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PYRIDOPYRIMIDINONE INHIBITORS OF PI3Ka
BACKGROUND OF THE INVENTION

Field of the Invention

[0001]  This invention relates to the field of protein kinases and inhibitors thereof. In
particular, the invention relates to inhibitors of phosphatidylinositol 3-kinase (PI3K)
signaling pathways, and methods of their use.

CROSS REFERENCE TO RELATED APPLICATIONS
[0002] The Applicants claim priority under 35 U.S.C. 119(e) to copending Provisional
Applications No. 60/724,571 filed on October 7, 2005 and No. 60/743,719 filed on March 23,

2006, the disclosures of which are incorporated herein by reference in its entirety.

Summary of the Related Art
[0003]  The connection between abnormal protein phosphorylation and the cause or

consequence of diseases has been known for over 20 years. Accordingly, protein kinases
have become a very important group of drug targets. See Cohen, Nature, 1:309-315 (2002).
Various protein kinase inhibitors have been used clinically in the treatment of a wide variety
of diseases, such as cancer and chronic inflammatory diseases, including diabetes and stroke.
See Cohen, Eur. J. Biochem., 268:5001-5010 (2001).

[0004] The protein kinases are a large and diverse family of enzymes that catalyze
protein phosphorylation and play a critical role in cellular signaling. Protein kinases may
exert positive or negative regulatory effects, depending upon their target protein. Protein
kinases are involved in specific signaling pathways which regulate cell functions such as, but
not limited to, metabolism, cell cycle progression, cell adhesion, vascular function, apoptosis,
and angiogenesis. Malfunctions of cellular signaling have been associated with many
diseases, the most characterized of which include cancer and diabetes. The regulation of
signal transduction by cytokines and the association of signal molecules with protooncogenes
and tumor suppressor genes have been well documented. Similarly, the connection between
diabetes and related conditions, and deregulated levels of protein kinases, has been
demonstrated. See e.g., Sridhar et al. Pharmaceutical Research, 17(11):1345-1353 (2000).
Viral infections and the conditions related thereto have also been associated with the
regulation of protein kinases. Park et al. Cell 101 (7), 777-787 (2000).

[0005] Phosphatidylinositol 3-kinase (PI3Ka), a dual specificity protein kinase, is
composed of an 85 kDa regulatory subunit and a 110 kDa catalytic subunit. The protein

1
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encoded by this gene represents the catalytic subunit, which uses ATP to phosphorylate
PtdIns, PtdIns4P and PtdIns(4,5)P2. PTEN, a tumor suppressor which inhibits cell growth
through multiple mechanisms, can dephosphorylate PIP3, the major product of PIK3CA.
PIP3, in turn, is required for translocation of protein kinase B (AKTI1, PKB) to the cell
membrane, where it is phosphorylated and activated by upstream kinases. The effect of
PTEN on cell death is mediated through the PIK3CA/AKT1 pathway.

[0006] PI3Ko. has been implicated in the control of cytoskeletal reorganization,
apoptosis, vesicular trafficking, proliferation and differentiation processes. Increased copy
number and expression of PIK3CA is associated with a number of malignancies such as
ovarian cancer (Campbell et al., Cancer Res 2004, 64, 7678-7681; Levine et al., Clin Cancer
Res 2005, 11, 2875-2878; Wang et al., Hum Mutat 2005, 25, 322; Lee et al., Gynecol Oncol
2005, 97, 26-34), cervical cancer, breast cancer (Bachman, et al. Cancer Biol Ther 2004, 3,
772-775; Levine, et al., supra; Li et al., Breast Cancer Res Treat 2006, 96, 91-95; Saal et al.,
Cancer Res 2005, 65, 2554-2559; Samuels and Velculescu, Cell Cycle 2004, 3, 1221-1224),
colorectal cancer (Samuels, et al. Science 2004, 304, 554; Velho et al. Eur J Cancer 2005, 41,
1649-1654), endometrial cancer (Oda et al. Cancer Res. 2005, 65, 10669-10673), gastric
carcinomas (Byun et al., Int J Cancer 2003, 104, 318-327; Li et al., supra; Velho et al., supra;
Lee et al., Oncogene 2005, 24, 1477-1480), hepatocellular carcinoma (Lee et al., id.), small
and non-small cell lung cancer (Tang et al., Lung Cancer 2006, 51, 181-191; Massion et al.,
Am J Respir Crit Care Med 2004, 170, 1088-1094), thyroid carcinoma (Wu et al., J Clin
Endocrinol Metab 2005, 90, 4688-4693), acute myelogenous leukemia (AML) (Sujobert et
al., Blood 1997, 106, 1063-1066), chronic myelogenous leukemia (CML) (Hickey and Cotter
J Biol Chem 2006, 281, 2441-2450), and glioblastomas (Hartmann et al. Acta Neuropathol
(Beri) 2005, 109, 639-642; Samuels et al., supra).

[0007]  In view of the important role of PI3Ka in biological processes and disease states,

inhibitors of this protein kinase are desirable.

SUMMARY OF THE INVENTION
[0008]  The following only summarizes certain aspects of the invention and is not
intended to be limiting in nature. These aspects and other aspects and embodiments are
described more fully below. All references cited in this specification are hereby incorporated

by reference in their entirety. In the event of a discrepancy between the express disclosure of
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this specification and the references incorporated by reference, the express disclosure of this

specification shall control.

[0009] The invention provides compounds that inhibit, regulate, and/or modulate PI3K

that are useful in the treatment of hyperproliferative diseéses, such as cancer, in mammals.

This invention also provides methods of making the compound, methods of using such

compounds in the treatment of hyperproliferative diseases in mammals, especially humans,

and to pharmaceutical compositions containing such compounds.

[0010] A first aspect of the invention provides a compound of Formula I:

R RS
,x)l\ i NI
R

I

or a pharmaceutically acceptable salt or solvate thereof, wherein

R! is hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted aryl, optionally substituted
arylalkyl, optionally substituted heterocycloalkyl, optionally substituted
heterocycloalkylalkyl, optionally substituted heteroaryl or optionally substituted
heteroarylalkyl;

X is -NR’-;

R? hydrogen;

R* is optionally substituted alkyl;

'R5 is hydrogen; and

R® is acyl and R? is R* where R? is aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, or
heterocycloalkyl, where the aryl, cycloalkyl, and heterocycloalkyl, either alone or as
part of another group within R*, are optionally substituted with 1, 2, 3, 4, or 5 R®
groups; or

RS is phenyl or heteroaryl where the phenyl and heteroaryl are optionally substituted with 1,
2, 3, 4, or 5 R groups; and R? is R? where R?” is aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl, and where the aryl,
cycloalkyl, and heterocycloalkyl, either alone or as part of another group within R,
are optionally substituted with 1, 2, 3, 4, or 5 R® groups;

each R®, when present, is independently hydroxy, halo, alkyl, haloalkyl, alkoxy, haloalkoxy,

alkoxyalkyl, alkoxycarbonyl, amino, alkylamino, dialkylamino, aminoalkyl,
3
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alkylaminoalkyl, dialkylaminoalkyl, aminoalkyloxy, alkylaminoalkyloxy,
dialkylaminoalkyloxy, alkoxyalkylaminoalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heterocycloalkylalkyloxy, cycloalkyl, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl and where the cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl, each either alone or as part of another group within
Rs, are independently optionally substituted with 1, 2, 3, or 4 groups selected from
halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, alkylamino, dialkylamino,
alkylcarbonyl, alkoxycarbonyl, and arylalkyl; and

each R9, when present, is independently halo, alkyl, haloalkyl, alkoxy, haloalkoxy, amino,
alkylamino, dialkylamino, alkoxyalkyl, carboxyalkyl, cyano, alkoxycarbonyl,
aminoalkyl, cycloalkyl, aryl, arylalkyl, aryloxy, heterocycloalkyl, or heteroaryl and
where the cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, each either alone or as
part of another group within R’, are independently optionally substituted with 1, 2, 3,
or 4 groups selected from halo, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
alkylamino, and dialkylamino.

[0011] A second aspect of the invention provides a compound of Formula II:

R1
2
R X _N_ _N__0O
I\
N AANA e
R¢ RS
I

or a pharmaceutically acceptable salt or solvate thereof, wherein

R! is hydrogen, optionally substituted alkyl, optionally substituted C3-C7 cycloalkyl,
optionally substituted aryl, optionally substituted arylalkyl, optionally substituted
heterocycloalkyl, optionally substituted heterocycloalkylalkyl, optionally substituted
heteroaryl or optionally substituted heteroarylalkyl;

Xis S, SO,, or -NR3-;

R?is hydrogen, haloalkyl, optionally substituted alkyl, optionally substituted C3-C;
cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl, optionally
substituted heterocycloalkyl, optionally substituted heterocycloalkylalkyl, optionally
substituted heterocycloalkyl-aryl- or optionally substituted heteroaryl; R? is optionally

further substituted with one or more R® groups;
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R’, R*, and R*® are independently hydrogen, optionally substituted alkyl, optionally
substituted C3-C; cycloalkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl or optionally substituted heteroaryl;

R* is hydrogen, halo, haloalkyl, haloalkoxy, -NR>-, optionally substituted alkyl, optionally
substituted C,-Cs alkoxy, optionally substituted Ci-Cs alkoxyalkyl, optionally
substituted aminoalkyl, optionally substituted C3-C7 cycloalkyl, optionally substituted
aryl, or optionally substituted heteroaryl; |

R’ is hydrogen, halo, haloalkyl, haloalkoxy, optionally substituted C;-Cs alkyl, optionally
substituted C;-C¢ alkoxy, optionally substituted C;-Cs alkoxyalkyl, optionally
substituted aminoalkyl, optionally substituted C3-C7 cycloalkyl, optionally substituted
aryl, optionally substituted aryl C;-Cs alkyl or optionally substituted heteroaryl; and

R®is hydrogen, halo, haloalkyl, haloalkoxy, NR3®-, optionally substituted C;-Cg alkyl,
optionally substituted C;-C¢ alkoxy, optionally substituted C,-Cgq alkoxyalkyl,
optionally substituted acyl, optionally substituted aminoalkyl, optionally substituted
Cs3-C; cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl,
optionally substituted heterocycloalkyl, or optionally substituted heteroaryl;
substitutable R® groups are optionally further substituted with 1,2, 3,4, or 5 R’
groups;

each R®, when present, is independently hydroxy, halo, haloalkyl, haloalkoxy, optionally
substituted alkyl, optionally substituted C;-Cg¢ alkoxy, optionally substituted C;-Cs
alkoxyalkyl, optionally substituted C;-Cs alkoxyalkylaminoalkyl, C;-Cs
alkylcarboxyheterocycloalkyl, oxy C;-Cealkylheterocycloalkyl, optionally substituted
aminoalkyl, optionally substituted C3-C5 cycloalkyl, optionally substituted aryl,
optionally substituted aryl C;-Cs alkyl, optionally substituted heterocycloalkyl,
optionally substituted heterocycloalkylalkyl, optionally substituted heteroaryl or
optionally substituted heteroarylalkyl;

each R®, when present, is independently halo, haloalkyl, haloalkoxy, optionally substituted
C,-Cs alkyl, optionally substituted C;-C¢ alkoxy, optionally substituted C;-Cs
alkoxyalkyl, optionally substitutéd C;-Cg carboxyalkyl, optionally substituted
alkoxycarbonyl, optionally substituted aminoalkyl, optionally substituted C3-C;
cycloalkyl, optionally substituted aryl, optionally substituted aryl C;-Cs alkyl,
optionally substituted aryloxy, optionally substituted heterocycloalkyl, or optionally

substituted heteroaryl.
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[0012] In a third aspect aspect, the invention is directed to a pharmaceutical composition
which comprises a compound of Formula I or a pharmaceutically acceptable salt thereof and
a pharmaceutically acceptable carrier, excipient, or diluent.

[0013] In a fourth aspect, the invention comprises a method of inhibiting PI3K,
comprising contacting a cell with a compound of Formula I or II or a pharmaceutically
acceptable salt or solvate thereof, or with a pharmaceutical composition comprising a
therapeutically effective amount of a compound of Formula I or II and a pharmaceutically
acceptable carrier, excipient, or diluent.

[0014] In a fifth aspect of the invention is a method of inhibiting the ir vivo activity of
PI3Ka, the method comprising administering to a patient an effective PI3Ko-inhibiting-
inhibiting amount of a compound of Formula I or II, or a pharmaceutically acceptable salt,
solvate, or pharmaceutical composition thereof.

[0015] In a sixth aspect, the Invention provides a method for treating a disease, disorder,
or syndrome which method comprises administering to a patient a therapeutically effective
amount of a compound of Formula I or II or a pharmaceutically acceptable salt or solvate
thereof, or a pharmaceutical composition comprising a therapeutically effective amount of a
compound of Formula I or II and a pharmaceutically acceptable carrier, excipient, or diluent.
[0016] A seventh aspect of the invention is directed to a process of preparing a compound
of Formula I, comprising:

(a) reacting an intermediate of formula 7(a):

7(a)
where R® is phenyl or heteroaryl each optionally substituted with 1, 2, 3, 4, or 5 R’ groups
(as defined in the Summary of the Invention) and R' and R* are as defined in the
Summary of the Invention; with an intermediate of formula R*NH, (where R® is as

defined in the Summary of the Invention) to yield a Compound of Formula I(a):
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0.
RG
R'N I
N
-l
szHN)\N/ R
I(a); or
(b) reacting an intermediate of formula 26:
(0]
RN I R®
N
A ~
H,N” "N” TR*
26

where R® is pheny] or heteroaryl each optionally substituted with 1, 2, 3, 4, or 5 R’ groups (as
defined in the Summary of the Invention) and R! and R* are as defined in the Summary of the
Invention; with an intermediate of formula R*X where X is halo, for example iodo, to yield a
Compound of Formula I(a); or

(c) reacting an intermediate of formula 27:

0]

RN | Br

N
N 7
27

where Rl, Rza, and R? are as defined in the Summary of the Invention; with tributyl-1-

R%HN R

ethylvinyltin to yield a Compound of Formula I(b):
O O
R'N |
N
RZaHN)I\N/ R
I(b); and
(d) optionally further resolving individual isomers; and

(e) optionally further modifying one of the R}, R*, R* R, and R® groups.
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DETAILED DESCRIPTION OF THE INVENTION

Abbreviations and Definitions

The following abbreviations and terms have the indicated meanings throughout:

Abbreviation Meaning
Ac acetyl
br broad
°C degrees Celsius
C- cyclo
CBZ CarboBenZoxy = benzyloxycarbonyl
d doublet
dd doublet of doublet
dt doublet of triplet
DCM dichloromethane
DME 1,2-dimethoxyethane
MF IV, N-dimethylformamide
MSO dimethyl sulfoxide
dppf 1,1°-bis(diphenylphosphano)ferrocene
E1 Electron Impact ionization
g gram(s)
h or hr hour(s)
HPLC igh pressure liquid chromatography
L liter(s)
M molar or molarity
m Multiplet
mg milligram(s)
MHz megahertz (frequency)
in minute(s)
mL milliliter(s)
uL microliter(s)
uM Micromole(s) or micromolar

\
8
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Abbreviation Meaning

mM Millimolar

mmol millimole(s)

mol mole(s)

MS mass spectral analysis

IN normal or normality

PM Nanomolar

NMR nuclear magnetic resonance spectroscopy

q Quartet

RT Room temperature

s Singlet

tortr Triplet |

TFA trifluoroacetic acid

THF tetrahydrofuran

FLC thin layer chromatography
[0018] The symbol “-” means a single bond, “=" means a double bond, “=" means a triple
bond, “====" means a single or double bond. The symbol “wvws> refers to a group on a

double-bond as occupying either position on the terminus of a double bond to which the
symbol is attached; that is, the geometry, E- or Z-, of the double bond is ambiguous. When a
group is depicted removed from its parent formula, the “~ symbol will be used at the end
of the bond which was theoretically cleaved in order to separate the group from its parent
structural formula.

[0019]

otherwise, all carbons are assumed to have hydrogen substitution to conform to a valence of

When chemical structures are depicted or described, unless explicitly stated

four. For example, in the structure on the left-hand side of the schematic below there are nine
hydrogens implied. The nine hydrogens are depicted in the right-hand structure. Sometimes a
particular atom in a structure is described in textual formula as having a hydrogen or
hydrogens as substitution (expressly defined hydrogen), for example, -CH,CH,-. It is
understood by one of ordinary skill in the art that the aforementioned descriptive techniques
are common in the chemical arts to provide brevity and simplicity to description of otherwise

complex structures.
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H H H
CC\ Br _ H Br
U S
H H
[0020] If a group “R” is depicted as “floating” on a ring system, as for example in the
formula:
| N \
R—
F

then, unless otherwise defined, a substituent “R” may reside on any atom of the ring system,
assuming replacement of a depicted, implied, or expressly defined hydrogen from one of the
ring atoms, so long as a stable structure is formed.

[0021] If a group “R” is depicted as floating on a fused ring system, as for example in the

T o oty

then, unless otherwise defined, a substituent “R” may reside on any atom of the fused ring

formulae:

system, assuming replacement of a depicted hydrogen (for example the -NH- in the formula
above), implied hydrogen (for example as in the formula above, where the hydrogens are not
shown but understood to be present), or expressly defined hydrogen (for example where in
the formula above, “Z” equals =CH-) from one of the ring atoms, so long as a stable structure
is formed. In the example depicted, the “R” group may reside on either the 5-membered or
the 6-membered ring of the fused ring system. In the formula depicted above, when y is 2 for
example, then the two “R’s” may reside on any two atoms of the ring system, again assuming
each replaces a depicted, implied, or expressly defined hydrogen on the ring.

[0022] When a group “R” is depicted as existing on a ring system containing saturated

s

y

carbons, as for example in the formula:

({30 3]

where, in this example, “y” can be more than one, assuming each replaces a currently
depicted, implied, or expressly defined hydrogen on the ring; then, unless otherwise defined,

where the resulting structure is stable, two “R’s” may reside on the same carbon. A simple

10
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example is when R is a methyl group; there can exist a geminal dimethyl on a carbon of the
depicted ring (an “annular” carbon). In another example, two R’s on the same carbon,
including that carbon, may form a ring, thus creating a spirocyclic ring (a “spirocyclyl”

group) structure with the depicted ring as for example in the formula:

HNfQ’ ?

[0023] “Acyl” means a -C(O)R radical where R is optionally substituted alkyl, optionally
substituted alkenyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocycloalkyl, or heterocycloalkylalkyl, as defined herein, €.g., acetyl,
trifluoromethylcarbonyl, or 2-methoxyethylcarbonyl, and the like.

[0024] “Acylamino” means a -NRR’ radical where R is hydrogen, hydroxy, alkyl, or
alkoxy and R’ is acyl, as defined herein.

[0025] “Acyloxy” means an -OR radical where R is acyl, as defined herein, e.g.
cyanomethylcarbonyloxy, and the like.

[0026] “Administration” and variants thereof (e.g., “administering” a compound) in
reference to a compound of the invention means introducing the compound or a prodrug of
the compound into the system of the animal in need of treatment. When a compound of the
invention or prodrug thereof is provided in combination with one or more other active agents
(e.g., surgery, radiation, and chemotherapy, etc.), “administration” and its variants are each
understood to include concurrent and sequential introduction of the compound or prodrug
thereof and other agents.

[0027] “Alkenyl” means a means a linear monovalent hydrocarbon radical of one to six
carbon atoms or a branched monovalent hydrocarbon radical of three to 6 carbon atoms
which radical contains at least one double bond, e.g., ethenyl, propenyl, 1-but-3-enyl, and
1-pent-3-enyl, and the like.

[0028] “Alkoxy” means an -OR group where R is alkyl group as defined herein.
Examples include methoxy, ethoxy, propoxy, isopropoxy, and the like.

[0029] “Alkoxyalkyl” means an alkyl group, as defined herein, substituted with at least
one, specifically one, two, or three, alkoxy groups as defined herein. Representative
examples include methoxymethyl and the like.

[0030] “Alkoxyalkylamino” means an —-NRR’ group where R is hydrogen, alkyl, or
alkoxyalkyl and R’ is alkoxyalkyl, as defined herein.

11
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[0031) “Alkoxyalkylaminoalkyl” means an alkyl group substituted with at least one,
specifcially one or two, alkoxyalkylamino group(s), as defined herein.

[0032]  “Alkoxycarbonyl” means a -C(O)R group where R is alkoxy, as defined herein.
[0033] ©  “Alkyl” means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to 6 carbon
atoms, e.g., methyl, ethyl, propyl, 2-propyl, butyl (including all isomeric forms), or pentyl
(including all isomeric forms), and the like.

[0034] “Alkylamino” means an -NHR group where R is alkyl, as defined herein.

[0035] “Alkylaminoalkyl” means an alkyl group substituted with one or two alkylamino
groups, aé defined herein.

[0036]  “Alkylaminoalkyloxy” means an -OR group where R is alkylaminoalkyl, as
defined herein.

[0037]  “Alkylcarbonyl” means a -C(O)R group where R is alkyl, as defined herein.

[0038] “Alkynyl” means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of three to 6 carbon atoms which
radical contains at least one triple bond, e.g., ethynyl, propynyl, butynyl, pentyn-2-yl and the
like.

[0039] “Amino” means -NH,.

[0040] “Aminoalkyl” means an alkyl group substiuted with at least one, specifically one,
two or three, amino groups.

[0041] “Aminoalkyloxy” means an -OR group where R is aminoalkyl, as defined herein.
[0042] “Aryl” means a monovalent six- to fourteen-membered, mono- or bi-carbocyclic
ring, wherein the monocyclic ring is aromatic and at least one of the rings in the bicyclic ring
is aromatic. Unless stated otherwise, the valency of the group may be located on any atom of
any ring within the radical, valency rules permitting. Representative examples include
phenyl, naphthyl, and indanyl, and the like.

[0043] “Arylalky]” means an alkyl radical, as defined herein, substituted with one or two
aryl groups, as defined herein, e.g., benzyl and phenethyl, and the like.

[0044] “Aryloxy” means an -OR gorup where R is aryl, as defined herein.

[0045] “Carboxyalkyl” means an alkyl group, as defined herein, substituted with at least
one, specifically one or two, -C(O)OH group(s).

[0046] “Cycloalkyl” means a monocyclic or fused bicyclic, saturated or partially
unsaturated (but not aromatic), monovalent hydrocarbon radical of three to ten carbon ring

atoms. Fused bicyclic hydrocarbon radical includes bridged ring systems. Unless stated
12



WO 2007/044698 PCT/US2006/039472

otherwise, the valency of the group may be located on any atom of any ring within the
radical, valency rules permitting. One or two ring carbon atoms may be replaced by a -C(O)-
, -C(8)-, or -C(=NH)- group. More specifically, the term cycloalkyl includes, but is not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexyl, or cyclohex-3-enyl,
and the like.

[0047]  “Cycloalkylalkyl” means an alkyl group substituted with at least one,
specificallyone or two, cycloalkyl group(s) as defined herein.

[0048] “Dialkylamino” means a -NRR’ radical where R and R’ are alkyl as defined
herein, or an N-oxide derivative, or a protected derivative thereof, e.g., dimethylamino,

diethylamino, &, N-methylpropylamino or N,N-methylethylamino, and the like.

[0049] “Dialkylaminoalkyl” means an alkyl group substituted with one or two
dialkylamino groups, as defined herein. |

[0050] “Dialkylaminoalkyloxy” means an -OR group where R is dialkylaminoalkyl, as
defined herein. Representative examples include 2-(N,N-diethylamino)-ethyloxy, and the
like.

[0051] “Fused-polycyclic” or “fused ring system” means a polycyclic ring system that
contains bridged or fused rings; that is, where two rings have more than one shared atom in
their ring structures. In this application, fused-polycyclics and fused ring systems are not
necessarily all aromatic ring systems. Typically, but not necessarily, fused-polycyclics share
a vicinal set of atoms, for example naphthalene or 1,2,3,4-tetrahydro-naphthalene. A spiro
ring system is not a fused-polycyclic by this definition, but fused polycyclic ring systems of
the invention may themselves have spiro rings attached thereto via a single ring atom of the
fused-polycyclic. In some examples, as appreciated by one of ordinary skill in the art, two
adjacent groups on an aromatic system may be fused together to form a ring structure. The
fused ring structure may contain heteroatoms and may be optionally substituted with one or
more groups. It should additionally be noted that saturated carbons of such fused groups (i.e.
saturated ring structures) can contain two substitution groups.

[0052] “Halogen” or “halo” refers to fluorine, chlorine, bromine or iodine.

[0053] “Haloalkoxy” means an -OR’ group where R’ is haloalkyl as defined herein, e.g.,

trifluoromethoxy or 2,2,2-trifluoroethoxy, and the like.
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[0054] “Haloalkyl” mean an alkyl group substituted with one or more halogens,
specifically one to five halo atoms, e.g., trifluoromethyl, 2-chloroethyl, and 2,2-difluoroethyl,
and the like.

[0055]  “Heteroaryl” means a monocyclic, fused bicyclic, or fused tricyclic, monovalent
radical of 5 to 14 ring atoms containing one or more, specifically one, two, three, or four ring
heteroatoms independently selected from -O-, -S(0),- (n is 0, 1, or 2), -N-, -N(R¥)-, and the
remaining ring atoms being carbon, wherein the ring comprising a monocyclic radical is
aromatic and wherein at least one of the fused rings comprising a bicyclic or tricyclic radical
is aromatic. One or two ring carbon atoms of any nonaromatic rings comprising a bicyclic or
tricyclic radical may be replaced by a -C(0)-, -C(S)-, or -C(=NH)- group. R* is hydrogen,
alkyl, hydroxy, alkoxy, acyl, or alkylsulfonyl. Fused bicyclic radical includes bridged ring
systems. Unless stated otherwise, the valency may be located on any atom of any ring of the
heteroaryl group, valency rules permitting. When the point of valency is located on the
nitrogen, R* is absent. More specifically, the term heteroaryl includes, but is not limited to,
1,2,4-triazolyl, 1,3,5-triazolyl, phthalimidyl, pyridinyl, pyrrolyl, imidazolyl, thienyl, furanyl,
indolyl, 2,3-dihydro-1H-indolyl (including, for example, 2,3-dihydro-1H-indol-2-yl or
2,3-dihydro-1H-indol-5-yl, and the like), isoindolyl, indolinyl, isoindolinyl, benzimidazolyl,
benzodioxol-4-yl, benzofuranyl, cinnolinyl, indolizinyl, naphthyridin-3-yl, phthalazin-3-yl,
phthalazin-4-yl, pteridinyl, purinyl, quinazolinyl, quinoxalinyl, tetrazoyl, pyrazolyl,
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, isooxazolyl, oxadiazolyl, benzoxazolyl,
quinolinyl,  isoquinolinyl,  tetrahydroisoquinolinyl ~ (including, @ for = example,
tetrahydroisoquinolin-4-yl or tetrahydroisoquinolin-6-yl, and the like), pyrrolo[3,2-
c]pyridinyl (including, for example, pyrrolo[3,2-c]pyridin-2-yl or pyrrolo[3,2-c]pyridin-7-yl,
and the like), benzopyranyl, thiazolyl, isothiazolyl, thiadiazolyl, benzothiazolyl,

benzothienyl, and the derivatives thereof, or N-oxide or a protected derivative thereof.

[0056] “Heteroarylalkyl” means an alkyl group, as defined herein, substituted with at
least one, specifically one or two heteroaryl group(s), as defined herein.

[0057] “Heteroatom” refers to O, S, N, or P.

[0058] “Heterocycloalkyl” means a saturated or partially unsaturated (but not aromatic)
monovalent monocyclic group of 3 to 8 ring atoms or a saturated or partially unsaturated (but
not aromatic) monovalent fused bicyclic group of 5 to 12 ring atoms in which one or more,
specifically one, two, three, or four ring heteroatoms independently selected from O, S(O), (n

is 0, 1, or 2), N, N(R”) (where RY is hydrogen, alkyl, hydroxy, alkoxy, acyl, or alkylsulfonyl),
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the remaining ring atoms being carbon. One or two ring carbon atoms may be replaced by a
-C(0)-, -C(S)-, or -C(=NH)- group. Fused bicyclic radical includes bridged ring systems.
Unless otherwise stated, the valency of the group may be located on any atom of any ring
within the radical, valency rules permitting. When the point of valency is located on a
nitrogen atom, R” is absent. More specifically the term heterocycloalkyl includes, but is not
limited to, azetidinyl, pyrrolidinyl, 2-oxopyrrolidinyl, 2;5-dihydro-1H-pyrrolyl, piperidinyl,
4-piperidonyl, = morpholinyl, piperazinyl,  2-oxopiperazinyl, tetrahydropyranyl,
2-oxopiperidinyl, thiomorpholinyl, thiamorpholinyl, perhydroazepinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, dihydropyridinyl, tetrahydropyridinyl, oxazolinyl, oxazolidinyl,
isoxazolidinyl, thiazolinyl, thiazolidinyl, quinuclidinyl, isothiazolidinyl, octahydroindolyl,
octahydroisoindolyl, decahydroisoquinolyl, tetrahydrofuryl, and tetrahydropyranyl, and the
derivatives thereof and N-oxide or a protected derivative thereof.

[0059] “Heterocycloalkylalkyl” means an alkyl radical, as defined herein, substituted
with one or two heterocycloalkyl groups, as defined herein, e.g., morpholinylmethyl,
N-pyrrolidinylethyl, and 3-(V-azetidinyl)propyl, and the like.

[0060] “Heterocycloalkylalkyloxy means an -OR group where R is heterocycloalkylalkyl,
as defined herein.

[0061] “Saturated bridged ring system” refers to a bicyclic or polycyclic ring system that
is not aromatic. Such a system may contain isolated or conjugated unsaturation, but not
aromatic or heteroaromatic rings in its core structure (but may have aromatic substitution
thereon). For example, hexahydro-furo[3,2-b]furan, 2,3,3a,4,7,7a-hexahydro-1/7-indene,
7-aza-bicyclo[2.2.1]heptane, and 1,2,3,4,4a,5,8,8a-0octahydro-naphthalene are all included in
the class “saturated bridged ring system. /

[0062] “Spirocyclyl” or “spirocyclic ring” refers to a riﬁg originating from a particular
annular carbon of another ring. For example, as depicted below, a ring atom of a saturated
bridged ring system (rings B and B”), but not a bridgehead atom, can be a shared atom
between the saturated bridged ring system and a spirocyclyl (ring A) attached thereto. A

spirocyclyl can be carbocyclic or heteroalicyclic.
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[0063] "Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances in which it does not. One of ordinary skill in the
art would understand that with respect to any molecule described as containing one or more
optional substituents, only sterically practical and/or synthetically feasible compounds are
meant to be included. "‘Optionally substituted” refers to all subsequent modifiers in a term.
So, for example, in the term “optionally substituted arylC;.g alkyl,” optional substitution may
occur on both the “C).g alkyl” portion and the “aryl” portion of the molecule may or may not
be substituted. A list of exemplary optional substitutions is presented below in the definition
of “substituted.”

[0064] “Optionally substituted alkoxy” means an -OR group where R is optionally
substituted alkyl, as defined herein.

[0065] “Optionally substituted alkyl” means an alkyl radical, as defined herein, optionally
substituted with one or more group(s), specifically one, two, three, four, or five groups,
independently selected from alkylcarbonyl, alkenylcarbonyl, cycloalkylcarbonyl,
alkylcarbonyloxy, alkenylcarbonyloxy, amino, alkylamino, dialkylamino, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, cyano, cyanoalkylaminocarbonyl, alkoxy,
alkenyloxy, hydroxy, hydroxyalkoxy, halo, carboxy, alkylcarbonylaminor, alkylcarbonyloxy,
alkyl-S(0)y.2-, alkenyl-S(O)o-,-, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonyl-NR°- (where R® is hydrogen, alkyl, optionally substituted alkenyl, hydroxy, -
alkoxy, alkenyloxy, or cyanoalkyl), alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylaminoalkyloxy, dialkylaminoalkyloxy, alkoxycarbonyl, alkenyloxycarbonyl,
alkoxycarbonylamino, alkylaminocarbonylamino, dialkylaminocarbonylamino,
alkoxyalkyloxy, and -C(O)NR?R® (where R® and R® are independently hydrogen, alkyl,
optionally substituted alkenyl, hydroxy, alkoxy, alkenyloxy, or cyanoalkyl).

[0066] “Optionally substituted alkenyl” means an alkyl radical, as defined herein,
optionally substituted with one or more group(s), specifically one, two, three, four, or five
groups, independently selected from alkylcarbonyl, alkenylcarbonyl, cycloalkylcarbonyl,
alkylcarbonyloxy, alkenylcarbonyloxy, amino, alkylamino, dialkylamino, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, cyano, cyanoalkylaminocarbonyl, alkoxy,
alkenyloxy, hydroxy, hydroxyalkoxy, halo, carboxy, alkylcarbonylamino, alkylcarbonyloxy,
alkyl-S(O)o-2-, alkenyl-S(O)o.,-, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonyl-NR°- (where R® is hydrogen, alkyl, optionally substituted alkenyl, hydroxy,

alkoxy, alkenyloxy, or cyanoalkyl), alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
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alkylaminoalkyloxy, dialkylaminoalkyloxy, alkoxycarbonyl, alkenyloxycarbonyl,
alkoxycarbonylamino, alkylaminocarbonylamino, dialkylaminocarbonylamino,
alkoxyalkyloxy, and ~C(O)NR’R® (where R® and R® are independently hydrogen, alkyl,
optionally substituted alkenyl, hydroxy, alkoxy, alkenyloxy, or cyanoalkyl).

[0067] “Optionally substituted amino” refers to the group -N(H)R or -N(R)R where each
R is independently selected from the group: optionally substituted alkyl, optionally
substituted alkoxy, optionally substituted aryl, optionally substituted heterocycloalkyl,
optionally substituted heteroaryl, acyl, carboxy, alkoxycarbonyl, -S(O),-(optionally
substituted alkyl), -S(O),-optionally substituted aryl), -S(O),-(optionally substituted
heterocycloalkyl), -S(O),-(optionally substitutted heteroaryl), and -S(O),-(optionally
substituted heteroaryl). For example, “optionally substituted amino” includes diethylamino,

methylsulfonylamino, and furanyl-oxy-sulfonamino.

[0068]  “Optionally substituted aminoalkyl” means an alkyl group, as defined herein,
substituted with at least one, specifically one or two, optionally substituted amino group(s), as
defined herein.
[0069] “Optionally substituted aryl” means an aryl group, as defined herein, optionally
substituted with one, two, or three substituents independently selected from acyl, acylamino,
acyloxy, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy, halo,
hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino, alkylamino, dialkylamino, nitro,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, carboxy, cyano, alkylthio,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, aminoalkoxy, or aryl is pentafluorophenyl. Within the optional
substituents on “aryl”, the alkyl and alkenyl, either alone or as part of another group
(including, for example, the alkyl in alkoxycarbonyl), are independently optionally
substituted with one, two, three, four, or five halo.
[0070] “Optionally substituted arylalkyl” means an alkyl group, as defined herein,
substituted with optionally substituted aryl, as defined herein.
[0071] “Optionally substituted cycloalkyl” means a cycloalkyl group, as defined herein,
substituted with one, two, or three groups independently selected from acyl, acyloxy,
‘acylamino, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy,
alkoxycarbonyl, alkenyloxycarbonyl, alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl,
alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino, halo, hydroxy, amino,
alkylamino, dialkylamino, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, nitro,
17
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alkoxyalkyloxy, aminoalkoxy, alkylaminoalkoxy, dialkylaminoalkoxy, carboxy, and cyano.
Within the above optional substitutents on “cycloalkyl”, the alkyl and alkenyl,, either alone or
as part of another substituent on the cycloalkyl ring, are independently optionally substituted
with one, two, three, four, or five halo, e.g. haloalkyl, haloalkoxy, haloalkenyloxy, or
haloalkylsulfonyl.

[0072]  “Optionally substituted cycloalkylalkyl” means an alkyl group substituted with at
least one, specifically one or two, optionally substituted cycloalkyl groups, as defined herein.

[0073]  “Optionally substituted heteroaryl” means a heteroaryl group optionally
substituted with one, two, or three substituents independently selected from acyl, acylamino,
acyloxy, optionally substituted alkyl, optionally substituted alkenyl, alkoxy, alkenyloxy, halo,
hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino, alkylamino, dialkylamino, nitro,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, carboxy, cyano, alkylthio,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, aminoalkoxy, alkylaminoalkoxy, and dialkylaminoalkoxy. Within the
optional substituents on “heteroaryl”, the alkyl and alkenyl, either alone or as part of another
group (including, for example, the alkyl in alkoxycarbonyl), are independently optionally

substituted with one, two, three, four, or five halo.

[0074] “Optionally substituted heteroarylalkyl” means an alkyl group, as defined herein,
substituted with at least one, specifically one or two, optionally substituted heteroaryl
group(s), as defined herein. .

[0075] “Optionally substituted heterocycloalkyl” means a heterocycloalkyl group, as
defined herein, optionally substituted with one, two, or three substituents independently
selected from acyl, acylamino, acyloxy, optionally substituted alkyl, optionally substituted
alkenyl, alkoxy, alkenyloxy, halo, hydroxy, alkoxycarbonyl, alkenyloxycarbonyl, amino,
alkylamino, dialkylamino, nitro, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
carboxy, cyano, alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl,
dialkylaminosulfonyl, alkylsulfonylamino, aminoalkoxy, or aryl is pentafluorophenyl. Within
the optional substituents on “heterocycloalkyl”, the alkyl and alkenyl, either alone or as part
of another group (including, for example, the alkyl in alkoxycarbonyl), are independently

optionally substituted with one, two, three, four, or five halo.

[0076] “Optionally substituted heterocycloalkylalkyl” means an alkyl group, as defined
herein, substituted with at least one, specifically one or two, optionally substituted
heterocycloalkyl group(s) as defined herein.
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[0077] “Yield” for each of the reactions described herein is expressed as a percentage of
the theoretical yield.

[0078] “Patient” for the purposes of the present invention includes humans and other
animals, particularly mammals, and other organisms. Thus the methods are applicable to both
human therapy and veterinary applications. In a specific embodiment the patient is a
mammal, and in a more specific embodiment the patient is human.

[0079] “Kinase-dependent diseases or conditions" refer to pathologic conditions that
depend on the activity of one or more protein kinases. Kinases either directly or indirectly
participate in the signal transduction pathways of a variety of cellular activities including
proliferation, adhesion, migratidn, differentiation and invasion. Diseases associated with
kinase activities include tumor growth, the pathologic neovascularization that supports solid
tumor growth, and associated with other diseases where excessive local vascularization is
involved such as ocular diseases (diabetic retinopathy, age-related macular degeneration, and
the like) and inflammation (psoriasis, rheumatoid arthritis, and the like).

[0080] While not wishing to be bound to theory, phosphatases can also play a role in
“kinase-dependent diseases or conditions” as cognates of kinases; that is, kinases
phosphorylate and phosphatases dephosphorylate, for example protein substrates. Therefore
compounds of the invention, while modulating kinase activity as described herein, may also
modulate, either directly or indirectly, phosphatase activity. This additional modulation, if
present, may be synergistic (or not) to activity of compounds of the invention toward a
related or otherwise interdependent kinase or kinase family. In any case, as stated previously,
the compounds of the invention are useful for treating diseases characterized in part by
abnormal levels of cell proliferation (i.e. tumor growth), programmed cell death (apoptosis),
cell migration and invasion and angiogenesis associated with tumor growth.

[0081] “Therapeutically effective amount” is an amount of a compound of the invention,
that when administered to a patient, ameliorates a symptom of the disease. The amount of a
compound of the invention which constitutes a “therapeutically effective amount” will vary
depending on the compound, the disease state and its severity, the age of the patient to be
treated, and the like. The therapeutically effective amount can be determined routinely by one
of ordinary skill in the art having regard to their knowledge and to this disclosure.

[0082] “Cancer” refers to cellular-proliferative disease states, including but not limited
to: Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma),
myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic carcinoma

(squamous cell, undifferentiated small cell, undifferentiated large cell, adenocarcinoma),
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alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma, chondromatous
hanlartoma, inesothelioma; Gastrointestinal: esophagus (squamous cell carcinoma,
adenocarcinoma, leiomyosarcoma, lymphoma), stomach (carcinoma, lymphoma,
leiomyosarcoma), pancreas (ductal adenocarcinoma, insulinorna, glucagonoma, gastrinoma,
carcinoid tumors, vipoma), small bowel (adenocarcinorna, lymphoma, carcinoid tumors,
Karposi's sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large bowel
(adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma);
Genitourinary tract: kidney (adenocarcinoma, Wilms' tumor (nephroblastoma), lymphoma,
leukemia), bladder and urethra (squamous cell carcinoma, transitional cell carcinoma,
adenocarcinoma), prostate (adenocarcinoma, 'sarcoma), testis (seminoma, teratoma,
embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial cell carcinoma,
fibroma, fibroadenoma, adenomatoid tumors, lipoma); Liver: hepatoma (hepatocellular
carcinoma), cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma,
hemangioma; Bone: osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous
histiocytoma, chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell
sarcoma), multiple myeloma, malignant giant cell tumor chordoma, osteochronfroma
(osteocartilaginous exostoses), benign chondroma, chondroblastoma, chondromyxofibroma,

osteoid osteoma and giant cell tumors; Nervous system: skull (osteoma, hemangioma,

granuloma, xanthoma, osteitis defornians), meninges (meningioma, meningiosarcoma,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma, ependymoma, germinoma
[pinealoma), glioblastorna multiform, oligodendroglioma, schwannoma, retinoblastoma,
congenital tumors), spinal cord neurofibroma, meningioma, glioma, sarcoma);
Gynecological: uterus (endometrial carcinoma), cervix (cervical carcinoma, pre-tumor
cervical dysplasia), ovaries (ovarian carcinoma [serous cystadenocarcinoma, mucinous
cystadenocarcinoma, unclassified carcinoma], granulosa-thecal cell tumors, SertoliLeydig
cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma,
intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell
carcinoma, squamous cell carcinoma, botryoid sarcoma (embryonal rhabdomyosarcoma],
fallopian tubes (carcinoma); Hematologic: blood (myeloid leukemia [acute and chronic],
acute lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative . diseases,
multiple myeloma, myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's lymphoma
[malignant lymphoma]; Skin: malignant melanoma, basal cell carcinoma, squamous cell

carcinoma, Karposi's sarcoma, moles dysplastic nevi, lipoma, angioma, dermatofibroma,
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keléids, psoriasis; and Adrenal glands: neuroblastoma. Thus, the term “cancerous cell” as
provided herein, includes a cell afflicted by any one of the above-identified conditions.

[0083] A “pharmaceutically acceptable salt” of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. It is understood that the pharmaceutically acceptable salts are non-toxic.
Additional information on suitable pharmaceutically acceptable salts can be found in
Remington’s Pharmaceutical Sciences, 17" ed., Mack Publishing Company, Easton, PA,
1985, which is incorporated herein by reference or S. M. Berge, et al., “Pharmaceutical
Salts,” J. Pharm. Sci., 1977;66:1-19 both of which are incorporated herein by reference.
[0084] Examples of pharmaceutically acceptable acid addition salts include those formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; as well as organic acids such as acetic acid, trifluoroacetic acid,
propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic
acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, cinnamic acid, 3-(4-hydroxybenzoyl)benzoic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, glucoheptonic
acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic ' acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, p-toluenesulfonic
acid, and salicylic acid and the like.

[0085] Examples of a pharmaceutically acceptable base addition salts include those
formed when an acidic proton present in the parent compound is replaced by a metal ion,
such as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum salts and the like. Specific salts are the ammonium, potassium,
sodium, calcium, and magnesium salts. Salts derived from pharmaceutically acceptable
organic non-toxic bases include, but are not limited to, salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic ion exchange resins. Examples of organic bases include isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine,
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,

methylglucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine,
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tromethamine, N-methylglucamine, polyamine resins, and the like. Exemplary organic bases
are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine,
choline, and caffeine.

[0086] “Prodrug” refers to compounds that are transformed (typically rapidly) in vivo to
yield the parent compound of the above formulae, for example, by hydrolysis in blood.
Common examples include, but are not limited to, ester and amide forms of a compound
having an active form bearing a carboxylic acid moiety. Examples of pharmaceutically
acceptable esters of the compounds of this invention include, but are not limited to, alkyl
esters (for example with between about one and about six carbons) the alkyl group is a
straight or branched chain. Acceptable esters also include cycloalkyl esters and arylalkyl
esters such as, but not limited to benzyl. Examples of pharmaceutically acceptable amides of
the compounds of this invention include, but are not limited to, primary amides, and
secondary and tertiary alkyl amides (for example with between about one and about six
carbons). Amides and esters of the compounds of the present invention may be prepared
according to conventional methods. A thorough discussion of prodrugs lis provided in T.
Higuchi and V. Stella, “Pro-drugs as Novel Delivery Systems,” Vol 14 of fhe A.CS.
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference for all purposes.

[0087] “Metabolite” refers to the break-down or end product of a compound or its salt
produced by metabolism or biotransformation in the animal or human body; for example,
biotransformation to a more polar molecule such as by oxidation, reduction, or hydrolysis, or
to a conjugate (see Goodman and Gilman, "The Pharmacological Basis of Therapeutics"
8.sup.th Ed., Pergamon Press, Gilman et al. (eds), 1990 for a discussion of
biotransformation). As used herein, the metabolite of a compound of the invention or its salt
may be the biologically active form of the compound in the body. In one example, a prodrug
may be used such that the biologically active form, a metabolite, is released in vivo. In
another example, a biologically active metabolite is discovered serendipitously, that is, no
prodrug design per se was undertaken. An assay for activity of a metabolite of a compound of
the present invention is known to one of skill in the art in light of the present disclosure.
[0088] “Treating” or “treatment” of a disease, disorder, or syndrome, as used herein,
includes (i) preventing the disease, disorder, or syndrome from occurring in a human, i.e.
causing the clinical symptoms of the disease, disorder, or syndrome not to develop in an

animal that may be exposed to or predisposed to the disease, disorder, or syndrome but does
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not yet experience or display symptoms of the disease, disorder, or syndrome; (ii) inhibiting
the disease, disorder, or syndrome, i.e., arresting its development; and (iii) relieving the
disease, disorder, or syndrome, i.e., causing regression of the disease, disorder, or syndrome.
As is known in the art, adjustments for systemic versus localized delivery, age, body weight,
general health, sex, diet, time of administration, drug interaction and the severity of the
condition may be necessary, and will be ascertainable with routine experimentation by one of

ordinary skill in the art.

Embodiments of the Invention
[0089] One embodiment (A) of the Invention is directed to a Compound of Formula I
where R! is hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted cycloalkylalkyl, optionally substituted aryl, optionally substituted
arylalkyl, optionally substituted heterocycloalkyl, optionally substituted
heterocycloalkylalkyl, optionally substituted heteroaryl or optionally substituted
heteroarylalkyl. Specifically, R' is hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted arylalkyl, optionally substituted
heterocycloalkyl, or optionally substituted heterocycloalkylalkyl. More specifically, R'is
hydrogen, alkyl, alkyl substituted with one or two hydroxy, alkyl substituted with alkoxy,
cycloalkyl, arylalkyl, heterocyloalkyl, or heterocycloalkylalkyl. Even more specifically, R!
is hydrogen, methyl, ethyl, propyl, isopropyl, 2-hydroxypropyl, 3-hydroxypropyl, 2-
ethoxyethyl, 3-methoxypropyl, 3-ethoxypropyl, 3-isopropoxypropyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, benzyl, tetrahydrofuranyl, tetrahydropyranyl, or 2-piperidin-1-
ylethyl.
- [0090] In a more specific embodiment of A, an even more specific embodiment is a
Compound of Formula I where R' is ethyl, isopropyl, cyclopentyl, tetrahydrofuranyl, or
tetrahydropyranyl. Yet even more specifically, R! is ethyl, isopropyl, or cyclopentyl.
[0091] Another embodiment (B) of the Invention is directed to a Compound of Formula I
where R* is optionally substituted alkyl. Specifically, R* is methyl or ethyl. More
specifically, R* is methyl.
[0092] Another embodiment (C) of the Invention is directed to a Compound of Formula I
where R® is acyl and R* is aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, or heterocycloalkyl,
where the aryl, cycloalkyl, and heterocycloalkyl, either alone or as part of another group
within R®, are optionally substituted with 1, 2, 3, 4, or § R® groups. More specifically, RO is

alkylcarbonyl. Even more specifically, R® is acetyl.

23



WO 2007/044698 PCT/US2006/039472

[0093] A more specific embodiment of C is directed to a Compound of Formula I where
RS is acyl and R® is aryl where the aryl is optionally substituted with 1, 2, 3, 4, or 5 R®
groups. More specifically R* is phenyl optionally substituted with 1, 2, 3, 4, or 5 R® groups.
Even more specifically, R? is phenyl optionally substituted with one R® where R®, when
present, is heterocycloalkyl optionally substituted with alkyl, haloalkyl, alkylcarbonyl,
alkoxycarbonyl, or arylalkyl. Yet even more specifically, R? is phenyl optionally substituted
with one R® where R®, when present, is piperazinyl optionally substituted with methyl, ethyl,
isopropyl, acetyl, tert-butoxycarbonyl, or benzyl.

[0094] Another embodiment (D) of the Invention is directed to a Cbmpound of Formula I
where R® is phenyl or heteroaryl where the phenyl and heteroaryl are optionally substituted
with 1, 2, 3, 4, or 5 R’ groups; and R® s aryl, arylalkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, or heterocycloalkylalkyl, and where the aryl, cycloalkyl, and
heterocycloalkyl, either alone or as part of another group within R®, are optionally
substituted with 1, 2, 3,4, or 5 R® groups. Even more specifically, RCis phenyl or heteroaryl
where the phenyl and heteroaryl are optionally substituted with 1, 2, 3, 4, or 5 R’ groups; and
R is aryl optionally substituted with one R® where R®, when present, is heterocycloalkyl
optionally substituted with alkyl, haloalkyl, alkylcarbonyl, alkoxycarbonyl, or arylalkyl. Yet
even more specifically, R® is phenyl or heteroaryl where the phenyl and heteroaryl are
optionally substituted with 1, 2, 3, 4, or 5 R’ groups; and R? is phenyl optionally substituted
with one R® where R®, when present, is piperazinyl optionally substituted with methyl, ethyl,
isopropyl, acetyl, tert-butoxycarbonyl, or benzyl. ‘

[0095] Another embodiment (E) of the Invention is directed to a Compound of Formula I
where R® is phenyl optionally substituted with 1, 2, 3,4, or 5 R’ groups; and R®is aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl, and where
the aryl, cycloalkyl, and heterocycloalkyl, either alone or as part of another group within R*
are optionally substituted with 1, 2, 3, 4, or 5 R® groups. Specifically, R® is phenyl optionally
substituted with one or two R? groups where each R®, when present, is independently halo,
alkoxy, or haloalkyl. More specifically, R® is phenyl, fluorophenyl, dihalophenyl,
methoxyphenyl, dimethoxyphenyl, chlorophenyl, dichlorophenyl, or haloalkylphenyl. More
specifically, R® is phenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, 2,5-difluorophenyl,
2,6-difluorophenyl, 3,4-difluorophenyl, 3,5-difluorophenyl, 2,4-dichlorophenyl,
3,5-dichlorophenyl, 3-chloro-4-fluorophenyl, 2-methoxyphenyl, 3-methoxyphenyl,

- 4-methoxyphenyl, 2,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 2-trifluoromethylphenyl,
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3-trifluoromethylphenyl, 4-trifluoromethylphenyl. Yet even more specifically, R is phenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl,
2,5-difluorophenyl, 2,6-difluorophenyl, 3,4-difluorophenyl, or 3,5-difluorophenyl.

[0096] A more specific embodiment (E1) of Embodiment E is a Compound of Formula I
where R?" is aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl; where the aryl and heterocycloalkyl, either alone or as part of another
group within R?®, are optionally substituted with one or two R®,

[0097] A more specific embodiment of E1 is a Compound of Formula I where R? is aryl
optionally substituted with one or two R® where each R®, when present, is independently halo,
hydroxy, alkoxy, amino, alkylamino, dialkylamino, alkoxycarbonyl, aminoalkyloxy,
alkylaminoalkyloxy, dialkylaminoalkyloxy, heteroaryl, heterocycloalkyl, or
heterocycloalkylalkyloxy; and where the heterocycloalkyl, either alone or as part of
heterocycloalkylalkyloxy, is optionally substituted with alkyl, alkoxycarbonyl, or arylalkyl.
[0098] More specifically, R? is phenyl, fluorophenyl, hydroxyphenyl, methoxyphenyl,
aminophenyl, methylaminophenyl, dimethylaminophenyl, ethylaminophenyl,
diethylaminophenyl, methoxycarbonylphenyl, [(2-aminoethyl)-oxy]-phenyl, [(2-alkylamino-
ethyl)-oxy]-phenyl, [(2-dialkylamino-ethyl)-oxy]-phenyl, imidazolylphenyl,
morpholinylphenyl, piperazinylphenyl, (NV-alkyl-piperazinyl)-phenyl, (NV-alkoxycarbonyl-
piperazinyl)-phenyl, (N-benzylpiperazinyl)-phenyl, (morpholinylalkyloxy)-phenyl,
(piperidinylalkyloxy)-phenyl, (piperazinylalkyloxy)-phenyl, (NV-alkyl-piperazinylalkyloxy)-
phenyl, or (N-benzylpiperazinylalkyloxy)-phenyl.

[0099] Even more specifically, R*® is phenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 4-aminophenyl, 4-methylaminophenyl,
4-dimethylaminophenyl, 4-ethylaminophenyl, 4-diethylaminophenyl,
3-methoxycarbonylphenyl, 4-methoxycarbonylphenyl, 4-[(2-aminoethyl)-oxy]-phenyl,
4-[(2-methylamino-ethyl)-oxy]-phenyl, 4-[(2-dimethylamino-ethyl)-oxy]-phenyl, 4-[(2-
aminoethyl)-oxy]-phenyl, 4-[(2-ethylamino-ethyl)-oxy]-phenyl, 4-[(2-diethylamino-ethyl)-
oxy]-phenyl, 3-imidazol-1-ylphenyl, 4-imidazol-1-ylphenyl, 3-imidazol-2-ylphenyl,
4-imidazol-2-~ylphenyl, 3-morpholin-4-ylphenyl, 4-morpholin-4-ylphenyl, 3-piperazin-4-
ylphenyl, 4-piperazin-4-ylphenyl, 3-(N-methyl-piperazin-4-yl)-phenyl, 4-(N-methyl-
piperazin-4-yl)-phenyl, 3-(N-ethyl-piperazin-4-yl)-phenyl, 4-(N-ethyl-piperazin-4-yl)-phenyl,
3-(NV-tert-butoxycarbonyl-piperazin-4-yl)-phenyl, 4-(N-zert-butoxycarbonyl-piperazin-4-yl)-

phenyl, 3-(N-benzylpiperazin-4-yl)-phenyl, 4-(N-benzylpiperazin-4-yl)-phenyl, 3-[2-
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(mo"rpho1in—4-yl)-ethyloxy] -phenyl, 4-[2-(morpholin-4-yl)-ethyloxy]-phenyl, 3-[2-
(piperidinyl)-ethyloxy]-phenyl, 4-[2-(piperidinyl)-ethyloxy]-phenyl, 3-[2-(piperazin-4-yl)-
ethyloxy]-phenyl, 4-[2-(piperazin-4-yl)-ethyloxy]-phenyl, 3-[2-(N-methyl-piperazin-4-yl)-
ethyloxy]-phenyl, 4-[2-(N-methyl-piperazin-4-yl)-ethyloxy]-phenyl, 3-[2—(N—ethyl-piperazih-
4-yl)-ethyloxy]-phenyl, 4-[2-(N-ethyl-piperazin-4-yl)-ethyloxy]-phenyl, 3-[2-(N-benzyl-
piperazin-4-yl)-ethyloxy]-phenyl, or 4-[2~(N-benzyl-piperazin-4-yl)-ethyloxy]-phenyl.
[00100]  Yet even more specifically, R? is phenyl, 2-fluorophenyl, 4-fluorophenyl,
4-hydroxyphenyl, 4-methoxyphenyl, 4-aminophenyl, 3-methoxycarbonylphenyl,
4-methoxycarbonylphenyl, 4-[(2-ethylamino-ethyl)-oxy]-phenyl, 4-[(2-diethylamino-ethyl)-
oxy]-phenyl, 4-imidazol-1-ylphenyl, 4-morpholin-4-ylphenyl, 4-piperazin-4-ylphenyl,
4-piperazin-4-ylphenyl, 4-(N-methyl-piperazin-4-yl)-phenyl, 4-(N-ethyl-piperazin-4-yl)-
phenyl, 4-(N-tert-butoxycarbonyl-piperazin-4-yl)-phenyl, 4-[2-(morpholin-4-yl)-ethyloxy]-
phenyl, or 4-[2-(piperidinyl)-ethyloxy]-phenyl.

[00101] A more specific embodiment of E1 is a Compound of Formula I where R? is
heterocycloalkyl. = More specifically, one of the heteroatoms in the heterocycloalkyl is
nitrogen.

[00102] A more specific embodiment of E1 is a Compound of Formula I whe.re R? is
arylalkyl. More specifically, R?® is benzyl.

[00103] A more specific embodiment of E1 is a Compound of Formula I where R%® is
cycloalkyl. More specifically, R? is cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.
Even more specifically, R is cyclopropyl, cyclopentyl, or cyclohexyl.

[00104] A more specific embodiment of E1 is a Compound of Formula I where R?® is
cycloalkylalkyl. More specifically, R* is cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, or cyclohexylmethyl. Even more specifically, R is cyclopropylmethyl.
[00105] A more specific embodiment of E1 is a Compound of Formula I where R?is
heterocycloalkylalkyl where the heterocyloalkyl is optionally substituted with one R® where
R®, when present, is alkyl, alkylcarbonyl, alkoxycarbonyl, or arylalkyl. More specifically, R%
is morpholinylalkyl, piperazinylalkyl, (N-alkyl-piperazin-4-yl)-alkyl, (N-alkoxycarbonyl-
piperazin-4-yl)-alkyl, or (N-benzyl-piperazin-4-yl)-alkyl. Even more specifically, R?” is
morpholin-4-ylmethyl, 2-(morpholin-4-yl)-ethyl, 3-(morpholin-4-yl)-propyl, piperazin-4-
ylmethyl, (N-methyl-piperazin-4-yl)-methyl, (V-ethyl-piperazin-4-yl)-methyl, 2-(piperazin-4-
yl)-ethyl, 2-(N-methyl-piperazin-4-yl)-ethyl, 2-(N-ethyl-piperazin-4-yl)-ethyl, 3-(piperazin-4-
yD)-propyl, 3~(N-methyl-piperazin-4-yl)-propyl, 3-(N-ethyl-piperazin-4-yl)-propyl, (N-tert-

butoxycarbonyl-piperazin-4-yl)-methyl, 2-(N-tert-butoxycarbonyl-piperazin-4-yl)-ethyl,
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3-(]"\f-t;}'t-butoxycarbonyl-piperazin-4-yl)—propyl, (N-benzyl-piperazin-4-yl)-methyl, 2-(N-
benzyl-piperazin-4-yl)-ethyl, or 3-(N-benzyl-piperazin-4-yl)-propyl. Yet even more
specifically, R? is 2-(morpholin-4-yl)-ethyl or 3-(morpholin-4-yl)-propyl.

[00106] Another embodiment (F) of the Invention is directed to a Compound of Formula I
where R is heteroaryl optionally substituted with 1, 2, 3, 4, or 5 R’ groups; and R* is aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or heterocycloalkylalkyl, and where
the aryl, cycloalkyl, and heterocycloalkyl, either alone or as part of another group within R®,
are optionally substituted with 1, 2, 3,4, or § R® groups.

[00107] A more specific embodiment (F1) of embodiment F is a Compound of Formula I
where R® is a 5-membered heteroafyl or a 6-membered heteroaryl.

[00108] A more specific embodiment (F2) of embodiment F is a Compound of Formula I
where R® is a 6-membered heteroaryl optionally substituted with one or two R°. More
specifically, R® is pyridinyl, pyrazinyl, pyrimidinyl, or pyridazinyl each of which is
optionally substituted with one R® where R®, when present, is halo; and R is phenyl
optionally substituted with one R® where R®, when present, is heterocycloalkyl optionally
substituted with alkyl, alkylcarbonyl, alkoxycarbonyl, or arylalkyl. Even more specifically,
R is pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 3-fluoropyridin-4-yl, pyrazin-2-yl, pyrazin-3-yl,
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyridazin-3-yl, or pyridazin-4-yl; and R? s
pheny] optionally substituted with one R® where R®, when present, is morpholinyl or is
piperazinyl optionally substituted with methyl, ethyl, isopropyl, acetyl, zert-butoxycarbonyl,
or benzyl.

[00109] In an even more specific embodiment (F2a) of embodiment F2 is a Compound of
Formula I where R® is pyrazinyl, pyrimidinyl, or pyridazinyl and R? is phenyl optionally
substituted with one R® where R®, when present, is heterocycloalkyl optionally substituted
with alkyl, alkylcarbonyl, alkoxycarbonyl, or arylalkyl. In yet an even more specific
embodiment, R?® is pheny] optionally substituted with one R® where R®, when present, is
morpholinyl or is piperazinyl optionally substituted with methyl, ethyl, isopropyl, acetyl,
tert-butoxycarbonyl, or benzyl. Yet even more specifically, R® is pyrimidin-5-yl.

[00110] A more specific embodiment (F3) of embodiment F is a Compound of Formula I
where R® is 5-membered heteroaryl optionally substituted with oné or two R’. Specifically
R® is pyrazolyl, imidazolyl, thienyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl, furanyl,
pyrrolyl, triazolyl, or tetrazolyl each of which is optionally substituted with one R’ where R’,
when present, is alkyl, arylalkyl, cyano, aryl, alkoxycarbonyl, or halo. More specifically, R®

is pyrazol-1-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-1-yl, imidazol-2-yl,
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imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl,
oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl,
1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl,
1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-1-yl, pyrrol-2-yl, pyrrol-3-yl, triazol-1-yl,
triazol-4-yl, triazol-5-yl, tetrazol-1-yl, or tetrazol-5-yl; each of which is optionally substituted
with one R® where R®, when present, is methyl, benzyl, cyano, phenyl, N-tert-
butoxycarbonyl, or chloro. Even more specifically, R® is pyrazol-3-yl, pyrazol-4-yl, pyrazol-
5-yl, imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-
4-yl, thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl,
isoxazol-5-yl, 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl,
1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-2-yl, pyrrol-3-yl,
triazol-4-yl, triazol-5-yl, or tetrazol-5-yl; each of which is optionally substituted with one R’
where R®, when present, is methyl, benzyl, cyano, phenyl, N-fert-butoxycarbonyl, or chloro.
[00111] A more specific embodiment (F4) of embodiment F is a Compound of Formula I
where R is thien-2-yl, thien-3-yl, furan-2-yl, furan-3-yl, pyrazol-1-yl, pyrazol-3-yl, pyrazol-
4-yl, pyrazol-5-yl, or thiazol-2-yl. More specifically, R is thien-2-yl, thien-3-yl, furan-2-yl,
furan-3-yl, pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, or thiazol-2-yl.

[00112] A more specific embodiment (F3a) of embodiment F3 is a Compound of Formula
I where R?” is aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, or
heterocycloalkylalkyl; where the aryl and heterocycloalkyl, either alone or as part of another
group within R?®, are optionally substituted with one or two RE.

[00113] A more specific embodiment (F3al) of F3a is a Compound of Formula I where
R is heterocycloalkyl. Specifically, R*" is heterocycloalkyl where one of the heteroatoms in
the heterocycloalkyl is nitrogen.

[00114] A more specific embodiment (F3a2) of F3a is a Compound of Formula I where
R? is R® is arylalkyl. Specifically, R?® is benzyl.

[00115] A more specific embodiment (F3a3) of F3a is a Compound of Formula I where
R? is cycloalkyl. Specifically cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. More
specifically, R?® is cyclopentyl or cyclohexyl.

[00116] A more specific embodiment (F3a4) of F3a is a Compound of Formula I where
R? is cycloalkylalkyl. More specifically, R is cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, or cyclohexylmethyl. Even more specifically, R? is cyclopropylmethyl.
[00117] A more specific embodiment (F3a5) of F3a is a Compound of Formula I where

R? is heterocycloalkylalkyl where the heterocyloalkyl is optionally substituted with one R®
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where R?, when present, is alkyl, alkoxycarbonyl, or arylalkyl. More specifically, R is
morpholinylalkyl, piperazinylalkyl, (NV-alkyl-piperazin-4-yl)-alkyl, (N-alkoxycarbonyl-
piperazin-4-yl)-alkyl, or (N-benzyl-piperazin-4-yl)-alkyl. Even more specifically, R*is
morpholin-4-ylmethyl, 2-(morpholin-4-yl)-ethyl, 3-(morpholin-4-yl)-propyl, piperazin-4-
ylmethyl, (N-methyl-piperazin-4-yl)-methyl, (N-ethyl-piperazin-4-yl)-methyl, 2-(piperazin-4-
yl)-ethyl, 2-(N-methyl-piperazin-4-yl)-ethyl, 2-(N-ethyl-piperazin-4-yl)-ethyl, 3-(piperazin-4-
yD)-propyl, 3-(N-methyl-piperazin-4-yl)-propyl, 3-(N-ethyl-piperazin-4-yl)-propyl, (N-tert-
butoxycarbonyl-piperazin-4-yl)-methyl, 2-(N-tert-butoxycarbonyl-piperazin-4-yl)-ethyl, 3-
(N-tert-butoxycarbonyl-piperazin-4-yl)-propyl, (N-benzyl-piperazin-4-yl)-methyl, 2-(N-
benzyl-piperazin-4-yl)-ethyl, or 3-(N-benzyl-piperazin-4-yl)-propyl. Yet even more
specifically, R?® is 2-(morpholin-4-yl)-ethyl or 3-(morpholin-4-yl)-propyl.

[00118] A more specific embodiment (F3a6) of F3a is a Compound of Formula I where
R? is aryl optionally substituted with one or two R® where each R® is independently halo,
hydroxy, alkoxy, amino, alkylamino, dialkylamino, alkoxycarbonyl, aminoalkyloxy,
alkylaminoalkyloxy, dialkylaminoalkyloxy, heteroaryl, heterocycloalkyl, or
heterocycloalkylalkyloxy; and where the heterocycloalkyl, either alone or as part of
heterocycloalkylalkyloxy, is optionally substituted with alkyl, alkoxycarbonyl, or arylalkyl.
[00119]  More specifically, R? is phenyl, fluorophenyl, hydroxyphenyl, methoxyphenyl,
aminophenyl, methylaminophenyl, dimethylaminophenyl, ethylaminophenyl,
diethylaminophenyl, methoxycarbonylphenyl, [(2-aminoethyl)-oxy]-phenyl, [(2-alkylamino-
ethyl)-oxy]-phenyl, [(2-dialkylamino-ethyl)-oxy]-phenyl, imidazolylphenyl,
morpholinylphenyl, piperazinylphenyl, (N-alkyl-piperazinyl)-phenyl, (N-alkoxycarbonyl-
piperazinyl)-phenyl, (N-benzylpiperazinyl)-phenyl, (morpholinylalkyloxy)-phenyl,
(piperidinylalkyloxy)-phenyl, (piperazinylalkyloxy)-phenyl, (NV-alkyl-piperazinylalkyloxy)-
phenyl, or (N-benzylpiperazinylalkyloxy)-phenyl.

[00120] Even more specifically, R*® is phenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl, 4-aminophenyl, 4-methylaminophenyl,
4-dimethylaminophenyl, 4-ethylaminophenyl, 4-diethylaminophenyl, 3-
methoxycarbonylphenyl, 4-methoxycarbonylphenyl, 4-[(2-aminoethyl)-oxy]-phenyl,
4-[(2-methylamino-ethyl)-oxy]-phenyl, 4-[(2-dimethylamino-ethyl)-oxy]-phenyl, 4-[(2-
aminoethyl)-oxy]-phenyl, 4-[(2-ethylamino-ethyl)-oxy]-phenyl, 4-[(2-diethylamino-ethyl)-
oxyl]-phenyl, 3-imidazol-1-ylphenyl, 4-imidazol-1-ylphenyl, 3-imidazol-2-ylphenyl,

4-imidazol-2-ylphenyl, 3-morpholin-4-ylphenyl, 4-morpholin-4-ylphenyl, 3-piperazin-4-
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ylp}ulenyl, 4-piperazin-4-ylphenyl, 3-(N-methyl-piperazin-4-yl)-phenyl, 4-(N-methyl-
piperazin-4-yl)-phenyl, 3-(N-ethyl-piperazin-4-yl)-phenyl, 4-(N-ethyl-piperazin-4-yl)-phenyl,
3-(N-tert-butoxycarbonyl-piperazin-4-yl)-phenyl, 4-(N-tert-butoxycarbonyl-piperazin-4-yl)-
phenyl, 3-(N-benzylpiperazin-4-yl)-phenyl, 4-(N-benzylpiperazin-4-yl)-phenyl, 3-[2-
(morpholin-4-yl)-ethyloxy]-phenyl, 4-[2-(morpholin-4-yl)-ethyloxy]-phenyl, 3-[2-
(piperidinyl)-ethyloxy]-phenyl, 4-[2-(piperidinyl)-ethyloxy]-phenyl, 3-[2-(piperazin-4-yl)-
ethyloxy]-phenyl, 4-[2-(piperazin-4-yl)-ethyloxy]-phenyl, 3-[2-(N-methyl-piperazin-4-yl)-
ethyloxy]-phenyl, 4-[2-(N-methyl-piperazin-4-yl)-ethyloxy]-phenyl, 3-[2-(N-ethyl-piperazin-
4-yl)-ethyloxy]-phenyl, 4-[2-(N-ethyl-piperazin-4-yl)-ethyloxy]-phenyl, 3-[2-(N-benzyl-
piperazin-4-yl)-ethyloxy]-phenyl, or 4-[2-(N-benzyl-pipefazin-4-yl)-ethyloxy]-phenyl.
[00121]  Yet even more specifically, R* is phenyl, 2-fluorophenyl, 4-fluorophenyl,
4-hydroxyphenyl, 4-methoxyphenyl, 4-aminophenyl, 3-methoxycarbonylphenyl, 4-
methoxycarbonylphenyl, 4-[(2-ethylamino-ethyl)-oxy]-phenyl, 4-[(2-diethylamino-ethyl)-
oxy]-phenyl, 4-imidazol-1-ylphenyl, 4-morpholin-4-ylphenyl, 4-piperazin-4-ylphenyl,
4-piperazin-4-ylphenyl, 4-(N-methyl-piperazin-4-yl)-phenyl, 4-(NV-ethyl-piperazin-4-yl)-
phenyl, 4-(N-tert-butoxycarbonyl-piperazin-4-yl)-phenyl, 4-[2-(morpholin-4-yl)-ethyloxy]-
phenyl, or 4-[2-(piperidinyl)-ethyloxy]-phenyl.

[00122] Another embodiment (G) of the Invention is a Compound of Formula I where R?
is phenyl, fluorophenyl, hydroxyphenyl, methoxyphenyl, aminophenyl, methylaminophenyl,
dimethylaminophenyl, ethylaminophenyl, diethylaminophenyl, methoxycarbonylphenyl,
[(2-aminoethyl)-oxy]-phenyl, [(2-alkylamino-ethyl)-oxy]-phenyl, [(2-dialkylamino-ethyl)-
oxy]-phenyl, imidazolylphenyl, morpholinylphenyl, piperazinylphenyl, (N-alkyl-piperazinyl)-
phenyl, (N-alkoxycarbonyl-piperazinyl)-phenyl, (N-benzylpiperazinyl)-phenyl,
(morpholinylalkyloxy)-phenyl, (piperidinylalkyloxy)-phenyl, (piperazinylalkyloxy)-phenyl,
(N-alkyl-piperazinylalkyloxy)-phenyl, (N-benzylpiperazinylalkyloxy)-phenyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, morpholinylalkyl, piperazinylalkyl, (N-alkyl-
piperazin-4-yl)-alkyl, (N-alkoxycarbonyl-piperazin-4-yl)-alkyl, or (N-benzyl-piperazin-4-yl)-
alkyl.

[00123] Another embodiment (H) of the Invention is a Compound of Formula I where R!
is alkyl or cycloalkyl; R* is methyl; and R® is heteroaryl optionally substituted with one or
two R’ groups. Specifically, each R®, when present, is independently alkyl, arylalkyl, cyano,
aryl, alkoxycarbonyl, or halo. Specifically, R® is pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl,

imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, thien-2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl,
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thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl,
1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl,
1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl, pyrrol-2-yl, pyrrol-3-yl, triazol-4-yl, triazol-5-yl,
or tetrazol-5-yl; each of which is optionally substituted with one R’ where R®, when present,
is methyl, benzyl, cyano, phenyl, or N-fert-butoxycarbonyl.
[00124]  Another embodiment (J) of the Invention is a Compound of Formula I where R' is
alkyl or cycloalkyl; R* is methyl; and R® is phenyl optionally substituted with one or two R’
groups. Specifically each R’, when present, is independently halo, alkoxy, or haloalkyl.
[00125] Another embodiment (K) of the the Invention is a Compound of Formula I where
R! is alkyl or cycloalkyl; R* is methyl; and R? is aryl substituted with one or two R®,
Specifically, R* is phenyl and each R? is independently halo, hydroxy, alkoxy, amino,
alkylamino,  dialkylamino, alkoxycarbonyl, = aminoalkyloxy, alkylaminoalkyloxy,
dialkylaminoalkyloxy, heteroaryl, heterocycloalkyl, or heterocycloalkylalkyloxy and where
the heterocycloalkyl in R®, either alone or as part of heterocycloalkylalkyloxy, is optionally
substituted with alkyl, alkoxycarbonyl, aryl, or arylalkyl. More specifically, R* is phenyl
and substituted with one R® where R® is heterocycloalkyl optionally substituted with alkyl,
alkylcarbonyl, alkoxycarbonyl, or arylalkyl. ‘
[00126] Another embodiment (L) of the Invention is a Comnpound of Formula where R'is
alkyl or cycloalkyl; X is -NH-; R* is alkyl; R’ is hydrogen; and
R® is acyl; and R? is R?® where R* is aryl where the aryl is optionally substituted with one R®
group; or
R® is phenyl or heteroaryl where the phenyl and heteroaryl are optionally substituted with one
or two R’ groups; and R®* is R®™ where R® is aryl, arylalkyl, cycloalkyl,
cycloalkylalkyl, or heterocycloalkylalkyl, and where the aryl, cycloalkyl, and
heterocycloalkyl, either alone or as part of another group within R?, are optionally
substituted with one or two R® groups;
each R%, when present, is independently halo, hydroxy, alkoxy, amino, alkylamino,
dialkylamino, alkoxycarbonyl, aminoalkyloxy, alkylaminoalkyloxy,
dialkylaminoalkyloxy, heteroaryl, heterocycloalkyl, or heterocycloalkylalkyloxy, and
where the heterocycloalkyl, either alone or as part of another group within R%, is
optionally substituted with alkyl, haloalkyl, alkylcarbonyl, alkoxycarbonyl, or
arylalkyl; and
each R®, when present, is independently halo, alkyl, haloalkyl, alkoxy, aryl, arylalkyl, cyano,

or alkoxycarbonyl.
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[00127]  Another embodiment of the Invention (M) is a Compound of Formula 1 where RS
is pyrazol-3-yl, pyrazol-4-yl, pyrazol-5-yl, imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, thien-
2-yl, thien-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, oxazol-2-yl, oxazol-4-yl, oxazol-5-yl,
isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl,
1,3,4-oxadiazol-2-yl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, furan-2-yl, furan-3-yl,
pyrrol-2-yl, pyrrol-3-yl, triazol-4-yl, triazol-5-yl, or tetrazol-5-yl; each of which is optionally
substituted with 1, 2, 3, 4, or 5 R? groups.

[00128] Another embodiment (N) of the Invention is a method of treating disease,
disorder, or syndrome where the disease is associated with uncontrolled, abnormal, and/or
unwanted cellular activities effected directly or indirectly by PI3Ka which method comprises
administering to a human in need thereof a therapeutically effective amount of a compound
of Formula I or II or a pharmaceutically acceptable salt, solvate, or pharmaceutical
composition thereof.

[00129] Another embodiment (P) of the invention is directed to a method of treating a
disease, disorder, or syndrome which method comprises administering to a patient a
therapeutically effective amount of a compound of Formula I or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition comprising a
therapeutically effective amount of a compound of Formula I and a pharmaceutically
acceptable carrier, excipient, or diluent. Specifically, the disease is cancer. More
specifically, the cancer is breast cancer, colon cancer, rectal cancer, endometrial cancer,
gastric carcinoma, glioblastoma, hepatocellular carcinoma, small cell lung cancer, non-small
cell lung cancer, melanoma, ovarian cancer, cervical cancer, pancreatic cancer, prostate
carcinoma, acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), or
thyroid carcinoma. Even more specifically, the cancer is ovarian cancer, cervical cancer,
breast cancer, colon cancer, rectal cancer, or glioblastomas.

[00130] Another embodiment (Q) of the Invetnion is directed to a method of treating a
disease, disorder, or syndrome which method comprises administering to a patient a
therapeutically effective amount of a compound of Formula II or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition comprising a
therapeutically effective amount of a compound of Formula II and a pharmaceutically
acceptable carrier, excipient, or diluent. Specifically, the disease is cancer. More
specifically, the cancer is breast cancer, colorectal cancer, endometrial cancer, gastric

carcinoma, glioblastoma, hepatocellular carcinoma, small cell lung cancer, non-small cell
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lung cancer, melanoma, ovarian cancer, endometrial cancer, cervical cancer, pancreatic
cancer, prostate carcinoma, acute myelogenous leukemia (AML), chronic myelogenous
leukemia (CML), melanoma, or thyroid carcinoma. Even more specifically, the cancer is
breast cancer, non-small cell lung cancer, small cell lung cancer, glioblastoma, acute
myelogenous leukemia (AML), chronic myelogenous leukemia (CML), prostate carcinoma,
melanoma, ovarian cancer, pancreatic cancer, colorectal cancer, endometrial cancer, thyroid
carcinoma, or gastric carcinoma. Yet even more specifically, the cancer is ovarian cancer,
cervical cancer, breast cancer, colon cancer, rectal cancer, or glioblastomas.

[00131] Another aspect of the invention is a method of inhibiting proliferative activity in a
cell, the method comprising administering to a cell or a plurality of cells an effective amount
of a compound of Formula I, or a pharmaceutically acceptable salt, solvate, or prodrug
thereof, or pharmaceutical composition thereof.

[00132] Another aspect of the invention is directed to employing the compounds of the
invention in a method of screening for candidate agents that bind to, for example PI3Ka. The
protein is bound to a support, and a compound of the invention is added to the assay.
Alternatively, the compound of the invention is bound to the support and the protein is added.
Classes of candidate agents among which novel binding agents may be sought include
specific antibodies, non-natural binding agents identified in screens of chemical libraries,
peptide analogs, etc. Of particular interest are screening assays for candidate agents that have
a low toxicity for human cells. A wide variety of assays may be used for this purpose,
including labeled in vitro protein-protein binding assays, electrophoretic mobility shift
assays, immunoassays for protein binding, functional assays (phosphorylation assays, etc.)
and the like.

[00133] The determination of the binding of the candidate agent to, for example, PI3Ka
can be done in a number of ways. In oné example, the candidate agent (the compound of the
invention) is labeled, for example, with a fluorescent or radioactive moiety and binding
determined directly. For example, this may be done by attaching all or a portion of the PI3Ka.
protein to a solid support, adding a labeled agent (for example a compound of the invention
in which at least one atom has been replaced by a detectable isotope), washing off excess
reagent, and determining whether the amount of the label is that present on the solid support.
Various blocking and washing steps may be utilized as is known in the art.

[00134] The term “labeled” as used herein is meant to include both direct and indirect

labeling with a compound that provides a detectable signal, for example, radioisotope,
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fluorescent tag, enzyme, antibodies, particles such as magnetic particles, chemiluminescent
tag, or specific binding molecules, and the like. Specific binding molecules include pairs,
such as biotin and streptavidin, digoxin and antidigoxin, and the like. For the specific binding
members, the complementary member would normally be labeled with a molecule which
provides for detection, in accordance with known procedures, as outlined above. The label
can directly or indirectly provide a detectable signal.

[00135]) In some embodiments, only one of the components is labeled. For example,
PI3Ko protein may be labeled at tyrosine positions using 121 or with fluorophores.
Alternatively, more than one component may be labeled with different labels; using '*I for
the proteins, for example, and a fluorophor for the candidate agents.

[00136) The compounds of the invention may also be used as competitors to screen for
additional drug candidates. The terms “candidate bioactive agent” or “drug candidate” or
grammatical equivalents as used herein describe any molecule, e.g., protein, oligopeptide,
small organic molecule, polysaccharide, polynucleotide, etc., to be tested for bioactivity.
They may be capable of directly or indirectly altering the cellular proliferation phenotype or
the expression of a cellular proliferation sequence, including both nucleic acid sequences and
protein sequences. In other cases, alteration of cellular proliferation protein binding and/or
activity is screened. In the case where protein binding or activity is screened, some
embodiments exclude molecules already known to bind to that particular protein. Exemplary
embodiments of assays described herein include candidate agents, which do not bind the
target protein in its endogenous native state, termed herein as “exogenous” agents. In one
example, exogenous agents further exclude antibodies to PI3Ka.

[00137] Candidate agents can encompass numerous chemical classes, though typically
they are organic molecules having a molecular weight of more than about 100 and less than
about 2,500 daltons. Candidate agents comprise functional groups necessary for structural
interaction with proteins, particularly hydrogen bonding and lipophilic binding, and typically
include at least an amine, carbonyl, hydroxyl, ether, or carboxyl group, for example at least
two of the functional chemical groups. The candidate agents often comprise carbocyclic or
heterocyclic structures and/or aromatic or polyaromatic structures substituted with one or
more of the above functional groups. Candidate agents are also found among biomolecules
including peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives,

structural analogs, or combinations thereof.
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[00138] Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for random and
directed synthesis of a wide variety of organic compounds and biomolecules, including
expression of randomized oligonucleotides. Alternatively, libraries of natural compounds in
the form of bacterial, fungal, plant and animal extracts are available or readily produced.
Additionally, natural or synthetically produced libraries and compounds are readily modified
through conventional chemical, physical and biochemical means. Known pharmacological
agents may be subjected to directed or random chemical modifications, such as acylation,
alkylation, esterification, amidification to produce structural analogs.

[00139] In one example, the binding of the candidate agent is determined through the use
of competitive binding assays. In this example, the competitor is a binding moiety known to
bind to PI3Ka, such as an antibody, peptide, binding partner, ligand, etc. Under certain
circumstances, there may be competitive binding as between the candidate agent and the
binding moiety, with the binding moiety displacing the candidate agent.

[00140] In some embodiments, the candidate agent is labeled. Either the candidate agent,
or the competitor, or both, is added first to PI3Ka protein for a time sufficient to allow
binding, if present. Incubations may be performed at any temperature that facilitates optimal
activity, typically between 4°C and 40°C.

[00141] Incubation periods are selected for optimum activity, but may also be optimized to
facilitate rapid high throughput screening. Typically between 0.1 and 1 hour will be
sufficient. Excess reagent is generally removed or washed away. The second component is
then added, and the presence or absence of the labeled component is followed, to indicate
binding.

[00142] In one example, the competitor is added first, followed by the candidate agent.
Displacement of the competitor is an indication the candidate agent is binding to PI3Ka and
thus is capable of binding to, and potentially modulating, the activity of the PI3Ka. In this
embodiment, either component can be labeled. Thus, for example, if the competitor is
labeled, the presence of label in the wash solution indicates displacement by the agent.
Alternatively, if the candidate agent is labeled, the presence of the label on the support
indicates displacement.

[00143] In an alternative embodiment, the candidate agent is added first, with incubation
and washing, followed by the competitor. The absence of binding by the competitor may
indicate the candidate agent is bound to PI3Ko with a higher affinity. Thus, if the candidate

35



WO 2007/044698 PCT/US2006/039472

agent is labeled, the presence of the label on the support, coupled with a lack of competitor
binding, may indicate the candidate agent is capable of binding to PI3Ka.

[00144] It may be of value to identify the binding site of PI3Ka. This can be done in a
variety of ways. In one embodiment, once PI3K« is identified as binding to the candidate
agent, the PI3Ka is fragmented or modified and the assays repeated to identify the necessary
components for binding. ‘

[00145] Modulation is tested by screening for candidate agents capable of modulating the
activity of PI3Ka comprising the steps of combining a candidate agent with PI3Ka., as above,
and determining an alteration in the biological activity of the PI3Ka. Thus, in this
embodiment, the candidate agent should both bind to (although this may not be necessary),
and alter its biological or biochemical activity as defined herein. The methods include both in
vitro screening methods and in vivo screening of cells for alterations in cell viability,
morphology, and the like.

[00146] Alternatively, differential screening may be used to identify drug candidates that
bind to native PI3Ka, but cannot bind to modified PI3K .

[00147] Positive controls and negative controls can be used in the assays. For example, all
control and test samples are performed in at least triplicate to obtain statistically significant
results. Incubation of samples is for a time sufficient for the binding of the agent to the
protein. Following incubation, samples are washed free of non-specifically bound material
and the amount of bound, generally labeled agent determined. For example, where a
radiolabel is employed, the samples can be counted in a scintillation counter to determine the
amount of bound compound.

[00148] A variety of other reagents can be included in the screening assays. These include
reagents like salts, neutral proteins, e.g., albumin, detergents, etc which may be used to
facilitate optimal protein-protein binding and/or reduce non-specific or background
interactions. Also reagents that otherwise improve the efficiency of the assay, such as
protease inhibitors, nuclease inhibitors, anti-microbial agents, etc., may be used. The mixture
of components can be added in any order that provides for the requisite binding.

[00149]  One of ordinary skill in the art would understand that certain crystallized, protein-
ligand complexes, in particular PI3Ka-ligand-ligand complexes, and their corresponding
x-ray structure coordinates can be used to reveal new structural information useful for
understanding the biological activity of kinases as described herein. As well, the key

structural features of the aforementioned proteins, particularly, the shape of the ligand
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binding site, are useful in methods for designing or identifying selective modulators of
kinases and in solving the structures of other proteins with similar features. Such protein-
ligand complexes, having compounds of the invention as their ligand component, are an
aspect of the invention.

[00150] As well, one of ordinary skill in the art would appreciate that such suitable x-ray
quality crystals can be used as part of a method of identifying a candidate agent capable of
binding to and modulating the activity of kinases. Such methods may be characterized by the
following aspects: a) introducing into a suitable computer program, information defining a
ligand binding domain of a kinase in a conformation (e.g. as defined by x-ray structure
coordinates obtained from suitable x-ray quality crystals as described above) wherein the
computer program creates a model of the three dimensional structures of the ligand binding
domain, b) introducing a model of the three dimensional structure of a candidate agent in the
computer program, ¢) superimposing the model of the candidate agent on the model of the
ligand binding domain, and d) assessing whether the candidate agent model fits spatially into
the ligand binding domain. Aspects a-d are not necessarily carried out in the aforementioned
order. Such methods may further entail: performing rational drug design with the model of
the three-dimensional structure, and selecting a potential candidate agent in conjunction with
computer modeling.

[00151] Additionally, one skilled in the art would appreciate that such methods may
further entail: employing a candidate agent, so-determined to fit spatially into the ligand
binding domain, in a biological activity assay for kinase modulation, and determining
whether said candidate agent modulates kinase activity in the assay. Such methods may also
include administering the candidate agent, determined to modulate kinase activity, to a
mammal suffering from a condition treatable by kinase modulation, such as those described
above.

[00152] Also, one skilled in the art would appreciate that compounds of the invention can
be used in a method of evaluating the ability of a test agent to associate with a molecule or
molecular complex comprising a ligand binding domain of a kinase. Such a method may be
characterized by the following aspects: a) creating a computer model of a kinase binding
pocket using structure coordinates obtained from suitable x-ray quality crystals of the kinase,
b) employing computational algorithms to perform a fitting operation between the test agent
and the computer model of the binding pocket, and c¢) analyzing the results of the fitting
operation to quantify the association between the test agent and the computer model of the

binding pocket.
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Representative Compounds
[00153]) Representative compounds of Formula I and/or II are depicted below. The
examples are merely illustrative and do not limit the scope of the invention in any way.
Compounds of the invention are named according to systematic application of the
nomenclature rules agreed upon by the International Union of Pure and Applied Chemistry
(IUPAC), International Union of Biochemistry and Molecular Biology (IUBMB), and the
Chemical Abstracts Service (CAS). Names were generated using ACD/Labs naming

software 8.00 release, product version 8.08.

Table 1
Example Structure Name
Br
N~ ' N 6-bromo-8-ethyl-4-methyl-2-
1 PS [(phenylmethyl)amino]pyrido[2,3-
©/\ H N T\'l\ @ d]pyrimidin-7(8 H)-one
B ,
N7 o 6-bromo-8-ethyl-4-methyl-2-
2 /]\\ ' (phenylamino)pyrido[2,3-
'I:l' N° 'N” "0 : d]pyrimidin-7(8 H)-one
Br .
N | A 6-bromo-2-(cyclopentylamino)-8-
3 PN ethyl-4-methylpyrido[2,3-
}I:l' r\ll\ @] d]pyrimidin-7(8 H)-one
NZ N 8-ethyl—4—n_1ethyl~§—pheny]-2-
4 )\ | (phenylamino)pyridof2,3-
N \N Nige) d]pyrimidin-7(8 H)-one
H
Br ‘
N7 l N 6-bromo-2-(cyclohexylamino)-8-
5 /|\\ ethyl-4-methylpyrido[2,3-
N~ N° N "O d]pyrimidin-7(8 H)-one
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Example

Structure

Name

6-bromo-8-ethyl-4-methyl-2-[(2-
morpholin-4-
ylethyl)amino]pyrido[2,3-
d]pyrimidin-7(8 H)-one

6-bromo-8-cthyl-4-methyl-2-[(3-
morpholin-4-
ylpropyl)amino]pyrido[2,3-
d)pyrimidin-7(8H)-one

6-bromo-8-ethyl-2-[(2-
fluorophenyl)amino]-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

6-bromo-8-ethyl-4-methyl-2-{[4-
(4-methylpiperazin-1-
yl)phenyl]amino}pyrido[2,3-
d]pyrimidin-7(8H)-one

10

6-bromo-8-ethyl-2-{[4-(4-
ethylpiperazin-1-
yDphenyl}amino}-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

11

6-bromo-8-ethyl-4-methyl-2-({4-
{4-(phenylmethyl)piperazin-1-
yllphenyl}amino)pyrido[2,3-
d]pyrimidin-7(8 H)-one

12

6-bromo-8-ethyl-4-methyl-2-[(4-
morpholin-4-
ylphenyl)amino]pyrido[2,3-
d]pyrimidin-7(8H)-one
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Example

Structure

Name

13

8-ethyl-4-methyl-2-{[4-(4-
methylpiperazin-1-
yl)phenyljamino}-6-(2-
thienyl)pyrido[2,3-d]pyrimidin-
7(8H)-one

14

8-cthyl-4-methyl-2-({4-[4-
(phenylmethyl)piperazin-1-
yllphenyl}amino)-6-(2-
thienyl)pyrido[2,3-d]pyrimidin-
7(8H)-one

15

8-ethyl-2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-(2-
thienyl)pyrido[2,3-d]pyrimidin-
7(8H)-one

16

8-ethyl-2-{[4-(4-ethylpiperazin-1--
yl)phenyl]amino}-6-furan-3-yl-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

17

8-ethyl-2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-
phenylpyrido[2,3-d]pyrimidin-
7(8 H)-one

18

2-{[4-(4-ethylpiperazin-1-
yDphenyl]lamino}-4-methyl-8-(1-
methylethyl)-6-(2- )
thienyl)pyrido[2,3-d]pyrimidin-
7(8H)-one

19

8-ethyl-2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-6-(3-
fluorophenyl)-4-methylpyrido[2,3-
d]pyrimidin-7(8 H)-one
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Structure

20

Name

L
™
Yool
N

2-{[4-(4-ethylpiperazin-1-
yDphenyllamino}-4-methyl-8-(1-
methylethyl)-6-phenylpyrido[2,3-
d]pyrimidin-7(8 H)-one

21

2-[(4-{[2-
(diethylamino)ethyl]oxy}phenyl)a
mino]-8-ethyl-4-methyl-6-
phenylpyrido[2,3-d]pyrimidin-
7(8H)-one

22

8-ethyl-2-[(4-
hydroxyphenyl)amino]-4-methyl-
6-phenylpyrido[2,3-d]pyrimidin-
7(8H)-one

23

8-ethyl-2-{[4-(4-ethylpiperazin-1-
ybphenyl]amino}-4-methyl-6-(1H-
pyrazol-5-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

24

6-(3,5-difluorophenyl)-8-ethyl-2-
{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-
methylpyrido[2,3-d]pyrimidin-
7(8 H)-one

25

8-ethyl-4-methyl-6-phenyl-2-({4-
[(2-piperidin-1-
ylethyl)oxy]phenyl}amino)pyrido[
2,3-d]pyrimidin-7(8 H)-one

26

8-ethyl-4-methyl-2-({4-[(2-
morpholin-4-
ylethyl)oxy]phenyl}amino)-6-
phenylpyrido[2,3-d]pyrimidin-
7(8H)-one
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Structure

Name

27

/\N

LT
II:I'/“\N//I'\I\O

Br

6-bromo-2-{[4-(4-ethylpiperazin-
1-yl)phenyl]amino}-4-methyl-8-(1-
methylethyl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

28

S ol
N/“\N/N o)

2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-8-(1-
methylethyl)-6-(1H-pyrazol-5-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

.

N
29

~

LN

3

(@]
I\)Nj)?)‘\
v

6-acetyl-8-ethyl-2-{[4~(4-
ethylpiperazin-1-
yl)phenyljamino}-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

30

1,1-dimethylethyl 4-{4-[(6-bromo-
8-ethyl-4-methyl-7-0x0-7,8-
dihydropyrido[2,3-d]pyrimidin-2-
yl)amino]phenyl}piperazine-1-
carboxylate

31

6-bromo-8-ethyl-4-methyl-2-[(4-
piperazin-1-
ylphenyl)amino]pyrido[2,3-
d]pyrimidin-7(8 H)-one

32

cyclopentyl-2-{[4-(4-
ethylpiperazin-1-
yl)phenyl]Jamino}-4-methyl-6-(1 H-
pyrazol-5-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

33

6-bromo-8-ethyl-2-[(4-
fluorophenyl)amino]-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

42




WO 2007/044698

PCT/US2006/039472

Example

Structure

Name

34

N—
F N XYY
P
N~ "N "0

ZT

N

N

O

8-cyclopentyl-2-[(4-
fluorophenyl)amino]-4-methyl-6-
(1H-pyrazol-3-ylpyrido[2,3-
dlpyrimidin-7(8/1)-one

35

CL X
N lBr
ROSS
P
N~ °N
H

6-bromo-8-cyclopentyl-2-[(4-
hydroxyphenyl)amino]-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

36

6-bromo-8-cyclopentyl-4-methyl-
2-({4-[(2-piperidin-1-
ylethyl)oxy]phenyl}amino)pyrido[
2,3-d]pyrimidin-7(8 H)-one

37

8-cyclopentyl-4-methyl-2-
(phenylamino)-6-(1 H-pyrazol-3-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

38

1,1-dimethylethyl 4-(4-{[8-
cyclopentyl-4-methyl-7-0x0-6-
(1H-pyrazol-5-yl)-7,8-
dihydropyrido[2,3-d]pyrimidin-2-
ylJamino} phenyl)piperazine-1-
carboxylate

39

8-cyclopentyl-4-methyl-2-[(4-
piperazin-1-ylphenyl)amino]-6-
(1H-pyrazol-5-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one
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" Example Structure

Name

N N7
40 N/|\\N
H

X

8-cyclopentyl-4-methyl-2-({4-[(2-
piperidin-1-
ylethyl)oxy]phenyl}amino)-6-(1H-
pyrazol-3-yl)pyrido[2,3-
d]pyrimidin-7(8 4)-one

41

2-(cyclopropylamino)-8-ethyl-4-
methyl-6-(1H-pyrazol-5-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

42

2-[(cyclopropylmethyl)amino]-8-
ethyl-4-methyl-6-(1 H-pyrazol-5-
yl)pyrido[2,3-d]pyrimidin-7(8H)-
one

43

8-cyclopentyl-2-[(4-
hydroxyphenyl)amino]-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

44

8-cyclopentyl-4-methyl-2-{[4-
(methyloxy)phenyl]amino} pyrido[
2,3-d]pyrimidin-7(8 H)-one

ML
45 |
o

8-cyclopentyl-4-methyl-2-{(4-
piperazin-1-
ylphenyl)amino]pyrido[2,3-
dlpyrimidin-7(8 H)-one

44
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Example Structure Name
L
Lo
N X 8-cyclopentyl-2-[(4-
/H\ P fluorophenyl)amino]-4-

46 HN” SN . o
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

F

LA
’ |8

8-ethyl-4-methyl-2-[(4-piperazin-
1-ylphenyl)amino]-6-(1,3-thiazol-
2-yDpyrido[2,3-d]pyrimidin-
7(8H)-one

LON
| Y

8-ethyl-2-{[4-(4-ethylpiperazin-1-
yDphenyljamino}-4-methyl-6-(1,3-
thiazol-2-yl)pyrido[2,3-
dlpyrimidin-7(8 H)-one

LN
N/
N)%N
H

8-ethyl-4-methyl-2-{[4-(4-
methylpiperazin-1-
yl)phenylJamino}-6-(1,3-thiazol-2-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

50

2-((4-aminophenyl)amino]-8-
cyclopentyl-4-methylpyrido[2,3-
dlpyrimidin-7(8H)-one

N7
|
51 0. m/l\N/

methyl 3-[(8-cyclopentyl-4-
methyl-7-0x0-7,8-
dihydropyrido[2,3-d]pyrimidin-2-
yl)amino]benzoate
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Structure

Name

52

o

o NI
N)I\N/ N0
H é

methyl 4-[(8-cyclopentyl-4-
methyl-7-0x0-7,8-
dihydropyrido[2,3-d]pyrimidin-2-
yl)amino]benzoate

53

QLT
&

8-cyclopentyl-4-methyl-2-
(phenylamino)pyrido[2,3-
d]pyrimidin-7(8 H)-one

54

2-{[4-(4-ethylpiperazin-1-

yl)phenyl]amino}-4-methyl-8-(1-
methylethyl)pyrido[2,3-
d)pyrimidin-7(8 H)-one

55

8-cyclopentyl-2-{[4-(1 H-imidazol-
1-yl)phenylJamino}-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

56

8-cyclopentyl-2-{[4-(1 H-imidazol-

_1-yl)phenyl]amino}-4-methyl-6-
(1H-pyrazol-5-yl)pyrido[2,3-

d]pyrimidin-7(8 H)-one

57

8-cyclopentyl-2-{[4~(1 H-imidazol-
1-yl)phenyllamino}-4-methyl-6-
(1,3-thiazol-2-yl)pyrido(2,3-
d]pyrimidin-7(8 H)-one
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8-cyclopentyl-4-methyl-2-[(4-
piperazin-1-ylphenyl)amino]-6-
(1,3-thiazol-2-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

59

N
Y A )
‘ Oﬁi\%;

8-cyclopentyl-4-methyl-2-{[4-(4-
methylpiperazin-1-
yl)phenyl]amino}-6-(1,3-thiazol-2-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

60
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8-cyclopentyl-2-{[4-(4-
ethylpiperazin-1-
yl)phenyljamino}-4-methyl-6-(1,3-
thiazol-2-yl)pyrido[2,3-
dlpyrimidin-7(8 H)-one

8-cyclopentyl-2-{[4-(4-
ethylpiperazin-1-
yl)phenyl]Jamino}-4-
methylpyrido[2,3-d]pyrimidin-
7(8H)-one

62

N

8-ethyl-4-methyl-2-({[4-(4-
methylpiperazin-1-
yl)phenyllmethyl}amino)pyrido[2,
3-d]pyrimidin-7(8 H)-one

63
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e¥ens
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8-ethyl-2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-(1 H-
pyrazol-1-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

64

2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-8-(1-
methylethyl)-6-(1 H-pyrazol-1-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one
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8-cyclopentyl-2-{[4-(4-
ethylpiperazin-1-
yDphenyl]amino}-4-methyl-6-(1H-
pyrazol-1-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

66

8-cyclohexyl-2-{[4-(4-
ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-(1H-
pyrazol-5-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

67

6-bromo-2-{[4-(4-ethylpiperazin-
1-yl)phenyl]amino}-4-methyl-8-
(tetrahydro-2 H-pyran-4-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

68

2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-(1H-
pyrazol-5-yl)-8-(tetrahydro-2 H-
pyran-4-yl)pyrido[2,3-d]pyrimidin-
7(8H)-one

69

6-bromo-2-{[4-(4-ethylpiperazin-
1-yl)phenyl]amino}-4-methyl-8-

(tetrahydrofuran-3-yl)pyrido[2,3-
d)pyrimidin-7(8 H)-one

70

2-{[4-(4-ethylpiperazin-1-
yl)phenyl]amino}-4-methyl-6-(1H-
pyrazol-5-yl)-8-(tetrahydrofuran-3-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one
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2-{[4-(4-ethylpiperazin-1-
yDphenylJamino}-4-methyl-6-(1H-
pyrazol-5-y1)-8-[(3R)-
tetrahydrofuran-3-yl]pyrido[2,3-
d]pyrimidin-7(8 H)-one

72

2-{[4-(4-ethylpiperazin-1-
yl)phenyl]lamino}-4-methyl-6-(1H-
pyrazol-5-y1)-8-[(35)-
tetrahydrofuran-3-yl]pyrido[2,3-
dlpyrimidin-7(8 H)-one

'N’Q >

8-cyclopentyl-2-[(4-{[2-
(diethylamino)ethyl]oxy} phenyl)a
mino]-4-methyl-6-(1,3-thiazol-2-
yDpyrido[2,3-d]pyrimidin-7(8 H)-
one

74 OJ NO\@\ )\ 0
é

8-cyclopentyl-4-methyl-2-({4-[(2-
morpholin-4-
ylethyl)oxy]phenyl}amino)-6-(1,3-
thiazol-2-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

W’Q ¢
H
75 e

8-cyclopentyl-2-[(4-{[2-
(diethylamino)ethyl]oxy} phenyl)a
mino]-4-methyl-6-(1H-pyrazol-5-
yl)pyrido[2,3-d]pyrimidin-7(8 H)-
one

\
N/\/O { N'N 8-cyclopentyl-4-methyl-2-({4-[(2-
\©\ H morpholin-4-

76 o ylethyl)oxy]phenyl}amino)-6-(1H-
pyrazol-5-yl)pyrido[2,3-
d]pyrimidin-7(8 H)-one

General Administration
[00154] In one aspect, the invention-provides pharmaceutical compositions comprising an

inhibitor of PI3K according to the invention and a pharmaceutically acceptable carrier,

excipient, or diluent. In certain other specific embodiments, administration is by the oral
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route. Administration of the compounds of the invention, or their pharmaceutically
acceptable salts, in pure form or in an appropriate pharmaceutical composition, can be carried
out via any of the accepted modes of administration or agents for serving similar utilities.
Thus, administration can be, for example, orally, nasally, parenterally (intravenous,
intramuscular, or subcutaneous), topiéally, transdermally, intravaginally, intravesically,
intracistemally, or rectally, in the form of solid, semi-solid, lyophilized powder, or liquid
dosage forms, such as for example, tablets, suppositories, pills, soft elastic and hard gelatin
capsules, powders, solutions, suspensions, or aerosols, or the like, specifically in unit dosage
forms suitable for simple administration of precise dosages.

[00155] The compositions will include a conventional pharmaceutical carrier or excipient
and a compound of the invention as the/an active agent, and, in addition, may include carriers
and adjuvants, etc.

[00156] Adjuvants include preserving, wetting, suspending, sweetening, flavoring,
perfuming, emulsifying, and dispensing agents. Prevention of the action of microorganisms
can be ensured by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic
agents, for example sugars, sodium chloride, and the like. Prolonged absorption of the
injectable pharmaceutical form can be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin.

[00157) . If desired, a pharmaceutical composition of the invention may also contain minor
amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering agents,
antioxidan<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>