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TREATMENT OF LIVER DISORDERS WITH PI3K INHIBITORS

Related Applications

[0001] This application claims priority to U.S. provisional application 61/227,343 filed

July 21, 2009. The contents of that provisional application are incorporated herein by

reference.

Technical Field

[0002] The present invention relates to methods for treating certain liver disorders using

compounds that inhibit phosphatidylinositol-3,4,5-triphosphate kinase (PI3K) enzymes in

vivo. It provides compounds, compositions and combinations useful for treating a variety of

disorders that primarily affect the liver.

Background Art

[0003] Various phosphorylated forms of phosphatidylinositol are critical regulators of

many cell functions, including primary metabolism, growth and proliferation of cells,

differentiation, cell migration, immune responses, and apoptosis. Because they are involved

in many aspects of cell regulation, it is not always predictable what effect a drug candidate

may have when it inhibits conversion of phosphatidylinositol between its various

phosphorylated forms. For example, Figure 1 illustrates some of the known roles played by

phosphatidylinositol-4,5-diphosphate (PI-4,5-P2, also referred to herein as PIP2) and

phosphatidylinositol-3,4,5-triphosphate (PI-3,4,5-P3, also referred to herein as PIP3). PIP3

activates a number of receptors, some of which are involved in cell growth, replication, and

death (apoptosis).

[0004] It has recently been reported that the tumor suppressor Pten is mutated in many

human cancers, and its expression is reduced or absent in almost half of hepatoma patients.

Pten's major substrate is PIP3, which it dephosphorylates to form PIP2. Its strong association

with liver cancers in particular suggests that Pten is especially important for maintaining

homeostasis and preventing tumor formation in the liver. It has also been shown that

hepatocyte-specific Pten deficiency leads to steatohepatitis and hepatic carcinomas. Y.



Horie, et al., . Clin. Investigation, 113(12), 1774-83 (2004). Horie concludes that controlled

blocking of the PI3K pathway may be beneficial for treatment of patients predisposed to

NASH, liver cirrhosis or hepatic carcinomas. It has also been reported recently that steatosis

(accumulation of fat) induced by exposure of hepatocytes to conditions that generate reactive

oxygen species can be inhibited by LY294002, an inhibitor of kinases that phosphorylate

PIP2 to form PIP3. R. Kohli, et al., . Biol. Chem. 282, 21327-36 (July 2007). Kohli

demonstrated that LY294002 blocked steatosis development in a model system where diet

induced p85 expression and steatosis, demonstrating that an inhibitor of PI3Ks can prevent

development of steatosis.

[0005] Liver disorders are increasingly common due to high calorie diets and high

obesity rates in the developed world. These are risk factors for fatty liver conditions that can

progress to cirrhosis. NASH (non-alcoholic steatohepatitis) is one such condition: it was

first identified in 1980, but is now a widely recognized condition affecting millions of

Americans. Kohli, et al. As many as 30 million Americans are believed to have

nonalcoholic fatty liver disease (FALD), and about 30% of those are believed to have NASH.

Methods to treat liver disorders associated with excessive fatty deposits are therefore needed.

The present invention provides compounds and methods for preventing and/or treating such

conditions.

Disclosure of the Invention

[0006] The invention provides compounds useful for the treatment of liver disorders,

especially ones wherein Ptenis underexpressed or mutated. Conditions that can be prevented

and/or treated according to the invention include, for example, nonalcoholic fatty liver

disease (NAFLD), non-alcoholic steatohepatitis (NASH), hepatic steatosis, cirrhosis,

hepatitis, liver adenomas, insulin hypersensitivity, and liver cancers such as hepatoma, liver

cell adenoma and hepatocellular carcinoma. The invention further provides methods for

identifying patients who are most likely to respond to these treatments.

[0007] In one aspect, the invention provides a method to treat a subject having a liver

disorder, which comprises administering to the subject an effective amount of a compound

that inhibits PI3K. Suitable compounds for use in these methods are described herein.

[0008] PI3K exists as a heterodimer, combining a p i 10 unit with a p85 unit, and there are

several isoforms of PI3K that contain different p i 10 and/or p85 subunits. In particular, there



are four pi 10 subunits known, referred to as pi 10a, pi l Oβ, p i l Oγ , and p i l Oδ. Tissue

distribution of these varies, with pi 10a occurring widely; p i l Oβ dominating in certain tissues

like brain and liver; and pllO δ dominating in the spleen and hematopoietic tissues.

[0009] In tissues where more than one isoform occurs, it may be desirable to selectively

inhibit one particular isoform to achieve a desired therapeutic effect, or it may be desirable to

inhibit two of these isoforms, or all of them. Compounds that inhibit all of the isoforms are

known, and are referred to as pan-PD K inhibitors; compounds that selectively inhibit one or

two of the isoforms are particularly useful in certain disorders, and offer a reduced likelihood

of undesired side effects in tissues other than the one targeted. The methods described herein

thus preferably use a selective PI3K inhibitor, such as an inhibitor that is more active against

PDK β or PDK δ, or both of these isoforms over the others.

[0010] In one aspect, the inhibitor of PI3K is a selective that inhibits one isoform of PI3K

more effectively than another isoform of PI3K. For treatment of liver disorders, some

embodiments of the invention utilize a PI3K inhibitor that is effective against at least PI3Kβ;

in some embodiments the inhibitor is selective for inhibition of PDK β relative to PDKγ

and/or PD Ka. In certain embodiments, the inhibitor has an IC-50 against PDK β that is less

than about 100 nM, and preferably less than about 60 nM.

[0011] The methods and compounds described herein can be used to combat the effects

of insufficient Pten activity, by restoring a normal 'balance' of PIP3 and PIP2. In one

embodiment, the methods of the invention can be monitored by assessing levels of PIP2 in

the subject, or by assessing the ratio of PIP2 to PIP3 and adjusting dosage of a compound of

the invention to produce a ratio within the normal range for similar subjects.

[0012] In one aspect, the PDK inhibitor is a substituted pyrimidine: suitable compounds

are described in WO 2007/12175; WO 2007/042810; WO 2007/132171; WO 2007/129161;

WO 2006/046031; and WO 2009/070524. Preferably, the pyrimidine compound exhibits an

IC-50 against PDK β that is less than about 100 nM, and preferably less than about 60 nM.

[0013] In another aspect, the PDK inhibitor is a quinazolinone compound such as those

disclosed in US Patent No. 6,518,277 or 6,667,300, which are incorporated herein by

reference for their disclosures of specific quinazolinone compounds and methods of making

such compounds. Preferably, the quinazolinone compound exhibits an IC-50 against PDK β

that is less than about 100 nM, and preferably less than about 60 nM.



[0014] In one aspect, the PDK inhibitor is a compound of formula (1):

wherein:

W is selected from the group consisting of H, Me, Cl, and F;

X is selected from the group consisting of H, Me, Cl, and F;

Y is selected from the group consisting of H, Me and Et;

Z is NH or a bond; and

A is NH2, or A is absent and indicates the point of attachment of Z to

the purine ring;

Q is H when A is absent, or Q is absent and indicates the point of

attachment of Z to the purine ring when A is NH2;

provided that not more than two of W, X, and Y represents H;

or a pharmaceutically acceptable salt thereof.

[0015] Selected embodiments of the compounds of Formula (1) that are particularly

useful in the present methods include compounds of formula (2a) and (2b):



wherein W, X and Y are as defined for formula (1), and wherein not more than two of

W, X and Y represent H. In certain embodiments, Y is Me or Et.

[0016] In another aspect, the methods of the invention can utilize as the PI3K inhibitor a

compound of formula (3):

wherein:

one of Q1, Q2 and Q3 is S, and the other of two of Q1, Q2 and Q3 are -CR 1- ;

wherein each R1 is independently H, halo, OR, NR2, NROR, NRNR2, SR,

SOR, SO2R, SO2NR2, NRSO2R, NRCONR2, NRCOOR, NRCOR, CF3, CN, COOR, CONR2,

00CR, COR, or NO2,



or R1 can be an optionally substituted member selected from the group

consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8

alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12

heteroaryl, C7-C12 arylalkyl, and C6-C12 heteroarylalkyl groups,

wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl,

C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,

C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12

arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two N, O or S as ring

members;

and wherein each R group other than H, and each ring formed by linking two

R groups together, is optionally substituted;

Z is a bond, or is O, NR2, C1-C6 alkylene or C1-C6 heteroalkylene, each of which is

optionally substituted with up to two C1-C6 alkyl or C2-C6 heteroalkyl groups, where two of

said alkyl or heteroalkyl groups can optionally cyclize to form a 3-7 membered ring

containing up to two heteroatoms selected from O, N and S as ring members;

R3 is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, each of which is optionally

substituted with up to three R1,

or R3 can be H if Z is not a bond;

L is selected from the group consisting of -C(R2)2-, -C(R2)2-C(R2)2-, -C(R2)2-NR2-,

and -C(R2)2-S(O)n-,

wherein each R2 is independently H or an optionally substituted member

selected from C1-C6 alkyl, C2-C6 heteroalkyl, C2-C6 alkenyl, and C2-C6 alkynyl, and n

is 0-2;

and two R2, if present on L, can cyclize to form a 3-7 membered ring that may

contain up to two heteroatoms selected from N, O and S as ring members;



Het is a monocyclic or bicyclic ring system wherein at least two ring atoms are N and

wherein at least one ring is aromatic, and Het is optionally substituted with up to three

substituents selected from R4, N(R4)2, S(O)PR4, OR4, halo, CF3, CN, NR4OR4, NR4N(R4)2,

SR4, SOR4, SO2R
4, SO2N(R4)2, NR4SO2R

4, NR4CON(R4)2, NR4COOR4, NR4COR4, CN,

COOR4, CON(R4)2, 0OCR 4, COR4, or NO2,

wherein each R4 is independently H or an optionally substituted member

selected from the group consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl,

C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8

heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, and C6-C12

heteroarylalkyl,

and wherein two R4 on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two heteroatoms selected

from N, O and S;

wherein the optional substituents on each optionally substituted alkyl,

heteroalkyl, alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl,

arylalkyl and heteroarylalkyl are selected from C1-C4 alkyl, halo, CF3, CN, =0, =N-CN, =N-

OR', =NR', OR', NR' 2, SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR',

NR'COR', CN, COOR', C0NR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S; and

p is 0-2;

or a pharmaceutically acceptable salt thereof. Specific embodiments of such

compounds are further described below.



[0017] In some embodiments, the selective inhibitor is a compound that selectively

inhibits PI3Kδ, relative to its inhibition of PDKγ . In some embodiments, the selective

inhibitor is a compound that selectively inhibits PI3Kδ, relative to its inhibition of PI3Kβ. In

some embodiments, the selective inhibitor is a compound that selectively inhibits PI3Kδ,

relative to its inhibition of PI3Kα. In some embodiments, the selective inhibitor is a

compound that selectively inhibits PDK β, relative to its inhibition of PI3Kγ . In some

embodiments, the selective inhibitor is a compound that selectively inhibits PDK β, relative to

its inhibition of PI3Kα. In some embodiments, the selective inhibitor is a compound that

selectively inhibits PI3Kβ and PI3Kδ relative to its inhibition of either PI3Kα or PDK γ .

[0018] In some embodiments, the compound is selective for PDK δ relative to both PDK γ

and PDK α. In other embodiments, the compound is selective for PDK β relative to both

PDK α and PDK γ . In some embodiments, the compound is selective for PDK δ and PDK β

relative to both PDK α and PDK γ .

Brief Description of the Drawings

[0019] Figure 1 depicts some of the cellular pathways in which phosphatidylinositol

phosphate species are known to participate.

Modes of Carrying Out the Invention

[0020] Unless otherwise defined herein, terms used herein take their ordinary meaning in

the art.

[0021] As used herein, the term "alkyl" is defined as straight chained and/or branched

hydrocarbon groups containing the indicated number of carbon atoms and an open valence by

which the alkyl group is attached to a base molecule; typical examples include methyl, ethyl,

and straight chain and branched propyl and butyl groups. The hydrocarbon group can contain

up to 16 carbon atoms, unless otherwise specified, and often contain one to eight carbon

atoms. The term "alkyl" includes cycloalkyl and "bridged alkyl," i.e., a C6-C16 bicyclic or

polycyclic hydrocarbon group, for example, norbornyl, adamantyl, bicyclo[2.2.2]octyl,

bicyclo[2.2.1]heptyl, bicyclo[3.2.1]octyl, or decahydronaphthyl. The term "cycloalkyl" is

defined as a cyclic C3-C8 hydrocarbon group, e.g., cyclopropyl, cyclobutyl, cyclohexyl, and

cyclopentyl.



[0022] The term "alkenyl" is defined identically as "alkyl," except the alkenyl group

contains at least one carbon-carbon double bond, and as a result, the minimum size for an

alkenyl group is C2. "Alkynyl" is defined similarly, except that an alkynyl group contains at

least one carbon-carbon triple bond.

[0023] "Cycloalkenyl" is defined similarly to cycloalkyl, except at least one carbon-

carbon double bond is present in the ring.

[0024] The term "alkylene" is defined as an alkyl group having a second open valence to

which another group is attached, i.e., an alkylene must connect two other substructures. For

example, the term "aryl-Cl-C3-alkylene" refers to an alkylene group containing one to three

carbon atoms, and substituted at one valence with an aryl group, which leaves one remaining

valence of the alkylene portion of the group as the point at which it is connected to a base

molecule.

[0025] The terms "heteroalkyl", "heteroalkenyl", "heteroalkynyl", and "heteroalkylene"

as used herein are defined similarly to the terms alkyl, alkenyl, alkynyl and alkylene, except

that the 'hetero' forms include at least one heteroatom selected from N, O and S as a

replacement for one of the carbons of the corresponding alkyl, alkenyl, alkynyl or alkylene

moiety. In these heteroforms, S can be further oxidized to S=O or -SO 2-, i.e., it can have one

or more =0 substituents. These groups include at least one carbon atom, and are typically

linked to a base molecule through carbon rather than by the heteroatom. Examples of

heteroalkyl include methoxymethyl and dimethylaminoethyl, for example, and -CH -SO -

CH2- is an example of a heteroalkylene.

[0026] The term "halo" or "halogen" is defined herein to include fluorine, bromine,

chlorine, and iodine. Frequently, fluoro or chloro is preferred in the compounds of

formula (1) and (2).

[0027] The term "aryl," alone or in combination, is defined herein as a monocyclic or

polycyclic aromatic group, e.g., phenyl or naphthyl. Unless otherwise indicated, an "aryl"

group can be unsubstituted or substituted, for example, with one or more, and in particular

one to three substituents. Preferred substituents for the aryl groups of the invention include

halo, alkyl, phenyl, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl, nitro, and amino.

Exemplary aryl groups include phenyl, naphthyl, biphenyl, tetrahydronaphthyl, chlorophenyl,

fluorophenyl, aminophenyl, methylphenyl, methoxyphenyl, trifluoromethylphenyl,



nitrophenyl, carboxyphenyl, and the like. Fluoro, chloro, CF3, CN, methyl, methoxy,

dimethylamino, amino, and amine-substituted alkyl and heteroalkyl groups are typical

examples suitable as substituents for an aryl ring, whether it is a single ring or is fused to

another aryl, nonaryl, or heteroaryl ring.

[0028] The term "heteroaryl" is defined herein as a monocyclic or bicyclic ring system

containing one or two aromatic rings and containing at least one nitrogen, oxygen, or sulfur

atom as a ring member of an aromatic ring, and which can be unsubstituted or substituted, for

example, with one or more, and in particular one to three, substituents, like halo, alkyl,

hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl, nitro, and amino. F, Cl, NH2, MeNH

(methylamine), OMe, Me, and CF as well as amine-substituted alkyl or heteroalkyl groups

are often preferred substituents for the heteroaryl groups of the invention. Examples of

heteroaryl groups include thienyl, furyl, pyridyl, oxazolyl, quinolyl, isoquinolyl, indolyl,

triazolyl, isothiazolyl, isoxazolyl, imidazolyl, benzothiazolyl, pyrazinyl, pyrimidinyl,

thiazolyl, and thiadiazolyl.

[0029] As used herein, the term "amount effective" or "effective amount" means a

dosage sufficient to produce a desired or stated effect.

[0030] "Treating" as used herein refers to preventing a disorder from occurring in an

animal that can be predisposed to the disorder, but has not yet been diagnosed as having it;

inhibiting the disorder, i.e., arresting its development; relieving the disorder, i.e., causing its

regression; or ameliorating the disorder, i.e., reducing the severity of symptoms associated

with the disorder.

[0031] "Disorder" is intended to encompass medical disorders, diseases, conditions,

syndromes, and the like, without limitation.

[0032] In one aspect, the PI3K inhibitor is a compound of formula (Ia) or (Ib):



wherein:

W is selected from the group consisting of H, Me, Cl, and F;

X and X' are independently selected from the group consisting of H,

Me, Cl, and F;

Y is selected from the group consisting of H, Me and Et;

Z is NH or a bond; and

A is NH2, or A is absent and indicates the point of attachment of Z to

the purine ring;

Q is H when A is absent, or Q is absent and indicates the point of

attachment of Z to the purine ring when A is NH2;

provided that not more than two of W, X, and Y represents H;

or a pharmaceutically acceptable salt thereof.



[0033] In some embodiments of the compounds of formula (Ia), not more than one of W,

X, and Y represents H.

[0034] In some embodiments of formula (Ia) and (Ib), A is absent and the atom it

appears to be connected to in the purine ring of formula (Ia) or (Ib) is actually connected to

Z. In these embodiments, Q represents H, and Z is often NH.

[0035] In some embodiments, Q is absent and the atom it appears to be connected to in

the purine ring of formula (1) is actually connected to Z. In these embodiments, A represents

H, and Z is often a bond, i.e., the nitrogen atom on which Q is depicted in formula (1) is

directly bonded to the carbon atom to which Y is attached.

[0036] In some embodiments of the compounds described above, at least one of W, X,

and Y is methyl (Me). In some embodiments, W is Me. In some embodiments, X is Me. In

some embodiments, Y is Me.

[0037] In some embodiments of the compounds described above, X is H, Me or F.

[0038] In some embodiments of the compounds described above, Z is NH.

[0039] In some embodiments of the compounds described above, Z is a bond.

[0040] In some embodiments of the compounds described above, Y is H.

[0041] In some embodiments of the compounds described above, Y is Me.

[0042] In some embodiments of the compounds described above, Y is Et.

[0043] In some of the embodiments of formula (Ib), X and X' are the same. In some

such embodiments, they each represent a group other than H. In specific examples of such

compounds, X and X' each represent F.

[0044] Selected embodiments of the compounds of Formula (1) that are particularly

useful in the present methods include compounds of formula (2a) and (2b):



wherein W, X and Y are as defined for formula (1), and wherein not more than two of

W, X and Y represent H.

[0045] In some embodiments of the compounds of formula (2a) and (2b), Y is H, Me or

Et. Preferably, Y is Me or Et.

[0046] In some of these embodiments of compounds of formula (2a) and (2b), W is H,

Me, Cl or F : in formula (2a), W is sometimes F or Me, and in formula (2b), W is sometimes

Me or F.

[0047] In some of these embodiments of compounds of formula (2a) and (2b), X is H,

Me, Cl or F : in formula (2a), X is sometimes F or H, and in formula (2b), X is sometimes Me

or H.

[0048] Certain compounds of Formula (Ia) and (Ib) are selective for PI3Kδ or PI3Kβ or

both.

[0049] Some specific compounds of this type that are particularly useful in the methods

described herein include:

including its separable atropisomers, (2c') and (2c"):



including the R and S isomers of the chiral center between the two bicyclic groups,

and particularly the S isomer;



including the R and S isomers of the chiral center between the two bicyclic groups,

and particularly the S isomer.

[0050] In another aspect, the methods of the invention can utilize as the PI3K inhibitor a

compound of formula (3):

wherein:

one of Q1, Q2 and Q3 is S, and the other of two of Q1, Q2 and Q3 are -CR 1- ;

wherein each R1 is independently H, halo, OR, NR2, NROR, NRNR2, SR,

SOR, SO2R, SO2NR2, NRSO2R, NRCONR2, NRCOOR, NRCOR, CF3, CN, COOR, CONR2,

0OCR, COR, or NO2,

or R1 can be an optionally substituted member selected from the group

consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8

alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12

heteroaryl, C7-C12 arylalkyl, and C6-C12 heteroarylalkyl groups,

wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl,

C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,



C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12

arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two N, O or S as ring

members;

and wherein each R group other than H, and each ring formed by linking two

R groups together, is optionally substituted;

Z is a bond, or is O, NR , C1-C6 alkylene or C1-C6 heteroalkylene, each of which is

optionally substituted with up to two C1-C6 alkyl or C2-C6 heteroalkyl groups, where two of

said alkyl or heteroalkyl groups can optionally cyclize to form a 3-7 membered ring

containing up to two heteroatoms selected from O, N and S as ring members;

R3 is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, each of which is optionally

substituted with up to three R1,

or R3 can be H if Z is not a bond;

L is selected from the group consisting of -C(R2)2-, -C(R2)2-C(R2)2-, -C(R2)2-NR2-,

and -C(R2)2-S(O)n-,

wherein each R2 is independently H or an optionally substituted member

selected from C1-C6 alkyl, C2-C6 heteroalkyl, C2-C6 alkenyl, and C2-C6 alkynyl, and n

is 0-2;

and two R2, if present on L, can cyclize to form a 3-7 membered ring that may

contain up to two heteroatoms selected from N, O and S as ring members;

Het is a monocyclic or bicyclic ring system wherein at least two ring atoms are N and

wherein at least one ring is aromatic, and Het is optionally substituted with up to three

substituents selected from R4, N(R4)2, S(O)pR4, OR4, halo, CF3, CN, NR4OR4, NR4N(R4)2,

SR4, SOR4, SO2R
4, SO2N(R4)2, NR4SO2R

4, NR4CON(R4)2, NR4COOR4, NR4COR4, CN,

COOR4, CON(R4)2, 00CR 4, COR4, or NO2,

wherein each R4 is independently H or an optionally substituted member

selected from the group consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl,



C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8

heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, and C6-C12

heteroarylalkyl,

and wherein two R4 on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two heteroatoms selected

from N, O and S;

wherein the optional substituents on each optionally substituted alkyl,

heteroalkyl, alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl,

arylalkyl and heteroarylalkyl are selected from C1-C4 alkyl, halo, CF3, CN, =0, =N-CN, =N-

OR', =NR', OR', NR' 2, SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR',

NR'COR', CN, COOR', C0NR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S; and

p is 0-2;

or a pharmaceutically acceptable salt thereof.

[0051] In certain embodiments of the compounds of formula (3), Q1 is S and Q2 and Q3

each represent CR1. In other embodiments of the compounds of formula (3), Q2 is S and Q1

and Q3 each represent CR1. In still other embodiments, Q3 is S and Q1 and Q2 each represent

CR1. At least one of Q1, Q2 and Q3 is often CH, and in some of these embodiments, two of

them are CH. Where R1 in Q1, Q2 or Q3 is other than H, it is frequently C1-C4 alkyl, CF3,

CN, or halo, or it may be an amine-substituted alkyl or heteroalkyl group as described below.

[0052] In some embodiments of the compounds of formula (3), R1 on the thiophene ring

represents an amine-substituted alkyl or heteroalkyl group such as -(CH 2)P-NR' 2 or -O-

(CH2)P-NR' 2 or -NR'-(CH 2)P-N(R' )2, wherein p is 1-4 and each R' is H or C1-C4 alkyl, and



wherein two R' present on one N may cyclize to form a 3-8 membered ring, which can

optionally include an additional heteroatom selected from N, O and S. specific examples of

these amine-substituted alkyl and heteroalkyl groups include, without limitation:

[0053] In some embodiments of the compounds of formula (3), Z represents a bond; in

other embodiments, it represents (CH2) . Where Z is a bond, R3 often represents an aryl or

heteroaryl ring; in some of these embodiments, R3 is an optionally substituted phenyl or

pyridyl ring. In these embodiments, R3 is often substituted with at least one substituent,

which is frequently ortho or meta to the point of attachment of the aryl ring to Z. In some of

these embodiments, R3 is substituted with 1-3 substituents such as halo, CN, methyl, CF3, or

an amine-substituted alkyl or heteroalkyl as described above for R1. When Z is a bond, R3 is

frequently phenyl, halo-substituted phenyl, dihalo phenyl, or cyanophenyl. In other

embodiments, Z is a bond or (CH2)i-2, and R3 represents a cycloalkyl group, which can be

substituted.

[0054] In some preferred embodiments of the compounds of formula (3), L is C(R2)2 or

C(R2)2NH or C(R2)2S, where each R2 is independently H or C1-C4 alkyl, C2-C4 alkenyl or

C2-C4 alkynyl. In certain embodiments, L is CH(R2) or CH(R2)NH or CH(R2)S, where R2

represents methyl or ethyl or any optionally substituted C1-C6 alkyl group, or R can be an

amine-substituted alkyl group as described above for R1. Where one terminus of L is a

heteroatom, L is often linked to Het via this heteroatom; and the heteroatom of L is typically

attached to a carbon atom of Het.

[0055] In many embodiments of the compounds of formula (3), the center CH(R2) of the

linker "L" is chiral, and frequently the S enantiomer of this stereocenter is preferred. In other

embodiments, this stereocenter is an R enantiomer. Typically, where L is CH(R2)NH or

CH(R2)S, the N or S is linked to Het, and CH(R2) is directly bonded to the pyrimidinone ring.

In still other embodiments, L is -CH(R 2)-NR 2- , wherein the two R2 groups are linked to



form a ring, which is often a 5-6 atom ring. In these cyclic linkers, a chiral center is also

present at CH(R ), and that center may be in either the R or S configuration; the S enantiomer

is often preferred. An exemplary ring for such cyclic linkers is pyrrolidine.

[0056] Het is an optionally substituted monocyclic or bicyclic ring, and at least one ring

of Het is typically a heteroaryl ring containing at least two nitrogen atoms as ring members;

in many embodiments, Het is a bicyclic aromatic heterocycle. In certain embodiments of the

compounds of formula (3), Het represents a purine ring, which may be substituted with a Cl-

C4 alkyl group, C6-C10 aryl group, C5-C10 heteroaryl group, halo, amine, alkylamine,

dialkylamine, or an amine-substituted alkyl or heteroalkyl group as described above for R1.

In other embodiments, Het represents a pyrazolopyrimidine or a pyrrolopyrimidine ring, each

of which can be similarly substituted. In still other embodiments, Het represents a pyrimidine

or triazine ring, which can also be similarly substituted.

[0057] Where Het represents a bicyclic group, it can be attached to L at any available ring

position of Het. In many embodiments, L is attached to a carbon or nitrogen atom that is

adjacent to an atom shared by both rings of the bicyclic group. In many embodiments, Het

represents a 6, 5-bicyclic heteroaromatic group, and L may be attached to either the 5-

membered ring or the 6-membered ring. In some embodiments, Het is a purine ring, for

which the following atom numbering convention is used:

[0058] Some specific examples of Het, without limiting its scope, include the following,

where [L] indicates the point at which Het is attached to linker "L", and - X represents a

preferred point of attachment for a substituent when one is present. In some embodiments,

no substituents other than H are present (each X represents H); in others where more than one

X is shown, at least one X is H. In many embodiments, each X that is not H represents an

amine or substituted amine, an alkyl or aryl group, or a halogen. Some preferred groups for

X include NH2, F, Cl, Me, CF3, and phenyl.

[0059] Where L in the compounds of formula (3) is attached at N-9 of a purine or purine

analog (using the purine numbering scheme for simplicity, even when the ring is a purine

analog), such as the heterocycles depicted below, L represents CH or CH(R2) . Where L is



attached to C-6 of a purine or purine analog such as the heterocycles depicted here, L is

frequently CH(R 2)-NH, CH(R 2)-S or CH(R 2)-N(R 2) , and the heterocycle represented b y

is typically linked to the heteroatom o f L in these embodiments. In many of these

eemmbbooddiimmeennttss,, RR 22 oonn aa ccaarrbboonn aattoomm o f the linker L is methyl or ethyl, and when R 2 is o n

nitrogen of the linker, it is often H .

[0060] In some preferred embodiments of the compound of formula (3), R represents

optionally substituted phenyl and Z is a bond. Particularly preferred phenyl groups include

unsubstituted phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl,

3-methoxyphenyl, 4-methoxyphenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,3-

difluorophenyl, 2,5-difluorophenyl, 2,4-difluorophenyl, 3,4-difluorophenyl, 3,5-

difluorophenyl, and 2,6-difluorophenyl.

[0061] In some preferred embodiments of the compounds of formula (3), -L-Het

represents -CH 2-Het, -CH 2-NH-Het, -CH 2-S-Het, -CHMe-Het, -CHMe-S-Het, -CHMe-NH-

Het, -CHEt-Het, -CHEt-S-Het, or -CHEt-NH-Het.

[0062] In some preferred embodiments of the compounds of formula (3), Het represents a

purine that i s linked to L at position 6 . In other preferred embodiments, when -L-Het i s -

C H 2-Het, -CHMe-Het, or -CHEt-Het, Het is purine that is linked to L at position 9 of the

purine. When Het is a purine ring, it is sometimes substituted b y amino, fluoro, methyl or



CF3; and sometimes it is unsubstituted. In other preferred embodiments, Het is a

pyrazolopyrimidine and is linked to L at a position that corresponds to position 6 or position

9 of the purine ring, when the pyrimidine rings of the pyrazolopyrimidine and purine are

overlaid for purposes of labeling the ring positions.

[0063] Compounds of formula (3) having any combination of the preferred features

described above are sometimes particularly preferred.

[0064] In specific embodiments, the PI3K inhibitor may be a compound having

formula (3a) or (3b) or (3c) or a pharmaceutically acceptable salt or solvate thereof:

(3a) (3b)

(3c)

wherein:

each J and each Y is independently selected from the group consisting of F, Cl, Br,

CN, Me, CF3, OMe, CONR 2, COOR2, NMe2, NH2, NHMe, -Q-(CH2)q-OR , and -Q-(CH2)q-

N(R2)2, where q is 0-4, and Q is absent or is selected from O, S and NR2;

m is 0-2, and k is 0-3;

L is selected from -C(R 2)2- , -C(R 2)2-NR2- , and -C(R 2)2-S-

each R2 is independently H or an optionally substituted C1-C4 alkyl, C2-C4 alkenyl,

or C2-C4 alkynyl, or an optionally substituted C2-C4 heteroalkyl;



and two R , if present on a single atom or on adjacent atoms, can cyclize to

form a 3-7 membered ring that is optionally substituted and may contain up to two

heteroatoms selected from N, O and S as ring members;

Het is selected from the group consisting of:

wherein [L] indicates the atom of Het to which L is attached; and

each X is independently H, F, Cl, Br, Me, CF3, OH, OMe, NH2, NHAc, or NHMe;

and the optional substituents on each optionally substituted alkyl, heteroalkyl,

alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl, arylalkyl and

heteroarylalkyl are selected from C1-C4 alkyl, halo, =0, =N-CN, =N-0R', =NR', OR', NR' 2,

SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR', NR'COR', CN, COOR',

CONR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;



and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S;

and p is 0-2;

or a pharmaceutically acceptable salt thereof.

[0065] The compounds of formula (3), which includes formula (3a) and formula (3b) and

formula (3c), are preferred compounds within the scope of the invention. Particularly

preferred are compounds of any one of these formulas that are selective inhibitors of PDK β

and/or PI3Kδ. In these compounds, m is frequently 0 or 1, and J, if present, is frequently F,

Cl or CF3. Each Y is independently selected, and at least one Y often represents Me, OMe,

CN, CF , or halo. In certain embodiments, Y is F, Me or CN. Each X for the Het group in

formula (3) is independently selected, and frequently each X is H, F, Cl, Me, CF3, phenyl, or

NH2.

[0066] In some preferred embodiments of the compound of formula (3), the phenyl ring

shown is an selected from unsubstituted phenyl, 2-methylphenyl, 3-methylphenyl, 4-

methylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 2-fluorophenyl, 3-

fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl, 2,5-difluorophenyl, 2,4-difluorophenyl,

3,4-difluorophenyl, 3,5-difluorophenyl, and 2,6-difluorophenyl.

[0067] In some preferred embodiments of the compounds of formula (3), -L-Het

represents -CH 2-Het, -CH2-NH-Het, -CH2-S-Het, -CHMe-Het, -CHMe-S-Het, -CHMe-NH-

Het, -CHEt-Het, -CHEt-S-Het, or -CHEt-NH-Het.

[0068] In some preferred embodiments of the compounds of formula (3), Het represents a

purine that is linked to L at position 6. In other preferred embodiments, when -L-Het is -

CH2-Het, -CHMe-Het, or -CHEt-Het, Het is purine that is linked to L at position 9 of the

purine. When Het is a purine ring, it is sometimes unsubstituted, and it is sometimes

substituted by amino, fluoro, aryl, methyl or CF3; and sometimes it is unsubstituted. In other

preferred embodiments, Het is a pyrazolopyrimidine and is linked to L at a position that

corresponds to position 6 or position 9 of the purine ring, when the pyrimidine rings of the

pyrazolopyrimidine and purine are overlaid for purposes of labeling the ring positions.



[0069] In certain embodiments, the compounds and methods include PI3Kβ or PI3Kδ

selective inhibitors of formula (3) containing an amine-substituted alkyl or heteroalkyl group

that improves solubility properties, such as by providing for formation of salts. This amine-

substituted alkyl or heteroalkyl group may be attached to any of part of these compounds,

including Het or the linker "L" in formula (3), or it may be on Z or R3 in formula (3). The

amine-substituted groups provide improved solubility characteristics for these compounds,

and thus improve their pharmacokinetic properties without adversely affecting their

selectivity for the delta isoform of PI3K. Suitable amine-substituted groups that may be

present as substituents on the compounds of the invention include -(CH 2)P-NR' 2 and -O-

(CH2)P-NR' 2, wherein p is 1-4 and each R' is H or C1-C4 alkyl (frequently Me), and wherein

two R' present on one N may cyclize to form a 3-8 membered ring, which can optionally

include an additional heteroatom such as N, O or S.

[0070] The compounds of formula (3) are readily prepared from available starting

material using methods that are known in the art. Examples of methods for constructing the

thienopyrimidinone portion of the compounds of formula (1) and (2) are provided, for

example, in published PCT application WO 03/050064. Scheme A in that application

provides a route by which the thienopyrimidinone portions of compounds of formula (2a) can

be prepared, and Schemes B-G provide routes by which the thienopyrimidinone portions of

compounds of formula (2b) can be prepared. Compounds of formula (2c) can similarly be

prepared from the available starting material corresponding to the appropriate thiophene

isomer of compound Bl. Methods to convert the protected amines attached to position 2 of

the pyrimidinone ring of these thienopyrimidinone intermediates are known in the art, and

can be found, for example, in U.S. Patent Nos. 6,518,277; 6,667,300; 6,949,535; and

6,800,620, and in published U.S. Patent Application US 2006/0106038 and PCT application

WO 2005/1 13554. Additional methods for synthesis of the compounds of formula (3) are

disclosed in unpublished U.S. Patent Application Serial No. 60/858,850, filed Nov. 13, 2006.

These references also provide methods for determining the activity of these compounds as

inhibitors of PDK δ; thus those methods are known in the art.

[0071] Certain of these compounds are highly active, and also highly selective for

inhibition of PDK δ relative to their activity on other PI3K isoforms, as illustrated in the



following table, where two compounds of formula (3) are compared to other PI3K inhibitors

(reference compounds 4a and 4b) having similar purine and linking components:

Table 1. Activity and Selectivity of Selected PI3K Inhibitors



[0072] Compounds of the invention can be depicted in different tautomeric forms, and

can include multiple isomers in some cases. The invention includes each tautomeric form

that is generally considered stable by those skilled in the art. In particular, the purine rings of

compounds of the invention can exist in different tautomeric forms, and each is included even

though at times only one is depicted for convenience. It includes each individual isomer of

each compound, except where a particular isomer is depicted in a way that excludes other

isomers. For example, where compound (2d) is shown as a single isomer, it is intended to

describe a material consisting primarily of that isomer and containing only minor amounts of

the opposite enantiomer, such as less than 20% or less than 10%; preferably, a specifically

depicted isomer contains less than 5% of the enantiomeric isomer.

[0073] Some of the compounds of the invention can exist as separable rotational isomers,

or atropisomers, and the invention includes use of each of these isomers. However, in some

instances one of the atropisomers is preferred, or a single atropisomer is preferred over a

mixture of such isomers. For example, where compound (2c') is shown as a single isomer, it

is intended to describe a material consisting primarily of that isomer and containing only

minor amounts of the opposite atropisomer, such as less than 20% or less than 10%;

preferably, a specifically depicted atropisomer contains less than 5% of the enantiomeric

atropisomer. Atropisomers in this type of compound have been found to exhibit surprising

differences in pharmacokinetic behavior, resulting in substantially different biological

activities such as differential absorption rates, and different metabolic rates. Thus even when

two atropisomers provide similar direct effects on the pathway in cellular assays, they can

provide quite different PK profiles as demonstrated by different AUC and t
1/2

values.

[0074] The invention further includes mixtures of isomers, including racemic mixtures

and mixtures enriched in any particular isomer. In some embodiments, one isomer is

preferred as indicated herein; however, as is well known, the other isomer may be present in

addition to the preferred isomer without departing from the scope of the invention. Where

the linking group between the quinazolinone ring and a purine heterocycle contains a chiral

carbon, the S isomer of that chiral center is sometimes preferred.

[0075] The compounds of the invention can often be obtained and used as salts. In some

embodiments, salts of the compounds of the invention are used in methods of treating liver

disorders; in such embodiments, the salts are often pharmaceutically acceptable salts.



'Pharmaceutically acceptable' salts are well known in the art, and include acid addition salts

and base addition salts that comprise a counterion that is not significantly detrimental when

administered along with a compound of the invention to a subject in need of treatment.

[0076] "Pharmaceutically acceptable salts" refer to any salt that is physiologically

acceptable insofar as it is compatible with other ingredients of the formulation and not

deleterious to the recipient thereof. Some specific preferred examples are: acetate,

trifluoroacetate, hydrochloride, methanesulfonate, succinate, malonate, maleate,

hydrobromide, sulfate, citrate, tartrate, glycolate, and oxalate salts, which may be formed

when the compound includes a basic (protonatable) feature. Similarly, the pharmaceutically

acceptable salts include base addition products when the compound of the invention includes

an acidic (de-protonatable) feature. Non- limiting examples of counterions for the

deprotonated compounds of the invention include sodium, magnesium, calcium, ammonium,

potassium, lithium, zinc, and similar cations.

[0077] As previously described, the term "PI3K δ selective inhibitor" or "PDK β selective

inhibitor" generally refers to a compound that inhibits the activity of the PDK δ or β isozyme

more effectively than other isozymes of the PI3K family. 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 compound inhibits the activity to

a predefined extent and then comparing the results. Typically, the preferred determination is

the concentration that inhibits 50% of the activity in a biochemical assay, i.e., the 50%

inhibitory concentration or "IC50". IC50 determinations can be accomplished using

conventional techniques known in the art. In general, an IC50 can be determined by measuring

the activity of a given enzyme in the presence of a range of concentrations of the inhibitor

under study. The experimentally obtained values of enzyme activity then are plotted against

the inhibitor 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 IC50 value.

Analogously, other inhibitory concentrations can be defined through appropriate

determinations of activity. For example, in some settings it can be desirable to establish a

90% inhibitory concentration, i.e., IC90, etc.

[0078] Accordingly, a PDK δ selective inhibitor alternatively can be understood to refer

to a compound that exhibits a 50% inhibitory concentration (IC50) with respect to PI3K δ that



is at least 10-fold, in another aspect at least 20-fold, and in another aspect at least 30-fold,

lower than the IC50 value with respect to any or all of the other Class I PI3K family members.

In an alternative embodiment of the invention, the term PDK δ selective inhibitor can be

understood to refer to a compound that exhibits an IC50 with respect to PDK δ that is at least

50-fold, in another aspect at least 100-fold, in an additional aspect at least 200-fold, and in

yet another aspect at least 500-fold, lower than the IC50 with respect to any or all of the other

PI3K Class I family members. A PDK δ selective inhibitor is typically administered in an

amount such that it selectively inhibits PDK δ activity in vivo, as described above.

[0079] PDK β selective inhibitors are similarly defined, where the above descriptions

relate to PDK β instead of PDK δ.

[0080] PD Ky selective inhibitors are similarly defined, where the above descriptions

relate to PD Ky instead of PDK δ.

[0081] In some embodiments, the methods of the invention employ more than one

compound of the invention to achieve a target level of selectivity among the isoforms of

PDK. Thus the invention includes methods using two compounds selected from the

compounds disclosed herein to treat a liver disorder. The two compounds are typically

selective for different isoforms of PDK, and may be administered together, as individual

compositions or combined in a single composition; or they may be administered separately,

including administration on different schedules and/or by different routes of administration.

[0082] In some embodiments, the compound is selected from the compounds in Table 1

above.

[0083] In some embodiments, the methods utilize a compound selected from the

following group:





[0084] The subject for the treatments disclosed herein is a mammal, such as a human,

afflicted with a liver disorder such as nonalcoholic fatty liver disease (NAFLD), non

alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, liver adenoma, insulin hypersensitivity,

or a liver cancer such as hepatocellular carcinoma. In some embodiments, the subject is one

diagnosed with NAFLD or NASH, or a subject diagnosed with cirrhosis not associated with

alcohol consumption. Alternatively, the subject may be at risk of NAFLD or NASH, and the

methods of the invention may be used to prevent or delay development of NAFLD or NASH.

[0085] In some embodiments, the subject's Pten level is determined, and the subject is

identified as a suitable subject for treatment by the present methods if the subject's Pten level

is lower than normal for the subject's population, considering age and gender. In one

embodiment, the subject is suitable for treatment by the present methods if the subject's Pten

level is about half, or less than half, of the level that would be normal for the subject based on

the subject's gender and age.

[0086] In some embodiments, a subject's lipid levels are determined in order to

determine whether the subject is an especially good candidate for treatment with the

compounds of the invention. In one embodiment, the subject's liver triglyceride level (in

mg/g) is compared to the subject's serum triglyceride level (in mg/dl), and the subject is

considered particularly suitable for treatment with a PI3K inhibitor if the subject's liver

triglyceride level is higher than the subject's serum triglyceride level.

[0087] The compounds of the invention are readily prepared from available starting

material using methods that are known in the art. Examples of methods for synthesizing the

compounds useful in the methods of the invention are provided in U.S. Patent

Nos. 6,518,277; 6,667,300; 6,949,535; and 6,800,620, and in published U.S. Patent



Application US 2006/0106038 and PCT application WO 2005/113554. These references also

provide methods for determining the activity of these compounds as selective inhibitors of

PDK δ or PI3Kβ, etc. Thus methods for making and selecting a selective inhibitor for use in

the methods described herein are known.

[0088] The inhibitors of the invention may be covalently or noncovalently associated

with a carrier molecule including but not limited to a linear polymer (e.g., polyethylene

glycol, polylysine, dextran, etc.), a branched-chain polymer (see U.S. Patent Nos. 4,289,872

and 5,229,490; PCT Publication No. WO 93/21259), a lipid, a cholesterol group (such as a

steroid), or a carbohydrate or oligosaccharide. Specific examples of carriers for use in the

pharmaceutical compositions of the invention include carbohydrate-based polymers such as

trehalose, mannitol, xylitol, sucrose, lactose, sorbitol, dextrans such as cyclodextran,

cellulose, and cellulose derivatives. Also, the use of liposomes, microcapsules or

microspheres, inclusion complexes, or other types of carriers is contemplated.

[0089] Other carriers include one or more water soluble polymer attachments such as

polyoxyethylene glycol, or polypropylene glycol as described U.S. Patent Nos. 4,640,835,

4,496,689, 4,301,144, 4,670,417, 4,791,192 and 4,179,337. Still other useful carrier

polymers known in the art include monomethoxy-polyethylene glycol, poly-(N-vinyl

pyrrolidone)-polyethylene glycol, propylene glycol homopolymers, a polypropylene

oxide/ethylene oxide co-polymer, polyoxyethylated polyols (e.g., glycerol) and polyvinyl

alcohol, as well as mixtures of these polymers.

[0090] Methods include administration of an inhibitor to an individual in need, by itself,

or in combination as described herein, and in each case optionally including one or more

suitable diluents, fillers, salts, disintegrants, binders, lubricants, glidants, wetting agents,

controlled release matrices, colorants/flavoring, carriers, excipients, buffers, stabilizers,

solubilizers, other materials well known in the art and combinations thereof.

[0091] Any pharmaceutically acceptable (i.e., sterile and non-toxic) liquid, semisolid, or

solid diluents that serve as pharmaceutical vehicles, excipients, or media may be used.

Exemplary diluents include, but are not limited to, polyoxyethylene sorbitan monolaurate,

magnesium stearate, calcium phosphate, mineral oil, cocoa butter, and oil of theobroma,

methyl- and propylhydroxybenzoate, talc, alginates, carbohydrates, especially mannitol, G

lactose, anhydrous lactose, cellulose, sucrose, dextrose, sorbitol, modified dextrans, gum



acacia, and starch. Some commercially available diluents are Fast-Flo®, Emdex®,

STA-Rx 1500®, Emcompress ® and Avicel®. Such compositions may influence the physical

state, stability, rate of in vivo release, and rate of in vivo clearance of the PDK δ inhibitor

compounds (see, e.g., Remington's Pharmaceutical Sciences , 18th Ed. pp. 1435-1712 (1990),

which is incorporated herein by reference).

[0092] Pharmaceutically acceptable fillers can include, for example, lactose,

microcrystalline cellulose, dicalcium phosphate, tricalcium phosphate, calcium sulfate,

dextrose, mannitol, and/or sucrose.

[0093] Inorganic salts including calcium triphosphate, magnesium carbonate, and sodium

chloride may also be used as fillers in the pharmaceutical compositions. Amino acids may be

used such as use in a buffer formulation of the pharmaceutical compositions.

[0094] Disintegrants may be included in solid dosage formulations of the inhibitors.

Materials used as disintegrants include but are not limited to starch including the commercial

disintegrant based on starch, Explotab®. Sodium starch glycolate, Amberlite®, sodium

carboxymethylcellulose, ultramylopectin, sodium alginate, gelatin, orange peel, acid

carboxymethylcellulose, natural sponge and bentonite may all be used as disintegrants in the

pharmaceutical compositions. Other disintegrants include insoluble cationic exchange resins.

Powdered gums including powdered gums such as agar, karaya or tragacanth may be used as

disintegrants and as binders. Alginic acid and its sodium salt are also useful as disintegrants.

[0095] Binders may be used to hold the therapeutic agent together to form a hard tablet

and include materials from natural products such as acacia, tragacanth, starch and gelatin.

Others include methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl cellulose

(CMC). Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl cellulose (HPMC) can both

be used in alcoholic solutions to facilitate granulation of the therapeutic ingredient.

[0096] An antifrictional agent may be included in the formulation of the therapeutic

ingredient to prevent sticking during the formulation process. Lubricants may be used as a

layer between the therapeutic ingredient and the die wall, and these can include but are not

limited to; stearic acid including its magnesium and calcium salts, polytetrafluoroethylene

(PTFE), liquid paraffin, vegetable oils and waxes. Soluble lubricants may also be used such

as sodium lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of various molecular

weights, Carbowax® 4000 and 6000.



[0097] Glidants that might improve the flow properties of the therapeutic ingredient

during formulation and to aid rearrangement during compression might be added. Suitable

glidants include starch, talc, pyrogenic silica and hydrated silicoaluminate.

[0098] To aid dissolution of the therapeutic into the aqueous environment, a surfactant

might be added as a wetting agent. Natural or synthetic surfactants may be used. Surfactants

may include anionic detergents such as sodium lauryl sulfate, dioctyl sodium sulfosuccinate,

and dioctyl sodium sulfonate. Cationic detergents such as benzalkonium chloride and

benzethonium chloride may be used. Nonionic detergents that can be used in the

pharmaceutical formulations include lauromacrogol 400, polyoxyl 40 stearate,

polyoxyethylene hydrogenated castor oil 10, 50 and 60, glycerol monostearate, polysorbate

40, 60, 65 and 80, sucrose fatty acid ester, methyl cellulose and carboxymethyl cellulose.

These surfactants can be present in the pharmaceutical compositions of the invention either

alone or as a mixture in different ratios.

[0099] Controlled release formulation may be desirable. The inhibitors of the invention

can be incorporated into an inert matrix which permits release by either diffusion or leaching

mechanisms, e.g., gums. Slowly degenerating matrices may also be incorporated into the

pharmaceutical formulations, e.g., alginates, polysaccharides. Another form of controlled

release is a method based on the Oros therapeutic system (Alza Corp.), i.e., the drug is

enclosed in a semipermeable membrane which allows water to enter and push the inhibitor

compound out through a single small opening due to osmotic effects. Some enteric coatings

also have a delayed release effect.

[00100] Colorants and flavoring agents may also be included in the pharmaceutical

compositions. For example, the inhibitors of the invention may be formulated (such as by

liposome or microsphere encapsulation) and then further contained within an edible product,

such as a beverage containing colorants and flavoring agents.

[00101] The therapeutic agent can also be given in a film coated tablet. Non-enteric

materials for use in coating the pharmaceutical compositions include methyl cellulose, ethyl

cellulose, hydroxyethyl cellulose, methylhydroxy-ethyl cellulose, hydroxypropyl cellulose,

hydroxypropyl-methyl cellulose, sodium carboxy-methyl cellulose, povidone and

polyethylene glycols. Enteric materials for use in coating the pharmaceutical compositions

include esters of phthalic acid. A mix of materials might be used to provide the optimum



film coating. Film coating manufacturing may be carried out in a pan coater, in a fluidized

bed, or by compression coating.

[00102] The compositions can be administered in solid, semi-solid, liquid or gaseous form,

or may be in dried powder, such as lyophilized form. The pharmaceutical compositions can

be packaged in forms convenient for delivery, including, for example, capsules, sachets,

cachets, gelatins, papers, tablets, capsules, suppositories, pellets, pills, troches, lozenges or

other forms known in the art. The type of packaging will generally depend on the desired

route of administration. Implantable sustained release formulations are also contemplated, as

are transdermal formulations.

[00103] In the methods according to the invention, the inhibitor compounds may be

administered by various routes. For example, pharmaceutical compositions may be for

injection, or for oral, nasal, transdermal or other forms of administration, including, e.g., by

intravenous, intradermal, intramuscular, intramammary, intraperitoneal, intrathecal,

intraocular, retrobulbar, intrapulmonary {e.g., aerosolized drugs) or subcutaneous injection

(including depot administration for long term release, e.g., embedded under the splenic

capsule, brain, or in the cornea); by sublingual, anal, vaginal, or by surgical implantation,

e.g., embedded under the splenic capsule, brain, or in the cornea. The treatment may consist

of a single dose or a plurality of doses over a period of time. In general, the methods of the

invention involve administering effective amounts of an inhibitor of the invention together

with pharmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers, adjuvants

and/or carriers, as described above.

[00104] In one aspect, the invention provides methods for oral administration of a

pharmaceutical composition of the invention. Oral solid dosage forms are described

generally in Remington's Pharmaceutical Sciences, supra at chapter 89. Solid dosage forms

include tablets, capsules, pills, troches or lozenges, and cachets or pellets. Also, liposomal or

proteinoid encapsulation may be used to formulate the compositions (as, for example,

proteinoid microspheres reported in U.S. Patent No. 4,925,673). Liposomal encapsulation

may include liposomes that are derivatized with various polymers {e.g., U.S. Patent

No. 5,013,556). In general, the formulation will include a compound of the invention and

inert ingredients which protect against degradation in the stomach and which permit release

of the biologically active material in the intestine.



[00105] The inhibitors can be included in the formulation as fine multiparticulates in the

form of granules or pellets of particle size about 1 mm. The formulation of the material for

capsule administration could also be as a powder, lightly compressed plugs or even as tablets.

The capsules could be prepared by compression.

[00106] Also contemplated herein is pulmonary delivery of the PI3K inhibitors in

accordance with the invention. According to this aspect of the invention, the inhibitor is

delivered to the lungs of a mammal by inhalation of a suitable composition, and the PD K

inhibitor traverses across the lung epithelial lining to the blood stream.

[00107] Contemplated for use in the practice of this invention are a wide range of

mechanical devices designed for pulmonary delivery of therapeutic products, including but

not limited to nebulizers, metered dose inhalers, and powder inhalers, all of which are

familiar to those skilled in the art. Some specific examples of commercially available

devices suitable for the practice of this invention are the UltraVent™ nebulizer, manufactured

by Mallinckrodt, Inc., St. Louis, Mo.; the Acorn II® nebulizer, manufactured by Marquest

Medical Products, Englewood, Colorado; the Ventolin® metered dose inhaler, manufactured

by Glaxo Inc., Research Triangle Park, North Carolina; and the Spinhaler® powder inhaler,

manufactured by Fisons Corp., Bedford, Mass.

[00108] All such devices require the use of formulations suitable for the dispensing of the

inventive compound. Typically, each formulation is specific to the type of device employed

and may involve the use of an appropriate propellant material, in addition to diluents,

adjuvants and/or carriers useful in therapy.

[00109] In practice of the methods of the invention, the pharmaceutical compositions are

generally provided in doses ranging from 1 pg compound/kg body weight to 1000 mg/kg,

0.01 mg/kg to 100 mg/kg, 0.1 mg/kg to 20 mg/kg, given in daily doses or in equivalent doses

at longer or shorter intervals, e.g., every other day, twice weekly, weekly, or twice or three

times daily. The inhibitor compositions may be administered by an initial bolus followed by

a continuous infusion to maintain therapeutic circulating levels of drug product. Those of

ordinary skill in the art will readily optimize effective dosages and administration regimens

as determined by good medical practice and the clinical condition of the individual to be

treated. The frequency of dosing will depend on the pharmacokinetic parameters of the

agents and the route of administration.



[00110] The optimal pharmaceutical formulation will be determined by one skilled in the

art depending upon the route of administration and desired dosage (see, for example,

Remington's Pharmaceutical Sciences , latest ed., the disclosure of which is hereby

incorporated by reference). Such formulations may influence the physical state, stability, rate

of in vivo release, and rate of in vivo clearance of the administered agents. Depending on the

route of administration, a suitable dose may be calculated according to body weight, body

surface area or organ size. Further refinement of the calculations necessary to determine the

appropriate dosage for treatment involving each of the above mentioned formulations is

routinely made by those of ordinary skill in the art without undue experimentation, especially

in light of the dosage information and assays disclosed herein, as well as the pharmacokinetic

data observed in human clinical trials. Appropriate dosages may be ascertained by using

established assays for determining blood level dosages in conjunction with an appropriate

physician considering various factors which modify the action of drugs, e.g., the drug's

specific activity, the severity of the indication, and the responsiveness of the individual, the

age, condition, body weight, sex and diet of the individual, the time of administration and

other clinical factors. As studies are conducted, further information will emerge regarding

the appropriate dosage levels and duration of treatment for various indications involving

aberrant proliferation of hematopoietic cells.

[00111] The following enumerated items are additional embodiments of the invention:

[00112] 1. In one embodiment, the invention provides a method to treat a liver

disorder, which method comprises administering to a subject in need thereof an effective

amount of a selective inhibitor of at least one isoform of PDK kinase.

[00113] 2. The method of embodiment 1, wherein the inhibitor is selective for

inhibition of PDK δ or PI3Kβ or both, relative to its inhibition of other Class I PI3K isoforms.

[00114] 3. The method of embodiment 1 or 2, wherein the disorder is

nonalcoholic steatohepatatis.

[00115] 4. The method of embodiment 1 or 2, wherein the liver disorder is

nonalcoholic fatty liver disease (NAFLD), hepatic steatosis, cirrhosis, hepatitis, a liver

adenoma, insulin hypersensitivity, or a liver cancer.

[00116] 5. The method of any of embodiments 1-4, wherein the inhibitor is a

compound of formula (Ia) or formula (Ib):



wherein:

W is selected from the group consisting of H, Me, Cl, and F;

X and X' are independently selected from the group consisting of H,

Me, Cl, and F;

Y is selected from the group consisting of H, Me and Et;

Z is NH or a bond; and

A is NH2, or A is absent and indicates the point of attachment of Z to the purine ring;

Q is H when A is absent, or Q is absent and indicates the point of

attachment of Z to the purine ring when A is NH2;

provided that not more than two of W, X, and Y represents H;

or a pharmaceutically acceptable salt thereof.



[00117] 6. The method of embodiment 5, wherein not more than one of W, X, and

Y represents H

[00118] 7. The method of any of embodiments 5-6, wherein W is Me.

[00119] 8. The method of any of embodiments 5-7, wherein X is H, Me or F.

[00120] 9. The method of any of embodiments 5-8, wherein Z is NH.

[00121] 10. The method of any of embodiments 5-8, wherein Z is a bond.

[00122] 11. The method of embodiment 9 or 10, wherein A is absent and Q is H.

[00123] 12. The method of embodiment 9 or 10, wherein A is NH2 and Q indicates

the point of attachment of Z to the purine ring.

[00124] 13. The method of any of embodiments 5-12, wherein at least one of W, X

and Y is Me.

[00125] 14. The method of any of embodiments 5-13, wherein Y is H.

[00126] 15. The method of any of embodiments 5-13, wherein Y is Me.

[00127] 16. The method of any of embodiments 5-13, wherein Y is Et.

[00128] 17. The method of any one of embodiments 5-16, wherein the compound

is a compound of formula (Ib), and wherein X and X' are different.

[00129] 18. The method of embodiment 17, wherein X' is H, and X is selected

from Cl and Me.

[00130] 19. The method of any one of embodiments 1-4, wherein the inhibitor is a

compound of formula (3):

wherein:

one of Q1, Q2 and Q3 is S, and the other of two of Q1, Q2 and Q3 are -CR 1- ;

wherein each R1 is independently H, halo, OR, NR2, NROR, NRNR2, SR,

SOR, SO2R, SO2NR2, NRSO2R, NRCONR2, NRCOOR, NRCOR, CF3, CN, COOR, CONR2,

OOCR, COR, or NO2,



or R1 can be an optionally substituted member selected from the group

consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8

alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12

heteroaryl, C7-C12 arylalkyl, and C6-C12 heteroarylalkyl groups,

wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl,

C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,

C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12

arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two N, O or S as ring

members;

and wherein each R group other than H, and each ring formed by linking two

R groups together, is optionally substituted;

Z is a bond, or is O, NR2, C1-C6 alkylene or C1-C6 heteroalkylene, each of which is

optionally substituted with up to two C1-C6 alkyl or C2-C6 heteroalkyl groups, where two of

said alkyl or heteroalkyl groups can optionally cyclize to form a 3-7 membered ring

containing up to two heteroatoms selected from O, N and S as ring members;

R3 is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, each of which is optionally

substituted with up to three R1,

or R3 can be H if Z is not a bond;

L is selected from the group consisting of -C(R2)2-, -C(R2)2-C(R2)2-, -C(R2)2-NR2-,

and -C(R2)2-S(O)n-,

wherein each R2 is independently H or an optionally substituted member

selected from C1-C6 alkyl, C2-C6 heteroalkyl, C2-C6 alkenyl, and C2-C6 alkynyl, and n

is 0-2;

and two R2, if present on L, can cyclize to form a 3-7 membered ring that may

contain up to two heteroatoms selected from N, O and S as ring members;



Het is a monocyclic or bicyclic ring system wherein at least two ring atoms are N and

wherein at least one ring is aromatic, and Het is optionally substituted with up to three

substituents selected from R4, N(R4)2, S(O)PR4, OR4, halo, CF3, CN, NR4OR4, NR4N(R4)2,

SR4, SOR4, SO2R
4, SO2N(R4)2, NR4SO2R

4, NR4CON(R4)2, NR4COOR4, NR4COR4, CN,

COOR4, CON(R4)2, 0OCR 4, COR4, or NO2,

wherein each R4 is independently H or an optionally substituted member

selected from the group consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl,

C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8

heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, and C6-C12

heteroarylalkyl,

and wherein two R4 on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two heteroatoms selected

from N, O and S;

wherein the optional substituents on each optionally substituted alkyl,

heteroalkyl, alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl,

arylalkyl and heteroarylalkyl are selected from C1-C4 alkyl, halo, CF3, CN, =0, =N-CN, =N-

OR', =NR', OR', NR' 2, SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR',

NR'COR', CN, COOR', C0NR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S; and

p is 0-2;

or a pharmaceutically acceptable salt thereof.

[00131] 20. The method of embodiment 19, wherein the inhibitor is a compound of

formula (3a), (3b), or (3c):



(3a) (3b)

(3c)

wherein:

each J and each Y is independently selected from the group consisting of F, Cl, Br,

CN, Me, CF3, OMe, CONR 2, COOR2, NMe2, NH2, NHMe, -Q-(CH2)q-OR , and -Q-(CH2)q-

N(R2)2, where q is 0-4, and Q is absent or is selected from O, S and NR2;

m is 0-2, and k is 0-3;

L is selected from -C(R 2)2- , -C(R 2)2-NR2- , and -C(R 2)2-S-

each R2 is independently H or an optionally substituted C1-C4 alkyl, C2-C4 alkenyl,

or C2-C4 alkynyl, or an optionally substituted C2-C4 heteroalkyl;

and two R2, if present on a single atom or on adjacent atoms, can cyclize to

form a 3-7 membered ring that is optionally substituted and may contain up to two

heteroatoms selected from N, O and S as ring members;



Het is selected from the group consisting of:

wherein [L] indicates the atom of Het to which L is attached; and

each X is independently H, F, Cl, Br, Me, CF3, OH, OMe, NH2, NHAc, or NHMe;

and the optional substituents on each optionally substituted alkyl, heteroalkyl,

alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl, arylalkyl and

heteroarylalkyl are selected from C1-C4 alkyl, halo, =0, =N-CN, =N-0R', =NR', OR', NR' 2,

SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR', NR'COR', CN, COOR',

CONR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S;

and p is 0-2;

or a pharmaceutically acceptable salt thereof.

[00132] 21. The method of embodiment 4, wherein the compound is selected from

the group consisting of:





and the pharmaceutically acceptable salts thereof.

[00133] 22. The method of any of the preceding embodiments, wherein the subject

is one having a reduced levels of hepatic Pten activity.

[00134] 23. The method of embodiment 22, wherein the subject has a Pten

mutation.

[00135] The following examples are offered to illustrate but not to limit the invention.

Example 1

Preparation of 2-((6-amino-9H-purin-9-yl)methyl)-5-methyl-3-o-tolylquinazolin-4(3H)-one

[00136] 2-amino-6-methylbenzoic acid is reacted with 2-chloroacetyl chloride to

produce the 2-(-2-chloroacetamido)-6-methylbenzoic acid. Reaction with o-toluidine and

phosphoryl trichloride yields the cyclized intermediate. Further reaction with diBOC-

protected adenine give the BOC protected product, which is deprotected resulting in 2-((6-

amino-9H-purin-9-yl)methyl)-5-methyl-3-o-tolylquinazolin-4(3H)-one (2c).

[00137] The atropisomers of compound (2c) may be resolved by high-pressure liquid

chromatography (HPLC).



Example 2

Preparatory HPLC separation of atropisomers

[00138] This example demonstrates the separation of the two atropisomers of compound

(2c) using HPLC.

[00139] A small sample of the enantiomeric mixture was dissolved in isopropanol at a

concentration of 1.45 mg/mL and 5 µL injected into a normal phase column using the

following conditions: CHIRALPAK® IA, 4.6 mm ID x 250 mm L, 40/60/0.1

hexanes/IPA/DEA, 0.8 mL/min, 300C. Two peaks are resolved at 8.7 min. and 13.0 min.

These analytical conditions and HPLC trace were used to identify the compositions of the

separated products.

[00140] 2.80 g of compound (2c) was separated on a CHIRALPAK® IA preparative

column using 40/60/0.1 hexanes/IPA/DEA mobile phase at room temperature and using a

detection wavelength of 275 nm. Two enantiomers were isolated, (2c') and (2c"), and

were cleanly separated from each other. It was not immediately determined which peak

corresponded to which atropisomer.

[00141] 1.24 g of the first eluted enantiomer, atropisomer was isolated, and was

analyzed under the analytical method described above (0.96 mg in 0.8 mL IPA). The

HPLC trace has a major peak at 8.7 min and indicates 99.0% e.e.

[00142] 1.38 g of the second eluted enantiomer, atropisomer was isolated, and was

analyzed under the same analytical method (1.72 mg in 1 mL IPA) described above. The

HPLC trace has a major peak at 13.0 min. and indicates 98.8% e.e.

[00143] For purposes of discussion, resolved atropisomers of compound (2c) that were

isolated by normal phase chromatographic separation and eluted at time 8.7 min and 13.0

min as described in this example, will be referred to as atropisomers (2c') and (2c").

Example 3

Treatment of NASH in Pten Knock-out Mice

[0119] Sato, et al. describe production of Pten KO mice that are a suitable model for

certain NASH patient populations, and exhibit all stages of NASH (inflammation; fibrosis'



and carcinogenesis), beginning by about 10 weeks of age. Compounds of the invention can

therefore be shown to be effective for treating NASH by their efficacy in delaying

progression of symptomology in such Pten KO mice.

[0120] Pten KO mice as described by Sato, et al. (Hepatology Res. , vol 34, 256-65

(2006)) are produced as described, and are treated with a compound described herein

beginning at 6 weeks of age. The compound can be administered orally or by injection, at an

initial dosage of 100 mg/kg/day. Progression of NASH is measured as described in Sato, and

is compared to progression in untreated (control) Pten KO mice. Dosage can be adjusted up

or down in the treated mice at 10 weeks of age, depending upon the effectiveness of the

initial dosage. The mice are assessed weekly until 35 weeks of age; dosage is adjusted as

needed based on biopsy analyses of the livers of treated mice in comparison to controls.

Statistically significant reduction of the progression of NASH in these mice demonstrates

usefulness for treating NASH.

Example 4

Cell Culture Testing of Compounds

[0121] Sato et al. (Id.) also describes isolation of hepatocytes from Pten KO mice. The

compounds of the invention can be tested in cultured hepatocytes to demonstrate their

effectiveness for slowing progression of cellular abnormalities associated with NASH.

Example 5

In Vivo Model for NASH Treatment

[0122] Horie, et al. (J . Clinical Investigation , vol. 112(12), 1774-1783 (2004)) describes

generation of AlbCrePterfox/flox mice, which were shown to be highly prone to hepatomegaly

and steatohepatitis. These mice can be used to demonstrate the effectiveness of compounds

of the invention for treating these NASH-like conditions.

[0123] The AlbCrePter^0 mice as described by Horie, et al., are treated with a

compound described herein beginning at 6 weeks of age. The compound can be administered

orally or by injection, at an initial dosage of 100 mg/kg/day. Progression of NASH-like

symptoms is measured, and is compared to progression in untreated (control) mice. Dosage

can be adjusted up or down in the treated mice at 10 weeks of age, depending upon the



effectiveness of the initial dosage. The mice are assessed weekly until 35 weeks of age;

dosage is adjusted as needed based on biopsy analyses of the livers of treated mice in

comparison to controls. Statistically significant reduction of the progression of hepatomegaly

and/or steatohepatitis in these mice demonstrates usefulness for treating NASH.



Claims

A method to treat a liver disorder, which method comprises administering to a

subject in need thereof an effective amount of a selective inhibitor of at

least one isoform of PI3K kinase.

The method of claim 1, wherein the inhibitor is selective for inhibition of

PI3Kδ or PI3Kβ or both, relative to its inhibition of other Class I PI3K

isoforms.

The method of claim 2, wherein the disorder is nonalcoholic steatohepatitis.

The method of claim 2, wherein the liver disorder is nonalcoholic fatty liver

disease (NAFLD), hepatic steatosis, cirrhosis, hepatitis, a liver

adenoma, insulin hypersensitivity, or a liver cancer.

The method of claim 1, wherein the inhibitor is a compound of formula (Ia) or

formula (Ib):



wherein:

W is selected from the group consisting of H, Me, Cl, and F;

X and X' are independently selected from the group consisting of H,

Me, Cl, and F;

Y is selected from the group consisting of H, Me and Et;

Z is NH or a bond; and

A is NH2, or A is absent and indicates the point of attachment of Z to the purine ring;

Q is H when A is absent, or Q is absent and indicates the point of

attachment of Z to the purine ring when A is NH2;

provided that not more than two of W, X, and Y represents H;

or a pharmaceutically acceptable salt thereof.

6. The method of claim 5, wherein not more than one of W, X, and Y represents

H.

7. The method of claim 5, wherein W is Me, and/or wherein X is H, Me or F.

8. The method of claim 6 or 7, wherein Z is NH.

9. The method of claim 6 or 7, wherein Z is a bond.

10. The method of claim 8, wherein A is absent and Q is H.



11. The method of claim 9, wherein A is NH2 and Q indicates the point of

attachment of Z to the purine ring.

12. The method of claim 10, wherein at least one of W, X and Y is Me.

13. The method of claim 11, wherein at least one of W, X and Y is Me.

14. The method of claim 10, wherein Y is Me or Et.

15. The method of claim 11, wherein Y is H.

16. The method of any one of claims 5, wherein the compound is a compound of

formula (Ib), and wherein X and X' are different.

17. The method of claim 15, wherein X' is H, and X is selected from Cl and Me.

18. The method of any one of claims 1-4, wherein the inhibitor is a compound of

formula (3):

wherein:

one of Q1, Q2 and Q3 is S, and the other of two of Q1, Q2 and Q3 are -CR 1- ;

wherein each R1 is independently H, halo, OR, NR2, NROR, NRNR2, SR,

SOR, SO2R, SO2NR2, NRSO2R, NRCONR2, NRCOOR, NRCOR, CF3, CN, COOR, CONR2,

00CR, COR, or NO2,

or R1 can be an optionally substituted member selected from the group

consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8



alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12

heteroaryl, C7-C12 arylalkyl, and C6-C12 heteroarylalkyl groups,

wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl,

C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,

C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12

arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two N, O or S as ring

members;

and wherein each R group other than H, and each ring formed by linking two

R groups together, is optionally substituted;

Z is a bond, or is O, NR2, C1-C6 alkylene or C1-C6 heteroalkylene, each of which is

optionally substituted with up to two C1-C6 alkyl or C2-C6 heteroalkyl groups, where two of

said alkyl or heteroalkyl groups can optionally cyclize to form a 3-7 membered ring

containing up to two heteroatoms selected from O, N and S as ring members;

R3 is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, each of which is optionally

substituted with up to three R1,

or R3 can be H if Z is not a bond;

L is selected from the group consisting of -C(R2)2-, -C(R2)2-C(R2)2-, -C(R2)2-NR2-,

and -C(R2)2-S(O)n-,

wherein each R2 is independently H or an optionally substituted member

selected from C1-C6 alkyl, C2-C6 heteroalkyl, C2-C6 alkenyl, and C2-C6 alkynyl, and n

is 0-2;

and two R2, if present on L, can cyclize to form a 3-7 membered ring that may

contain up to two heteroatoms selected from N, O and S as ring members;

Het is a monocyclic or bicyclic ring system wherein at least two ring atoms are N and

wherein at least one ring is aromatic, and Het is optionally substituted with up to three

substituents selected from R4, N(R4)2, S(O)PR4, OR4, halo, CF3, CN, NR4OR4, NR4N(R4)2,



SR4, SOR4, SO2R
4, SO2N(R4)2, NR4SO2R

4, NR4CON(R4)2, NR4COOR4, NR4COR4, CN,

COOR4, CON(R4)2, 00CR 4, COR4, or NO2,

wherein each R4 is independently H or an optionally substituted member

selected from the group consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl,

C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8

heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, and C6-C12

heteroarylalkyl,

and wherein two R4 on the same atom or on adjacent atoms can be linked to

form a 3-8 membered ring, optionally containing one or two heteroatoms selected

from N, O and S;

wherein the optional substituents on each optionally substituted alkyl,

heteroalkyl, alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl,

arylalkyl and heteroarylalkyl are selected from C1-C4 alkyl, halo, CF3, CN, =0, =N-CN, =N-

OR', =NR', OR', NR' 2, SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR',

NR'COR', CN, COOR', C0NR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S; and

p is 0-2;

or a pharmaceutically acceptable salt thereof.

19. The method of claim 18, wherein the inhibitor is a compound of formula (3a),

(3b), or (3c):



(3a) (3b)

(3c)

wherein:

each J and each Y is independently selected from the group consisting of F, Cl, Br,

CN, Me, CF3, OMe, CONR2
2, COOR2, NMe2, NH2, NHMe, -Q-(CH2)q-OR2, and -Q-(CH2)

N(R2)2, where q is 0-4, and Q is absent or is selected from O, S and NR2;

m is 0-2, and k is 0-3;

L is selected from -C(R )2- , -C(R )2-NR - , and -C(RVS-,

each R2 is independently H or an optionally substituted C1-C4 alkyl, C2-C4 alkenyl,

or C2-C4 alkynyl, or an optionally substituted C2-C4 heteroalkyl;

and two R2, if present on a single atom or on adjacent atoms, can cyclize to

form a 3-7 membered ring that is optionally substituted and may contain up to two

heteroatoms selected from N, O and S as ring members;



Het is selected from the group consisting of:

wherein [L] indicates the atom of Het to which L is attached; and

each X is independently H, F, Cl, Br, Me, CF3, OH, OMe, NH2, NHAc, or NHMe;

and the optional substituents on each optionally substituted alkyl, heteroalkyl,

alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, acyl, heteroacyl, aryl, heteroaryl, arylalkyl and

heteroarylalkyl are selected from C1-C4 alkyl, halo, =0, =N-CN, =N-0R', =NR', OR', NR' 2,

SR', SO2R', SO2NR' 2, NR SO2R', NR'C0NR' 2, NR'COOR', NR'COR', CN, COOR',

CONR' 2, 0OCR', COR', and NO2,

wherein each R' is independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6

acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12

heteroarylalkyl, each of which is optionally substituted with one or more groups

selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl,

hydroxy, amino, and =0;

and wherein two R' on the same or adjacent atoms can be linked to form a 3-7

membered ring optionally containing up to three heteroatoms selected from N, O and

S;

and p is 0-2;

or a pharmaceutically acceptable salt thereof.

20. The method of any of claims 1-4, wherein the compound is selected from the

group consisting of:





and the pharmaceutically acceptable salts thereof.

21. The method of any of claims 1-4, wherein the subject is one having a reduced

levels of hepatic Pten activity.

22. The method of claim 21, wherein the subject has a Pten mutation.
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