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HSP90 INHIBITORS CONTAINING A ZINC BINDING MOIETY

RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 60/895,915, filed
on March 20, 2007. The entire teaching of the above application is incorporated herein by

reference.

BACKGROUND OF THE INVENTION

HSP90s are ubiquitous chaperone proteins that are involved in proper protein folding and
stabilization of a wide range of proteins, including key proteins involved in signal transduction,
cell cycle control and transcriptional regulation. Researchers have reported that HSP90
chaperone proteins are associated with important signaling proteins, such as steroid hormone
receptors and protein kinases, ( e.g., Raf-1, EGFR, v-Src family kinases, Cdk4, and ErbB-2),
many of which are overexpressed or mutated in various cancers (Buchner J. T7BS, 1999, 24, 136
141; Stepanova, L. et al. Genes Dev. 1996, 10, 1491 502; Dai, K. et al. J. Biol. Chem. 1996, 271,
22030-4). Studies further indicate that certain co-chaperones, e.g., HSP70, p60/Hop/Stil, Hip,
Bagl, HSP40/Hdj2/Hsj1, immunophilins, p23, and p50, may assist HSP90 in its function
(Caplan, A. Trends in Cell Biol. 1999, 9, 262 63).

HSP90 has been shown by mutational analysis to be necessary for the survival of normal
eukaryotic cells. However, HSP90 is overexpressed in many tumor types indicating that it may
play a significant role in the survival of cancer cells and that cancer cells may be more sensitive
to inhibition of HSP90 than normal cells. In fact, cancer cells typically have a large number of
mutated and overexpressed oncoproteins that are dependent on HSP90 for folding. In addition,
because the environment of a tumor is typically hostile due to hypoxia, nutrient deprivation,
acidosis, etc., tumor cells may be especially dependent on HSP90 for survival. Moreover,
inhibition of HSP90 causes simultanecous inhibition of a number of client oncoproteins, as well
as hormone receptors and transcription factors making it an attractive target for an anti-cancer
agent.

The two main classes of HSP90 inhibitors that are currently pursued by many companies
are based on the natural antibiotic geldanamycin and synthetic purine-scaffold. Several
promising geldanamycin related HSP90 inhibitors are currently in clinical trial namely, 17-
allylamino 17-demethoxygeldanamycin (17-AAG), 17-dimethylaminoethylamino-17-
demethoxygeldanamycin (17-DMAG) and IP1-504. Furthermore, many of the purine-scaffold
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HSP90 inhibitors are showing positive preclinical results. Currently, the frontrunner in the
purine-scaffold is CNF-2024, which is currently in phase 1 clinical trial.

Elucidation of the complex and multifactorial nature of various diseases that involve
multiple pathogenic pathways and numerous molecular components suggests that multi-targeted
therapies may be advantageous over mono-therapies. Recent combination therapies with two or
more agents for many such diseases in the areas of oncology, infectious disease, cardiovascular
disease and other complex pathologies demonstrate that this combinatorial approach may
provide advantages with respect to overcoming drug resistance, reduced toxicity and, in some
circumstances, a synergistic therapeutic effect compared to the individual components.

Certain cancers have been effectively treated with such a combinatorial approach;
however, treatment regimes using a cocktail of cytotoxic drugs often are limited by dose limiting
toxicities and drug-drug interactions. More recent advances with molecularly targeted drugs
have provided new approaches to combination treatment for cancer, allowing multiple targeted
agents to be used simultaneously, or combining these new therapies with standard
chemotherapeutics or radiation to improve outcome without reaching dose limiting toxicities.
However, the ability to use such combinations currently is limited to drugs that show compatible
pharmacologic and pharmacodynamic properties. In addition, the regulatory requirements to
demonstrate safety and efficacy of combination therapies can be more costly and lengthy than
corresponding single agent trials. Once approved, combination strategies may also be associated
with increased costs to patients, as well as decreased patient compliance owing to the more
intricate dosing paradigms required.

In the field of protein and polypeptide-based therapeutics it has become commonplace to
prepare conjugates or fusion proteins that contain most or all of the amino acid sequences of two
different proteins/polypeptides and that retain the individual binding activities of the separate
proteins/polypeptides. This approach is made possible by independent folding of the component
protein domains and the large size of the conjugates that permits the components to bind their
cellular targets in an essentially independent manner. Such an approach is not, however,
generally feasible in the case of small molecule therapeutics, where even minor structural
modifications can lead to major changes in target binding and/or the
pharmacokinetic/pharmacodynamic properties of the resulting molecule.

The use of HSP90 inhibitors in combination with histone deacetylases (HDAC) has been
shown to produce synergistic effects. Histone acetylation is a reversible modification, with
deacetylation being catalyzed by a family of enzymes termed HDAC’s. HDAC’s are

represented by X genes in humans and are divided into four distinct classes (J Mol Biol, 2004,
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338:1, 17-31). In mammalians class | HDAC’s (HDACI-3, and HDACS) are related to yeast
RPD3 HDAUC, class 2 (HDAC4-7, HDAC9 and HDACI10) related to yeast HDAI, class 4
(HDACI1), and class 3 (a distinct class encompassing the sirtuins which are related to yeast
Sir2).

Csordas, Biochem. J., 1990, 286: 23-38 teaches that histones are subject to post-
translational acetylation of the, e-amino groups of N-terminal lysine residues, a reaction that is
catalyzed by histone acetyl transferase (HAT1). Acetylation neutralizes the positive charge of
the lysine side chain, and is thought to impact chromatin structure. Indeed, access of
transcription factors to chromatin templates is enhanced by histone hyperacetylation, and
enrichment in underacetylated histone H4 has been found in transcriptionally silent regions of
the genome (Taunton ef al., Science, 1996, 272:408-411). In the case of tumor suppressor genes,
transcriptional silencing due to histone modification can lead to oncogenic transformation and
cancer.

Several classes of HDAC inhibitors currently are being evaluated by clinical
investigators. The first FDA approved HDAC inhibitor is Suberoylanilide hydroxamic acid
(SAHA, Zolinza®) for the treatment of cutaneous T-cell lymphoma (CTCL). Other HDAC
inhibitors include hydroxamic acid derivatives, PXD101, LBH589 and LAQ®&24, are currently in
the clinical development. In the benzamide class of HDAC inhibitors, MS-275, MGCDO0103
and CI-994 have reached clinical trials. Mourne et al. (Abstract #4725, AACR 2005),
demonstrate that thiophenyl modification of benzamides significantly enhance HDAC inhibitory
activity against HDACI.

Recent advances suggest that HSP90 inhibitors in combination with HDAC inhibitors
may provide advantageous results in the treatment of cancer. For example, co-treatment with
HDAC inhibitor SAHA and HSP90 inhibitor 17-AAG synergistically induces apoptosis in Ber-
Abl" cells sensitive and resistant to STI571 (imatinib mesylate) (Rahmani, M., et al., Mol
Pharmacol, 2005, 67:1166—1176). In addition, combination of the histone deacetylase inhibitor
LBHS589 and the HSP90 inhibitor1 7-AAG was found to be highly active against human CML-
BC cells and AML cells with activating mutation of FLT-3 (George, P., et al., BLOOD, 2005,
105(4), 1768-1776).

Current therapeutic regimens of the types described above attempt to address the problem
of drug resistance by the administration of multiple agents. However, the combined toxicity of
multiple agents due to off-target side effects as well as drug-drug interactions often limits the
effectiveness of this approach. Moreover, it often is difficult to combine compounds having

differing pharmacokinetics into a single dosage form, and the consequent requirement of taking
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multiple medications at different time intervals leads to problems with patient compliance that
can undermine the efficacy of the drug combinations. In addition, the health care costs of
combination therapies may be greater than for single molecule therapies. Furthermore, it may be
more difficult to obtain regulatory approval of a combination therapy since the burden for
demonstrating activity/safety of a combination of two agents may be greater than for a single
agent (Dancey J & Chen H, Nat. Rev. Drug Dis., 2006, 5:649). The development of novel agents
that target multiple therapeutic targets selected not by virtue of cross reactivity, but through
rational design will help improve patient outcome while avoiding these limitations. Thus,
enormous efforts are still directed to the development of selective anti-cancer drugs as well as to

new and more efficacious combinations of known anti-cancer drugs.

SUMMARY OF THE INVENTION

The present invention relates to HSP90 inhibitors containing zinc-binding moiety based
derivatives that have enhanced and unexpected properties as inhibitors of HSP90 and their use in
the treatment of HSP90 related diseases and disorders such as cancer.

The compounds of the present invention may further act as HDAC or matrix
metalloproteinase (MMP) inhibitors by virtue of their ability to bind zinc ions. Surprisingly
these compounds are active at multiple therapeutic targets and are effective for treating disease.
Moreover, in some cases it has even more surprisingly been found that the compounds have
enhanced activity when compared to the activities of combinations of separate molecules
individually having the HSP90 and HDAC activities. In other words, the combination of
pharmacophores into a single molecule may provide a synergistic effect as compared to the
individual pharmacophores. More specifically, it has been found that it is possible to prepare
compounds that simultaneously contain a first portion of the molecule that binds zinc ions and
thus permits inhibition of HDAC and/or matrix metalloproteinase (MMP) activity and at least a
second portion of the molecule that permits binding to a separate and distinct target that inhibits
HSP90 and thus provides therapeutic benefit. Preferably, the compounds of the present invention
inhibit both HSP90 and HDAC activity.

Accordingly, the present invention provides a compound having the general formula I:

Vi

u Q

NT /

| X
# N
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or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically acceptable
salts, prodrugs and solvates thereof, wherein
Uis N or CH;
W is N or CH;
5 X is absent, O, S, S(O), S(O),, N(Rs), CF, or C-Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl,
in which one or more methylene can be interrupted or terminated by O, S, SO, SO,,
N(Rgs)., Rg is hydrogen, acyl, aliphatic or substituted aliphatic;
Y is independently hydrogen, halogen, NO,, CN, or lower alky];
Z is amino, alkylamino, or dialkylamino;
10 Q is aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, or
heterocycloalkyl;
V is hydrogen, straight- or branched-, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, which one or more
methylenes can be interrupted or terminated by O, S, S(O), SO,, N(Rg), C(0O),
15 substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

unsubstituted heterocyclic; substituted or unsubstituted cycloalkyl;

and wherein Q and/or V is further substituted by §—B—C , where

C is selected from:

Rg\z)kvfg‘)2

o
(a Rs Rz . where Wi is O orS; Yy is absent, N, or CH; Z; is N or CH; R; and

20 Ry are independently hydrogen, OR’, aliphatic or substituted aliphatic, wherein R’
is hydrogen, aliphatic, substituted aliphatic or acyl; provided that if R; and Ry are
both present, one of R7 or Ry must be OR” and if Y is absent, Rg must be OR’; and

Rs is hydrogen, acyl, aliphatic or substituted aliphatic;
Wy

HO\HJj:_g

Rio—
(b) ~

25 lower alkyl;

; where Wy is O or S; J is O, NH or NCHj3; and Ry is hydrogen or

W,
HO\Zz)I\Yz/‘?z
W

(c) o ; where W is O or S; Y; and Z; are independently N, C or CH; and
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6
R1 NH2
ﬂ\\ Wi
Re—,
R/ %1 T1/
3
(d) Ri2 Ru : where Z;, Yy, and W are as previously defined; R;; and

Ry, are independently selected from hydrogen or aliphatic; R;, R, and Rs are
independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
substituted alkoxy, alkylamino, substituted alkylamino, dialkylamino, substituted
dialkylamino, substituted or unsubstituted alkylthio, substituted or unsubstituted
alkylsulfonyl, CF3, CN, NO,, N3, sulfonyl, acyl, aliphatic, substituted aliphatic,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic;
B is a direct bond or straight- or branched-, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl,
arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl, alkylarylalkenyl,
alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl,
alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl,
alkenylheteroarylalkenyl, alkenylheteroarylalkynyl, alkynylheteroarylalkyl,
alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl,
alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more
methylenes can be interrupted or terminated by O, S, S(O), SO,, N(Rs), C(O),
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocyclic; where Rg is hydrogen, acyl, aliphatic or substituted
aliphatic. In one embodiment, the linker B is between 1-24 atoms, preferably 4-24
atoms, preferably 4-18 atoms, more preferably 4-12 atoms, and most preferably about

4-10 atoms.
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DETAILED DESCRIPTION OF THE INVENTION
In a first embodiment of the compounds of the present invention are compounds
represented by formula (1) as illustrated above, or its geometric isomers, enantiomers,
diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof.
5 In a second embodiment of the compounds of the present invention are compounds
represented by formulae (II) and (I1I) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

Z
N Q
N7 /
| X
e X
e
Rz Re an or
Z
N
N7 \: 1
YW R T

v Rz Re (1
10 whereinY, Z, W, X, Q,V, B, Z;, Y1, W, and R7-Ry are as previously defined.
In a third embodiment of the compounds of the present invention are compounds
represented by formula (IV) as illustrated below, or its gecometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

Roo
X4
N7 SN — %
| X
Y 7 N 0
\ o)
V\B—Y1 T/ ~R'
Rz Re (IV)

15  wherein X; and X, are independently CH or N; Ry;-R»3 are independently selected from
hydrogen, hydroxy, amino, halogen, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, CF3;, CN, NO,, N3,
sulfonyl, acyl, aliphatic, and substituted aliphatic; R,, and Ry3 can be taken together from the
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carbon to which they are attached to form a fused saturated or unsaturated 5-8 membered ring
optionally substituted with 0-3 heteroatom; and B, X, Y, Z, W, V, Yy, R’, R, and Rg arc as
previously defined.

In a fourth embodiment of the compounds of the present invention are compounds
represented by formula (V) as illustrated below, or its gecometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

Re W)

wherein X; and X are independently CH or N; R,;-R»3 are independently selected from
hydrogen, hydroxy, amino, halogen, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, CF3, CN, NOa, N3,
sulfonyl, acyl, aliphatic, and substituted aliphatic; R,, and Ry3 can be taken together from the
carbon to which they are attached to form a fused saturated or unsaturated 5-8 membered ring
optionally substituted with 0-3 heteroatom; By is absent, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢
alkynyl, cycloalkyl, heterocycloalkyl or aryl; B, is absent, O, S, SO, SO,, N(Rs) or CO; By is
absent, O, S, SO, SO,, N(Rs) or CO C;-Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; By is absent , C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; X, Y, Z, W, R’ and Rg are as previously
defined.

In a fifth embodiment of the compounds of the present invention are compounds
represented by formula (V1) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

Z X
ped 2'_),(3 8 i
\ N [ \ /O
Ly
Y W/ N\ R; Rg
M

1

M4_M3_M2 (VI)
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wherein X;-Xs are independently N or CR»i, where Ry is independently selected from
hydrogen, hydroxy, amino, halogen, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, CF3;, CN, NO,, N3,
sulfonyl, acyl, aliphatic, and substituted aliphatic; M is absent, C;-Cg alkyl, C,-Cg alkenyl, C,-
Ce alkynyl; M, is absent, O, S, SO, SO,, N(Rs) or C=0; M3 is absent, O, S, SO, SO;, N(Rg),
C=0, C;-Cs alkyl, C,-Cs alkenyl, C,-Cg¢ alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl; My
is absent, O, S, SO, SO,, N(Rg), C=0, C;-Cs alkyl, C,-C¢ alkenyl, C,-Cs alkynyl, cycloalkyl,
heterocyclic, aryl or heteroaryl; B, X, Z, Y, Y1, R’, Ry and Rs are as previously defined.

In a sixth embodiment of the compounds of the present invention are compounds
represented by formula (VII) as illustrated below, or its geometric isomers, enantiomers,
diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

0

Z X
X7 2.Xs )I\ O
N N\ )\TB1_82_83_B4 ’T‘ R
”~
)l\ P > X X5 R8
Y~ w N\

M

Ms~Ms—M; (VID)
wherein X;-Xs are independently N or CR,;, where Ry; is independently selected from
hydrogen, hydroxy, amino, halogen, substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylamino, substituted or unsubstituted dialkylamino, CF3;, CN, NO,, N3,
sulfonyl, acyl, aliphatic, and substituted aliphatic; B, is absent, C;-Cs¢ alkyl, C,-Cs alkenyl, C»-Cs
alkynyl, cycloalkyl, heterocycloalkyl or aryl; B, is absent, O, S, SO, SO,, N(Rg) or CO; Bj is
absent, O, S, SO, SO, N(Rg) or CO C;-Cg alkyl, C»-Cs alkenyl, C»-Cs alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; By is absent , C;-Cg alkyl, C,-Cs alkenyl, C,-Cs alkynyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroary; M; is absent, C;-Cs alkyl, C,-Cs alkenyl, C,-Ce
alkynyl; M, is absent, O, S, SO, SO,, N(Rs) or C=0; M3 is absent, O, S, SO, SO,, N(Rg), C=0,
C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, cycloalkyl, heterocyclic, aryl or heteroaryl; My is
absent, O, S, SO, SO, N(Rg), C=0, C;-Cs alkyl, C,-Cs alkenyl, C»-Cs alkynyl, cycloalkyl,
heterocyclic, aryl or heteroaryl; X, Z, Y and Rg are as previously defined.

Representative compounds according to the invention are those selected from the Table
A below or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically

acceptable salts, prodrugs and solvates thereof:
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54 !

The invention further provides methods for the prevention or treatment of diseases or
conditions involving aberrant proliferation, differentiation or survival of cells. In one
embodiment, the invention further provides for the use of one or more compounds of the
invention in the manufacture of a medicament for halting or decreasing diseases involving
aberrant proliferation, differentiation, or survival of cells. In preferred embodiments, the disease
is cancer. In one embodiment, the invention relates to a method of treating cancer in a subject in
need of treatment comprising administering to said subject a therapeutically effective amount of
a compound of the invention.

The term "cancer"” refers to any cancer caused by the proliferation of malignant
neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphomas and
the like. For example, cancers include, but are not limited to, mesothelioma, leukemias and
lymphomas such as cutaneous T-cell lymphomas (CTCL), noncutaneous peripheral T-cell
lymphomas, lymphomas associated with human T-cell lymphotrophic virus (HTLV) such as
adult T-cell leukemia/lymphoma (ATLL), B-cell lymphoma, acute nonlymphocytic leukemias,
chronic lymphocytic leukemia, chronic myelogenous leukemia, acute myelogenous leukemia,
lymphomas, and multiple myeloma, non-Hodgkin lymphoma, acute lymphatic leukemia (ALL),
chronic lymphatic leukemia (CLL), Hodgkin’s lymphoma, Burkitt lymphoma, adult T-cell
leukemia lymphoma, acute-myeloid leukemia (AML), chronic myeloid leukemia (CML), or
hepatocellular carcinoma. Further examples include myelodisplastic syndrome, childhood solid
tumors such as brain tumors, neuroblastoma, retinoblastoma, Wilms' tumor, bone tumors, and
soft-tissue sarcomas, common solid tumors of adults such as head and neck cancers (e.g., oral,
laryngeal, nasopharyngeal and esophageal), genitourinary cancers (e.g., prostate, bladder, renal,
uterine, ovarian, testicular), lung cancer (e.g., small-cell and non small cell), breast cancer,
pancreatic cancer, melanoma and other skin cancers, stomach cancer, brain tumors, tumors
related to Gorlin’s syndrome (e.g., medulloblastoma, meningioma, etc.), and liver cancer.
Additional exemplary forms of cancer which may be treated by the subject compounds include,
but are not limited to, cancer of skeletal or smooth muscle, stomach cancer, cancer of the small
intestine, rectum carcinoma, cancer of the salivary gland, endometrial cancer, adrenal cancer,

anal cancer, rectal cancer, parathyroid cancer, and pituitary cancer.
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Additional cancers that the compounds described herein may be useful in preventing,
treating and studying are, for example, colon carcinoma, familiary adenomatous polyposis
carcinoma and hereditary non-polyposis colorectal cancer, or melanoma. Further, cancers
include, but are not limited to, labial carcinoma, larynx carcinoma, hypopharynx carcinoma,
tongue carcinoma, salivary gland carcinoma, gastric carcinoma, adenocarcinoma, thyroid cancer
(medullary and papillary thyroid carcinoma), renal carcinoma, kidney parenchyma carcinoma,
cervix carcinoma, uterine corpus carcinoma, endometrium carcinoma, chorion carcinoma, testis
carcinoma, urinary carcinoma, melanoma, brain tumors such as glioblastoma, astrocytoma,
meningioma, medulloblastoma and peripheral neuroectodermal tumors, gall bladder carcinoma,
bronchial carcinoma, multiple myeloma, basalioma, teratoma, retinoblastoma, choroidea
melanoma, seminoma, rhabdomyosarcoma, craniopharyngeoma, osteosarcoma,
chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma, and plasmocytoma.
In one aspect of the invention, the present invention provides for the use of one or more
compounds of the invention in the manufacture of a medicament for the treatment of cancer.

In one embodiment, the present invention includes the use of one or more compounds of
the invention in the manufacture of a medicament that prevents further aberrant proliferation,
differentiation, or survival of cells. For example, compounds of the invention may be useful in
preventing tumors from increasing in size or from reaching a metastatic state. The subject
compounds may be administered to halt the progression or advancement of cancer or to induce
tumor apoptosis or to inhibit tumor angiogenesis. In addition, the instant invention includes use
of the subject compounds to prevent a recurrence of cancer.

This invention further embraces the treatment or prevention of cell proliferative disorders
such as hyperplasias, dysplasias and pre-cancerous lesions. Dysplasia is the earliest form of pre-
cancerous lesion recognizable in a biopsy by a pathologist. The subject compounds may be
administered for the purpose of preventing said hyperplasias, dysplasias or pre-cancerous lesions
from continuing to expand or from becoming cancerous. Examples of pre-cancerous lesions
may occur in skin, esophageal tissue, breast and cervical intra-epithelial tissue.

"Combination therapy" includes the administration of the subject compounds in further
combination with other biologically active ingredients (such as, but not limited to, a second and
different antineoplastic agent) and non-drug therapies (such as, but not limited to, surgery or
radiation treatment). For instance, the compounds of the invention can be used in combination
with other pharmaceutically active compounds, preferably compounds that are able to enhance
the effect of the compounds of the invention. The compounds of the invention can be

administered simultaneously (as a single preparation or separate preparation) or sequentially to
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the other drug therapy. In general, a combination therapy envisions administration of two or
more drugs during a single cycle or course of therapy.

"Combination therapy" includes the administration of the subject compounds in further
combination with other biologically active ingredients (such as, but not limited to, a second and
different antineoplastic agent) and non-drug therapies (such as, but not limited to, surgery or
radiation treatment). For instance, the compounds of the invention can be used in combination
with other pharmaceutically active compounds, preferably compounds that are able to enhance
the effect of the compounds of the invention. The compounds of the invention can be
administered simultaneously (as a single preparation or separate preparation) or sequentially to
the other drug therapy. In general, a combination therapy envisions administration of two or
more drugs during a single cycle or course of therapy.

In one aspect of the invention, the subject compounds may be administered in
combination with one or more separate agents that modulate protein kinases involved in various
disease states. Examples of such kinases may include, but are not limited to: serine/threonine
specific kinases, receptor tyrosine specific kinases and non-receptor tyrosine specific kinases.
Serine/threonine kinases include mitogen activated protein kinases (MAPK), meiosis specific
kinase (MEK), RAF and aurora kinase. Examples of receptor kinase families include epidermal
growth factor receptor (EGFR) (e.g. HER2/neu, HER3, HER4, ErbB, ErbB2, ErbB3, ErbB4,
Xmrk, DER, Let23); fibroblast growth factor (FGF) receptor (e.g. FGF-R1,GFF-R2/BEK/CEK3,
FGF-R3/CEK2, FGF-R4/TKF, KGF-R); hepatocyte growth/scatter factor receptor (HGFR) (e.g,
MET, RON, SEA, SEX); insulin receptor (e.g. IGFI-R); Eph (e.g. CEKS, CEKS&, EBK, ECK,
EEK, EHK-1, EHK-2, ELK, EPH, ERK, HEK, MDK2, MDK35, SEK); Axl (e.g. Mer/Nyk, Rse);
RET; and platelet-derived growth factor receptor (PDGFR) (e.g. PDGFa-R, PDGB-R, CSF1-
R/FMS, SCF-R/C-KIT, VEGF-R/FLT, NEK/FLK1, FLT3/FLK2/STK-1). Non-receptor
tyrosine kinase families include, but are not limited to, BCR-ABL (e.g. p43abl, ARG); BTK (e.g.
ITK/EMT, TEC); CSK, FAK, FPS, JAK, SRC, BMX, FER, CDK and SYK.

In another aspect of the invention, the subject compounds may be administered in
combination with one or more separate agents that modulate non-kinase biological targets or
processes. Such targets include histone deacetylases (HDAC), DNA methyltransferase
(DNMT), heat shock proteins (e.g. HSP90), and proteosomes.

In a preferred embodiment, subject compounds may be combined with antineoplastic
agents (e.g. small molecules, monoclonal antibodies, antisense RNA, and fusion proteins) that
inhibit one or more biological targets such as Zolinza, Tarceva, Iressa, Tykerb, Gleevec, Sutent,

Sprycel, Nexavar, Sorafinib, CNF2024, RG108, BMS387032, Affinitak, Avastin, Herceptin,
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Erbitux, AG24322, PD325901, ZD6474, PD184322, Obatodax, ABT737 and AEE788. Such
combinations may enhance therapeutic efficacy over efficacy achieved by any of the agents
alone and may prevent or delay the appearance of resistant mutational variants.

In certain preferred embodiments, the compounds of the invention are administered in
combination with a chemotherapeutic agent. Chemotherapeutic agents encompass a wide range
of therapeutic treatments in the field of oncology. These agents are administered at various
stages of the disease for the purposes of shrinking tumors, destroying remaining cancer cells left
over after surgery, inducing remission, maintaining remission and/or alleviating symptoms
relating to the cancer or its treatment. Examples of such agents include, but are not limited to,
alkylating agents such as mustard gas derivatives (Mechlorethamine, cylophosphamide,
chlorambucil, melphalan, ifosfamide), ethylenimines (thiotepa, hexamethylmelanine),
Alkylsulfonates (Busulfan), Hydrazines and Triazines (Altretamine, Procarbazine, Dacarbazine
and Temozolomide), Nitrosoureas (Carmustine, Lomustine and Streptozocin), Ifosfamide and
metal salts (Carboplatin, Cisplatin, and Oxaliplatin); plant alkaloids such as Podophyllotoxins
(Etoposide and Tenisopide), Taxanes (Paclitaxel and Docetaxel), Vinca alkaloids (Vincristine,
Vinblastine, Vindesine and Vinorelbine), and Camptothecan analogs (Irinotecan and
Topotecan); anti-tumor antibiotics such as Chromomycins (Dactinomycin and Plicamycin),
Anthracyclines (Doxorubicin, Daunorubicin, Epirubicin, Mitoxantrone, Valrubicin and
Idarubicin), and miscellaneous antibiotics such as Mitomycin, Actinomycin and Bleomycin;
anti-metabolites such as folic acid antagonists (Methotrexate, Pemetrexed, Raltitrexed,
Aminopterin), pyrimidine antagonists (5-Fluorouracil, Floxuridine, Cytarabine, Capecitabine,
and Gemcitabine), purine antagonists (6-Mercaptopurine and 6-Thioguanine) and adenosine
deaminase inhibitors (Cladribine, Fludarabine, Mercaptopurine, Clofarabine, Thioguanine,
Nelarabine and Pentostatin); topoisomerase inhibitors such as topoisomerase I inhibitors
(Ironotecan, topotecan) and topoisomerase II inhibitors (Amsacrine, etoposide, etoposide
phosphate, teniposide); monoclonal antibodies (Alemtuzumab, Gemtuzumab ozogamicin,
Rituximab, Trastuzumab, Ibritumomab Tioxetan, Cetuximab, Panitumumab, Tositumomab,
Bevacizumab); and miscellaneous anti-neoplastics such as ribonucleotide reductase inhibitors
(Hydroxyurea); adrenocortical steroid inhibitor (Mitotane); enzymes (Asparaginase and
Pegaspargase); anti-microtubule agents (Estramustine); and retinoids (Bexarotene, Isotretinoin,
Tretinoin (ATRA)).

In certain preferred embodiments, the compounds of the invention are administered in

combination with a chemoprotective agent. Chemoprotective agents act to protect the body or
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minimize the side effects of chemotherapy. Examples of such agents include, but are not limited
to, amfostine, mesna, and dexrazoxane.

In one aspect of the invention, the subject compounds are administered in combination
with radiation therapy. Radiation is commonly delivered internally (implantation of radioactive
material near cancer site) or externally from a machine that employs photon (x-ray or gamma-
ray) or particle radiation. Where the combination therapy further comprises radiation treatment,
the radiation treatment may be conducted at any suitable time so long as a beneficial effect from
the co-action of the combination of the therapeutic agents and radiation treatment is achieved.
For example, in appropriate cases, the beneficial effect is still achieved when the radiation
treatment is temporally removed from the administration of the therapeutic agents, perhaps by
days or even weeks.

It will be appreciated that compounds of the invention can be used in combination with
an immunotherapeutic agent. One form of immunotherapy is the generation of an active
systemic tumor-specific immune response of host origin by administering a vaccine composition
at a site distant from the tumor. Various types of vaccines have been proposed, including
isolated tumor-antigen vaccines and anti-idiotype vaccines. Another approach is to use tumor
cells from the subject to be treated, or a derivative of such cells (reviewed by Schirrmacher et al.
(1995) J. Cancer Res. Clin. Oncol. 121:487). In U.S. Pat. No. 5,484,596, Hanna Jr. et al. claims
a method for treating a resectable carcinoma to prevent recurrence or metastases, comprising
surgically removing the tumor, dispersing the cells with collagenase, irradiating the cells, and
vaccinating the patient with at least three consecutive doses of about 10 cells.

It will be appreciated that the compounds of the invention may advantageously be used in
conjunction with one or more adjunctive therapeutic agents. Examples of suitable agents for
adjunctive therapy include a SHT; agonist, such as a triptan (e.g. sumatriptan or naratriptan); an
adenosine A1 agonist; an EP ligand; an NMDA modulator, such as a glycine antagonist; a
sodium channel blocker (e.g. lamotrigine); a substance P antagonist (e.g. an NK; antagonist); a
cannabinoid; acetaminophen or phenacetin; a 5-lipoxygenase inhibitor; a leukotriene receptor
antagonist; a DMARD (e.g. methotrexate); gabapentin and related compounds; a tricyclic
antidepressant (e.g. amitryptilline); a neurone stabilising antiepileptic drug; a mono-aminergic
uptake inhibitor (e.g. venlafaxine); a matrix metalloproteinase inhibitor; a nitric oxide synthase
(NOS) inhibitor, such as an iNOS or an nNOS inhibitor; an inhibitor of the release, or action, of
tumour necrosis factor .alpha.; an antibody therapy, such as a monoclonal antibody therapy; an
antiviral agent, such as a nucleoside inhibitor (e.g. lamivudine) or an immune system modulator

(e.g. interferon); an opioid analgesic; a local anaesthetic; a stimulant, including caffeine; an H,-
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antagonist (e.g. ranitidine); a proton pump inhibitor (e.g. omeprazole); an antacid (e.g.
aluminium or magnesium hydroxide; an antiflatulent (e.g. simethicone); a decongestant (e.g.
phenylephrine, phenylpropanolamine, pseudoephedrine, oxymetazoline, epinephrine,
naphazoline, xylometazoline, propylhexedrine, or levo-desoxyephedrine); an antitussive (e.g.
codeine, hydrocodone, carmiphen, carbetapentane, or dextramethorphan); a diuretic; or a
sedating or non-sedating antihistamine.

Matrix metalloproteinases (MMPs) are a family of zinc-dependent neutral
endopeptidases collectively capable of degrading essentially all matrix components. Over 20
MMP modulating agents are in pharmaceutical develop, almost half of which are indicated for
cancer. The University of Toronto researchers have reported that HDACs regulate MMP
expression and activity in 3T3 cells. In particular, inhibition of HDAC by trichostatin A (TSA),
which has been shown to prevent tumorigenesis and metastasis, decreases mRNA as well as
zymographic activity of gelatinase A (MMP2; Type IV collagenase), a matrix metalloproteinase,
which is itself, implicated in tumorigenesis and metastasis (Ailenberg M., Silverman M.,
Biochem Biophys Res Commun. 2002 , 298:110-115). Another recent article that discusses the
relationship of HDAC and MMPs can be found in Young D.A., et al., Arthritis Research &
Therapy, 2005, 7: 503. Furthermore, the commonality between HDAC and MMPs inhibitors is
their zinc-binding functionality. Therefore, in one aspect of the invention, compounds of the
invention can be used as MMP inhibitors and may be of use in the treatment of disorders relating
to or associated with dysregulation of MMP. The overexpression and activation of MMPs are
known to induce tissue destruction and are also associated with a number of specific diseases
including rheumatoid arthritis, periodontal disease, cancer and atherosclerosis.

The compounds may also be used in the treatment of a disorder involving, relating to or,
associated with dysregulation of histone deacetylase (HDAC). There are a number of disorders
that have been implicated by or known to be mediated at least in part by HDAC activity, where
HDAC activity is known to play a role in triggering disease onset, or whose symptoms are
known or have been shown to be alleviated by HDAC inhibitors. Disorders of this type that
would be expected to be amenable to treatment with the compounds of the invention include the
following but not limited to: Anti-proliferative disorders (e.g. cancers); Neurodegenerative
diseases including Huntington's disease, Polyglutamine disease, Parkinson's disease, Alzheimer's
disease, Seizures, Striatonigral degeneration, Progressive supranuclear palsy, Torsion dystonia,
Spasmodic torticollis and dyskinesis, Familial tremor, Gilles de la Tourette syndrome, Diffuse
Lewy body disease, Progressive supranuclear palsy, Pick's disease, intracerebral hemorrhage,

Primary lateral sclerosis, Spinal muscular atrophy, Amyotrophic lateral sclerosis, Hypertrophic
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interstitial polyneuropathy, Retinitis pigmentosa, Hereditary optic atrophy, Hereditary spastic
paraplegia, Progressive ataxia and Shy-Drager syndrome; Metabolic diseases including Type 2
diabetes; Degenerative diseases of the Eye including Glaucoma, Age-related macular
degeneration, Rubeotic glaucoma; Inflammatory diseases and/or Immune system disorders
including Rheumatoid Arthritis (RA), Osteoarthritis, Juvenile chronic arthritis, Graft versus Host
disease, Psoriasis, Asthma, Spondyloarthropathy, Crohn's Disease, inflammatory bowel disease
Colitis Ulcerosa, Alcoholic hepatitis, Diabetes, Sjoegrens's syndrome, Multiple Sclerosis,
Ankylosing spondylitis, Membranous glomerulopathy, Discogenic pain, Systemic Lupus
Erythematosus; Disease involving angiogenesis including cancer, psoriasis, theumatoid arthritis;
Psychological disorders including bipolar disease, schizophrenia, mania, depression and
dementia; Cardiovascular Diseases including heart failure, restenosis and arteriosclerosis;
Fibrotic diseases including liver fibrosis, cystic fibrosis and angiofibroma; Infectious diseases
including Fungal infections, such as Candida Albicans, Bacterial infections, Viral infections,
such as Herpes Simplex, Protozoal infections, such as Malaria, Leishmania infection,
Trypanosoma brucei infection, Toxoplasmosis and coccidlosis and Haematopoietic disorders
including thalassemia, anemia and sickle cell anemia.

In one embodiment, compounds of the invention can be used to induce or inhibit
apoptosis, a physiological cell death process critical for normal development and homeostasis.
Alterations of apoptotic pathways contribute to the pathogenesis of a variety of human diseases.
Compounds of the invention, as modulators of apoptosis, will be useful in the treatment of a
variety of human diseases with aberrations in apoptosis including cancer (particularly, but not
limited to, follicular lymphomas, carcinomas with p53 mutations, hormone dependent tumors of
the breast, prostate and ovary, and precancerous lesions such as familial adenomatous
polyposis), viral infections (including, but not limited to, herpes virus, poxvirus, Epstein-Barr
virus, Sindbis virus and adenovirus), autoimmune diseases (including, but not limited to,
systemic lupus, erythematosus, immune mediated glomerulonephritis, rheumatoid arthritis,
psoriasis, inflammatory bowel diseases, and autoimmune diabetes mellitus), neurodegenerative
disorders (including, but not limited to, Alzheimer's disease, AIDS-related dementia, Parkinson's
disease, amyotrophic lateral sclerosis, retinitis pigmentosa, spinal muscular atrophy and
cerebellar degeneration), AIDS, myelodysplastic syndromes, aplastic anemia, ischemic injury
associated myocardial infarctions, stroke and reperfusion injury, arrhythmia, atherosclerosis,
toxin-induced or alcohol induced liver diseases, hematological diseases (including, but not

limited to, chronic anemia and aplastic anemia), degenerative diseases of the musculoskeletal
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system (including, but not limited to, osteoporosis and arthritis), aspirin-sensitive rhinosinusitis,
cystic fibrosis, multiple sclerosis, kidney diseases, and cancer pain.

In one aspect, the invention provides the use of compounds of the invention for the
treatment and/or prevention of immune response or immune-mediated responses and diseases,
such as the prevention or treatment of rejection following transplantation of synthetic or organic
grafting materials, cells, organs or tissue to replace all or part of the function of tissues, such as
heart, kidney, liver, bone marrow, skin, cornea, vessels, lung, pancreas, intestine, limb, muscle,
nerve tissue, duodenum, small-bowel, pancreatic-islet-cell, including xeno-transplants, etc.; to
treat or prevent graft-versus-host disease, autoimmune diseases, such as rheumatoid arthritis,
systemic lupus erythematosus, thyroiditis, Hashimoto's thyroiditis, multiple sclerosis,
myasthenia gravis, type I diabetes uveitis, juvenile-onset or recent-onset diabetes mellitus,
uveitis, Graves disease, psoriasis, atopic dermatitis, Crohn's disease, ulcerative colitis, vasculitis,
auto-antibody mediated diseases, aplastic anemia, Evan's syndrome, autoimmune hemolytic
anemia, and the like; and further to treat infectious diseases causing aberrant immune response
and/or activation, such as traumatic or pathogen induced immune disregulation, including for
example, that which are caused by hepatitis B and C infections, HIV, staphylococcus aureus
infection, viral encephalitis, sepsis, parasitic diseases wherein damage is induced by an
inflammatory response (e.g., leprosy); and to prevent or treat circulatory diseases, such as
arteriosclerosis, atherosclerosis, vasculitis, polyarteritis nodosa and myocarditis. In addition, the
present invention may be used to prevent/suppress an immune response associated with a gene
therapy treatment, such as the introduction of foreign genes into autologous cells and expression
of the encoded product. Thus in one embodiment, the invention relates to a method of treating
an immune response disease or disorder or an immune-mediated response or disorder in a
subject in need of treatment comprising administering to said subject a therapeutically effective
amount of a compound of the invention.

In one aspect, the invention provides the use of compounds of the invention in the
treatment of a variety of neurodegenerative diseases, a non-exhaustive list of which includes: L.
Disorders characterized by progressive dementia in the absence of other prominent neurologic
signs, such as Alzheimer's disease; Senile dementia of the Alzheimer type; and Pick's disease
(lobar atrophy); II. Syndromes combining progressive dementia with other prominent neurologic
abnormalities such as A) syndromes appearing mainly in adults (e.g., Huntington's disease,
Multiple system atrophy combining dementia with ataxia and/or manifestations of Parkinson's
disease, Progressive supranuclear palsy (Steel-Richardson-Olszewski), diffuse Lewy body

disease, and corticodentatonigral degeneration); and B) syndromes appearing mainly in children
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or young adults (e.g., Hallervorden-Spatz disease and progressive familial myoclonic epilepsy);
III. Syndromes of gradually developing abnormalities of posture and movement such as
paralysis agitans (Parkinson's disease), striatonigral degeneration, progressive supranuclear
palsy, torsion dystonia (torsion spasm; dystonia musculorum deformans), spasmodic torticollis
and other dyskinesis, familial tremor, and Gilles de la Tourette syndrome; V. Syndromes of
progressive ataxia such as cerebellar degenerations (e.g., cerebe