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BENZOXAZINES AND DERIVATIVES THEREOF AS INHIBITORS OF PI3KS

BACKGROUND OF THE INVENTION

Phosphoinositide-3-kinases (PI3Ks) are a family of lipid kinases that
phosphorylate phosphoinositols on the 3°-OH to generate PI3P
(phosphatidylinositol 3-phosphate), PI-3,4-P2 and P13,4,5-P3. One class of PI3Ks
are stimulated by growth factors (Katso et al. Annu. Rev. Cell Dev. Biol.
2001;14:615-675) and include PI3K o, PI3Kf, and PI3Ko (Vanhaesebroeck et al.
Proc. Natl. Acad. Sci., U.S.A., 1997;94:4330-4335; Katso et al., 2001). A separate

class of PI3Ks are activated by G-protein coupled receptors and include PI3KY.

The growth-factor stimulated PI3Ks (e.g., PI3K o), have been implicated in
cellular proliferation and cancer (reviewed in Katso et al., 2001; and Vivanco and

Sawyers Nature Reviews, 2002;2:489-501). PI3KY has been demonstrated to be
involved in signaling cascades. For example, PI3KY is activated in response to

ligands such as C5a, IMLP, ADP, and IL-8. In addition, PI3KYy has been
implicated 1n immune diseases (Hirsch et al. Science 2000;287:1049-1053).

PI3KYy null macrophages show a reduced chemotactic response and a reduced

ability to fight inflammation (Hirsch et al. 2000). Furthermore, PI3KY has also
been implicated in thrombolytic diseases (e.g., thromboembolism, ischemic
diseases, heart attacks, and stroke) (Hirsch et al. FASEB J. 2000;15(11):20109-
2021; and Hirsch et al. FASEB J., July 9 2001;10.1096/1j.00-0810fje (cited herein
as Hirsch et al., 2001).

Inhibitors of members of the PI3Ks are being developed for the treatment
of human disease (see e.g., WO 01/81346; WO 01/53266; and WO 01/83456).
Therefore, there is a need in the art for compounds that can:inhibit PI3Ks for use

as pharmaceutical agents.
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9.
SUMMARY OF THE INVENTION

In one aspect, the present invention provides for compounds of formula I:

or a pharmaceutically acceptable salt thereof;
wherein Wis O, S, or NRZI;
wherein R* is selected from the group consisting of:—H, -CFs, a C;.
salkyl, and phenyl; |
wherein Q is (CR’R’),,
wherein R and R° are independently selected from H or -CHa;
wherein pis O or 1;
wherein E is CR*R?;
wherein R* and R’ are independently selected from H or -CHs;
wherein D is CR*R™;
wherein R*® and R* are independently selected from H or -CHs;
wherein the dashed bond between D and E can be absent or present;
wherein A 1s absent, -S(O);-, -C(O)-, -C(0)-0O-, -C(0O)-NH-, or -C(S)-NH-;
wherein L 1s absent, a C;-Cs-alkylene, -CH,-, -(CHj),-, -CH=CH-, a C,-
Cs-alkenylene, -CHy-O-, -C;-Cs-alkyl-O-, -CHy-O-CHy-, -C;-Cs-
alkyl-O-C;-Cs-alkyl, -CHz-S-, -C;-Cs-alkyl-S-, C;-Cs-alkyl-S(O)-,
C1-Cs-alkyl-S(O),-, -C;-Cs-alkyl-S-C4-Cs-alkyl-, - C;-Csalkyl-CO-,
- C1-Csalkyl-C(O)0-, -C;-Csalkyl-C(O)-CHy-, -C1-Csalkyl-
C(O)NR*-, -C;-Csalkyl-NR*-C(0)-, -C;-Csalkyl-NR*-C(0)-
NR24-, or -C1~C3alky1~NR22-;
wherein R** and R** are independently selected from H, and

Ci3 alkyl .
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wherein R° is selected from the group consisting of H, a C;_¢alkyl, a C,.
oalkenyl, a Cyoalkynyl, C(C;-Csalkyl)(Cq-Csalkyl), a Cs-
Cscycloalkyl, a 3- to 8-membered heterocycloalkyl, a piperidinyl, a
6- to 11-membered bicyciic heterocycloalkyl, a 6- to 9-membered
bridged bicyclic heterocycloalkyl, a 5-membered heteroaryl, a 5-
1soXazole, a 3-isoxazole, an isoxazole, a 2-furanyl, a 3-furanyl, a 2-
thienyl, a 3-thienyl, a thienyl, a 6-membered heteroaryl, a
pyridinyl, a 4-pyridinyl, a 3-pyridinyl, an 8-to 12-membered
bicyclic heteroaryl, a 2-quinoxalinyl, a quinoxalinyl, a phenyl, a
naphthalenyl, a 1-naphthalenyl, a 2-naphthalenyl, a 9- to 12-
membered bicyclic aryl, a 9,10-dioxo0-9,10-dihydro-anthracen-2-yl,
a benzofurazanyl, and a 4-(2,2-difluoro-1,3-benzodioxolyl;

wherein R’ is H, F, CF;, or CHs;

wherein R® is H, ~-CH,COOH, phenyl, -CHs, a Cy_alkyl, or a C,.¢alkenyl;

wherein Y is C(O), or C(S);

wherein K 1s NH, O, CH,, or S;

wherein R’ is H, F, CF;, or CHs;

wherein G is C or N;

wherein R" is H, -O-Cy.salkyl, a Cy.salkyl, -NO,, -NR*R®, a -S-C; jalkyl,

F or CI;

wherein if G is N, then R s absent;

wherein R'® and R'® are independently selected from the group consisting
of: H, and C;_alkyl; and

wherein the stereochemistry of the double bond denoted “*” is entgegen or

zusammen.
In certain embodiments, Wis O, Gis C, pis 0, and R4, R5, R/ RS, RO,
RIO, R28, and R30 are H, and the dashed bond between D and E is absent—a

compound of Formula X:
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In certain embodiments, RO is H, a Cyoalkyl, a Cy9alkenyl, a C;.0alkynyl, C(C;-
Csalkyl)(Cq-Csalkyl), a C3-Cscycloalkyl, a phenyl, a naphthalenyl, a 1-
naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C1-C5-

5 alkylene, -CHs-~, -(CHb),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C1-Cs-alkyl-
O-, -CH3-O-CH;-, -C4-Cs-alkyl-O-C,-Cs-alkyl, -CH,-S-, -C;-Cs-alkyl-S-, or -C;-
Cs-alkyl-S-C1-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(0)-O-, or -
C(O)-NH-. Examples of compounds of Formula X include, but are not limited to:

4-[2-(3,4-Dichloro-phenyl)-acetyl]-3,4-dihydro-2H-
10 benzo| 1,4]oxazine-6-ylmethylene]-2-thioxo-thiazolidin-4-one:
6-(4—-OXo-2-thiox0—thiazolidin—5-ylidenemethyl)-2,3—dihydro-1,4—
benzoxazine-4-carboxylic acid phenyl ester;
6-(4-Ox0-2-thioxo-thiazolidin-5-ylidenemethyl)-2,3-dihydro-1,4-
benzoxazine-4-carboxylic acid p-tolyl ester;
15 5-(4-Isobutyryl-3,4-dihydro-2H-1,4-benzoxazin-6-ylmethylene)-2-
thioxo-thiazolidin-4-one;
5-(4-Heptanoyl-3,4-dihydro-2H-1,4-benzoxazin-6-ylmethylene)-2-
thioxo-thiazolidin-4-one;
>-[4-(3-Cyclopentyl-propionyl)-3,4-dihydro-2H-1,4-benzoxazin-6-
20 ylmethylene]-2-thioxo-thiazolidin-4-one;
5-[4-(3-Phenyl-acryloyl)-3,4-dihydro-2H-1,4-benzoxazin-6-
ylmethylene]-2-thioxo-thiazolidin-4-one;
5-[4-(2-Benzyloxy-acetyl)-3,4-dihydro-2H-1,4-benzoxazin-6-
ylmethylene]-2-thioxo-thiazolidin-4-one;
25 5-[4-(2-Phenylsulfanyl-acetyl)-3,4-dihydro-2H-1,4-benzoxazin-6-

ylmethylene]-2-thioxo-thiazolidin-4-one;
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5.
8-0x0-8-[6-(4-0x0-2-thjoxo-thiazolidin-5-ylidenemethyl)-2,3-
dihydro-1,4-benzoxazin-4-yl]-octanoic acid methyl ester;
6-(4-Oxo-2-thiox0—thiazolidin—S--ylidenemethyl)-z,3-dihydro-1,4-
benzoxazine-4-carboxylic acid 4-methoxycarbonyl-phenyl ester;
6-(4-Oxo-2—thi0xo-thiazolidin-5—ylidenemethyl)-2,3-djhydro-1,4—-
benzoxazine-4-carboxylic acid (3-trifluoromethyl-phenyl)-amide:
6-(4-—-Oxo-2-thi0xo-thiazolidin-5~ylidenemethyl)-2,3—dihydro-1,4—
benzoxazine-4-carboxylic acid phenethyl-amide;
6-(4-Ox0~2-thioxo-thjazolidjn-S—ylidenemethyl)-Z,3-dih$rdr0-1,4-
benzoxazine-4-carboxylic acid cyclopentylamide;
6-(4-Oxo-2—thioxo-—thiazolidin-5-ylidenemethyl)-Z,3-dihydro-1,4-—
benzoxazine-4-carboxylic acid naphthalen-1-yl ester;
6-(4~Oxo-2-thioxo-thiazolidin-S-y1idene.me.thyl)-2,3-djhydro-
benzol1,4]oxazine-4-carboxylic acid (4-chloro-phehyl)-amide;
6—(4—-Oxo-2-thioxo-thiazolidin—5-ylidenemethyl)-z,3—dihydro-
benzo[1,4]oxazine-4-carboxylic acid (3,4-dichloro-phenyl)-amide;
6-(4-Oxo-2-thioxo-thiazolidin-5-ylidenemethyl) -2,3-dihydro-
benzo[ 1,4]oxazine-4-carboxylic acid (3,5-dimethyl-phenyl)-amide;
6-(4-Ox0-2-thi0xo-thiazolidin-5-y1idenemethyl)-Z,S-dihydro-
benzo[1,4]oxazine-4-carboxylic acid (3-chloro-phenyl)-amide;
5-[4-(3-Methyl-cyclohexanecarbonyl)-3,4-dihydro-2H-
benzo[1,4]oxazin-6-ethylene]-2-thioxo-thiazolidin-4-one: and
5~(4-Pentanoy1-—3,4-djhydro-2H-1,4-benzoxazin~6—ylmethylene)-2-

thioxo-thiazolidin-4-one.
In certain embodiments, W is S, G is C, p is 0, and R4, R5, R7, R8, R
J
R10 R28 and R30 are H, and the dashed bond between D and E is absent —a

compound of Formula XT:
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In certain embodiments, RO is H, a Cy.alkyl, a Cy.ealkenyl, a C;oalkynyl, C(C;-
Csalkyl)(C;-Csalkyl), a C3-Cgcycloalkyl, a phenyl, a naphthalenyl, a 1-
naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C;-Cs-
alkylene, -CHs-, -(CHy),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C;-Cs-alkyl-
O-, -CH,-O-CHs;-, -C;-Cs-alkyl-O-C;-Cs-alkyl, -CH,-S-, -C;-Cs-alkyl-S-, or -C;-
Cs-alkyl-S-Cy-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(O)-O-, or -
C(O)-NH-.

In certain embodiments, W is N, R21 is methyl, G is C, p is 0, and R4, R9,
R7, Rg, R9, R28, and R30 are H, and the dashed bond between D and E is absent

—a compound of Formula XII:

CHs,

In certain embodiments, RO is H, a Cyoalkyl, a Cyoalkenyl, a Cyoalkynyl, C(C;-
Csalkyl)(Ci-Csalkyl), a C3-Cgcycloalkyl, a phenyl, a naphthalenyl, a 1-
naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C;-Cs-
alkylene, -CHs-, -(CHy),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C;-Cs-alkyl-
O-, -CHz-O-CH;-, -C;-Cs-alkyl-O-C;-Cs-alkyl, -CH,-S-, -C;-Cs-alkyl-S-, or -C;-
Cs-alkyl-S-C;-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(O)-O-, or -
C(O)-NH-.
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In certain embodiments, W1s O, G1s C, p1s 0, R28 ig methyl, and R4, R,
R7 RS, RY, RIO, R28 and R3V are H, and the dashed bond between D and E is

absent a compound of Formula XIII:

5 ~ In certain embodiments, RO is H, a Cy.oalkyl, a Cyealkenyl, a Cy9alkynyl, C(C;-
Csalkyl)(C1-Csalkyl), a Cs-Cgcycloalkyl, a phenyl, a naphthalenyl, a 1-
naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C;~Cs-
alkylene, -CHj-, -(CHz),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C;-Cs-alkyl-
O-, -CH,-0O-CHj;-, -C;-Cs-alkyl-O-C;-Cs-alkyl, -CH,-S~, -C;-Cs-alkyl-S-, or -C;-

10 Cs-alkyl-S-C1-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(O)-O-, or -
C(O)-NH-. Examples of compounds of Formula XIII include, but are not limited
to:

5-[3-Methyl-4-(-phenyl-methanoyl)-3,4-dihydro-2H-benzo[ 1,4]oxazine-6-
ylmethylene]-2-thioxo-thiazolidin-4-one; and

15 5-[4-(3,5-Dimethyl-benzyl)-3-methyl-3,4-dihydro-2H-benzo[1,4]oxazine-

6-ylmethylene]-2-thioxo-thiazolidin-4-one.
In certain embodiments, W is O, G is C, pis 0, R4, R7, R8 R, R10, and

R28 are H, and the dashed bond between D and E is present —a compound of

Formula XIV:
H RO
N O | XIV
Y /L
\ H A
KX\ llT
NN j
i / \
20 A O

In certain embodiments, RO is H, a Cioalkyl, a Cyoalkenyl, a Coalkynyl, C(C;-
Csalkyl)(C;-Csalkyl), a C3-Cgcycloalkyl, a phenyl, a naphthalenyl, a 1-
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naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C;-Cs-
alkylene, -CHs-, -(CH;),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C,-Cs-alkyl-
O-, -CH;-O-CH;-, -C4-Cs-alkyl-O-C;-Cs-alkyl, -CH;-S-, -C1-Cs-alkyl-S-, or -C;-
Cs-alkyl-S-Cq-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(0)-O-, or -
C(O)-NH-.

In certain embodiments, W is O, G is C, p is 1, and R2, R3, R4, RS, R7,
RS, RY, R10, R28 and R30 are H, and the dashed bond between D and E is absent

—a compound of Formula XV:

H RS
N AV I xv
Y s
\ H A
K X l
N>
O

In certain embodiments, RO is H, a Cyoalkyl, a Cyoalkenyl, a Cy.0alkynyl, C(C;-
Csalkyl)(C1-Csalkyl), a C3-Cgeycloalkyl, a phenyl, a naphthalenyl, a 1-
naphthalenyl, or a 2-naphthalenyl. In other embodiments, L is absent, a C;-Ca-
alkylene, -CHs-, -(CHz),-, -CH=CH-, a C,-Cs-alkenylene, -CH,-O-, -C1-Cs-alkyl-
O-, -CH»-O-CH;-, -C;-Cs-alkyl-O-C;-Cs-alkyl, -CH,-S-, -C1-Cs-alkyl-S-, or -C;-
Cs-alkyl-S-Cq-Cs-alkyl-. In still other embodiments, A is -C(O)-, -C(0)-O-, or -
C(O)-NH-. Examples of compounds of Formula XV include, but are not limited
to:
5-[9-(3,5-Dimethoxy-benzyl)-6,7,8 9-tetrahydro-5-oxa-9-aza-
benzocyclohepten-2-ylmethylene]-2-thioxo-thiazolidin-4-one; and
5-[9-(3,5-Dimethyl-benzyl)- 6,7,8,9-tetrahydro-5-o0xa-9-aza-
benzocyclohepten-2-ylmethylene]-2-thioxo-thiazolidin-4-one.

In another aspect, the invention provides for pharmaceutical compositions
that comprise a therapeutically effective amount of a compound of Formula I; and
a pharmaceutically acceptable carrier. In certain embodiments, these
compositions are useful in the treatment of a PI3K-mediated disorder or condition.
The compounds of the invention can also be combined in a pharmaceutical

composition that also comprise compounds that are useful for the treatment of
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cancer, a thrombolytic disease, heart disease, stroke, an inflammatory disease such
as rheumatoid arthritis, or another PI3K-mediated disorder.

In another aspect, the present invention provides for methods of treating a
subject sufifering from a PI3K-mediated disorder or condition comprising:

5 administering, to a subject suffering from a PI3K-mediated condition or disorder,
a pharmaceutical composition comprising a therapeutically effective amount of a
compound of Formula I and a pharmaceutically acceptable carrier. In certain
embodiments, the PI3K-mediated condition or disorder is selected from the group
consisting of: rtheumatoid arthritis, ankylosing spondylitis, osteoarthritis,

10 inflammatory diseases, and autoimmune diseases. In other embodiments, the
PI3K-mediated condition or disorder is selected from the group consisting of:
cardiovascular diseases, atherosclerosis, hypertension, deep venous thrombosis,
stroke, myocardial infarction, unstable angina, thromboembolism, pulmonary
embolism, thrombolytic diseases, acute arterial ischemia, peripheral thrombotic

15 occ]usion's, and coronary artery disease. In still other embodiments, the PI3K-
mediated condition or disorder is selected from the group consisting of: cancer,
small cell lung cancer, squamous cell lung carcinoma, glioma, breast cancer,
prostate cancer, ovarian cancer, cervical cancer, and leukemia. In yet another
embodiment, the PI3K-mediated condition or disorder is selected from the group

20 consisting of: type II diabetes. In still other embodiments, the PI3K-mediated
condition or disorder is selected from the group consisting of: respiratory diseases,
bronchitis, asthma, and chronic obstructive pulmonary disease. In certain

embodiments, the subject is a human.
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In another aspect, the invention provides a
commercial package comprising a pharmaceutical composition

of the i1invention, and instructions for the uge thereof.

In another aspect, the invention provides a use of
a compound of Formula I for treating a subject suffering

from a PI3K-mediated condition or disorder.

In another aspect, the invention provides a use of

a compound of Formula I i1in the manufacture of a medicament.

DEFINITIONS

As used herein, the following terms have the

meanings ascribed to them unless specified otherwise.

A “PI3K-mediated disorder or condition” is
characterized by the participation of one or more PI3Ks or a
PI3P phosphatase, (e.g., PTEN, etc.) in the inception,
manifestation of one or more symptoms or disease markers,
severity, or progression of a disorder or condition.
PI3K-mediated disorders and conditions include, but are not
limited to: rheumatoid arthritis, ankylosing spondylitis,
osteoarthritis, inflammatory diseases, pulmonary fibrosis,

autolmmune diseases,
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cardiovascular diseases, atherosclerosis, hypertension, deep venous thrombosis,
stroke, myocardial infarction, unstable angina, thromboembolism, pulmonary
embolism, thrombolytic diseases, acute arterial ischemia, peripheral thrombotic
occlusions, coronary artery disease, cancer, breast cancer, gliobastoma,
endometrial carcinoma, hepatocellular carcinoma, colon cancer, lung cancer,
melanoma, renal cell carcinoma, thyroid carcinoma, small cell lung cancer,
squamous cell lung carcinoma, glioma, breast cancer, prostate cancer, ovarian
cancer, cervical cancer, leukemia, cell lymphoma, lymphoproliferative disorders,
type II diabetes, respiratory diseases, bronchitis, asthma, and chronic obstructive
pulmonary disease.

A PI3K 1s an enzyme that is able to phosphorylate the 3’-OH of a
phosphoinositol to generate PI3P. PI3Ks include, but are not limited to, PI3Kc,
PI3Kp, PI3KY, and PI3Kd. A PI3K typically comprises at least one catalytic

subunit (e.g., p110y), and may further comprise a regulatory subunit (e.g., p101,
etc.).

The term “alkyl group” or “alkyl” includes straight and branched carbon
chain radicals. The term “alkylene” refers to a diradical of an unsubstituted or

substituted alkane. For example, a “C1_g alkyl” is an alkyl group having from

1 to 6 carbon atoms. Examples of straight-chain alkyl groups include, but are not
limited to, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, etc. Examples of branched-chain alkyl groups include, but are
not limited to, 1sopropyl, tert-butyl, isobutyl, etc.

Moreover, the term alkyl includes both “unsubstituted alkyls” and
“substituted alkyls,” the latter of which refers to alkyl moieties having substituents
replacing a hydrogen on one or more carbons (e.g., replacing a hydrogen on 1, 2,
3,4, 5, or 6 carbons) of the hydrocarbon backbone. Such substituents can include,

but are not limited to, Cp-Cg-alkenyl, Co-Cg-alkynyl, halo, 1, Br, Cl, F, -OH, -
COOH, sulthydryl, (C1-Cg-alkyl)S-, C1-Cg-alkylsulfinyl, nitro, cyano,
trifluoromethyl, -NHp, =0, =S, =N-CN, =N-OH, -OCH»F, -OCHF,, -OCF3,-
SCF3, -SO2-NHjp, C1-Cg-alkoxy, -C(O)O-(C1-Cg alkyl), -O-C(0)-(C1-Cg alkyl),
-C(0)-NHy, -C(0)-N(H)-C1-Cg alkyl, -C(0)-N(C1-Cg alkyl), -OC(0)-NH,, -
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C(0)-H, -C(0)-(C1-Cg alkyl), -C(S)-(C1-Cg alkyl), -NR/OR72, where R70 and

R /2 are each independently selected from H, C1-Cg-alkyl, C-Cg-alkenyl, Co-
Cg-alkynyl, and C(O)-C1-Cg-alkyl.

Alkyl substituents may also include heterocycloalkyl, heteroaryl, and aryl
substituents such as, a (C3-Cg)cycloalkyl, a 3- to 8-membered heterocycloalkyl,

phenyl, naphthalenyl, benzyl, phenoxy, naphthalenyl-O-, a 9- to 12-membered
bicyclic aryl, a 5-membered heteroaryl, 6-membered heteroaryl, and a 8- to
12-membered bicyclic heteroaryl.

Typical substituted alkyl groups thus are aminomethyl, 2-nitroethyl,
4-cyanobutyl, 2,3-dichloropentyl, and 3-hydroxy-5-carboxyhexyl, 2-aminoethyl,
pentachloroethyl, trifluoromethyl, 2-diethylaminoethyl, 2-dimethylaminopropyl,
ethoxycarbonylmethyl, methanylsulfanylmethyl, methoxymethyl,
3-hydroxypentyl, 2-carboxybutyl, 4-chlorobutyl, and pentafluoroethyl.

“Alkoxy” refers to the alkyl groups mentioned above bound through
oxygen, examples of which include methoxy, ethoxy, 1sopropoxy, fert-butoxy, and

the like. In addition, alkoxy refers to polyethers such as O-(CHp)>-O-CH3z, and

the like. The term “alkoxy” is intended to include both substituted and
unsubstituted alkoxy groups. Alkoxy groups can be substituted on carbon atoms
with groups such as those set out above for alkyl. Typical substituted alkoxy
groups include aminomethoxy, trifluoromethoxy, 2-diethylaminoethoxy,
2-ethoxycarbonylethoxy, 3-hydroxypropoxy, and the like.

“Alkanoyl” groups are alkyl linked through a carbonyl, e.g., C1-Cgalkyl-

C(O)-. Such groups include formyl, acetyl, propionyl, butyryl, and isobutyryl.
The term “alkanoyl” 1s intended to include both substituted and unsubstituted
alkanoyl groups. Alkanoyl groups can be substituted with groups such as those
set out above for alkyl.

“Acyl” means an alkyl, cycloalkyl, heteroaryl, heterocycloalkyl, or aryl
(Ar) group, etc., bonded through a carbonyl group, i.e., R-C(O)-. For example,
acyl includes a C1-Cg alkanoyl, including substituted alkanoyl. The term “acyl”

is intended to include both substituted and unsubstituted acyl groups. Acyl groups

can be substituted with groups such as those set out above for alkyl.
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“Halo” includes fluoro, chloro, bromo, and 1odo.

“Alkenyl” means straight and branched hydrocarbon radicals having 2 or
more carbon atoms and comprising at least one double bond and includes ethenyl,
3-buten-1-yl, 2-ethenylbutyl, 3-hexen-1-yl, and the like. The term “alkenyl”™ 1s
intended to include both substituted and unsubstituted alkenyl groups. A “Cop-Cg-

alkenyl” is an alkenyl group having from from 2 to 6 carbon atoms. Alkenyl
groups can be substituted with groups such as those set out above for alkyl. The
term “alkenylene” refers to a diradical of a substituted or unsubstituted alkene.
“Alkynyl” means straight and branched hydrocarbon radicals having 2 or
more carbon atoms and comprising at least one triple bond and includes ethynyl,
3-butyn-1-yl, propynyl, 2-butyn-1-yl, 3-pentyn-1-yl, and the like. The term
“alkynyl” is intended to include both substituted and unsubstituted alkynyl groups.
Alkynyl groups can be substituted with groups such as those set out above for
alkyl. In certain embodiments, a straight chain or branched chain alkynyl group
has 6 or fewer carbon atoms in its backbone (e.g., Cy-Cg for straight chain, C3-Cg

for branched chain). The term Co-Cg includes alkynyl groups containing 2 to

6 carbon atoms. The term “alkynylene” refers to a diradical of a substituted or
unsubstituted alkyne.

“Carbocycle” or “Cycloalkyl” means a mono or bicyclic carbocyclic ring
functional group including, but not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,
bicyclo[2.2.1]heptanyl, bicyclo[3.2.1]octanyl, and bicyclo[5.2.0lnonanyl; wherein
the cycloalkyl group may optionally contain 1 or 2 double bonds (1.e., a
cycloalkylenyl) including, but not limited to, cyclopentenyl, cyclohexenyl, and
cycloheptenyl. The term “cycloalkyl” is intended to include both substituted and
unsubstituted cycloalkyl groups. Cycloalkyl groups and cyclohexyl groups can be
substituted with groups such as those set out above for alkyl. Unless otherwise

indicated, the term “(C3-Cg)cycloalkyl” refers to a cycloalkyl group containing
from 3 to 8 carbons. Thus, the term “(C3-Cg)cycloalkyl” encompasses a

monocyclic cycloalkyl group containing from 3 to 8 carbons and a bicyclic

cycloalkyl group containing from 6 to 8 carbons. Examples of substituted
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cycloalkyl groups include, but are not limited to, 2-methyl-cyclohexyl, 3-methyl-
cyclohexyl, and 4-methyl-cyclohexyl.

The phrase “3- to 8-membered heterocycloalkyl” means a stable cyclic
group having carbon atoms and 1 to 3 heteroatoms independently selected from S,

S N or O, wherein when two O atoms or one O atom and one S atom are present, the
two O atoms or one O atom and one S atom are not bonded to each other,
respectively. Optionally, a 3- to 8-membered heterocycloalkyl may contain 1 or
2 carbon-carbon or carbon-nitrogen double bonds. Illustrative examples of 3- to
8-membered heterocycloalkyl include aziridin-1-yl, 1-oxa-cyclobutan-2-yl,

10 tetrahydrofuran-3-yl, morpholin-4-yl, 2-thiacyclohex-1-yl, 2-o0xo0-2-thiacyclohex-
1-yl, 2,2-diox0-2-thiacyclohex-1-yl, and 4-methyl-piperazin-2-yl.

The term “heterocycloalkyl” is intended to include both substituted and
unsubstituted heterocycloalkyl groups. Heterocycloalkyl groups can be
substituted with 1 to 4 groups such as those set out above for alkyl. Illustrative

15 examples of substituted 3- to 8-membered heterocycloalkyl include 2-hydroxy-
aziridin-1-yl, 3-oxo-1-oxacyclobutan-2-yl, 2,2-dimethyl-tetrahydrofuran-3-yl,
3-carboxy-morpholin-4-yl, and 1-cyclopropyl-4-methyl-piperazin-2-yl.

Unless otherwise indicated, the foregoing heterocycloalkyls can be
C-attached or N-attached where such is possible and which results in the creation of

20 a stable structure. For example, piperidinyl can be piperidin-1-yl (N-attached) or
piperidin-4-yl (C-attached).
- Embraced within the term “heterocycloalkyl” are 5 membered rings
having one carbon-carbon or one carbon-nitrogen double bond in the ring (e.g.,
2-pyrrolinyl, 3-pyrrolinyl, etc.) and 6 membered rings having one carbon-carbon
235 or one carbon-nitrogen double bond in the ring (e.g., dihydro-2H-pyranyl, 1,2,3,4-
tetrahydropyridine, 3,4-dihydro-2H-[1,4]oxazine, etc.).

A “3-membered heterocycloalkyl” is a stable 3-membered, monocyclic
cycloalkyl ring having 2 carbon atoms and 1 heteroatom selected from the group
consisting of: 1 O; 1 S; and 1 N. Illustrative examples of stable 3-membered

30 heterocycloalkyls include oxiranyl, aziridinyl, and thiiranyl.
A “4-membered heterocycloalkyl” is a stable 4-membered, monocyclic

cycloalkyl ring having 3 carbon atoms and 1 heteroatom selected from the group
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consisting of: 1 O; 1 S; and 1 N. Ilustrative examples of stable 4-membered
heterocycloalkyls include oxetanyl, azetidinyl, and thietanyl.

A “5-membered heterocycloalkyl” is a stable 5-membered, monocyclic
cycloalkyl ring having from 1 to 4 carbon atoms and from 1 to 3 heteroatoms
selected from the group consistingof: 1O0; 1 S; IN; 2N; 3 N; 1 Sand 1 N; 1S,
and 2N; 1 Oand 1 N; and 1 O and 2 N. Illustrative examples of stable
5-membered heterocycloalkyls include tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, dihydrothienyl, imidazolidinyl, oxazolidinyl, imidazolinyl,
isoxazolidinyl, pyrrolidinyl, 2-pyrrolinyl, and 3-pyrrolinyl.

A “6-membered heterocycloalkyl” is a stable 6-membered, monocyclic
cycloalkyl ring having from 3 to 5 carbon atoms and from 1 to 3 heteroatoms
selected from the group consisting of: 1 0;20; 3 0;1 S;2 S;3 S;1 N; 2N; 3 N;
1S,10,andIN;1SandIN;1Sand2N;1Sand10;1Sand20O; 10 and
1 N;and 1 O and 2 N. Illustrative examples of stable 6-membered .
heterocycloalkyls include tetrahydropyranyl, dihydropyranyl, dioxanyl,
1,3-dioxolanyl, 1,4-dithianyl, hexahydropyrimidine, morpholinyl, piperazinyl,
piperidinyl, 2H-pyranyl, 4H-pyranyl, pyrazolidinyl, pyrazolinyl, 1,2,3,6-
tetrahydropyridinyl, tetrahydrothiopyranyl, thiomorpholinyl, thioxanyl, and
trithianyl.

A “T-membered heterocycloalkyl” is a stable 7-membered, monocyclic
cycloalkyl ring having from 5 or 6 carbon atoms and from 1 to 3 heteroatoms
selected from the group consistingof: 1 0;20;1S;2S; 1 N;2N; 15,10, and
IN;1SandIN;1Sand2N;1Sand10;1Sand20;10and1N;and10O
and 2 N. Ilustrative examples of stable 7-membered heterocycloalkyls include
azepanyl, 2,3,4,5-tetrahydro-1H-azepinyl, oxepanyl, 2,3,4,5-tetrahydro-1H-
oxepinyl, thiepanyl, and 2,3,4,5-tetrahydro-1H-thiepinyl.

An “8-membered heterocycloalkyl” is a stable 8-membered, monocyclic
cycloalkyl ring having from 35 to 7 carbon atoms and from 1 to 3 heteroatoms
selected from the group consistingof: 1 O;20;3 0;1 S;2 S;3S;1 N; 2N; 3N;
1S,10,andIN;1SandIN;1Sand2N;1Sand10;1Sand20O; 10 and
1 N;and 1 O and 2 N. Illustrative examples of stable 8-membered
heterocycloalkyls include azocanyl, thiocanyl, oxocanyl, 3,4,5,6-tetrahydro-2H-

oxocinyl, etc.




CA 02510851 2005-06-17
WO 2004/056820 PCT/IB2003/005887

-15-

The term “3- to 8-membered heterocycloalkyl” includes saturated and
unsaturated “3- to 8-membered heterocycloalkyls.” “3- to 8-membered
heterocycloalkyls” may be substituted as set out above for alkyl.

The term “6- to 11-membered bicyclic heterocycloalkyl” refers to a stable

S ring structure which is either saturated or unsaturated, and which is the result of
the fusion of a 5-, 6-, or 7-membered heterocycloalkyl to a 3-, 4-, 5-, 6-, or
7-membered heterocycloalkyl; or a 5-, 6-, or 7-membered heterocycloalkyl to a

C3_7-cycloalkyl, wherein the fusion junctions are at adjacent ring atoms. The

term “6- to ll—memberéd bicyclic heterocycloalkyl” includes saturated and
10 unsaturated “6- to 11-membered bicyclic heterocycloalkyls.” “6- to 11-membered
bicyclic heterocycloalkyls” may be substituted as set out above for alkyl.
Examples of "6~ to 11-membered bicyclic heterocycloalkyls” include
3-azabicyclo[3.1.0]hexanyl, and 3-azabicyclo[4.1.0]-heptanyl.
The term “6- to 9-membered bridged bicyclic heterocycloalkyl” refers to a
15 stable ring structure which is either saturated or unsaturated, and which is the
result of the fusion of 5-, 6-, or 7-membered heterocycloalkyl to a 3-, 4-, or
S-membered heterocycloalkyl; or a 5-, 6-, or 7-membered heterocycloalkyl to a

C5.7-cycloalkyl, wherein the fusion junctions have 1 to 3 intervening ring atoms.

The term “6- to 9-membered bridged bicyclic heterocycloalkyl” includes saturated

20 and unsaturated “6- to 9-membered bridged bicyclic heterocycloalkyls.” “6- to
9-membered bridged bicyclic heterocycloalkyls” may be substituted as set out
above for alkyl. Examples of “6- to 9-membered bridged bicyclic
heterocycloalkyls™ include 3-azabicyclo[4.2.1]nonanyl and
7-azabicyclo[2.2.1]heptanyl.

25 An aryl group 1s an aromatic hydrocarbon radical. Furthermore, the term
“aryl” includes multicyclic aryl groups, bicyclic, e.g., naphthyl. Typical aryl
groups include phenyl, and naphthyl. Phenyl may be unsubstituted or substituted
at one or more positions with a substituent such as, but not limited to, those
substituents described above for alkyl. Typical substituted phenyl groups include,

30 but.are not limited to, 3-chlorophenyl, 2,6-dibromophenyl, 2,4,6-tribromophenyl,
2,0-dichlorophenyl, 4-trifluoromethylphenyl, 3-amino-4-nitrophenyl,
3,5-dihydroxyphenyl, 3-methyl-phenyl, 4-methyl-phenyl, 3,5-dimethyl-phenyl,
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3,4,5-trimethoxy-phenyl, 3,5-dimethoxy-phenyl, 3,4-dimethoxy-phenyl, 3-
methoxy-phenyl, 4-methoxy-phenyl, 4-tert-butyl-phenyl, 4-hexyl-phenyl, 4-
cyano-phenyl, 3,5-di-triflouromethyl-phenyl, 3,5-difluoro-phenyl, 4-chloro-
phenyl, 3-trifluoromethyl-phenyl, 4-methoxycarbonyl-phenyl, 2-trifluoromethoxy-
phenyl, 3,5-dichloro-phenyl, 2-methoxy-5-methyl-phenyl, 2-fluoro-5-methyl-
phenyl, 4-phenoxy-phenyl, 4-chloro-2-trifluoromethyl-phenyl, and the like.
Naphthalenyl may be unsubstituted or substituted at one or more positions with a
substituent such as, but not limited to, those substituents described above for
alkyl. The term “aryl” is intended to include both substituted and unsubstituted
phenyl groups.

A “9- to 12-membered bicyclic aryl” is a stable ring structure formed by
the fusion of a benzene ring to:

(1) a C5_g monocyclic cycloalkyl (e.g., indanyl; 1,2,3,4-tetrahydro-
naphthalenyl; 6,7,8,9-tetrahydro-5SH-benzocycloheptenyl, etc.);

(2) a 5- to 7-membered heterocycloalkyl (e.g., benzoxazine,
| benzthiazine, chromanyl, 1,2,3,4-tetrahydro-quinolinyl, etc.); or

(3) another benzene ring (e.g., naphthalenyl);
wherein the fusion junctions are at adjacent carbons on the benzene ring.

A “5-membered heteroaryl” is a stable 5-membered, monocyclic, aromatic
ring radial having from 1 to 4 carbon atoms and from 1 to 4 heteroatoms selected
from the group consisting of: 1O; 1 S; 1 N; 2N;3N;4N;1Sand 1 N; 1S and
2N;10and 1N; ana 1 O and 2 N. Illustrative examples of stable S-membered
heteroaryls include, but are not limited to, furanyl, 2-furanyl, 3-furanyl,
imidazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, oxazolyl, pyridinyl, 2-, 3-, or
4-pyridinyl, pyrimidinyl, 2-, 4-, or 5-pyrimidinyl, pyrazolyl, pyrrolyl, 2- or
3-pyrrolyl, pyrazinyl, pyridazinyl, 3- or 4-pyridazinyl, 2-pyrazinyl, thienyl,
2-thienyl, 3-thienyl, tetrazolyl, thiazolyl, thiadiazolyl, triazinyl and triazolyl.

A “6-membered heteroaryl” is a stable 6-membered, monocyclic, aromatic
ring radical having from 3 to 5 carbon atoms and from 1 to 3 heteroatoms selected
from the group consisting of: 1 N; 2 N; and 3 N. Illustrative examples of stable
6-membered heteroaryl include pyridin-2-yl, pyridin-4-yl, pyrimidin-2-yl,
pyridazin-4-yl, and pyrazin-2-yl.

PCT/IB2003/005887
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An “8- to 12-membered bicyclic heteroaryl” is a stable ring structure
formed by the fusion of 5- or 6-membered heteroaryl to:
(1)  anindependently selected 5-membered heteroaryl;
(2)  anindependently selected 6-membered heteroaryl (e.g.,
naphthyridinyl, pteridinyl, phthalazinyl, purinyl, etc.);
(3)  aCs_g monocyclic cycloalkyl;

(4)  a5-to 7-membered heterocycloalkyl; or
(3)  abenzene ring (e.g., benzimidazolyl, benzofuranyl,
benzofurazanyl, 2H-1-benzopyranyl, benzothiadiazine,
benzothiazinyl, benzothiazolyl, benzothiophenyl, benzoxazolyl,
cinnolinyl, furopyridinyl, indolinyl, indolizinyl, indolyl, or 2-, 3-,
4-, 5-, 6-, or 7-indolyl, 3H-indolyl, quinazolinyl, quinoxalinyl,
1soindolyl, and isoquinolinyl), wherein the fusion junctions are at
adjacent ring atoms. The fusion junctions may be at a nitrogen
(e.g., indolizine) or at carbon atoms in a 5- or 6-membered
heteroaryl.
A heteroaryl can also include ring systems substituted on ring carbons with
one or more —OH functional groups (which may further tautomerize to give a ring
C=0 group) and or substituted on a ring sulfur atom by 1 or 2 oxygen atoms to

give S=0, or SO groups, respectively.

The phrase “pharmaceutical composition” refers to a composition suitable
for administration in medical or veterinary use.

The phrase “therapeutically effective amount” means an amount of a
compound, or a pharmaceutically acceptable salt thereof, sufficient to inhibit, halt,
or cause an improvement in the disorder or condition being treated in a particular
subject or subject population. For example in a human or other mammal, a
therapeutically etfective amount can be determined experimentally in a laboratory
or clinical setting, or may be the amount required by the guidelines of the United
States Food and Drug Administration, or equivalent foreign agency, for the

particular disease and subject being treated.
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It should be appreciated that determination of proper dosage forms, dosage
amounts, and routes of administration is within the level of ordinary skill in the
pharmaceutical and medical arts, and is described below.

Some of the compounds in the present invention may exist as
stereoisomers, including enantiomers, diastereomers, and geometric isomers.
Geometric 1somers include compounds of the present invention that have alkenyl
groups, which may exist as entgegen or zusammen conformations, in which case
all geometric forms thereof, both entgegen and zusammen, cis and trans, and
mixtures thereof, are within the scope of the present invention. Some compounds
of the present invention have cycloalkyl groups, which may be substituted at more
than one carbon atom, in which case all geometric forms thereof, both cis and
trans, and mixtures thereof, are within the scope of the present invention. All of
these forms, including (R), (S), epimers, diastereomers, cis, trans, syn, anti, (E),
(Z), tautomers, and mixtures. thereof, are contemplated in the compounds of the
present invention.

The compounds to be used in the present invention can exist In unsolvated
forms as well as solvated forms, including hydrated forms. In general, the
solvated forms, including hydrated forms, are equivalent to unsolvated forms and
are intended to be encompassed within the scope of the present invention.

The compounds of the present invention (e.g., compounds of Formula I)
are capable of further forming both pharmaceutically acceptable salts, including
but not limited to acid addition and/or base salts. This invention also provides
pharmaceutical compositions comprising a compound of Formula I together with
a pharmaceutically acceptable carrier, diluent, or excipient therefor. All of these
forms can be used in the method of the present invention.

Pharmaceutically acceptable acid addition salts of the compounds of
Formula I inélude salts derived from inorganic acids such as hydrochloric, nitric,
phosphoric, sulfuric, hydrobromic, hydriodic, phosphorus, and the like, as well as
the salts derived from organic acids, such as aliphatic mono- and dicarboxylic
acids, phenyl-substituted alkanoic acids, hydroxy alkanoic acids, alkanedioic
acids, aromatic acids, aliphatic and aromatic sulfonic acids, etc. Such salts thus
include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,

monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
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chloride, bromide, 10odide, acetate, propionate, caprylate, isobutyrate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate, mandelate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate, phthalate, benzenesulfonate,
toluenesulfonate, phenylacetate, citrate, lactate, maleate, tartrate,
methanesulfonate, and the like. Also contemplated are the salts of amino acids
such as arginate, gluconate, galacturonate, and the like; see, for example, Berge
et al., “Pharmaceutical Salts,” J. of Pharmaceutical Science, 1977;66:1-19.

The acid addition salts of the basic compounds are prepared by contacting
the free base form with a sufficient amount of the desired acid to produce the salt
in the conventional manner. The free base form may be regenerated by contacting
the salt form with a base and 1solating the free base in the conventional manner.
The free base forms differ from their respective salt forms somewhat in certain
physical properties such as solubility in polar solvents, but otherwise the salts are
equivalent to their respective free base for purposes of the present invention.

Pharmaceutically acceptable base addition salts are formed with metals or
amines, such as alkali and alkaline earth metal hydroxides, or of organic amines.

Examples of metals used as cations are sodium, potassium, magnesium, calcium,

and the like. Examples of suitable amines are N,N’-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, ethylenediamine (ethane-1,2-diamine),
N-methylglucamine, and procaine; see, for example, Berge et al., supra., 1977.
The base addition salts of acidic compounds are prepared by contacting the
free acid form with a sufficient amount of the desired base to produce the salt in
the conventional manner. The free acid form may be regenerated by contacting
the salt form with an acid and isolating the free acid in a conventional manner.
The free acid forms differ from their respective salt forms somewhat in certain
physical properties such as solubility in polar solvents, but otherwise the salts are
equivalent to their respective free acid for purposes of the present invention.

2?2 &¢

“Cancer cells,” “transformed” cells, or “transformation” in tissue culture,
refers to spontaneous or induced phenotypic changes that do not necessarily
involve the uptake of new genetic material. Although transformation can arise
from infection with a transforming virus and incorporation of new genomic DNA,

or uptake of exogenous DNA, it can also arise spontaneously or following
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exposure to a carcinogen, thereby mutating an endogenous gene. Transformation
1s associated with phenotypic changes, such as immortalization of cells, aberrant
growth control, and/or malignancy (see, Freshney, Culture of Animal Cells: A
Manual of Basic Technique, 4th ed. Wiley-Liss, Inc., 2000).

S The term “subject” refers to a member of the class Mammalia. Examples
of mammals include, without limitation, humans, primates, chimpanzees, rodents,
mice, rats, rabbits, horses, livestock, dogs, cats, sheep, and cows.

The term “treatment” includes the acute or prophylactic diminishment or
alleviation of at least one symptom or characteristic associated or caused by the

10 disorder being treated. For example, treatment can include diminishment of
several symptoms of a disorder or complete eradication of a disorder.

The term “administering” refers to the method of contacting a compound
with a subject. Modes of “administering” may include but are not limited to,
methods that involve contacting the compound intravenously, intraperitoneally,

15 intranasally, transdermally, topically, via implantation, subcutaneously, parentally,

intramuscularly, orally, systemically, and via adsorption.

DETAILED DESCRIPTION OF THE INVENTION

L. INTRODUCTION

The present invention relates to compounds of Formula I and

20 pharmaceutically acceptable salts thereof:

L
wherein W, Q,E, D, A, L, RO, R7 R8 Y, K, R9, R10 G, the dashed bond

between D and E, and the double bond denoted “*” have any of the values defined

therefore in the specification. Compounds of Formula I, and pharmaceutical
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compositions thereof, are useful as agents in the treatment of diseases and
conditions, including inflammatory diseases, cardiovascular diseases, and cancers.
Also disclosed are pharmaceutical compositions comprising one or more
compounds of Formula I, processes for preparing compounds of Formula I, and
intermediates useful for preparing compounds of Formula I. In particular,
compounds of the present invention are useful for the treatment of a PI3K-

mediated disorder or condition.

11. PREPARATION OF COMPOUNDS
Compounds of the present invention (e.g., compounds of Formula I) can
be prepared by applying synthetic methodology known in the art and synthetic

methodology outlined in the schemes set forth below.

Scheme 1
R" { 3 R’ BOC
Br | N BOC X%Q-E-D-X" Brjf\/[NHD‘E
9 7" - _ _ :
R ('}10 O R’ ('} 0«
2 4
Y
O R7 BOC ] R7 BOC )
H A N“‘D‘ -— b D
9 l G e 9 ‘ G %
R (1}10 Q . R ('}10 0-Q i
R R
3 6

In Scheme 1, an appropriately substituted BOC protected-bromo-
aminophenol (e.g., 4-bromo-2-aminophenol) or BOC-protected bromo-amino-
pyridin-ol (e.g., S-bromo-3-amino-pyridin-2-ol) 2 (e.g., 4-bromo-N-(tert-
butoxycarbonyl)-2-aminophenol) is reacted with a dihalogenated straight or
branched chain alkane 3 (X*-Q-E-D-X") to yield 4 (sec e. g., Buon et al. (2000)
Tetrahedron 56: 605-614). X* and X" are independently selected from CI, I, F,

and Br. Examples of 7 include, but are not limited to, 1,3-dibromoethane and 1,3-
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dibromopropane. The reaction is carried out in the presence of a non-nucleophilic
organic base (e.g., triethylamine) or an inorganic base (e. g., NayCOs3, K,COas,
NaH, CsCOs, etc.), optionally in the presence of a phase transfer reagent (e. g.,
benzyl triethylammonium chloride) in a solvent such as 3-pentanone. Compounds

S of formula 2 can be prepared from an appropriately substituted bromo-
aminophenol or bromo-amino-pyridin-ol using procedures such as those described
in Buon et al. (2000) Tetrahedron 56: 605-614. Those of skill in the art will
recognized that a variety of amine protecting groups in addition to BOC (t-butyl-
O-C(0O)-) can be used in Scheme 1 (see e.g., Greene and Wuts, Protective Groups

10 in Organic Synthesis, 2nd ed., Chapter 7 (John Wiley & Sons, Inc., 1991)).
The compound 4 is then further reacted with an alkyl lithium reagent (e.g.,

t-butyl-Li1, sec-butyl-Li, etc.) at a temperature from about —100°C to about 0°C

(e.g., -78°C) in an aprotic solvent (e. g., hexanes, THF (tetrahydrofuran), e.thei*,

etc.) to allow a bromine-lithium exchange to yield 6 in situ. The compound 6 is

15 then reacted with a dialkylformamide such as DMF (dimethylformamide) to
oive 8.
Scheme 2
R' H 7
R" H
Br N 21
AN
j BOC HO-Q-E-D-X" Br x-N~BOC
9 z H |
R G 0O — — 9 =
10 PPhs DEAD R G O 29
2 R™ Qg
D-X"

Alternatively, 2 can be reacted with a monohalogenated alkyl alcohol 21
20 (.g., 2-bromo-propan-1-ol) as illustrated in Scheme 2 under Mitsunobu

conditions (e.g., PPhs (triphenylphosphine) and DEAD (diethyl azodicarboxylate)
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in a solvent such as dichloromethane to arrive at 22. Examples of 21 include
straight-chain alkyl alcohols (e.g., HO-Q-E-D- X", 2-bromo-ethanol, etc.) and
branched-chain alkyl alcohols (e.g., HO-Q-E-CH(CHj3)-X", 2-bromo-propan-1-ol,
etc). X' is selected from CL L F, and Br. Compound 22 is then cyclized using

S conditions such as those described above in Scheme 1 for the condensation and

cyclization of 2 with 3 to give 4.

Scheme 3
R’ R’
~NO02 - Hs- Q-E-D x8 BN NO2
G B R’ ‘G/ S 52
I K,CO g o
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In Scheme 3, an appropriately substituted dibromo-nitro-benzene (e.g.,
10 1,4-dibromo-2-nitro-benzene) or dibromo-nitro-pyridine (e.g., 2,5-dibromo-3-
nitro-pyridine) 30 is reacted with an monohalogenated alkyl thiol 31 (HS-Q-E-D-
X*®), such as 2-chloro-ethanethiol, and potassium carbonate in acetone to form 32
(e.g., 4-bromo-1-(2-chloro-ethylsulfanyl)- 2-nitro-benzene). X&is Cl, Br, I, or F.
The nitro group of 32 is then reduced to an amine by a reducing agent such
15 as borane, zinc metal in acid, dithionate, tin metal in acid, 61‘ with hydrogen gas at
a suitable pressure (e.g., 69 psi) and a catalyst (e.g., Raney Nickel). The amine is
then protected as a BOC (t-butyl-O-C(O)-) derivative with a reagent such as di-
tert-butyl-dicarbonate to give 34 (e.g., 4-bromo-N-(tert-butoxycarbonyl)-2-

aminophenol). The compound 34 is then reacted with an inorganic base (e.g.,
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potassium carbonate) in a solvent such as acetone to provide 36. The compound

36 is further reacted as in Scheme 1 with an alkyl lithium reagent followed by a

dialkylformamide to yield 38.

Scheme 4
R7 a1 R’
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48

In Scheme 4, 40, an appropriately substituted 4-bromo-2-nitro-

phenylamine or 5-bromo-3-nitro-pyridin-2-ylamine, is reacted with an

dihalogenated straight or branched chain alkane 41 (Xh-Q—E-D-Xj), such as 1,3-

dibromoethane, 1n the presence of potassium carbonate in acetone to form 42 (e.g.,

4-bromo-1-(2-chloro-ethylsulfanyl)- 2-nitro-benzene). The reaction can also be

carried out using the reaction conditions of Scheme 1 for the transformation of 2

to4. X?isCl, Br, I, or F.

The nitro group of 42 is then reduced to an amine and protected with a

BOC group 1n a fashion simular to Scheme 3 to yield 44. 44 is then reacted with

an inorganic base as in Scheme 3 to provide 46. 46 is then treated with an alkyl

lithium reagent followed by a dialkylformamide to yield 48 as in Scheme 1.
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In Scheme 5, a route for the synthesis of a 4H-benzo[1,4]oxazine 54 is
depicted. The compound 50, in dry carbon tetrachloride, is first treated with a
S brominating agent such as N-bromosuccinimide (NBS) and a catalytic amount of
benzoyl peroxide (Bz;0,) using methods such as those described in Buon et al.
(2000) Tetrahedron 56: 605-614. The resulting reaction product is then treated
with sodium 10dide (Nal) in acetone as described in Buon et al. (2000)
Tetrahedron 56: 605-614 to obtain 52. 52 is then treated with an alkyl lithium

10 reagent followed by a dialkylformamide as in Scheme 1 to provide 54.
Scheme 6
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As set out in Scheme 6, the BOC group of 58 (e.g., 8, 38, 46, 54, etc.) is
removed with acid (e.g., TFA (trifluoroacetic acid), HCI, HBr, etc.) to give the
amine 60. Compounds such as 60 can then be reacted with an acylhalide, (e.g.,
R°-L-C(0O)-X°, where X°is Br, L F, or Cl) to form 62 (e.g., S-[4-(1-phenyl-
methanoyl)-3,4-dihydro-2H-benzo[ 1,4 ]oxazine-6-ylmethylene]-2-thioxo-
thiazolidin-4-one). Examples of acylhalides include, but are not limited to,
benzoyl chlonide, furan-2-carbonyl chloride, cyclohexanecarbonyl chloride, 4-
methanesultfonyl-benzoyl chloride, isonicotinoyl chloride, and nicotinoyl chloride.
Also, sulfonyl halides (e.g., benzenesulfonyl chloride) can be reacted to with 60 to

form the corresponding sulfonyl benzoxazine derivative 68:

6
L/R
, |
O R' 50
N-p
H N A\
%
R’ G "w-Q
RIO
68

Alternatively, 60 can be reacted with an isocyanate (e.g., RO-I-N =C=0) or
with an isothiocyanate (e.g., R°-L-N=C=S) to form 66 (e.g., 6-(4-Ox0-2-thioxo-
thiazolidin-S-ylidenemethyl)-2,3-dihydro-benzo[1,4]0xazine-4-carboxylic acid
(3,4-dimethoxy-phenyl)-amide). Examples of isocyanates that can be used in this
reaction include, but are not limited to, phenyl isocyanate (isocyanato-benzene),
4-isocyanato-1,2-dimethoxy-benzene, 1,3-dichloro-5-isocyanato-benzene, 1-
chloro-4-isocyanato-benzene, 1,2-dichloro-4-isocyanato-benzene, 1,3-dimethyl-5-
isocyanato-benzene, and 1-chloro-3-isocyanato-benzene.

In addition, the carbamate 64 (e.g., 6-(4-Oxo0-2-thioxo-thiazolidin-5-
ylidenemethyl)-2,3-dihydro-1,4-benzoxazine-4-carboxylic acid phenyl ester) can
be provided by reacting a haloformate (e.g., R°-L-O-C(0)-X¢, where X% is Br, I, F,
or Cl) with 60. In certain embodiments, chloroformates are preferred. Examples
of chloroformates include, but are not limited to phenyl chloroformate, 4-
methoxycarbonyl-phenyl chloroformate, naphthalenyl chloroformate, and p-tolyl

chloroformate.
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The reaction of 60 to form 62, 64, 66, or 68, can be carried out in the
presence of an aprotic solvent such as acetonitrile, dichloromethane or 1,2-
dichloroethane and a non-nucleophilic organic base such as triethylamine or an

inorganic base such as sodium carbonate at room temperature.

5 Scheme 7
R6
O R g o R I7
N~ N~
H X L H A 2
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RIO RIO
60 70

The compound 70 (e.g., 4-(3,5-dimethyl-benzyl)-3,4-dihydro-2H-
benzol1,4]oxazine-6-ylmethylene]-2-thioxo-thiazolidin-4-one) can be provided as
set out in Scheme 7 by reacting 60 with an alkylhalide, arylhalide,

10 heteroarylhalide, cycloalkylhalide, etc. (e.g., R6-L-Xf, where X' is Br, I, F, or Cl)
in the presence of a non-nucleophilic base such as sodium hydride, triethylamine,
potassium carbonate, cesium carbonate or 2-tert-butylimino-2-diethylamino-1,3-
dimethyl-perhydro-1,3,2-diazo-phosphorine on polystyrene in an organic solvent
such as THF, DMF, or acetonitrile. Examples of compounds of R®-L-X" include,

15 but are not limited to, 3,5-dimethylbenzyl bromide, 3,5-di-tert-butyl-benzyl

bromide, and (2-bromoethyl)-benzene.

Scheme 8
R R
N L
- .0 I ¥ 2
62, 64, 66, S v VD,
68,0r70 o D
CH,OH R'

30
In Scheme 8, 62, 64, 66, 68, or 70 is reacted with a compound of formula

20 111 containing an activated methylene group, for example: a rhodanine (e.g.,
rhodanine, rhodanine-3-acetic acid, 3-phenyl rhodanine, etc.) or a
thiazolidinedione (e.g,. thiazolidinedione, etc.), in the presence of an organic base,

such as ethylenediamine diacetate (EDDA), diisopropylethylamine, sodium
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acetate or pyridine, in the presence of acetic acid and methanol to form a
compound of 80. Alternatively, in a Knoevenagel condensation of the active

methylene of 11I with 62, 64, 66, 68, or 70 can be carried out to yield 80, using
ammonium acetate in toluene and heating to a high temperature (e.g., 110°C),
S according to procedures such as those described in Lee and Sun (2000)
Tetrahedron Lett. 41: 5729-5732.
Compounds of formula 11 are defined herein as a compound having the

following structure:

O
RS
)
Y\K
10 where Y is C(O) or C(S), and K is S. Examples of compounds of formula 111
include rhodanine and rhodanine derivatives:
R, 7
N Jg
s)\S
and thiazolidine dione and thiazolidine dione derivatives:
O
R ,zg
N
O)\S |
15 | Scheme 9
6
R® R
N L
7 A/
IV (S’Oe)':éﬂ S
62, 64, 66, o N “I?..E
68, or 70 T1C14 R9 G/ ~Q
THF 1'{10
90

In Scheme 9, 62, 64, 66, 68, or 70 1s reacted with a compound of formula
IV, such as a imidazolidine-2,4-dione or a 2-thioxo-oxazolidin-4-one, in the
presence of titanium tetrachloride (TiCls) and pyridine in THF to form a
20 compound of formula 90. Compounds of formula IV are defined herein in a

compound having the following structure:
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where Y is C(O) or C(S), and K is O or NH. Examples of compounds of formula

IV include imidazolidine-2,4-dione and imidazolidine-2.,4-dione derivatives:

O
R Jg
N
O)\N
H
and 2-thioxo-oxazolidin-4-one and 2-thioxo-oxazolidin-4-one derivatives:
O
R J$
N
3%0 |
Scheme 10
R® R’
HN— 7 HN—" 7 A/L
S::\'/O w2 N 0:‘/\0 « i &
| R D\E 1.) CH3lI, Hunig's base l N H]?\E
S / P /
R ~G” “w-Q EtOH R G “w-Q
11110 2.) HC1 1‘{10
100 102

A 2-thioxo-oxazolidin-4-one derivative obtained using Scheme 9, such as
100, can be converted to an oxazolidine-2,4-dione 102 with iodomethane and
Hunig’s base 1n ethanol, followed by hydrolysis, e.g., with concentrated HC], as
‘depicted in Scheme 10.
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Scheme 11
O
O
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Acetic acid

90
In Scheme 11, 62, 64, 66, 68, or 70 is reacted with a compound of formula

V, such as a pyrrolidine-2,5-dione in the presence of triphenylphosphine (PPhs)
and acetic acid to form a compound of the formula 90. Compounds of formula V

are defined herein in a compound having the following structure:

III. EVALUATION OF COMPOUNDS

Compounds of the present invention (e.g., compounds of Formula I and
pharmaceutically acceptable salts thereof) can be assayed for their ability to
inhibit a PI3K. Examples of these assays are set out below and include in vitro
and in vivo assays of PI3K activity.

In certain embodiments of the present invention are compounds that
selectively inhibit one or more PI3Ks as compared to one or more enzymes
including, but not limited to, a cyclic nucleotide dependent protein kinase, PDGF,
a tyrosine kinase, a MAP kinase, a MAP kinase kinase, a MEKK, a cyclin-
dependent protein kinase. In other embodiments of the invention are compounds
that selectively inhibit one PI3K as compared to another PI3K. For example, in

certain embodiments, compounds of the present invention display the ability to
selectively inhibit PI3KYy as compared to PI3K o or PI3KB. A compound

selectively inhibits a first enzyme as compared to a second enzyme, when the

IC5( of the compound towards the first enzyme is less than the IC5q of the
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compound towards the second compound. The IC5( can be measured, for

example, 1n an in vitro PI3K assay.

In presently preferred embodiments, compounds of the present invention

can be assessed for their ability to inhibit PI3Kactivity in an in vitro or an in vivo
5 assay (see below).

PI3K assays are carried out in the presence or absence of a PI3K inhibitory
compound, and the amount of enzyme activity is compared for a determination of
inhibitory activity of the PI3K inhibitory compound.

Samples that do not contain a PI3K inhibitory compound are assigned a

10 relative PI3K activity value of 100. Inhibition of PI3K activity is achieved when
the PI3K activity in the presence of a PI3K inhibitory compound is less than the

control sample (i.e., no inhibitory compound). The IC5( of a compound is the

concentration of compound that exhibits 50% of the control sample activity. In

certain embodiments, compounds of the present invention have an IC5q of less

15 than about 100 uM. In other embodiments, compounds of the present invention

have an IC4( of about 1 uM or less. In still other embodiments, compounds of

the present invention have an IC5q of about 200 nM or less.

PI3KY assays have been described in the art (see e.g., Leopoldt et al.
J. Biol. Chem., 1998;273:7024-7029). Typically, a sample containing a complex
20 of p101 and p110y protein are combined with GP and Gy proteins (e.g., G protein

B,/y2 subunits). Radiolabeled ATP (e.g., v-32P-ATP) is then added to this
mixture. The lipid substrates are formed by creating PIP»> containing lipid

micelles. The reactions are then started by adding the lipid and enzyme mixtures

and are stopped with the addition of H3PO4. The lipid products are then
25 transferred to a glass fiber filter plate, and washed with H3POy4 several times. The
presence of radioactive lipid product (PIP3) can be measured using radiometric

methods that are well-known in the art.

The activity of growth factor regulated PI3Ks can also be measured using a

lipid kinase assay. For example, PI3Ka can be assayed using samples that contain

30 a regulatory and a catalytic subunit. An activating peptide (e.g., pY peptide,
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SynPep Corp.) is added to the sample with radiolabeled ATP. PIP) containing

lipid micelles are then added to the sample to start the reaction. The reactions are
worked up and analyzed as described for the PI3KYy assay just described. Assays

can also be carried out using cellular extracts (Susa et al. J. Biol. Chem.,

1992:267:22951-22956).

IV. PHARMACEUTICAL COMPOSITIONS

The present invention also provides pharmaceutical compositions
comprising a pharmaceutically acceptable carrier or excipient and a compound of
the present invention (e.g., a c"ompound of Formula I, or a pharmaceutically
acceptable salt thereof). A compound of the present invention can be formulated
as a pharmaceutical composition in the form of a syrup, an elixir, a suspension, a
powder, a granule, a tablet, a capsule, a lozenge, a troche, an aqueous solution, a
cream, an ointment, a lotion, a gel, an emulsion, etc. Preferably, a compound of
the present invention will cause a decrease in symptoms or a disease indicia
associated with a PI3K-mediated disorder as measured quantitatively or
qualitatively.

For preparing pharmaceutical compositions from the compounds of the
present invention, pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,
suppositories, and dispersible granules. A solid carrier can be one or more
substances which may also act as diluents, flavoring agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with
the finely divided active component. In tablets, the active component is mixed
with the carrier having the necessary binding properties in suitable proportions
and compacted in the shape and size desired.

The powders and tablets contain from 1% to 95% (w/w) of the active
compound. In certain embodiments, the active compound ranges from 5% to 70%
(w/w). Suitable carriers are magnesium carbonate, magnesium stearate, talc,
sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term

“preparation” is intended to include the formulation of the active compound with

PCT/IB2003/005887
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encapsulating material as a carrier providing a capsule in which the active
component with or without other carriers, is surrounded by a carrier, which 1s thus
in association with it. Similarly, cachets and lozenges are included. Tablets,
powders, capsules, pills, cachets, and lozenges can be used as solid dosage forms
S suitable for oral administration.

For preparing suppositories, a low melting wax, such as a mixture of fatty
acid glycerides or cocoa butter, is first melted and the active component 18
dispersed homogeneously therein, as by stirring. The molten homogeneous
mixture is then poured into convenient sized molds, allowed to cool, and thereby

10 to solidity.

Liquid form preparations include solutions, suspensions, and emulsions,
for example, water or water/propylene glycol solutions. For parenteral injection,
liquid preparations can be formulated in solution in aqueous polyethylene glycol
solution.

15 Aqueous solutions suitable for oral use can be prepared by dissolving the
active component in water and adding suitable colorants, flavors, stabilizers, and
thickening agents as desired. Aqueous suspensions suitable for oral use can be
made by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methylcellulose, sodium

20 carboxymethylcellulose, and other well-known suspending agents.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid folrm preparations for oral administration.
Such liquid forms include solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active component, colorants, tlavors,

25 stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,
solubilizing agents, and the like.

The pharmaceutical preparation is preferably in unit dosage form. In such
form the preparation is subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage form can be a packaged

30 preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampules. Also, the unit dosage
form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate

number of any of these in packaged form.
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The quantity of active component in a unit dose preparation may be varied
or adjusted from 0.1 mg to 1000 mg, preferably 1.0 mg to 100 mg, or from 1% to
05% (w/w) of a unit dose, according to the particular application and the potency
of the active component. The composition can, if desired, also contain other
compatible therapeutic agents.

Pharmaceutically acceptable carriers are determined in part<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>