinyl, each of which is 

optionally substituted with one or two members independently selected from chloro, fluoro, 

bromo, iodo, methyl, ethyl, propel, and -NH2. In some other embodiments, R. is pyrirnidinyl or 

pyrazinyi, each of pyrimidinyl or pyrazinyl is substituted with at least one -NH2. In certain other 

embodiments, R4 is pyrimidinyl or pyrazinyl, each of which is substituted with two or three 

members independently selected from chloro, fluoro, bromo, iodo, methyl, ethyl, propyl, cyano, 

and -NH2 , In certain embodiments, R4 is pyrimidinyl or pyrazinyl, each of which is substituted 

with at least two or three members, each of the members is independently selected from -NH2 

fluoromethyl difluormethy trifluoromcthyl, fluoroethyl, difluoroeethyl, trifluoroethyl, 

fluoropropyl diluoropropyl and trifluoropyl, In other embodiment, R' is selected from 

and 

[0074] In onie embitodimnent, p is 0. In some emnbodimnents, p is I or 2, In the embodiment 

'where p is 1, R4a moiety may be located on any position of the pyrimidinyl ring. When p is2, 

both R 4a substituent s or moieties may be the same or different.Intembdenwhrpis2 

both R un o be the same or differ ech of tht Ra may 

be located on any position ofthe pyrimiidinyl ring. In the emnbodiment where p is.3, all R 4, 

substituents mnay be the same or different, or two R4a may be the same and different from the 

third R4 

[00751 In the present application, eaeb R 4" is independently selected from halo, cyano, 

optionally substituted C alkyl, and -NH. In one embodiment, each R4 is independently halo, 

In soe embodiments, each R4a is independently selected frm 

bromo, chloro, fluoro, iodo, eano, methyl, ethyl, propyl, and -NH . In additional bodient 
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each R4a is independently selected from bromo, chloro, fluoro, iodo, cyano, methyl, ethyl, 

propyl fluoromethyl, difIluoromethyl, UTifluoromethvl, fluoroethyl, difluoroethy, trifluoroethyI, 

fluoropropyl, difluoropropyl, trifluoropropyl, and -NHz. In other embodiments, each R4a is 

independently selected fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl, difluoroethyl, 

trifluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl, and -NH2 . Each and every variation 

of p and R4" may be combined with each and every variation of n, im, Ri, R7, R', and R as 

described above, 

[00761 In the present application, R'a, R", RI, and Rid may be the same or different. Each 

R" ', Re and R(i is independently selected from hydrogen, fluoro, chloro, bromo, and iodo.  

Also, R2' and R' may be the same or different. Each R" and R26 is independently selected from 

hydrogen, methyl, ethyl, and propyl!. In one embodiment, RP. is chloro, and Rt R1 , R'4 , R.1 

and Rab are hydrogen. In one other embodiment, R. and Rid are ehloro, and Rib, I', Ri, R'2, 

and Rb' are hydrogen. In some other embodiments., Rib is chloro. Rid is fluoro, and Rib, R, R 

and R2b are hydrogen. In additional embodiments, R2 and R2b are hydrogen. In some additional 

embodiments, each R', Rb. , R K and R." is independently selected from hydrogen, chloro, 

fluoro, bromo, iodo, and methyl.  

[0077] In certain embodiments, W is CH or N. In certain other embodiments, W is CH, In 

yet other embodiments, W is N. Each and every variation of W may be combined with each and 

every variation of n, m R', R , R R R4, and R' as described above.  

[0078] The compounds of the present application may bear one or more chiral centers. The 

compounds bearing the chiral center have the same molecular formula and the same chemical 

name with different stereoisomer designations. For example, the below 3-(5-arninopyrazin-2

yl)-5-chloro-2-(-((2,6-diamino-5-chloropyrimidin-4-yl)amino)ethyl )-8-fluoroquinazolin-4(3H)

one bearing one chiral center can be resolved into the S) and (R) enantiomers, (S)-3-(5

aminopyrazira-2-yi)-5-chioro-2-( 1- ((2,6-diamino-5 -chioropyrmidin-4-yl)amino)ethyl)

tluoroquinazolin-4(3H)-one and ((R)-3-(5-aminopyazin-2-y)-5-chloro-2-(1-(2,6-diamino-5 

chloropyrimidin-4-yl)amino~ethyl)-8-fluoroquinazolin-4(3H)-one.  
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[0079] Representative compounds of the present application are listed in Table 1 below.  

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

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

chemistry including, for example. ChemBioDraw Ultra 12.0, Chemical Abstract Service (CAS), 

and International Union of Pure and Applied Chemistry (IUPAC). For example, compound 2 in 

table I may be named as 2,4-iamino-6-[[(1S)1-3-5-aminopyrazin-2-yl)-5choro8-tloro4 

oxo-quinazoiin-2-yl]ethyl]amino]pyrimidine-5-carbonitrile or (S)-2,4-diamino-6-((1-(3~(5

aminopyrazin-2-yl)5--chloro-8-fuoro-4-oxo-3,.4-dihydroquinazol in-2-yi)ethylarnino) 

pyrimidine-5-earbonitrile using TUPAC or Chem BioDraw Ultra 12.0, respectively.  

Table 1. Representative Compounds 
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[0080] The present application provides pharmaceutically acceptable salts, hydrates, 

solvates, isomers, tautomers, stercoisomers, enantiomers, racemates, atropisomers, polymorphs, 

prodrugs, or a mixture thereof, of the compounds described herein. In addition, the present 

application provides the compounds in which from 1 to n hydrogen atons attached to a carbon 

atom may be replaced by a deuterium atom or D, in which n is the number of hydrogen atoms in 

the molecule. It is known that the deuterium atom is a non-radioactive isotope of the hydrogen 

atom. Such compounds may increase resistance to metabolism, and thus may be useful for 

increasing the half-life of the compounds of any of the formulae described herein or 

pharnaceutically acceptable salts, isomers, prodrugs., or solvates thereof, when administered to a 

mammal. See, e.g., Foster, "Deuterium Isotope Effects in Studies of Drug Metabolism". Trends 

Phannacol. Sci., 5(12):524-527 (1984). Such compounds are synthesized by means well known 

in the art, for example by employing starting materials in which one or more hydrogen atoms 

have been replaced by deuterium.  

[00811 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 structure of any of the formulae (J), (I), (Ia), and (Ib) In some embodiments, 

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

100821 "Pharmaceutically acceptable" or "physiologically acceptable" refer to compounds, 

salts, compositions, dosage forms and other materials which are useful in preparing a 

pharmaceutical composition that is suitable for veterinary or human pharmaceutical use.  

"Pharmaceutically acceptable salts" or "physiologically acceptable salts" refer to salts of 
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pharmaceutical coinpoun ds that retain the biological effectiveness and properties of the 

underlying compound, and which are not biologically or otherwise undesirable. There are acid 

addition salts and base addition salts. Pharmaceutically acceptable acid addition sats may be 

prepared from inorganic and organic acids. Acids and bases useful for reaction with an 

underlying compound to form pharmaceutically acceptable salts (acid addition or base addition 

salts respectively) are known to one of skill in the art. Similarly, methods of preparing 

phanaceutically acceptable salts from an underlying compound (upon disclosure) are known to 

one of skill in the art and are disclosed in for example, Berge, at al. Journal of Pharmaceutical 

Science, Jan. 1977 vol. 66, No. 1. and other sources. If the compounds described herein are 

obtained as an acid addition salt, the free base can be obtained by basifying a solution of the acid 

salt, Conversely, if the product is a free base, an addition salt, particularly a pharmaceutically 

acceptable addition salt, may be produced by dissolving the free base in a suitable organic 

solvent and treating the solution with an acid, in accordance with conventional procedures fbr 

preparing acid addition salts from base compounds.  

100831 "Isomers" refers to compounds that have the same molecular formula. As used 

herein, the term isomers include double bond isomers, racemates, stereoisorners, enantiomers, 

diastereomers, and atropisomers. Single isomers, such as enantiomers or diastereomers, can be 

obtained by asymmetric synthesis or by resolution of a rnixture of isomers. Resolution of a 

mixture of isomers (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 a chiral high pressure liquid chromatography (HPLC) column, "Double bond isomers" 

refer to Z- and E- forms (or cis- and Irans- fonns) of the compounds with carbon-carbon double 

bonds.  

[00841 "Atropisomers" refers to confonnational stereoisomers which occur 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 molecule and the substituents at both ends of the single bond 

are asymmetrical, i.e, they do not require a stereocenter, Where the rotational barrier about the 

single bond is high enough, and interconversion between conformations is slow enough, 

separation and isolation of the isomeric species may be pennitted. Atropisomers may be 

separated by the methods well known in the art Unless otherwise indicated, the description is 

intended to include individual atropisomers as well as mixtures. Also, as understood by those
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skilled in the art, the atropisomers may be represented by the sane chemical name with different 

atropisomer designations.  

[0085] "Racemates" refers to a mixture of enantiomers.  

10086] "Stereoisomers" or "stereoisomeric fbrms" refer to compounds that differ in the 

chirality of one or more stereocenters. Stereoisomers include enantioners and diastereoners.  

The compounds may exist in stereoisomeric form if they possess one or more asymmnetric 

centers or a double bond with asymmetric substitution and, therefore, can be produced as 

individual stereoisomers or as fixtures. Unless otherwise indicated, the description is intended 

to include individual stercoisomers as well as mixtures. The methods for the determination of 

stereochemistry and the separation of stereoisomers are well-known in the art. (see, e.g., Chapter 

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

[0087] "Tautomers" or "tautomeric farmers" refer to alternate forms of a cornpound that 

differ in the position of a proton, such as enol-keto and imine-enamine tautoners, or heteroaryis 

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

[00881 A solvatee" is formed by the interaction of a solvent and a compound.. Solvates of 

salts of the compounds of any of the formulae described herein are also provided. Hydrates of 

the compounds of any of the fonnulae are also provided.  

100891 A "prodrug" is defined in the pharmaceutical field as a biologically inactive 

derivative of a drug that upon administration to the human body is converted to the biologically 

active parent drug according to some chemical or enzymatic pathway.  

[0090] hi any one of the foregoing embodiments, the compound described herein or a 

pharmaceutically acceptable salt thereof is an (S)-enantiomer. In any one of the foregoing 

embodiments, the coinpound described herein or a pharmaceutical acceptable salt thereof is an 

(R)-enantiomer. In any one of the foregoing embodiments, the compound described herein or a 

pharmaceutically acceptable salt thereof is an atropisomer.  

[0091] The application also provides a composition containing a mixture of enantiomers of 

the compound or a pharmaceutically acceptable salt thereof. In one embodiment, the mixture is 

a racemic mixture. In other embodiments., the composition comprises the (S)-enantiomer of a 

compound in excess of over the corresponding the (R)~enantiomer of the compound. In some 
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embodiments, the composition contains the (S)-enantiorner of the compound and is substantially 

free of its corresponding (R)--enantiomer. In certain embodiments, a composition substantially 

free of the (R)-enantiom.er has less than or about 40%, 35%. 30%, 25%, 20%, 15%, 1 0%. 5%, 
1%, 0.05%, or 0,01% of the (R)-enantiomer. In other embodiments, the composition containing 

the (S)-enantiomer of a compound or a pharmaceutically acceptable salt thereof, predominates 

over its corresponding (R)-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 at least or about 

320:1.  

[0092] The composition containing a compound according to any of the formulae described 

herein or a pharmaceutically acceptable salt thereof, may also contain the compound in 

enantiomeric excess (e.e.) By way of example, a compound with 95% (S)-isomer and 5% (R)

isomer will have an e.e. of 90%. In some embodiments, the compound has an e.c. of at least or 

about 60%, 75%, 80%, 85%, 90%. 95%, 98% or 99%.  

100931 In any one of the foregoing embodiments, the compound or a pharmaceutically 

acceptable salt thereof, is an atropisomer. Another embodiment provides the composition 

containing a mixture of atropisomers of the compound or a pharmaceutically acceptable salt 

thereof By w ay of example, a compound with 95% of one atropisomer and 5% of the other 

atropisomers. In some embodiments, a cornpound with about 90, 80, 70, 60, 50, 40, 30,20, or 

10% of one atropisomer and 10, 20, 30, 40, 50, 60, 70, 80, or 90%, respectively, of the other 

atropisomers.  

10094] The application also provides the free base forms of the compounds described herein.  

In certain embodiments, provided herein are the enantiomers, (R) or (S), of the compounds of 

the formulae described herein. In other embodiments, provided herein are the atropisomers of 

the compounds of the fbrnulae described herein.  

[00951 The application further provides compositions comprising the compounds described 

herein or a phannaceutically acceptable salt, isomer, prodrug, or solvate thereof, The 

composition may include racemic mixtures, mixtures containing an enantiomeric excess of one 

enantiomer or single diastereomers or diastereomeric mixtures. All such isomeric forms of these 

compounds arc expressly included herein, the same as if each and every isomeric fonn were 

specifically and individually listed.  
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[0096] In certain embodiments, provided herein are also polymorphs, such as crystalline and 

amorphous forms, of the compounds described herein, In some embodiments, provided are also 

chelates, non-covalent complexes, and mixtures thereof, of the compounds of the formula 

described herein or pharmaceutically acceptable salts, prodrugs, or solvates thereof. A "chelate" 

is formed by the coordination of a compound to a metal ion at two (or more) points. A "non

covalent complex" is fonned by the interaction of a compound and another molecule wherein a 

covalent bond isnot formed between the compound and the molecule. For example, 

complexation can occur through van der Waals interactions, hydrogen bonding, and electrostatic 

interactions (also called ionic bonding).  

Jl:eantr U es oftlie Compounds 

10097] The compounds of the formulae described herein or a pharmaceutically acceptable 

salt, isomer, prodrug, or solvate thereof may be used for the treatment of diseases and/or 

conditions mediated by P13K isoforms. In addition, the application provides the compounds for 

use in therapy. Also, provided herein are methods for inhibiting one or more P13K isoforms, i 

one embodiment, provided are methods for inhibiting P13KS activity using the compound 

described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate thereof. In 

other embodiment, provided are methods for inhibiting PI3Kb and/or Pi3K3 activities using the 

compound or a pharmaceutically acceptable salt, isomer, prodnig, or solvate thereof. The 

application further provides methods for use in such methods. The 113K isoforns may be 

selectively or specifically inhibited. Additionally, the compounds may be used to inhibit PI3K 

activity therapeutically or prophylactically. such as P13KS and/or P3Kpl.  

[0098] The compounds according to the present application nay be used in combination 

with one or more additional therapeutic agents. The therapeutic agents may be in the orris of 

compounds, antibodies, polypeptides, or polynucleotides. The therapeutic agent includes, but is 

not lirmited to, a chemotherapeutic agent, an immunotherapeutic agent, a radiotherapeutic agent, 

an anti-neoplastic agent, an anti-cancer agent, an anti-proliferation agent, an anti-fibrotic aoent, 

an antiangiogenic agent, a therapeutic antibody, or any combination thereof. In one 

embodiment, the application provides a product comprising a cornpound described herein and an 

additional therapeutic agent as a combined preparation for simultaneous, separate or sequential 

use in therapy, e~g. a method of treating a disease, disorder, or condition that is imediated by 

P3K isoforns, 
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[00991 Also, the therapeutic agents rnay be those that inhibit or modulate the activities of 

Bruton's tyrosine kinase, spleen tyrosine kinase, apoptosis signal-regulating kinase, Janus 

kinase, IvsJ oxidase, lysyl oxidase-like proteins, ratrix metallopeptidase, bromodomain

containing protein, adenosine A2B receptor, isocitrate dehydrogenase, serine/threonine kinase 

TPL2. discoidin domain receptor, serine/threonine-protein kinases, IKK, MEK, EGFR, histone 

deacetylase, protein kinase C, or any' combination thereof. In certain embodiments, the 

therapeutic agent may be selected from a P13K (including P13K, PI3K6, P3KP, P13 Ku, and/or 

pan-PI3 K) inhibitor, a JAIK (Janus kinase, including JAK1 ,JAK2, and/or JAK3) inhibitor, a 

SYK. (spleen tyrosine kinase) inhibitor, a BTK (Bruton's tyrosine kinase) inhibitor, an A2B 

(adenosine A2B receptor) inhibitor, an ACK (activated CDC kinase, including ACK.) inhibitor, 

an ASK (apoptosis signal-regulating kinase, including ASKI) inhibitor, Auroa kinase, a BRD 

(bromodoinain-containi.ng protein, including BRD4) inhibitor, a Bel (B-cell CLL/lymphona, 

including Bel-i and/or Bl-2) inhibitor, a CAK (CDK-activating kinase) inhibitor, a CaMK 

(calmodulin-dependent protein kinases) inhibitor, a CDK (cyclin-dependent kinases, including 

CDKI, 2, 3, 4, and/or 6) inhibitor, a CK (casein kinase, including CKI and/or CK2) inhibitor, a 

DDR (discoidin domain receptor, including DDRI and/or DDR2) inhibitor. a EGFR inhibitor, a 

FXR (farnesoid x receptor) inhibitor, a FAK (focal adhesion kinase) inhibitor, a GSK (glycogen 

synthase kinase) inhibitor, a HDAC (histone deacetylase) inhibitor, an IDO (ind oleamine 2,3

dioxygenase) inhibitor, an IDH (isocitrate dehydrogenase, including IDH1) inhibitor, an IKK (I

Kappa-B kinase) inhibitor, a KDM5 (lysine deinethylase) inhibitor, a LCK (iymphocyte-specific 

protein tyrosine kinase) inhibitor, a LOX (lysyl oxidase) inhibitor, a LOXL (lysyl oxidase like 

protein, including LOXL I, LOXL2, LOXL3, LOXL4, and/or LOXL5) inhibitor, a MTH (mut T 

hoinolog) inhibitor, a MEK (mitogen-activated protein kinase kinase) inhibitor, a matrix 

rnetalloprotease (MMP, including MMNIP2 and/or MMP9) inhibitor, a mitogen-activated protein 

kinases (MAPK) inhibitor, a P.D-I (programmed cell death protein 1) inhibitor, a PD-L1 

(programmed death-ligand 1) inhibitor, a P DGF (platelet-derived growth factor) inhibitor, a 

phosphorylase kinase (PK) inhibitor, a PlK (polo-like kinase, including PLKI, 2, 3) inhibitor, a 

protein kinase (P1K, including protein kinase A, B, C) inhibitor, a STK (serine/threonine kinase) 

inhibitor, a STAT (signal transduction and transcription) inhibitor, a serine/threonine-protein 

kinase inhibitor. a TBK (tank-binding kinase) inhibitor, a TLR (toll-like receptor rnodulators, 

including TLR-I, TLR-2, TLR-3, TLR-4, TLit5 TLR-6, TLR-7, TLR-8, TLR-9, TLR-10, 

TLR- 11, TLR- 12, and/or TL R-13) inhibitor, a TK (tyrosine kinase) inhibitor, a TP L2 

(serine/threonine kinase) inhibitor, a NEK9 inhibitor, an Abl inhibitor, a p38 kinase inhibitor, a 
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PYK inhibitor, a c-Kit inhibitor, a NPM-ALK inhibitor, a Flt-3 inhibitor, a c-Met inhibitor, a 

KDR inhibitor, a TIE-2 inhibitor, a VEGFR inhibitor, a SRC inhibitor, a HCK inhibitor, a LYN 

inhibitor, a FYN inhibitor, a YES inhibitor, a chemotherapeutic agent, an innunotherapeutic 

agent, a radiotherapeutic agent, an anti-neoplastic agent, an anti-cancer agent, an anti

proliferation agent, an anti-fibrotic agent, an anti-angiogenic agent, a therapeutic antibody, or 

any combination thereof. In some embodiments, the JAK inhibitor is N-(cyanomethyl)-4-[2-(4

morpholiinoanilino)pyrimidin-4-yl]benzamidc as named by ChemDraw (may also be referred to 

as CYT0387 or monelotinib) and may be synthesized by the methods described in U.S. Patent 

No. 8,436,941. in certain embodiment, the SyK inhibitor is 6-(1H-indazol-6-yl)-N-(4

morpholinophenyi)imnidazo[12-a]pyrazin-8-amine as named by ChemDraw (may also be 

referred to as 6-1H-indazol-6-yl)-N-4-(morpholin-4~yl)phenylimidazo[1,2-a]pyrazin-8-amine) 

and may be synthesized by the methods described in U.S. Patent No. 8,450,321. In other 

embodiments, the BTK inhibitor is (S)-6-amino-9-(1-(but-2~ynoyl)pyrrolidin-3-y)~-4

phenoxyphcny)-7H-purin-8(9H)-one as named by ChemDraw (may also be 6-amino-9-(3R)-

(2-butvnoyi-3- nphenoxypheny)-7 ,9-dihydro-8H -purin-8-one) and may be 

synthesized by the methods in U.S. Pat. No. 8,557,803.  

[.001001 Chemotherapeutic agents may be categorized by their mechanism of action into, for 

example, the following groups: anti-metabolites/anti-cancer agents, such as pyrimidine analogs 

(fioxuridine, capecitabine, and cytarabine); purine analogs, folate antagonists and related 

inhibitors, antiproliferative/antimitotic agents including natural products such as vinca alkaloid 

(vinblastine, vincristine) and microtubule such as taxane (padlitaxel, docetaxel), vinblastin, 

nocodazole, epothilones and navelbine, epidipodophyllotoxins (etoposide, teniposide); DNA 

damaging agents (actinonycin, armsacrine, busulfan, carboplatin, chlorambucii, cisplatin, 

cyclophosphamide, Cytoxan, dactinomycin, daunorubicin, doxorubicin, epirubicin, 

iphosphamide, melphalan, merchlorehtamine, mitomycin, mitoxantrone, nitrosourea, 

procarbazine, taxol, taxotere, teniposide, etoposide, triethylenethiophosphoramide); antibiotics 

such as dactinomycin (actinornycin )), daunorubicin, doxorubicin (adriamycin), idarubicin, 
anthracyclines, mitoxantrone, bleomycins, plicamycin (mithramycin) and mitomycin; enzymes 

(L-asparaginase which systemically metabolizes L-asparagine and deprives cells which do not 

have the capacity to synthesize their own asparagine); antiplatelet agents; antiproliferative/ 

antimitotic alkylating agents such as nitrogen mustards cyclophosphami de and analogs, 

melphalan, chlorambucil), and (hexamethylmelamine and thiotepa), alkyl nitrosoureas (BCNU) 

and analogs, streptozocin), trazenes-dacarbazinine (DTIC); antiproliferati ve/antimitotic
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antimetabolites such as folic acid analogs (methotrexate); platinum coordinati on complexes 

(cisplatin, oxiloplatinim, carboplatin), procarbazine, hydroxyurea, mitotane, aminoglutethinide; 

hormones, hormone analogs (estrogen, tamoxifen, goserelin bicahitamide, nilutamide) and 

aromatase inhibitors (letrozole, anastrozole); anticoagulants (heparin, synthetic heparin salts and 

other inhibitors of thrombin); fibrinolytic agents (such as tissue plasminogen activator, 

streptokinase and urokinase), aspirin, dipyridamole, ticlopidine, clopidogrel; antimigratory 

agents; antisecretory agents (breveldin); immunosuppressives tacrolimius sirolinus azathioprine, 

mycophenolate; compounds (TNP-470, genistein) and growth factor inhibitors (vascular 

endothelial growth factor inhibitors, fibroblast growth factor inhibitors); angiotensin receptor 

blocker, nitric oxide donors; anti-sense oligonucleotides; antibodies (trastuzumab, rituxirnab); 

cell cycle inhibitors and differentiation inducers (tretinoin); inhibitors, topoisom erase inhibitors 

(doxorubicin (adriamycin), daunorubicin, dactinomycin, eniposide, epirubicin, etoposide, 

idarubicin., irinotecan and mitoxantrone. topotecan, irinotecan, camptothesin), corticosteroids 

(cortisone, dexamethasone, hydrocortisone, methylpednisolone, prednisone, and prenisolone); 

growth factor signal transduction kinase inhibitors; dysfunction inducers, toxins such as Cholera 

toxin, ricin, Pseudomonas exotoxin, Bordetella pertussis adenylate cyclase toxin, or diphtheria 

toxin, and caspase activators; and chromatin.  

[001011 A.s used herein the term chemotherapeuticc agent" or "chemotherapeutic" (or 

"chemotherapy" in the case of treatment with a chemotherapeutic agent) is meant to encompass 

any non-proteinaceous (i.e, non-peptidic) chemical compound useful in the treatment of cancer.  

Examples of chemotherapeutic agents include alkylating agents such as thiotepa and 

cyClophosphamide (CYTOXAN); alkyl sulfonates such as busulfan, improsulfan and piposulfan; 

aziridines such as benzodopa, carboquone, meturedopa, and uredopa; emylerumines and 

memylamelamines including alfretanine, triemylenemelamine, triethylenephosphoramide, 

triethyl en ethiophosphoranide and trimemylolomelamine; acetogenins (especially bullatacin and 

buflatacinone); a camptothecin includingg synthetic analogue topotecan); bryostatin; callystatin: 

CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues); cryptophycins 

(articularly cryptophycin I and cryptophycin 8); dolastatin; duocarmycin (including the 

synthetic analogues, K.W-2189 and CBLTMI); elcutherobin; pancratistatin; a sarcodictyin; 

spongista tin; nitrogen mustards such as chlorambucil, chiornaphazine, cholophospharnide, 

estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, 

novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosoureas such as 

carmustine, chlorozotocin, foremustine, lomustine, nimustine. ranimustine: antibiotics such as 
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the enedive antibiotics (e.g., calicheamicin, especially calicheamicin gammall and 

calicheanicin philI, see, e.g., Agnew, Chem. Intl. Ed, EngI, 33:183-186 (1994); dynenicin, 

including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as 

neocarzinostatin chromophore and related chromoprotein enediyne antibiotic chromomophores), 

aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinoinycin, carabicin, 

carnnminonvnophin, , chromomyeins. dactinonycin,, daunorubicin, detorubicin, 6-diazo

5-oxo-L-norleucine, doxorubicin (including morpholino-doxorubicin., cyanomorpholino

doxorubicii, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, 

marcellomycin, mitomycins such as mitomycin C, rmycophenolic acid, nogalamycin, 

olivomycins, peplomycin, potfiromycin, puromycin, quelamycin. rodorubicin, streptonigrin, 

streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti -metabol ites such as methotrexate 

and 5-fluorouracil (5-FU); folic acid analogues such as demopterin. methotrexate, pteropterin, 

timetrexate; purino analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; 

pyrimidine analogues such as ancitabine, azacitidine, 6-azauridine, cannofur, cytarabine, 

dideoxyuridine, doxifluridine, enocitabine, tloxuridine; androgens such as calusterone, 

dromostano lone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as 

aminoglu tethimide, mitotane, trilostane; folic acid replinisher such as frolinic acid; aceglatone; 

aldophospharmide glycoside; aminolevulinic acid; eniluracil; am sacrine; hestrabucil; bisantrene; 

edatraxate; defofamnine; demecolcine; diaziquone; elfonthine; elliptinium acetate; an 

epothilone; etoglucid; gallium nitrate; hydroxvurea; lentinan; leucovorin; lonidamine; 

maytansinoids such as maytansine and ansamitocins; mitoguazone: mitoxantrone; mopidamol; 

nitracrine; pentostatin; phenamet; pirarubicin; losoxantrone; fluoropyrimidine; folinic acid; 

podophyllinic acid; 2-ethylhydrazide; procarbazine: PSK(r); razoxane; rhizoxin; sizofiran; 

spirogermanium; tenuazonic acid; triaziquone 2,2'2"tricUororiemyiamine; trichothecenes 

(especially T-2 toxin, verracurin A, roridin A and anguidine); urethane; vindesine; dacarbazine; 

mannomustine; mitobronitol; initolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); 

cyclophosphamide; thiopeta; taxoids, eg., paclitaxel (TAXOL(r) and docetaxel 

(TAXOTERE(r)); chlorambucil; gencitabine (Gemzar(r)); 6-thioguanine; mercaptopurine; 

methotrexate; plating um analogs such as cisplatin and carboplatin; vinblastine; platinum; 

etoposide (VP-1 6); ifosfamide; mitroxantrone; vancristine; vinorelbine (Navelbine(r)); 

novantrone: teniposide; edatrexate; daunomycin; aininopterin; xeoloda; ibandronate; CPT-1 1; 

topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids such as retinoic 

acid; capecitabine; FOLFIRI (fluorouracil, leucovorin, and irinotecan) and pharmaceutically 
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acceptable salts, acids or derivatives of any of te above. One or more chemotherapeutic agent 

are used or included in the present application.  

[00102] 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 receptor modulators (SERMs), including, for example, tamoxifen (including 

Nolvadex.), raloxifene, droloxifene, 4-hydroxvtamoxifen., 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, 

aminoglutethimide, megestrol acetate (Megace(r)), exemestane, formestane, fadrozole, vorozole 

(Rivisor(r)), letrozole (Ferara(r)), and anastrozole (Arimidex(r).); and anti-androgens such as 

flutamide, nilutamide, bicalutamide, leuprohde, and goserelin; and pharmaceutically acceptable 

salts, acids or derivatives of any of the above.  

[001031 The anti-angiogenic agents include, but are not limited to. retinoid acid and 

derivatives thereof, 2-methoxyestradiol, ANGIOSTATIN(r), ENDOSTATIN(r), surarin, 

squal amine, tissue inhibitor of metalloproteinase-1, tissue inhibitor of metalloproternase-2, 

plasminogen activator inhibitor-i, plasminogen activator inbibitor-2, cartilage-derived inhibitor, 

paclitaxel (nab-paclitaxel), platelet factor 4, protamine sulphate (clupeine), sulphated chitin 

derivatives (prepared from queen crab shells), sulphated polysaccharide peptidoglycan complex 

(sp-pg), staurosporine, modulators of matrix metabolism, including fbr example, proline analogs 

((1-azetidine-2-carboxylic acid (LACA), cishydroxyproline, d,I-3,4-dehydroproline, thiaproline, 

,alpha -dipyridyl, beta-aninopropionitrile fumarate, 4-propyl-5~(4-pyridinyl)-2(3h)oxazolone: 

methotrexate, mitoxan trone, heparin, interferons, 2 macroglobulin-serum, chimnp-3, chymostatin, 

beta-cyclodextrin tetradecasulfate, eponemycin; fumagillin, gold sodium thionalate, d

penicillamine (CDPT), beta- I-anticollagenase-serum, alpba-2-antiplasmin, bisantrene, lobenzarit 

disodiun, n-2-carboxyphenyi-4-chloroanthronilic acid disodium or "CCA", thalidomide; 

angiostatic steroid, cargboxynaminolmidazoie; metal loproteinase inhibitors such as BB94. Other 

anti-angiogenesis agents include antibodies, preferably monoclonal antibodies against 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 

factors and their inhibitors" (1999) Nature Medicine 5:1359-1364.  

100104] The anti-fibrotic agents include, but are not limited to, the compounds such as beta

aminoproprionitrile (BAPN), as well as the compounds disclosed in U.S. Pat. No. 4,965,288 to 
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Palfreyman, et at, issued Oct. 23, 1990, entitled "Inhibitors of lysyl oxidase," relating to 

inhibitors of lysyl oxidase and ficir use in the treatment of diseases and conditions associated 

with the abnormal deposition of collagcn; U.S. Pat, No. 4,997,854 to Kagan, et at, issued Mar.  

5, 1991, entitled "Anti-fibrotic agents and methods for inhibiting the activity of lysyl oxidase in 

situ using adjacently positioned diamine analogue substrate," relating to compounds which 

inhibit LOX for the treatment of various pathological fibrotic states, which are herein 

incorporated by reference, Further exemplary inhibitors are described in U.S. Pat. No. 4,943.593 

to Palfteymian, et al., issued Jul. 24, 1990, entitled "Inhibitors of lysyl oxidase," relating to 

compounds such as 2-isobutyl-3-fluoro-, chloro~, or bromo-ailylamine; as well as, e.g., U.S. Pat.  

No. 5,021,456; U.S. Pat No. 5,5059,714; U.S. Pat. No. 5,120,764; U.S. Pat. No. 5,182,297; U,S.  

Pat. No. 5,252,608 (relating to 2(1-naphthyloxymemyl)-3-fiuoroallyiamine); and U.S. Patent 

Application No. 2004/0248871, which are herein incorporated by reference, Exemplary anti

fibrotic agents also include the primary amines reacting with the carbonyl group of the active 

site of the lysyl oxidases, and more particularly those which produce, after binding with the 

carbonyl, a product stabilized by resonance, such as the following primary amines: 

emylenemamine, hydrazine, phenyihydrazine, and their derivatives, semicarbazide, and urea 

derivatives, aminonitrilcs, such as beta-aminopropionitrile (BAPN), or 2-nitroethylamine, 

unsaturated or saturated haloamines, such as 2-bromo-ethylamine, 2-chloroethylamine, 2

trifluoroethylamine, 3-bromopropylamine, p-halobenzylamines, selenohomocysteine lactone.  

Also, the anti-fibrotic agents are copper chelating agents, penetrating or not penetrating the cells, 

Exemplary compounds include indirect inhibitors such compounds blocking the aldehyde 

derivatives originating from the oxidative deamination of the lysyl and hydroxylysyl residues by 

the lysyl oxidases, such as the thiolamines, in particular D-penicillamine, or its analogues such 

as 2-amino-5-mercapto-5-methyihexanoic acid, D-2-amino-3-methyl-3-((2

acetamidoethyi)dithio)butanoic acid, p-2-amino-3-methyl-3-((2-aminoethyi)dithio)butanoic 

acid, sodium-4-(p-1-dimethyl-2-amino-2-carboxyethyl)dithio)butane sulphurate, 2

acetamidoethyl-2-acetamidoethanethioi sulphanate, sodium-4-mercaptobutanesulphinate 

trihydrate.  

1001051 The immunotherapeutic agents include and are not limited to therapeutic antibodies 

suitable for treating patients; such as abagovornab, adecatumumab, afituzumab, alemtuzumab, 

altumomab, amatuximab, anatumoinab, arcitumomab, bavituximab, bectumomab, bevacizuniab, 

bivatuzunab, blinatumomab, brentuxim ab, cantuzuiab, catumaxomab, cetuximab, citatuzumab 

eixutunmumab, clivatuzumab, conatununab, daratununab, drozitumab, duligotumab, 
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dusigitumab, detumomab., dacetuzumnab, dalotuzumab, ecromeximab, elotuzumab, ensituximab, 

ertumaxomab, etaracizurnab, farietuzumab, ficlatuzumab, figitumnumab, flanvotumab, 

futuximab, ganitumab, gemtuzumab, girentuximab, glembatumumab, ibritumomab, igovomab, 

imgatuzumab, indatuximab, inotuzumab, intetumumab, ipilimurnab, iratumurnab, labetuzumab, 

lexatumumab, lintuzumab, lorvotuzumab, lucatumumab, mapatumnmab, ruatuzumab, 

milatuzumab, minretumomab, mitumomab, moxetumomab, narnatumab, naptumomab, 

necitumumab, nimotuzumab, nofetumomabn, ocaratuzumab, ofatumum ab, olaraturnab, 

onartuzumab, oportuzumab, oregovomab, panitumumab, parsatuzumab, patritumab, 

pemtumomab, pertuzumab, pintumomab, priturunab, racotumomab, radretumab, rilotumumab, 

rituxima, robatumumab, satumomab, sibrotuzumab, siltuximab, simtuzumab, solitomab, 

tacatuzurnab, taplituromab, tenatumomab, teprotumumab, tigatuzumab, tositumomab, 

trastuzumab, tucotuzumab, ubiituximab, veltuzumab, vorsetuzumnab. votunumab, zalutumumab, 

obinutuzumab, CC49 and 3F8. The exemplified therapeutic antibodies may be further labeled or 

combined with a radioisotope particle, such as indium In 111, yttrium Y 90, iodine 1-131.  

1001.06] The application also provides method for treating a subject who is undergoing one or 

more standard therapies, such as chemotherapy, radiotherapy, immunotherapy, surgery, or 

combination thereof Accordingly, one or more therapeutic agent or inhibitors may be 

administered before, during, or after administration of chemotherapy, radiotherapy, 

immunotherapy, surgery or combination thereof.  

[00107] Other examples of chemotherapy treatments (including standard or experimental 

chemotherapies) are described below. In addition, treatment of certain lymphomas is reviewed 

in Cheson, B.D., Leonard, J., "Monoclonal Antibody Therapy for B-Cell Non-Hodgkin's 

Lymphoma" The New England Journal ofiMedicine 2008, 359(6), p. 613-626; and Wierda, 

W.G., "Current and Investigational 'Therapies fr Patients with CLL" Hematology 2006, p. 285

294. Lymphoma incidence patterns in the United States is profiled in Morton, L.M., et al.  

"Lymphoma Incidence Patterns by WHO Subtype in the United States, 1992-2001" Blood 2006, 

107( 1), p. 265-276.  

[00108] Examples of iminunotherapeutic agents include, but are not limited to, rituximab 

(such as Rituxan), alemtuzunab (such as Campath, MabCampath), anti-CD19 antibodies, anti

CD20 antibodies, anti-MN-14 antibodies, anti-TRAIL, Anti-TRAIL DR4 and DR5 antibodies, 

anti-CD74 antibodies, apolizurnab, bevacizumab, CHIR- 1R 12, epratuzumab (hLL2- anti-CD22 

humanized antibody), galiximab, ha20, ibritumomab tiuxetan, lumiliximab, milatuzumab, 
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ofatumumab, PROI131921, SCN-40, Wi- analog peptide vaccine, WTI 126-134 peptide 

vaccine, tositumomab, autologous human tumor-derived H SPPC-96., and veltuzumab.  

Additional immunotherapy agents includes using cancer vaccines based upon the genetic 

makeup of an individual patient's tumor, such as lymphoma vaccine example is (iTOP-99 

(MyVax P).  

100109] Exam iples of chemotherapy agents include aldesleukin, alvocidib, antineoplaston 

AS2- 1, antineoplaston A 10, anti-thymocyte globulin, amifostine tihydrate, aminocamptothecin, 

arsenic trioxide, beta alethine, 13cl2 family protein inhibitor ABT-263, ABT-199, BMS-345541, 

bortezomib (Velcade*), bryostatin 1, busulfan, carboplatin, campath-IH, CC-5103, carmustine, 

caspofungin acetate, clofarabine, cisplatin, Cladribine (Leustarin), Chlorambucil (Leukeran), 

Curcunin, cyclosporine, Cyclophosphami de (Cyloxan, Endoxan, Endoxana, Cyclostin), 

cytarabine, denileukin diftitox, dexamethasone, DT PACE, docetaxel, dolastatin 10, 

Doxorubicin (Adriarnycin", Adriblastine), doxorubicin hydrochloride, enzastaurin, epoetin al-a, 

etoposide, Everolimus (RAD001), fenretinide, filgrastim, melphalan, mesna, Flavopiridol., 

Fludarabine (Fludara), Geldanamycin (17A AG), ifbsfamide, irinotecan hydrochloride, 

ixabepilone, Lenalidomide (Revlimid*, CC-5013), lymphokine-activated killer cells, melphalan, 

nethotrexate, mitoxantrone hydrochloride, motexafin gadolinium, mycophenolate mofetil, 

nelarabine, oblimersen (Genasense) Obatoclax (GXI 5-070), oblimersen. octreotide acetate, 

omega-3 fatty acids, oxaliplatin, paclitaxel, PD0332991, PEGylated liposomal doxorubicin 

hydrochloride, pegfilgrastim, Pentstatin (Nipent), perifosine, Prednisolone, Prednisone, R

roscovitine (Selicilib, CYC202), recombinant interferon alfa, recombinant interleukin-12, 

recombinant interleukin- 11, recombinant flt3 ligand, recombinant human thrornbopoietin, 

rituximab, sargramostim, sildenafil citrate, simvastatin, sirolinus Styryl sulphones, tacrolimus, 

[anespimycin, Temsirolimus (CC-779), Thalidomide, therapeutic allogeneic lymphocytes., 

thiotepa, tipifarnib, Velcade* (bortezomib or PS-341), Vincristine (Oncovin), vincristine sulfate, 

vinorelbine ditartrate, Vorinostat (SAHA), vorinostat, and FR (fludarabine. rituximab), CHOP 

(cyclophosphamide, doxorubicin, vincristine, prednisone), CVP (cyclophospharmide, vincristine 

and prednisone), FCM (fludarabine, cyclophosphamide. mitoxantrone)., FCR (fludarabine, 

cyclophosphami de, rituximab), hyperCVAD (hyperfractionated cyclophosphamide, vincristine, 

doxorubicin, dexamethasone, methotrexate, cytarabine), ICE (iphosphamide, carboplatin and 

etoposide), MCP (mintoxantrone, chlorambucil, and prednisolone), R-CHOP (rituximab plus 

CHOP), R-CVP (rituximab plus CVP), R-FCM (rituximab plus FCM), RACE (rituximab-ICE), 

and R-MCP (R-MCP), 
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(00110] The therapeutic treatments can be supplemented or combined with any of the 

abovementioned therapies with stem cell transplantation or treatment. One example of modified 

approach is radioinmmunotherapy, wherein a monoclonal antibody is combined with a 

radioisotope particle, such as indium In 111, yttrium Y 90, iodine I-1 3L Examples of 

combination therapies include, but are not limited to, Iodine- 131 tosituniomab (Bexxar") 

Yttrium-90 ibritumomab tiuxetan (Zevalin*) Bexxar{ with CHOP.  

[0011 Other therapeutic procedures include peripheral blood stem cell transplantation, 

autologous hematopoietic stem cell transplantation, autologous bone marrow transplantation, 

antibody therapy, biological therapy, enzyme inhibitor therapy, total body irradiation, infusion 

of stem cells, bone marrow ablation with stem cell support, in vitro-treated peripheral blood 

stem cell transplantation, umbilical cord blood transplantation, imrnunoenzyme technique, 

pharmacological study, low-LET cobalt-60 gamma ray therapy, bleomycin, conventional 

surgery, radiation therapy, and nonmy'eloablativc allogeneic hematopoietic stem cell 

transplantation.  

[00112] In some embodiments, the methods include administering a compound of the formula 

described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate thereof, in a 

therapeutically effective amount to a human in need thereof The method can be employed to 

treat a patient who has or is believed to have a disease or condition whose symptoms or 

pathology is mediated by expression or activity of P113Ki and/or PI3K8. The patient rnay be a 

mammal or a human, In certain embodiment, the patient may be a human.  

[001-13] "Treatment" or "treating" is an approach for obtaining beneficial or desired results 

including clinical results. Beneficial or desired clinical results may include one or more of the 

following: a) inhibiting the disease or condition (eg., decreasing one or more symptoms 

resulting from the disease or condition, and/or diminishing the extent of the disease or 

condition); b) slowing or arresting the development of one or more clinical symptoms associated 

with the disease or condition (e.g., stabilizing the disease or condition, preventing or delaying 

the worsening or progression of the disease or condition, and/or preventing or delaying the 

spread (e.g., metastasis) of the disease or condition); and/or c) relieving the disease, that is, 

causing the regression of clinical symptoms (e.g., ameliorating the disease state, providing 

partial or total remission of the disease or condition, enhancing the effect of another medication, 

delaying the progression of the disease, increasing the quality of life, and/or prolonging survival.  

39



WO 2015/191754 PCT/US2015/035161 

[001141 "Prevention" or "preventing" mean any treatment of a disease or condition that 

causes the clinical svmptoms of the disease or condition not to develop, Compounds may, in 

some embodiments, be administered to a subject (including a human) who is at risk or has a 

family history of the disease or condition.  

[00115] "Subject" or "patient" refer to an animal, such as a mammal includingg a human), 

that has been or will be the object of treatment, observation or experiment. The methods 

described herein may be useful in human therapy and/or veterinary applications. In some 

embodiments, the subject is a mammaL In one embodiment, the subject is a human. "Human in 

need thereof' refers to a human who may have or is suspect to have diseases, or disorders, or 

conditions that would benefit from certain treatment; for example, being treated with the P1I3K 

inhibitor of the compounds according to the present application. In certain embodiments, the 

subject may be a human who (i) has not received any treatment including chemotherapy 

treatment, (ii) is substantially refractory to at least one chemotherapy treatment, (iii) is in relapse 

after treatment with chemotherapy, or both (i) and (ii). In some of embodiments, the sub ject is 

refractory to at least one, at least two, at least three, or at least four chemotherapy treatments 

(including standard or experimental chemotherapi es) 

001-1.6 The terms "therapeutically effective amount" or "effective amount" of a compound 

of the present application or a pharmaceutically acceptable salt, isomers, prodrug, or solvate 

thereof, mean an amount sufficient to effect treatment when administered to a subject, to provide 

a therapeutic benefit such as amelioration of symptoms or slowing of disease progression. For 

example, a therapeutically effective amount may be an amount sufficient to decrease a symptom 

of a disease or condition responsive to inhibition of PI3KS and PI3K3 activity. The 

therapeutically effective amount may vary depending on the subject, and disease or condition 

being 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 skill in the art 

[001171 In addition to the therapeutic uses, the compounds described herein have the 

selectivity or selective inhibition to certain P13K isoforms. In one embodiment, the compounds 

have selectivity to Pl3Kp. In some enbodiments, the compounds have selectivity to P13Kb. In 

yet other embodiments, the compounds have selectivity to P13Kp and P13K6. The selectivity to 

PI3K isoforms may be determined by measuring the compound's activity in inhibiting certain 

P13K isoforis using the assay described in the example below or the methods commonly used.  

It is understood that the conditions (eg. the reagent concentration or the incubation temperature) 
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may be varied and the results of the assay may vary. In some instances, the value may vary 

within a range of one to three- folds.  

[001181 The term "inhibition" indicates a decrease in the baseline activity of a biological 

activity or process. The term "inhibition of activity of P13K isoforms" or variants thereof refer 

to a decrease in activity in any P13K isoform (e.g, alpha, beta, gamma, or delta) as a direct or 

indirect response to the presence of a compound of any of the formula described herein relative 

to the activity of .P13K isofortn in the absence of such compound. "inhibition of PI3KS and/or 

PI3K3 activities" or variants thereof refer to a decrease in PI3K and/or PI3K3 activities as a 

direct or indirect response to the presence of the compounds described herein, relative to the 

activities of P13K6 and/or PI3Kp in the absence of such compound. In some embodiments, the 

inhibition of P13K isoform activities may be compared in the same subject prior to treatment, or 

other subjects not receiving the treatment.  

[00119] Without being bound to any theory, the decrease in the activity of P13 K may be due 

to the direct interaction of the compound with P13K, or due to the interaction of the compounds 

described herein with one or more other factors that affect P13K activity. For example, the 

presence of the compounds may decrease the activities of P13K6 and/or P131K) by directly 

binding to PI3K6 and/or PI3K.p, by causing (directly or indirectly) another factor to decrease 

PI3Kb and/or P13Kp activities, or by (directly or indirectly) decreasing the amount of P3K6 

and/or PI3K present in the cell or organism, 

[001201 The tenn "P13K inhibitor" or variant thereof refers to a compound that inhibits the 

activity of P13K. The term "P13K isofonn selective inhibitor" or variant thereof refers to a 

compound that inhibits the activity of one or more P13K isoforms more effectively than the other 

remaining P13K isofonns, By way of example, the term "P3 K11 selective inhibitor" generally 

refers to a compound that inhibits the activity of the Pi3K13 isoform more effectively than other 

isoforms of the P13K family, and the tenn "PI3K 6 selective inhibitor" generally refers to a 

compound that inhibits the activity of the P"13KS isoforin more effectively than other isofornis of 

the P13K family, The term "dual PI3K6/p selective inhibitor" generally refers to a compound 

that inhibits the activity of both P13KS and P13K3 isofbrms more effectively than other isoforns 

of the P13K family (e.g.1 P13K a or y).  

[001211 The relative efficacies of compounds as inhibitors of an enzyme activity (or other 

biological activity) can be established by determining the concentrations at which each 
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compound inhibits the activity to a predefined extent and then comparing the results. In one 

embodiment, the efficacy of a compound as an inhibitor of one or more P13K isoforms can be 

measured by the compound concentration that inhibits 50% of the activity in a biochemical 

assay, i.e. the 50% inhibitory concentration or "IC5 ". The determination of IC5.3 values can be 

accomplished using conventional techniques known in the art, including the techniques 

described in the Examples below. In general, an ICso can be determined by measuri ng the 

activity of a given enzyme in the presence of a range of concentrations of the compound under 

the study. The experimentally obtained values of enzyme activity may then be plotted against 

the compound concentrations used. The concentration of the inhibitor that shows 50% enzyme 

activity (as compared to the activity in the absence of any inhibitor) is taken as the ICo value, 

Analogously, other inhibitory concentrations can be defined through appropriate determinations 

ot activity. For example, in some settings it may be desirable to establish a 90% inhibitory 

concentration, ie., ICo.  

1001221 According to the present application, a P13K selective inhibitor is a compound that 

exhibits a 50% inhibitory concentration (ICsn) with respect to PI3KP that is at least I0-fold, at 

least 20-fold, at least 30-fold, at least 50-fold, at least 100~fold, at least 200-fold, or at least 500

fold lower than the IC50 with respect to either PI3Kx or PI3Ky or both P3Ka. and P13K 1 . In 

addition, a PI3(K6/p selective inhibitor is a compound that exhibits a 50% inhibitory 

concentration (IC,,) with respect to P13 KOI and P3KS that is at least 10-fold, at least 20-fold, at 

least 30-fold, at least 50-fold, at least 75-fold, at least 100-fold, at least 200-fold, and at least 

500-fold lower than the IC5 o with respect to either PI3Ku or P13Ky. The dual PI3K6/p selective 

inhibitor may have the same or similar IC50 to both P113K6 and PI3K3 or may have different IC> 

to either PI3KS or PIS3@. As used herein, the term "potency," "potent,'" or variants thereof refer 

to the compound exhibiting an ICsg value that is less than 100 nM. When comparing two 

compounds, the compound that exhibits a lower IC5 o value is referred to as a more potent 

inhibitor, 

[001231 The compounds of the present application exhibit unexpected selectivity to PI3Kp.  

As shown in the example, certain compounds in Table I exhibit low IC 0 values (e.g. Ito 100 

nM) to both PI31K and P13Kb. Certain compounds in Table la also exhibited such selectivity to 

113K isoforms. Also, certain compounds of formula (I) exhibited at least between 10-fold to 

400-fold lower ICo values for P13KO than P13KY, suggesting the compounds exhibit more 

selectivity to 113KII compared to P13Ky (i.e., inhibits the activity of the P31Kp isoform more 
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effectively than the P13Ky isoform as shown by the P13 Ky/PI3K$ ratio). Moreover, the 

compounds described herein exhibit selectivity to both Pi3Kfi and PI3K& The compound (S)

2,4-diamino-6-((1 -(5~-chloro-4-oxo-3 -phenyl-3 ,4-dihydroquinazolin-2

yl)ethyl)amino)pyrimidine-5-carbonitrile, described in US Provisional Application No.  

61/745,437, exhibited less selectivity to PI3Kj (e.g. the PI3Ky/PJ3KfI ratio is less than I -fold), 

The results of the present application suggest that the compounds described herein are dual 

selective inhibitors of P13K6 and PI3Kp3 and exhibit more selectivity to PI3KQ compared to 

PIl3Ky. Each of the patents and the patent applications described in the present application are 

incorporated herein by the entirety.  

1001241 The methods described herein may be applied to cell populations in vivo or ex vivo.  

"In vivo" means within a living individual, as within an animal or human. In this context. the 

methods described herein may be used therapeutically in an individual. "Ex vivo" means outside 

of a living individual. Examples of ex vivo cell populations include in vitro cell cultures and 

biological samples including fluid or tissue samples obtained from individuals. Such samples 

may be obtained by methods well known in the art. Exemplary biological fluid samples include 

blood, cerebrospinal fluid, urine, and saliva. Exemplary tissue samples include tumors and 

biopsies thereof. In this context, the compounds may be used for a variety of purposes, 

including therapeutic and experimental purposes. For example, it may be used ecx viv to 

determine the optimal schedule and/or dosing of administration of a PI3K selective inhibitor for 

a given indication, cell type, individual, and other parameters. Infonnation gleaned from such 

use may be used for experimental purposes or in the clinic to set protocols for in vivo treatment, 

Other ex vivo uses for which the invention may be suited are described below or will become 

apparent to those skilled in the art. The compounds of the formula described herein or a 

pharmaceutically 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 to those skilled in the art.  

100125] Compared to other 113K isofbrns, PI3KS is generally expressed in hematopoietic 

cells. Also, PI3Kp is generally mis-regulated in certain cancer cells. Aberrant proliferation of 

cells often interferes with nonnal tissue function, which may result in abnormal cellular 

response such as immunity, inflammation, and/or apoptosis. The selective inhibitors to PI3KS 

and/or PI3Kf3 are useful in treating, inhibiting, or preventing aberrant proliferation of cancerous 

and/or hematopoietic cells and ameliorating the syrnptoms and secondary conditions.  
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[00126] The compounds described herein may be used to treat subjects having various 

disease states, disorders. and conditions (also collectively referred to as "indications") associated 

with PI3K isoforms or their activities. As used herein, the terms "diseases," "disorders," 

"conditions" are used interchangeably. Such indications may include, for example, cancer, 

including hematologic malignancies (e.g. leukemni as and lymphomas, mycloproliferative 

disorders, myelodysplastic syndromes, plasma cell neoplasms) and solid tumors, inflammation, 

fibrosis, allergic conditions (including hypersensitivity), cardiovascular diseases, 

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

100127] In 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 inflanmnatory disease, or a cancer. In 

some embodiments, the disease or condition is chosen from rheumatoid arthritis, osteoarthritis.  

atherosclerosis, psoriasis, system c lupus erythematosus, multiple sclerosis, inflammatory bowel 

disease, asthma, chronic obstructive airways disease, pneumonitis, dermatitis, alopecia, 

nephritis, vasculitis, atherosclerosis, Alzheimer's disease, hepatitis, primary biliary cirrhosis, 

sclerosing chol angi tis, diabetes (including type I diabetes), acute rejection of transplanted 

organs, lymphonas, multiple myelomas, leukemias, neoplasms and solid tumors.  

100128] In other embodiments, the disease is a solid tumor. By way of examples, the solid 

tumor includes but is not limited to pancreatic cancer, bladder cancer, colorectal cancer, breast 

cancer, prostate cancer, renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, cervical 

cancer, rectum cancer, liver cancer, kidney cancer, stomach cancer, skin cancer, gastric cancer, 

esophageal cancer, head and neck cancer, melanoma, neuroendocrine cancers, CNS cancers 

(e.., neuroblastoma), brain tumors (e.g., glioma, anaplastic oligodendroglioma, adult 

glioblastoma multiforme, and adult anapiastic astroctoma), bone cancer, or soft tissue sarcoma.  

In some embodiments, the solid tumor is non-small cell lung cancer, small-celi lung cancer, 

colon cancer, CNS cancer, melanoma, ovarian cancer, renal cancer, pancreatic cancer, prostate 

cancer, or breast cancer.  

[001291 The present application also provides a method for treating a human in need thereof, 

who has or is suspected of having a disease or condition responsive or believed to be responsive 

to the inhibition of P13Kb and/or Pi3Kp activity by administering to the subject a compound of 

the fnnulae described herein or a pharmaceutically acceptable salt, enantiomer, atropisomer, 

tautomer, prodrug, or solvate thereof 
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[00130] Additionally, the application provides a method of inhibiting kinase activity of a 

P13K6 and/or P13K polypeptides by contacting the polypeptides with a compound of the 

formulae described herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, or a 

mixture thereof.  

[001311 Moreover, the application provides a method of decreasing cell viability, increasing 

cell death or apoptosis, increasing interference with PI3K signaling pathways (including AKT, 

S6RP, ERK phosphorylation), and/or reduction in chemokine production with an effective 

amount of a compound of any of the fonnulae described herein or a pharmaceutically acceptable 

salt, isomer, prodrug, solvate, or a mixture thereof, 

[00132] The application further provides a method of disrupting leukocyte function 

comprising contacting the leukocytes with an effective amount of a compound of any of the 

forulae described herein or a pharmaceutically acceptable salt, i somer, prodrug, solvate, or a 

mixture thereof, in a human in need thereof.  

[00133] Provided is also a method of inhibiting growth or proliferation of cancer cells 

comprising contacting the cancer cells with an effective amount of a compound of the fornulae 

described herein or a pharmaceutically acceptable salt, isomer, prodrug, solvate, or a mix ture 

thereof.  

Kits 

[00134] Provided herein are also kits that include a compound of the fornulae of the present 

application or a pharmaceutically acceptable salt, isomer, prodrug, or solvate thereof, and 

suitable packaging. In one embodiment, a kit further includes instructions for use. In one aspect, 

a kit includes a compound of the formulae described herein or a pharmaceutically acceptable 

salt, isomer, prodrug, or solvate thereof, and a label and/or instructions for use of the compounds 

in the treatment of the indications, including the diseases or conditions, described herein.  

[00135] Provided herein are also articles of manufacture that include a compound of any of 

the formulae described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate 

thereof, in a suitable container. The container may be a vial, jar, ampoule, preloaded syringe, 

and intravenous bag, 
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Pharaceutica l-m.ositionsadc Modes-\f Adm inis ion 

[001361 Compounds provided herein are usually administered in the form of pharmaceutical 

compositions. Thus, provides herein are also pharmaceutical compositions that contain one or 

more of the compounds of any of the formulae disclosed herein or a pharmaceutically acceptable 

salt, isomers, prodrug, or solvate thereof, and one or more pharmaceutically acceptable vehicles 

selected from carriers, adjuvants and excipients. Suitable pharmaceuticallv acceptable vehicles 

may include, for example, inert solid diluents and fillers, diluents, including sterile aqueous 

solution and various organic solvents, permeation enhancers, solubilizers 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 Ed. (1985); 

and Modern Pharmaceutics, Marcel Dekker, Inc. 3rd Ed. (GS, Banker & C.T. Rhodes, Eds.).  

[001371 The pharmaceutical compositions may be administered in either single or inultiple 

doses. The phannaceutical composition may be administered by various methods including, for 

example, rectal, buccal, intranasal, and transdernmal routes. In certain embodiments, the 

pharmaceutical composition may be administered by intra-arterial injection, intravenously, 

intraperitoneally, parenterally, intramuscularly, subcutaneously, orally, topically, or as an 

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

[00138] One mode for administration is parenteral, for example, by injection. The forms in 

which the pharmaceutical compositions described herein may be incorporated for administration 

by injection include, for example, aqueous or oil suspensions, or emulsions, with sesame oil, 

corn oil, cottonseed oil, or peanut oil, as well as elixirs, mannitol, dextrose, or a sterile aqueous 

solution, and similar pharmaceutical vehicles.  

[00139] Oral administration may be another route for administration of the compounds 

described herein. Administration may be via, for example, capsule or enteric coated tablets. In 

making the pharmaceutical compositions that include at least one compound of any of the 

formulae described herein or a pharmaceutically acceptable salt, prodrug, or solvate thereof, the 

active ingredient is usually diluted by an excipi ent 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 

diluent, it can be in the form of a solid, semi-solid, or liquid material, which acts as a vehicle, 

carrier or medium for the active ingredient. Thus, the compositions can be in the form of tablets, 

pills, powders, lozenges, sachets, cachets, elixirs, suspensions. emulsions, solutions, syrups, 
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aerosols (as a solid or in a liquid medium), ointments containing, for example, up to 1 0% by 

weight of the active compound, soft and hard gelatin capsules, sterile injectable solutions, and 

sterile packaged powders. In certain embodiments, the phannaceutical composition is in the 

form of tablets.  

[001401 Sorne examples of suitable excipients include lactose, dextrose, suerose, sorbitol, 

manitol. starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium 

silicate, microcrystalline cellulose, polyvinvlpyrrolidone, cellulose, sterile water, syrup, and 

methyl cellulose. The formulations can additionally include lubricating agents such as talc, 

magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents; 

preserving agents such as methyl and propyihydroxy-benzoates; sweetening agents; and 

flavoring agents, 

[00141j The compositions that include at least one compound of any of the fornulae 

described herein or a pharmaceutically acceptable salt, isomer, prodrug, or solvate thereof, can 

be fonnulated so as to provide quick, sustained or delayed release of the active ingredient after 

administration to the subject by employing procedures known in the art. Controlled release drug 

delivery systems for oral administration include osmotic pump systems and dissolutional 

systems containing polymer-coated reservoirs or dng-polyimer matrix formula tons Examples 

of controlled release systems are given in U.S. Patent Nos, 3,845,770; 4,326,525; 4,902,514 and 

5,616,345. Another fornulation for use in the methods of the present invention employs 

transdermal delivery devices ("patches"). Such transdernal patches may be used to provide 

continuous or discontinuous infusion of the compounds described herein in. controlled amounts, 

The construction and use of transdennal patches for the delivery of pharmaceutical agents is 

well known in the art. See, e.g.. U.S. Patent Nos. 5,023,252, 4,992,445 and 5,001,139. Such 

patches may be constructed for continuous, puilsatile, or on demand delivery of pharmaceutical 

agents.  

[001421 For preparing solid compositions such as tablets, the principal active ingredient may 

be mixed with a pharmaceutical excipient to fin a solid preformulation composition containing 

a homogeneous mixture of a compound of any of the above fonnulae or a phannaceutically 

acceptable salt, prodrug, or solvate thereof When referring to these preformula tion 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.  

47



WO 2015/191754 PCT/US2015/035161 

[00143] The tablets or pills of the compounds described herein may be coated or othenise 

compounded to provide a dosage form affording the advantage of prolonged action, or to protect 

from the acid conditions of the stomach. For example, the tablet or pill can include an inner 

dosage and an outer dosage component, the latter being in the ffonn of an envelope over the 

former. The two components can be separated by an enteric layer that serves to resist 

disintegration in the stomach and permit the inner component to pass intact into the duodenum 

or to be delayed in release, A variety of materials can be used for such enteric layers or coatings, 

such materials including a number of polymeric acids and mixtures of polymeric acids with such 

materials as shellac, cetyl alcohol, and cellulose acetate.  

[00144] Compositions for inhalation or insufflation may include solutions and suspensions in 

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The 

liquid or solid compositions may contain suitable pharmaceutically acceptable excipients as 

described supra. In some embodiments, the compositions are administered by the oral or nasal 

respiratory route for local or systemic effect, In. other embodiments, compositions in 

pharnaceutically acceptable solvents may be nebulized by use of inert gases. Nebulized 

solutions may be inhaled directly frorn the nebulizing device or the nebulizing device may be 

attached to a facemask tent, or intermittent positive pressure breathing machine. Solution, 

suspension, or powder compositions may be administered, preferably orally or nasally, from 

devices that deliver the formulation in an appropriate manner.  

Dosin 

[00145] The specific dose level of a compound of the formulae described 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, time of administration, 

route of administration, and rate of excretion, drug combination and the severity of the particular 

disease in the subject undergoing therapy. For example, a dosage may be expressed as a number 

of milligrams of a compound of the formula per kilogram of the subject's body weight (mg/kg), 

Dosages of between about 0.01 and 200 mg/kg may be appropriate. In some embodiments, 

about 0.01 and 150 mg/kg may be appropriate. In other embodiments a dosage of between 0.05 

and 100 mg/kg may be appropriate. Normalizing according to the subject's body weight is 

particularly useful when adjusting dosages between subjects of widely disparate size, such as 

occurs when using the drug in both children and adult humans or when converting an effective 

dosage in a non-human subject such as dog to a dosage suitable for a human subject.
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100146] The daily dosage nay also be described as a total amount of a compound of the 

fbriulae administered per dose or per day. Daily dosage of a compound may be between about 

I mg and 2,000 mg, between about 1,000 to 2,000 mg/day, between about I to 1,000 mg/day, 

between about I to 500 mg/day, between about 100 to 150 mg/day, between about I to 100 

mg/day, between about between about 1 to 50 mg/day, between about 50 to 100 mg/day, 

between about 100 to 125 ng/day, between about 100 to 150 mg/day, between about 100 to 175 

mg/day, between about 100 to 200 mg/day, between about 1 00 to 225 mg/day, between about 

100 to 250 mg/day, between about 100 to 350 mg/day, between about 100 to 400 mg/day, 

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

[00147] When administered orally, the total daily dosage for a human subject may be 

between I mg and 1,000 mg/day, between about I to 100 mg/day, between about I to 50 

mg/day, between about 50 to 100 mg/day, between 100 to 200 mg/day, between about 200 to 

300 mg/day, between about 300 to 400 mg/day, between about 400 to 500 mg/day, between 

about 1.00 to 150 mg/day, between about 150 to 200 mg/day, between about 200 to 250 mg/day, 

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

[001481 The compounds of the present application or the compositions thereof may be 

administered once, twice, three, or four times daily, using any suitable mode described above.  

Also, administration or treatment with the compounds according to any of the formulae 

described herein may be continued for a number of days; for example, commonly treatment 

would continue for at least 7 days, 14 days, or 28 days, for one cycle of treatment. In some 

treatment, the compound or the composition thereof is administered continuously, i.e. every day 

Treatment cycles are well known in cancer chemotherapy, and are frequently alternated with 

resting periods of about I to 28 days, commonly about 7 days or about 14 days, between cycles.  

The treatment cycles, in other embodiments, may also be continuous.  

[00149] In a particular embodiment, the method comprises administering to the subject an 

initial daily dose of about 1 to 500 mg of a compound of the above formula and increasing the 

dose by increments until clinical efficacy is achieved. Increments of about 1, 5, 10, 25, 50, 75, 

or 100 mg can be used to increase the dose. The dosage can be increased daily, every other day, 

twice per week, or once per week.  
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S--thesis h on-onn-s 

[00150] The compounds of the present application may be prepared using the methods 

disclosed herein and routine modifications thereof, which will be apparent given the disclosure 

herein and methods well known in the art. Conventional and wellknown synthetic methods 

may be used in addition to the teachings herein, The synthesis of typical compounds described 

herein may be accomplished as described in the following examples. if available, reagents may 

Lie purchased commercially, e.g., from Sigma Aldrich or other chemical suppliers. In general, 

compounds described herein are typically stable and isolatable at room temperature and 

pressure.  

General Synthesis 

[001511 Typical embodiments of compounds described herein may be synthesized using the 

general reaction schemes described below. It will be apparent given the description herein that 

the general schemes may be altered by substitution of the starting materials with other materials 

having similar structures to result in products that are correspondingly different. Descriptions of 

syntheses follow to provide numerous examples of how the starting materials may vary to 

provide 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 connnercial sources or synthesized using published 

methods. For synthesizing compounds which are embodiments described in the present 

disclosure, inspection of the structure of the compound to be synthesized will provide the 

identity of each substituent group. The identity of the final product will generally render 

apparent the identity of the necessary starting materials by a simple process of inspection, given 

the examples herein.  

Synthetic Reaction Parameters 

[001521 The tens "solvent", "inert organic solvent", or "inert solvent" refer to a solvent inert 

under the conditions of the reaction being described in conj unction therewith (including, for 

example, benzene, toluene, acetonitrile, tetrahydrofuran ("THF"). dimethylformamide (" ), 

chlorofbrn, methylene chloride (or dichloromethane), diethyl ether, methanol, and the like).  

Unless specified to the contrary, the solvents used in the reactions of the present invention are 

inert organic solvents, and the reactions are carried out under an inert gas, preferably nitrogen.  
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[00153] The compounds of formula (J) may be prepared using the method shown in Reaction 

Scheme I The compounds of fbnnula (I) may be prepared using the method shown in R.eaction 

Scheme I, wherein R4 is optionally substituted pyrimidine, 
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Reaction Scheme I 
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Step 1 -. Preparation of a compound of formula (1) 

[00157] The compo-und of formula (1) can be made by combining compounds (A), (B) and 

(C) inl the presence of a dehydrating ageCnt. 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 to compound (B), R" and R- is as defined herei. With respect to 

comoud (),R2 is,, as dlefie heei, pound (A) can be mixed with Compound (B) in the 

presence of a coupling agent such as diphen-yl phosphite in a solvent such as pyridine. After 

stirring at a temperature between amlbienit and 10 OOC for between 1. and -5 hours, compound (C) 

is added. After -fur ther stirring -at a temperature between ambient and 1004C" for between 5 and
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24 hours, the reaction mixture is allowed to cool to room temperature. To extract the compound 

of fornula (1), an organic solvent such as ethyl acetate (EtOAc) may be added, followed by 

washing with, mild acid, water, and brine. The organic phase can be concentrated to obtain the 

compound of fonnula (1). Alternatively, the residue may be purified directly without an 

aqueous work-up. The compound of formula (1) may be purified by any suitable methods 

known in the art, such as chromatography on silica gel. Alternatively, the compound of formula 

(1) may be used in the next step without purification.  

Step 2-Preparation of a compound of formula (2) 

[001581 The compound of formula (2) can be made by removing the protecting groups) from 

the compound of formula (1). The compound of formula (1) is dissolved in a suitable solvent 

and treated with a suitable acid. Suitable solvents may include, for example, dichloromethane, 

dioxane, or other suitable solvents. Suitable acids may include, for example, trifluoroacetic acid, 

hydrochloric acid, or boron tribromide (BBr). The reaction can be carried out at temperatures 

between -78*C to ambient temperature. On reaction completion, solvent is removed to obtain 

the compound of fonnula (2). In the case of a reaction using BBr the reaction may first be 

treated with MeO-I before an aqueous work-up to obtain a compound of formula (2).  

Step 4-Preparation of a compound of formula (3) 

[001591 The compound of formula (3) can be made by treating 5-substituted-2,4,6

tribalopyrimidine with ammonium hydroxide in a suitable solvent such as dioxane, where the 

halo is either chloro or fluoro. The reaction is carried out at an elevated temperature between 30 

and 80 'C for a suitable time, typically between 2 and 8 hours or when the reaction is complete.  

Upon completion, water is added to the cooled solution, and the precipitate is collected by 

filtration. The nitrile can be converted to the carboxamide under standard conditions.  

Step 5-Preparation of a compound of formula (1) 

[00160] The compound of formula (Ia) can generally be prepared by coupling compound of 

formula (3) and compound of formula (2) in the presence of a suitable base in a suitable solvent.  

An example of a suitable base is diisopropylethylamine, An example of a suitable solvent is N

methylpyrrolidone (NMP). The reaction is typically performed at a temperature between 50*C 

to 150'C for about 30 minutes to 24 hours. Alternatively the reaction can be performed in a 

microwave at a temperature between I 00C to 150 0C for about 30 minutes to 24 hours. Water 
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can be added to quench the reaction upon completion, and the precipitate may be filtered and 

then dissolved in an organic solvent such as dichloromethane (DCM). The product can be 

isolated by methods known in the art, for example by removal of solvent under reduced 

pressure. The product can be purified using any suitable methods known in the art, for example, 

chromatography of the residue on a silica column, Furthermore, compounds of formula (I) may 

be prepared by coupling compounds of formula (2) with appropriately substituted heterocycles 

of the general formula R4-X in a similar manner.  

[00161] After synthesis, the compounds may be isolated in the fbmi of a free base or a salt 

(which includes and is not limited to a hydrochloric acid salt for or a trifluoroacetic acid salt 

form) and characterized by NMR. Thus, the resulting compounds and their NMR 

characterizations may be either the free base or salt. The ratio of parent and corresponding salt 

is not detennined, 

Example 1. Preparation of a compound of formula (1) 

A. Preparation of a compound of formula (1) in which. n is 2, R1 is chloro and fluoro, m is 0, R5 

is H, and R3 is methyl 

N, NH2 

N N 

N 
F HN , 

100162] A mixture of -anino-6-chloro-3-fluorobenzoic acid (1.43 g, 7.6 mmol) and Boc-L~ 

alanine (1.7 g, 9.1 mmol) in pyridine (4.9 rnL. 60.5 mmol) was warmed to 450 C until 

homogeneous then allowed to cool to room temperature, at which time diphenyl phosphate 

(5.0mL, 26 mmol) was added. The mixture was stirred for one hour at 45 C, then treated with 

pyrazine-2,5-diamine bis HCI (1g, 9.1 mnol) 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 % aqueous hydrochloric acid solution, and concentrated to 

dryness under reduced pressure. The residue was chromatographed, using a 25 g SiliaSep flash 

column, eluting with hexanes to 65 % ethyl acetate. The combined &actions were concentrated 

under reduced pressure to give (S)-tert-butyl (1-(3-5-aIminopyrazin-2-yI)-5-chioro-8-fuoro

oxo-3,4-dihydroquinazolin--yl)ethyl)carbamate. ES/MS 435,1 (M+H'), 
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B, Preparation of the below compounds of Formula (1) using the procedures described in 

ExampIe 1 A and Reaction Scheme I: 

(S)-tert-butyl (1-(3-(5-aminopyrazin-2-yl)-8-fluoro-4-oxo-3,4-dihydroquinazolin-2

yl)ethyl)carbamate; 

(S)-tert-butyl (1 -(3-5-aninopyrazin-2-y)-5-chloro-4-oxo-3,4-dihydroquinazoli-2

y l)ethyl carbamatee; 

(S)-tert-butyl ((3-(5-aminopyrazin-2-yl)-5-chloro-4-oxo-34-dihydroquinazoiin-2

yl)(cyclopropyi)methyi)carbamate; 

(S)-tert-butyl (1-3-5-aminopyrazin-2-yl)-6,8-difiuoro-4-oxo-3,4-dihydroquinazolin-2~ 

yl)ethyi)carbamate; 

(S)-tert-butyl (1-(3 -(5-aminopyrazin-2-yl)--chloro-6-fluoro-4-ox o-3 ,4-dihydroquinazolin-2

yi)ethyl)carbamate; 

(S)-tert-butyl ((3-(5-aminopyrazin-2-yl)-5,8-di chloro-4-oxo-3,4-dihydroquinazolin-2

yl)(cyclopropyl)methyl)carbamate; and 

(S)-tert-butyl (1-(3-(5-aminopyrazin-2-yl)-5,8-dichloro-4-oxo-3,4-dihydroquinazolin-2

yI)ethyi)carbamate.  

Exaple 2, Preparation of a comnponund of formula (2) 

A. Preparation of a compound of formula (2) in which n is 2, R' is chloro and fluoro, m is 0, R3 

is H. and R3 is methyl.  

Cl O NtNH2 

'N N 

N 

F H2 

(00163] A solution of (give (S)-tert-butyl (1-(3-(5-aminopyrazin-2-yi)-5-chlioro-S-fluor-4

oxo-3,4-dihydroquinazolin-2-yl)ethyl)carbamate (0.4g, 0.92 mmol) in dichIloromethane (10 ml.) 

was treated with trifluoroacetic acid (0.7 mL), After stirring 2h at room temperature, the 

mixture was concentrated to dryness under reduced pressure to give (S)-2-(] -aminoethyl)-3-(5
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aminoprazin-2-yl)-5-chloro~8-fuoroquinazoin4(3H)-one as a golden amorphous semi-solid, 

which was carried forward without further purification. ES/MS 335.1 (M4H4), 

B. Preparation of the below compounds of Formula (2) using the procedure described in 

Example 2A and Reaction Scheme I: 

(S)2~(1-aminoethyl)-3-(5-aminopyrazin-2-yi)~8-floroquinazolin4(3H)-one: 

(S:)2-(1-aminocthyl )-3-(5-aninopyrazin-2-.y)-5-cehloroquinazolin-4(3H)-one; 

(S)-2-(amino(cyciopropyi)methyl)-3-(5-anminopyrazin-2)-yi)-5--chloroquinazolin-4(3 H)-one; 

(S)-2-(1-aminoethyl)-3-(5-arminopyrazinu-2-yl)-6 ,8-difluoroquinazolin-4(3 H )-one; 

(S)-2-1 -aminoethlv)-3-(5-aminopyrazin-2-yl)-8-chloro-6-fluoroquinazolin-4(3H)-one; 

(S)-2-(amino(cyciopropyl)meth yl)~-(5-.aminopyrazin -2-yl)-5,8-dichoroquinazoiin-4(3H)-one; 

and 

(S)-2-(1-amninoethyl)-3-(5-aminopyrazin-.2-yl)-5,8~dichloroquinazolin-4(3H)t-one.  

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

A. Preparation of a compound of formula (3) in which R4 is CN and X is C (2,4-diamino-6

chloropyrimidine-5-carboni tile) 

CI 
N N 

<"N 
Ni H 

H2N N NH 

[001641 Ammonium hydroxide (20 mL) was added to a solution of 2,4,6-trichloropyrimdine

5-carbonitrile (5,0 g, 24 mmol) in dioxane (20 mL) at room temperature. The solution was 

warmed to 50"C and stirred for 3 hrs. The reaction mixture was cooled to I 0C and water (50 

mL) was added. The resulting solid was filtered, washed with water, and dried under high 

vacuum to afford the title compound as a white solid. '3H NMR (100 MHz, DMSO) 164, 

1626, 161.9, 115.8, 77.6. ES/MS m'z = 169.9 (M+H).  

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

Example 3A and Reaction Scheme I; 

5-chloro--6-tluoropyrimidine-",4-d ianine; 

6-chloro-5-(methlsulfonyl)pyrinidine-2,4-di ainne; 
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6-chloro-5-(trifluoromethyi)pyrimidine-.2,4-diamnine; and 

2,4-di amino-6-chloropyrimidine-5-carboxamide, 

Example 4. Preparation of a compound of formula (1) 

A. Preparation of a Compound of Formula (I) in which n is 2, R' is chloro and fluoro, in is 0, Ri 

is H, and R3 is methyl, which is (S)3-(5~aminopyrazin~2-yl)5-chloro-2-(1-(2,6-diamino-5~ 

chloropyrimidin4-yl)amino)ethyl iuoroquinazolin4(3H-one (Compound 1).  

1001651 5-chloro-6-fluoropyrimidine-2,4-diaine (0.11 g, 0,69 rnmol) and DIEA (0.4 mL, 

2. mmol) were added to a solution of (S)~2-1-aminoethyl)-3-5-aminopyrazin-2-yl)-5-chloro

8-fluoroquinazolin-4(3H)-one (0.15 g, 0,46 rmol) in IPA, The resulting mixture was heated to 

120 C for 4 h in a microwave then concentrated. HPLC purification of the residue afforded the 

title compound. 'H NMR. (400 MHz, DMSO-d 6) 6 8.01 (s. I H), 7.85 - 7.71 (m, 3H), 7.63 (dd, J 

= 8.7, 4.5 Hz, 1H), 7,54 (s, 2H), 743 (s, 3H), 6.86 (s, 2H), 5,01 - 4.91 (in, I H), 1,43( J 6.5 

Hz, 3H). ES/MS 477.1 (M+H) 

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

4A and Reaction Scheme I: 

(S)-2,4-diamino-6~((1-(3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-4-oxo-3,4-dihvdroquinazolin

2-yl)ethyli)amino)pyrimidiiie-5-carbonitrile (Compound 2). H NMR (400 MHz, DMSO-d) 6 

8.20 - 7A2 (m, 4H), 7.92 - 7.73 (m, 3H), 7.71 - 7,56 (n, 211), 7.49.- 7.35 (m, iH), 6,87 (s, 2H), 

5.01 (q,a= 6.8 Hz, 1H), 142 (dJ= 6.7 Hz, 3H). ES/MS 4681 (M1+H)<; 

(S)~4~amino-6-((1-(3-(5 -ami nopyrazin-.2-yi)-5-chloro-8-fluoro-4-oxo-3 ,4-dihydroquinazoi-2

yi)ethyl)amino)pyrimi di ne-5-carbonitrile (Compound 3). H NMR (400 MHz, DMSO-d) ( 
8.54 (s, 1H), 8.09 - 8.02 (m, 211), 7.94 (s, 11), 7.84 - 7.71 (m, 2 IH 7.60 (dd, J= 8.8, 4.3 Hz.  

1H), 7.44 (s, 2H), 6.86 (s, 2H), 4.85 - 4,80 (m, 1H), 1.42 (d,J=:: 7.4 Hz, 3H), ES/MS 453.1 

(M+-H); 

(S)--(1-((3H-1, 2 3]triazoo[45-d]pimidin-7-y1)amino)ethyl)3-(5-aninopyrazin-2-y)-8

fluoroquinazolin-4(3H)-one (Compound 4), 'H NMR (400 MHz, DMSO- 6 ) 6 9.51 (s, 11H), 
8.41 (m, 3H), 7.93 (t, J= 9.1 Hz, 11), 7,74- 7.64 (i, IH, 7,53 (td,J=:: 8.3, 4.7 Hz, 1 H), 7.46

7.17 (m, 4H), 4.86 -4.68 (m, 11), 1.66 (d, J= 6.8 Hz, 311). ES/MS 420.1 (M+H) 
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(S)-3-(5-aminopyrazinf--1)-5-chioro-8-fuoro-2-( I-(furo[2,3-d~pyrimnidin-4

ylanino)ethyl)quinazolin-4(3H)-one (Compound 5). 'H NMR (400 MHz, DMSO-d) 6 8.51 (s, 

1H), 8.17 - 8.10 (m, 2H) 8.03 (s, 1H), 7,91 - 767 (in, 3H), 7.58 (in, 1 H), 7.25 (m, 2H), 7.08 (s, 
IH), 4.78 (n, 1H), 1.52 (d,J= 6.8 Hz, 3H), ES/MS 453,1 (M+H); 

(S)~2,4-diamnino-6-((1 -(3 -( 5-amninopyraziin-2-yl)-5 -chloro-4-oxo-3,4-dihydroquinazolin-.2

yl)ethyl)amnino)pyriinidin.e-5-carbonitrile (Compound 6). 1H NMR (400 MHz, DMSO-d6) 6 

8.18 (s, 1 H), 8.03 (s, 3H), 7.82 (t, J= 8,0 Hz, 2H), 7.65 (ddd, J= 20,3, 8,0, 1.2 Hz, 2H), 7.49 

(brs, 1H), 7,02 - 6.71 (brs, 3H), 4 99 (q, ,J:: 6.8 Hz, 1H), 1.45 .- 38 (In, 3H). ES/MS 450.1 

(M+H)*7; 

(S)-3-(5~amninopyrazin-2~yl)-5-choro-.2-(1-( 2 ,6-diamnino-5-chloropyrimnidin-4

yhamino)ethyl)quinazolii-4(3H)-one (Compound 7), 1 H NMR (400 MHz, DMSO-d6) 6 8.02 

(brs, 1H), 7.86 -7.77 (m, 3H), 7.69 (dd, J= 8.1, 1.2 Hz, 1H), 7.62 (dd,,J::: 7.9, 1.2 Hz, 11H), 
7.55 (brs, 2H), 7,44 (brs. 2H), 6.84 (brs, 2Hi), 4.94 (p, .= 6.8 Hz, 1H), 1,42 (d, J: 6.6 Hz, 3H ).  

ES/MS 459.1 (M+H); 

(S)-3 -(5-aminopyrazino-2-yp)-5w-chioro-2-(cyclopropy4((2,6-diao 

yaino)methyl)quinazol in-4(3H)-one (Compound 8), 1H NMR (400 MHz, DMSO-d6) 7.88 

- 7.78 (m, 2H), 7.78 - 7.66 (m, 31.) 7.63 (dd, J= 7.8, 1.2 Hz, 1H), 7.56 (s, 2H), 7.41 (s, 2H), 

6.82 - 6.73 (m, 2H), 4.74 - 4.47 (m, 1), 1.53 (s, 1H), 0.57 (s, 1H), 0.46 (dp, J= 12.4, 7.3, 6.1 

Hz, 2H), 0.16 (dq, J= 9.6, 4,9 Hz, 1 H). ES/MS 485.1 (M+H); 

(S)- 2 ,4 -diamnino-6-(((3-(5-amninoprazin-2-y)-5choro4-oxo-3,4-dihydroquinazolin-2

yi)(cyclopropyl)methyi)amino)pyrimidin-5-carbonitrile (Compound 9). 1H NMR (400 MHz,.  

DMSO-d6) S8.14 (d,3J= 19.0 Hz, 3H), 7.90- 7.78 (im, 2H), 7.71 (dd, J= 8.2,1.2 Hz, 1H), 7.63 

(dd J= 7.8, 1.2 Hz, 1H), 7.48 (br, 1 H),6.75 (i, 2H) 5.96 (bn, 2H), 4.69 (t, J= 8.3 Hz, 1H), 
1.54 (s, 1H), 0,57 (s, 1H), 0.51 - 0.39 (m, 2H), 0.17 (in, 1K). ES/MS 476.1 (M+H); 

(S) 2,4- diamnino-6-(((3-(5-amninopyrazin-2-yl)-5 ,8 -dichloro-4-oxo-3,4-dihydroquinazolin-2

yl)(cyclopropyl)methyl)amino)pyrimidine-5-carbonitrile (Compound 10). 1H NMR (400 MHz, 

DMSO-d6) 6 8.07 - 7.97 (m, 5H), 7.91 7.82 (m, 1H), 7.80 (s, 1H), 7.63 (d, J= 8.5 Hz, 1K), 
7.47 - 7.41 (m, 2H), 6.85 (s, 2H), 4,82 (T 7.9 Hz, 1H), 0.57 - 0.39 (m, 4H), 0.24 - 0.13 (m, 
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lH). ES/MTS 5101 (M+H'); 

(S)-2 ,4-di amino-6-((1~(43-(5-aminopyrazin--yl)-5,8-dichioro-4-oxo-3 ,4-dihydroquinazolin-2~ 

yi)ethyi)amino)pyridine5-carbonitrie (Compound 11) 1H NMR (400 MHz DNISO-d6) 8 

8,11 T- 90 (m, 5H), 7.83 (s, 2H), 7.62 (d, J= 8.5 Hz, IH), 7.54 - 7.26 (m. 211) 6.90 (s, 2H), 

5.07 (p, J=- 6.7 Hz, I), 1.43 (dJ1 6.6 Hz, 311). ES/MS 484.1 (MiI)*; 

(S)-3-(5-aininopyrazin-2-yl)-5,8-dichloro-2-(cyclopropyl(( 2 ,6-diaiino-5-chloropyriimidin-4

yl)amino)methyi)quinazolin-4(3H)-one (Compound 12). 1H NMR (400 MHz. DMSO-d6) 6 

8,52 (d, 1= 1.5 Hz, ilH), 8.07 -- 800 (m, 2H), 7.70 (d, J= 1.5 Hz, 11, 7.63 (d, J=: 8,6 Hz, 1M), 

7.49 (d,, = 8,5 Hz, 1H), 6,89 - 6.81 (n, 3H), 6.45 (s, 2H), 6.15 (d J= 5.3 Hz, 1H), 4.81 - 4.76 

(m, I H), 138 - 1.12 (n ilt 1.06 - 0.72 (m, 2H), 0.66 -0.39 (m, 2H). ES/MS 519.1 (M+H)*; 

(S)3-( 5-amninopyrazin-2-vy5,8-dichloro-2-( -((2 ,6-diamino-5choroprimidin4

yl)ainino)ethl)cquinazolin-4(3H)-one (Compound 13). 1 H NMR (400 MHz, DMSOd.6) 8 8,02 

(dd,J::= 8.6, 0.7 Hz, 2Hf), 7.84 (d, J= 8.1 Hz, 2H), 7.67 - 7.56 (-m, 3H), 7.56 - 7.46 (m, 211), 

6.95 - 6.87 (m, 3H), 5.01 (p. I= 6.7 Hz, 1H), 1.44 (d,.= 6.6 Hz, 3H), ES/MS 493.0 (M+H); 

(S)-2-amnino-4-4((1-(3-(5-amninopyrazin-2.-y1)-8-choro-.6-fluoro-4-.oxo~3 ,4-dihydroquinazolin-2-.  

yi)et.iyl)ainino)-6-(difluoroithyl)pyriniidine~5-carbonitrile (Compound 14) H NMR. (400 

MHz, DMSO) 6 8.16 (dd, J : 8,5, 2,9 Hz, 1H), 8.08 (br s, lil, 7.86- 7.79 (m, 311), 7.54 (br s, 
1, 7.35 (br s, 1 ), 6.87 (br s, 2H), 6.65 (t, J = 53,5 Hz, iH), 5.10 - 5.00 (m, 1H), 1.45 (d, J = 

6.5 Hz, 3H). ES/MS 503.1 (M+H"); 

(S)-2,4-Diaiino-6~((1-(3-(5-aminopyrazin-2-yl)-6,8-difluoro-4-oxo-.3,4-dihydroquiiazolin-2

yi)ethyl~arnino~pyrimidine-5~carbonitrile (Compound 15). -H NMR (400 MHz, DMSo-d6 ) S 

3.00 (s, 3H), 7.92 (ddd,,J= 10.3, 8.9, 2.9 Hz, 1Hf), 7.79 (s, 1H), 7,69 (dddJ= 8.2, 2,9, 1 3 Hz, 
1H), 6,5 ( 2H), 5.01 (p J= 6.7Hz, 111), 1.40 (d,::: 6,6 Hz, 317). ES/MS 4681 (M+H+); 

(S)-3-(5-Amino pyrazin-2-l)-2-(1-((2,6-diainino-5 -chlioropyrimidin-4-yl)amino)ethyl.)-6,8.  

difluoroquinazolin-4(3 Hb-one (Compound 16). H NMR (400 MHz, DMSO-d6) 6 7.93 (ddd, J= 

104, 8,9, 2.9 Hz, 2H), 7.79 (d,= 7.8 Hz, 211), 7.69 (ddd,J= 82, 2.9, 1.3 Hz, 1H), 7.50 (s, 
2H), 7.39 (s, 3H), 6.84 (s, 2H), 4.99 (p, J= 6.7 Hz, I l) 1.41 (d, J=- 6.6 Hz, 311). ES/MS 461.9 

(MH); 
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(S)-2,4-Diamino-6-((l-(3~(5-aminopyrazin~2-y)-8-chloro-6fluoro4-oxo-3,4

dihydroquinazolin-2~ylethl)amino)primidine-5-carbonitrile (Compound 17). K NMR (400 

MHz, DM4SO-d) 6 8.17 (dd, J= 8.5, 2.9 Hz, 1H), 8.02 (s, 2H), 7.85 (ttJ= 7.8, 3.6 Hz, 4H), 

6.90 (s, 2H), 5.10 (p, J= 6.6 Hz, 1 ), 1.44 (d,= 6.6 Hz, 3H). ES/MS 4681 (M 41); 

(S)-3--Aminopyrazin-2-yl)j-8-chloro-2-(1 -((2,6-di amino-5-chloropyimidin-4-yl)amino)ethvl)

6-fluoroquinazoin-.4(3H)~one (Compound 18). H NMR (400 MHz, D)MSO-d) 6 8.19 (dd,,J= 

8.5,2.9 Hz, 1 H), 7.98 (s, 21-) 7.86 (dd, J= 8.1, 2,9 Hz, 2H), 7.81 (s, IH), 7.56 (s, 411), 6.90 (s, 

2H), 5.23 -- 4,91 r, 1H1), 1.45 (d, J::: 6.6 Hz. 3H). ES/MS 477.1 (M+H); 

(S)-241-((Amino-5chloropyrimidin-4-yv.amino)ethyl)3-(5-aminopyrazin-2-yi)-5

chloroquinazolin-4(3H)-one (Compound 19) 'H NMR (400 MHz, DMSO-d 6) 6 8.73 (s, 1H-), 

8.18 (d, J= 1.4 Hz, 1H), 7.92 (s, 1H), 7.89 (d, ,= 1.5 Hz, 11), 7.67 - 7.60 (m,I 1H). 7.49 (dd, 1 

8,2, 1.2 Hz, I H), 7.44 (dd, 1= 7.8, 1.2 Hz, 1H), 7.18 (s, 2H), 4.75 (s, 1), 1,49 (d, J:::: 7.0 Hz, 

3H). ES/MS 444.1 (M+H); 

(S)~2-.(((6-Amnino-5-chloropyrimidin-4-y1)amino)(cyclopropyl )m ethyl)-3-(45-aminopyrazin-2 yl)

5,8~dichlioroquinazolin-4(3H)-onc (Compound 20). 'K NMR (400 Mlz, DMSO-d ) 6 8,01 (d, J 

= 8.5 Hz, 11-), 7.82 (s, 1H), 7.71 (s, 1H), 7.60 (d, J= 8.5 Hz, 1H), 6.87 (s, 2H), 662 (d, J= 17.2 

Hz, 311), 4.67 (s, 11), 1,42 (s, 1H1), 0.51 - 0.27 (m, 4H), 0.27 - 0.07 (m,I 1H). ES/MS 504.1 

(M+ H); and 

(S )2-(((6-.Amino-5-horopyimidin-.4-yflamnino)(cyclopropylbmethyl)-3-(5-aminopyrazin-2-yl)

5-chloroquinazolin.-4(3H)-one (Compound 21). 'K NMR (400 MHz, DMSO-de) 6 7.96 (s, 111), 

7.81 (q, J= 7.9 Hz, 2H), 7,69 (d, J= 9,3 Hz, 3H), 7.60 (dd, 1= 7.9, 1.3 Hz., 2K), 6.8 (s, 3H), 

6.61 (s, 4H), 4.37(d, J 12.5 1z, 1H), 1.49 (d, J:::: 12.0 Hz, 1H), 0.44 (s, 4H), 0,34 (q,J= 4.5 

Hz, 1 -. ES/MS 470.1 (M+H4).  

Biological Examples 

[00166] The compounds of fiomla (I) were characterized for their enzymatic activity against 

the P13K isoforis. The activities were measured using a time-resolved fluorescence resonance 

energy transfer (TR-FRET) assay. TR-FRET monitored the formation of 3,4,5-inositol 

triphosphate molecule that competed with fluorescently labeled PIP3 for binding to the GRP- I 
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pleckstrin homology domain protein. An increase in phosphatidylinositide 3-phosphate product 

resulted in a decrease in TR-FRET signal as the labeled fluorophore was displaced from the 

GRP-I protein binding site.  

1001671 Class I P13K isofornis 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 initial rate conditions in the presence of 25 mM lHepes 

(pH 7.4), and 2x Km ATP (75-500 pM), 2 M PIP2, 5% glycerol, 5 mM MgClb, 50 mM NaCI, 

0.05% (v/v) Chaps, 1 mM dithiothreitol, and 1% (v/v) DMSO at the following concentrations 

for each isoform: P13Ka, P13Kp, and P1316 between 25 and 50 pM, and PI3Ky at 2 nM. The 

compounds of Table I and Compound X ((S)-2,4-diamino-6((1-(5-chloro-4-oxo-3-pyridin-3 

yl)3,-dihydroquinazolin~yl)ethyi)amino)pyimidine-5carbonitrile) and Compound Y ((S)

2,4-diamino-6-((1(5-chloro-4-oxo-3-( pyridin-3-yl)-3,4-dihydroquinazolin-2

yi)ethlv)amino)pyrimidine~5-carbonitrile) were added to the assay solution and incubated for 

30 minutes at 25*C, The reactions were tenninated with a final concentration of 10 mM EDTA, 

10 nM labeled-PIP3, and 35 nM Europium labeled GRP-1 detector protein before reading 

TR-FRET on an Envision plate reader (Ex: 340 nm; Em: 615/665 nm; 100 ps delay and 500 ps 

read window).  

[001681 The results were normalized based on positive (1 pM wortianin) and negative 

(DMSO) controls, and the IC5 o values for P13K a,, P 6, and y were calculated from the fit of the 

dose-response curves to a four-parameter equation. These assays generally produced results 

within 3-fold of the reported mean.  

1001691 Table 2 summarizes the ICo (Mi) values for P13K isofbrms 1, 5, and y. The results 

indicate that certain compounds of formula (I) inhibit both P13K6 and PI3KI. Also, Compound 

X exhibited P13KS ICsn of 0.2 nM, P13K ICs53 of 11 nM, PI3Ky ICO of 7 nM. The 

PI3Ky/P13'KjO ratio for Compound X is 0.6. The results indicate that certain compounds have 

greater selectivity for P13Kp over PI3Ky compared to compound X, Compounds in Table 1a 

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

Table 2. The IC5 s values (nM) for P13K isoforms P, 6, and y.  

Copud IK i3KS Pi3Ky 
61 1B 
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6 2 2 0280b 

3 6 2 3 0 

Ta dela, The I1% va iues (nMl) for PI3)K isoforms p~ S and y.  

Comp------ n P3 P- -K- P 

1 -- 2- - -- 3- - 0- 0 

6N 57> 

[00170] All of the U S patents L S patent application publications, U.S. patent applications, 

foreign patents, foreign patent applications and non-patent publications referred to in this 

specification are incorporated herein by reference, in their entirety to the extent not inconsistent 

with the present description. Prom the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of illustration. various 

rnodifications may be made without deviating from the spirit and scope of the present 

application.  
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[00171] Reference to any prior art in the specification is not an acknowledgment or suggestion 

that this prior art forms part of the common general knowledge in any jurisdiction or that this 

prior art could reasonably be expected to be understood, regarded as relevant, and/or combined 

with other pieces of prior art by a skilled person in the art.  

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

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

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

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

o ;N NH2 

N N I (R2)m 

NA R 

R 5 /N 
R 

(I) 

wherein: 

n is 1, 2, or 3; 

m is 0 or 1; 

each R1 is independently selected from halo, cyano, optionally substituted C1.6 alkyl, 

optionally substituted C1 .6 haloalkyl, optionally substituted C1 .6 alkoxy, optionally substituted 

sulfonyl, optionally substituted C3.8 aryl, optionally substituted C3 .8 heteroaryl, optionally 

substituted C3 .8 cycloalkyl, and optionally substituted C3 .8 heterocycloalkyl; 

each R2 is independently selected from halo and optionally substituted C1.6 alkyl; 

R3 is hydrogen, optionally substituted C1 .6 alkyl, optionally substituted C6o1 aryl, or 

optionally substituted C3 .8 cycloalkyl; 

R4 is a six- to twelve-membered heteroaryl having at least one aromatic group and at 

least two heteroatoms, wherein the heteroatoms are selected from N, 0, and S, wherein the 

heteroaryl is unsubstituted or substituted with one, two, or three members independently 

selected from halo, cyano, optionally substituted haloalkyl, optionally substituted C1.6 alkyl, and 

-NH2; and 

R5 is hydrogen or optionally substituted C1-6 alkyl, wherein R5 and R3 together with the 

atoms to which they are attached optionally form a four to seven-membered heterocyclic ring; 

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

enantiomer, diastereoisomer, atropisomer, or a mixture thereof; 

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

group; 

wherein the term "optionally substituted" means that any one or more hydrogen atoms on 

the designated group may or may not be replaced with substituents selected from the group 

consisting of alkyl, alkenyl, alkynyl, alkoxy, acyl, amino, amido, amidino, aryl, azido, 

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

alkylsulfonyl, thiocyanate, thiol, and thione.  

2. The compound of claim 1, wherein 

n is 1 or 2; 

m is 0 or 1; 

each R' is independently selected from halo, C1.6 alkyl, and C1.6 haloalkyl; 

each R2 is independently selected from C1 .6 alkyl; 

R3 is hydrogen, C1 .6 alkyl, or C3 .8 cycloalkyl; 

R4 is a six- to twelve-membered heteroaryl having at least one aromatic ring and at least 

two nitrogen atoms, wherein the heteroaryl is unsubstituted or substituted with one, two, or three 

members independently selected from halo, cyano, -NH2, C1.6 haloalkyl, and C1.6 alkyl; and 

R5 is hydrogen, methyl, ethyl, or propyl, or R5 and R3 together with the atoms to which 

they are attached optionally form a five-membered heterocyclic ring; 

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

enantiomer, diastereoisomer, atropisomer, or a mixture thereof; 

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

group.  

3. The compound of claim 1 or claim 2, or a pharmaceutically acceptable salt, double bond 

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

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

4. The compound of claim 1 or claim 2, or a pharmaceutically acceptable salt, double bond 

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

wherein each R' is halo.  

5. The compound of claim 4, or a pharmaceutically acceptable salt, double bond isomer, 

racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof; wherein 

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

6. The compound of any one of claims 1-5, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein each R2 is independently selected from methyl, ethyl, and propyl.  
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7. The compound of any one of claims 1-6, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R3 is hydrogen, methyl, ethyl, propyl, butyl, cyclopropyl, or cyclobutyl.  

8. The compound of any one of claims 1-7, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R5 is hydrogen, methyl, ethyl, or propyl.  

9. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R5 and R3 together with the atoms to which they are attached optionally form 

pyrrolidinyl.  

10. The compound of any one of claims 1-8, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R5 is hydrogen.  

11. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R4 is a monocyclic heteroaryl having at least two nitrogen atoms, wherein R 4 is 

unsubstituted or substituted with two or three members independently selected from bromo, 

chloro, fluoro, cyano, methyl, ethyl, propyl, fluoromethyl, difluoromethyl, trifluoromethyl, 

fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl, and 

NH 2.  

12. The compound of any one of claims 1-11, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R4 is pyrimidinyl substituted with two or three members selected from the 

group consisting of bromo, chloro, fluoro, cyano, methyl, ethyl, propyl, fluoromethyl, 

difluoromethyl, trifluoromethyl, fluoroethyl, difluoroethyl, trifluoroethyl, fluoropropyl, 

difluoropropyl, trifluoropropyl, and -NH2.  

13. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt, double 

bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture 

thereof; wherein R4 is a bicyclic heteroaryl having at least two nitrogen atoms, wherein R 4 is 
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unsubstituted or substituted with one, two, or three members independently selected from halo, 

cyano, -NH2, CI-6 haloalkyl, and C1 .6 alkyl.  

14. The compound of claim 13, or a pharmaceutically acceptable salt, double bond isomer, 

racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof; wherein 

R4 is selected from the group consisting of: 

N---N N 

fN 

N N 

N N8 o 

- and 

15. The compound of any one of claims 1-14, wherein the compound is an (S)-enantiomer.  

16. The compound of any one of claims 1-14, wherein the compound is an (R)-enantiomer.  

17. The compound of claim 1, wherein the compound is selected from the group consisting 

of: 

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

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

(S)-2,4-diamino-6-((1-(3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-4-oxo-3,4-dihydroquinazolin

2-yl)ethyl)amino)pyrimidine-5-carbonitrile; 

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

yl)ethyl)amino)pyrimidine-5-carbonitrile; 

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

fluoroquinazolin-4(3H)-one; 

(S)-3-(5-aminopyrazin-2-yl)-5-chloro-8-fluoro-2-(1-(furo[2,3-d]pyrimidin-4

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

yl)ethyl)amino)pyrimidine-5 -carbonitrile; 

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

yl)amino)ethyl)quinazolin-4(3H)-one; 

(S)-3 -(5 -aminopyrazin-2-yl)-5 -chloro-2-(cyclopropyl((2,6-diamino-5 -chloropyrimidin-4

yl)amino)methyl)quinazolin-4(3H)-one; 

(S)-2,4-diamino-6-(((3 -(5 -aminopyrazin-2-yl)-5 -chloro-4-oxo-3 ,4-dihydroquinazolin-2

yl)(cyclopropyl)methyl)amino)pyrimidine-5 -carbonitrile; 

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

yl)(cyclopropyl)methyl)amino)pyrimidine-5 -carbonitrile; 

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

yl)ethyl)amino)pyrimidine-5 -carbonitrile; 

(S)-3 -(5 -aminopyrazin-2-yl)-5 ,8-dichloro-2-(cyclopropyl((2,6-diamino-5 -chloropyrimidin-4

yl)amino)methyl)quinazolin-4(3H)-one; 

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

yl)amino)ethyl)quinazolin-4(3H)-one; 

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

yl)ethyl)amino)-6-(difluoromethyl)pyrimidine-5 -carbonitrile; 

(S)-2,4-Diamino-6-(( 1-(3 -(5 -aminopyrazin-2-yl)-6, 8-difluoro-4-oxo-3 ,4-dihydroquinazolin-2

yl)ethyl)amino)pyrimidine-5 -carbonitrile; 

(S)-3 -(5 -Aminopyrazin-2-yl)-2-( 1-((2,6-diamino-5 -chloropyrimidin-4-yl)amino)ethyl)-6, 8

difluoroquinazolin-4(3H)-one; 

(S)-2,4-Diamino-6-(( 1-(3 -(5-aminopyrazin-2-yl)-8-chloro-6-fluoro-4-oxo-3 ,4

dihydroquinazolin-2-yl)ethyl)amino)pyrimidine-5 -carbonitrile; 

(S)-3 -(5 -Aminopyrazin-2-yl)-8-chloro-2-( 1-((2,6-diamino-5 -chloropyrimidin-4-yl)amino)ethyl)

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

(S)-2-( 1-((6-Amino-S -chloropyrimidin-4-yl)amino)ethyl)-3 -(5 -aminopyrazin-2-yl)-5 

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

5,8-dichloroquinazolin-4(3H)-one; and 

(S)-2-(((6-Amino-5-chloropyrimidin-4-yl)amino)(cyclopropyl)methyl)-3-(5-aminopyrazin-2-yl)

5-chloroquinazolin-4(3H)-one; 

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

diastereoisomer, atropisomer, or a mixture thereof.  

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

19. A pharmaceutical composition comprising the compound of any one of claims 1-18, or a 

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

diastereoisomer, atropisomer, or a mixture thereof; and at least one pharmaceutically acceptable 

vehicle.  

20. A pharmaceutical composition comprising the compound according to any one of claims 

1-17, or a pharmaceutically acceptable sale thereof, and at least one pharmaceutically acceptable 

vehicle.  

21. A method of treating a disease or condition associated with P13K, in a human in need 

thereof comprising the administering to the human a therapeutically effective amount of the 

compound of any one of claims 1-18, a pharmaceutically acceptable salt, double bond isomer, 

racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a mixture thereof, wherein 

the disease or condition is selected from cancer, hematologic malignancies, leukemias, 

lymphomas, myeloproliferative disorders, myelodysplastic syndromes, plasma cell neoplasms, 

solid tumor, inflammation, fibrosis, autoimmune disorders, allergic conditions, hypersensitivity, 

cardiovascular diseases, neurodegenerative diseases, renal disorders, viral infections, obesity, 

and autoimmune diseases.  

22. The method of claim 21, wherein the disease or condition is rheumatoid arthritis, 

osteoarthritis, atherosclerosis, psoriasis, systemic lupus erythematosus, multiple sclerosis, 

inflammatory bowel disease, asthma, chronic obstructive airways disease, pneumonitis, 

dermatitis, alopecia, nephritis, vasculitis, atherosclerosis, Alzheimer's disease, hepatitis, primary 

biliary cirrhosis, sclerosing cholangitis, diabetes, acute rejection of transplanted organs, 

lymphomas, multiple myelomas, leukemias, pancreatic cancer, bladder cancer, colorectal cancer, 

breast cancer, prostate cancer, renal cancer, hepatocellular cancer, lung cancer, ovarian cancer, 

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

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

23. A method of inhibiting the activity of a phosphatidylinositol 3-kinase polypeptide by 

contacting the polypeptide with the compound of any one of claims 1-18, or a pharmaceutically 

acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, 

atropisomer, or a mixture thereof.  

24. A method of inhibiting excessive or destructive immune reactions or growth or a 

proliferation of cancer cells associated with P13K, comprising administering an effective amount 

of the compound of any one of claims 1-18, or a pharmaceutically acceptable salt, double bond 

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

25. A method of inhibiting the activity of a phosphatidylinositol 3-kinase (P13K) comprising 

administering the compound of any one of claims 1-18, or a pharmaceutically acceptable salt, 

double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, atropisomer, or a 

mixture thereof.  

26. The method of claim 25, wherein the P13K is PI3Kp and/or PI3K-6.  

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

pharmaceutical composition.  

28. Use of a compound, or a pharmaceutically acceptable salt, double bond isomer, 

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

according to any one of claims 1-18 for the manufacture of a medicament for treating a disease 

or condition associated with P13K, wherein the the disease or condition is selected from cancer, 

hematologic malignancies, leukemias, lymphomas, myeloproliferative disorders, 

myelodysplastic syndromes, plasma cell neoplasms, solid tumor, inflammation, fibrosis, 

autoimmune disorders, allergic conditions, hypersensitivity, cardiovascular diseases, 

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

29. A kit comprising the compound of any one of claims 1-18, or a pharmaceutically 

acceptable salt, double bond isomer, racemate, stereoisomer, enantiomer, diastereoisomer, 

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

69


	Bibliographic Page
	Abstract
	Description
	Claims

