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PIPERAZINE DERIVATIVES, PHARMACEUTICAL COMPOSITIONS AND
METHODS OF USE THEREOF

FIELD OF THE INVENTION

[001] The present invention relates to the field of piperazine derivatives, methods for their
preparation, pharmaceutical compositions including such compounds, and methods of using
these compounds, especially for targeted therapy of hyperproliferative disorders, including

benign hyperproliferative disorders, cancers and pre-cancerous conditions.

BACKGROUND OF THE INVENTION

[002] Despite significant developments in anti-cancer technology, cancer still remains the
second leading cause of death following heart disease in the United States. Most often, cancer
is treated with chemotherapeutic agents. In many cases, these chemotherapeutic agents show a
dose responsive effect, and cell killing is proportional to drug dose. A highly aggressive style
of dosing is thus necessary to eradicate neoplasms. However, high-dose chemotherapy is
hindered by poor selectivity for cancer cells and severe toxicity to normal cells. This lack of
tumor-specific treatment is one of the many hurdles that still needs to be overcome by currently

available chemotherapy.

SUMMARY OF THE INVENTION

[003] In one aspect, the present invention features a compound represented by the structure

of Formula (II):

R1—(CHy)yy—VU N—Y

__/ \(cl-lz),,

|
NN
| B
AN

(R?),

wherein
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U and Z are each independently N or CH;

Xis O, NH, S, or a bond;

Y is CH,, C=0, or C=5;

R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally
substituted with one or more alkyl, arylalkyl, halogen, NO,, CN, OR*, NR**R™, or a
combination thereof;

R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO», CN, C;-Cs4 alkyl, OR*, and NR>*R>;

R*, R?, R** and R are each independently hydrogen or Ci-Cs alkyl;

nisOorl;

mis0,1,or2;

p and q are each independently selected from 0, 1, 2, 3, and 4; and
or a pharmaceutically acceptable salt thereof;

with the proviso that:
(1) when Zis CH, X is NH, S, or a bond;
(2) the following compounds are excluded:
(i) a compound of formula (II) wherein X is NH, Z is CH, Y is C=0, n is
0, mis 0, R! is a phenyl substituted by one or more alkoxy, and p and q
are each 0; and
(i) a compound of formula (IT) wherein X is S, Z is N, Y is C=0, n is 0, m is 0,
R'is pyridinyl and p and q are each 0.

[004] In another aspect, the invention relates to a pharmaceutical composition comprising a
compound as described anywhere herein, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

[005] In yet another aspect, the present invention relates to a method for treating cancer, a
pre-cancerous condition or a benign hyperproliferative disorder in a subject in need thereof,
comprising the step of administering to the subject a therapeutically effective amount of a
compound represented by the structure of Formula (II), or a pharmaceutically acceptable salt

thereof:
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R1—(CHy)y—VU N—Y,

\
\_/ (CHy),

|
NN
| S,
e T S

U and Z are each independently N or CH;
Xis O, NH, S, or a bond;
Y is CHz, C=0, or C=5;

(R?),

wherein

R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally
substituted with one or more alkyl, arylalkyl, halogen, NO,, CN, OR*, NR*R*®, or a
combination thereof;

R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO2, CN, Ci-Cs4 alkyl, OR*, and NR>*R>;

R*, R?, R, and R are each independently hydrogen or C;-Cs alkyl,

nisOorl;

mis0,1,or2; and

p and q are each independently selected from 0, 1, 2, 3, and 4;
or a pharmaceutically acceptable salt thereof,

with the proviso that:
(1) when Zis CH, X is NH, S, or a bond;
(2) the following compounds are excluded:
(i) a compound of formula (II) wherein X is NH, Z is CH, Y is C=0, n is
0, mis 0, R' is a phenyl substituted by one or more alkoxy, and p and q

are each 0; and
(i) a compound of formula (IT) wherein X is S, Z is N, Y is C=0, n is 0, m is 0,
R'is pyridinyl and p and q are each 0.

[006] In some embodiments, the cancer comprises a solid tumor. In some embodiments, the
solid tumor is prostate cancer, pancreatic cancer, colon cancer, cervical cancer, lung cancet,
breast cancer, liver cancer, skin cancer, and melanoma, or metastases thereof. In some
embodiments, the cancer comprises squamous cell carcinoma (SCC), basal cell carcinoma
(BCCQ), cutaneous T-cell lymphoma (CTCL), or metastases thereof.

3
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[007] Further embodiments and the full scope of applicability of the present invention will
become apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various changes and
5  modifications within the spirit and scope of the invention will become apparent to those skilled

in the art from this detailed description.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[008] In one aspect, the present invention provides a compound represented by the structure

10 of Formula (II):

R1—(CHz)—VU N—Y

__/ \(CHZ),,

|
306
| [ T,
F X F @

U and Z are each independently N or CH;
15 Xis O, NH, S, or a bond;
Y is CH,, C=0, or C=5;
R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally

(R?),

wherein

substituted with one or more alkyl, arylalkyl, halogen, NO2, CN, OR*, NR**R™, or a
combination thereof;
20 R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO», CN, C;-Cs4 alkyl, OR*, and NR>*R>;
R*, R?, R** and R are each independently hydrogen or Ci-Cs alkyl;
nisOorl;
mis0,1,or2;

25 p and q are each independently selected from 0, 1, 2, 3, and 4; and

or a pharmaceutically acceptable salt thereof, with the proviso that when Z is CH, X is NH, S,

or a bond.
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[009] In another embodiment, the following compound is excluded: a compound of Formula
(I) wherein X is NH, Z is CH, Y is C=0,nis 0, mis 0, R'is a phenyl substituted by one or

more alkoxy, and p and q are each 0.
[010] In some embodiments, in the compound of Formula (II), m and n are each 0.

[011] In some embodiments, in the compound of Formula (I), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR?, or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R* is C;-C4 alkyl.

[012] Insome embodiments, R? is H. In some embodiments, R* is H. In other embodiments,
R?is H and R? is H.

[013] Insome embodiments, in the compound of Formula (II), p is 0. In some embodiments,
qis 0. In other embodiments, p is 0 and q is 0.

[014] In some embodiments, in the compound of Formula (II), U is N.

[015] Insome embodiments, the compound of the invention is represented by a compound of

Formula (III):

R'—(CHy)y—U N—Y,

__/ \(cnz),,

|
NN
. [
7y - (11).

wherein X, U, R', R%, R, m, n, p. and q are defined as anywhere herein.

(R?),

[016] In some embodiments, in the compound of Formula (III), X is O, NH, or a bond. In
some embodiments, X is O. In other embodiments, X is a bond. In certain embodiments, X is

NH.
[017] In some embodiments, in the compound of Formula (III), m and n are each 0.

[018] In some embodiments, in the compound of Formula (IIT), R! is aryl or heteroaryl. In
some embodiments, R' is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR?, or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is C1-Cs alkyl.
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[019] Insome embodiments, R? is H. In some embodiments, R* is H. In other embodiments,
R?is H and R? is H.
[020] Insome embodiments, in the compound of Formula (IID), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[021] In some embodiments, in the compound of Formula (III), U is N.

[022] In some embodiments, the compound of invention is represented by a compound of

Formula (IV)

(RZ)p_: | —(Rii)q

7y < av).

wherein X, U, R!, R%, R®, m, n, p, and q are defined as anywhere herein.
[023] In some embodiments, in the compound of Formula (IV), X is O. In other

embodiments, X is S. In certain embodiments, X is NH.

[024] In some embodiments, in the compound of Formula (IV), R! is aryl or heteroaryl. In
some embodiments, R' is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, Ci-Cs alkyl, OR? or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is C1-Cs alkyl.

[025] In some embodiments, R?is H. In some embodiments, R? is H. In other embodiments,
R?is H and R? is H.

[026] Insome embodiments, in the compound of Formula (IV), p is 0. In some embodiments,
qis 0. In other embodiments, p is 0 and q is 0.

[027] In some embodiments, in the compound of Formula (IV), U is N.

[028] In some embodiments, the compound of the invention is:
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U QQYO

oo, G,
Q Q,
O

0

¥
CE :© (13), Cﬁ"j@ (M,
O

co% 0.
ST
2o, oo,

Yo X

@Dm . C@@

including salts, hydrates, solvates, polymorphs, optical isomers, geometrical isomers,
enantiomers, diastereomers, and mixtures thereof.

7
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[029] In some embodiments, the compound of the invention is represented by a compound

of Formula (V):
R1
\U/ﬁ
4
N
(RY,— - T
wherein X, U, R!, R%, R®, m, n, p, and q are defined as anywhere herein.

5 [030] Insome embodiments, in the compound of Formula (V), Z is N. In other embodiments,

Z is CH.

[031] In some embodiments, in the compound of Formula (V), R! is aryl or heteroaryl. In
some embodiments, R' is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR?, or a
10  combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is C1-Cs alkyl. In
some embodiments, R? is H. In some embodiments, R? is H. In other embodiments, R? is H

and R® is H.

[032] Insome embodiments, in the compound of Formula (V), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
15 [033] In some embodiments, in the compound of Formula (V), U is N.

[034] In some embodiments, the compound of the invention is:

L jol
N/\ HsCO N
k/N\ro OYO
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SR

G S

(22), or (23).

[035] Insome embodiments, the compound of the invention is represented by a compound of

Formula (VI):

g

R1

~ U
o
X
(Rz)P_I | ——(R3),
F F

s (VD
wherein U, R!, R?, R?, p, and q are defined as anywhere herein.
[036] In some embodiments, in the compound of Formula (VI), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, Ci-Cs alkyl, OR? or a
combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is C;-C4 alkyl. In
some embodiments, R” is H. In some embodiments, R? is H. In other embodiments, R? is H

and R? is H.

[037] Insome embodiments, in the compound of Formula (VI), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[038] In some embodiments, in the compound of Formula (VI), U is N.

[039] In some embodiments, the compound of the invention is:



10

15

20

WO 2018/033918 PCT/IL2017/050909

Q-

k/N (o]
(D,

[040] In another embodiment, R! is selected from the group consisting of phenyl, quinolinyl
and isoquinolinyl, each of which may independently be unsubstituted or substituted with one
or more halogen, OR? or NR*R" wherein R* and R® are each independently selected from the

group consisting of H or a C;-C; alkyl.

[041] In another embodiment, R! is C(=0)-OR?* wherein R?* is a C;-C4 alkyl. In other

embodiments, R! is selected from the group consisting of:

a) phenyl;

b) fluorophenyl;

¢) difluorophenyl;

d) pentafluorophenyl;

¢) methoxyphenyl;
Cl

72NN
f; and = )
g) C(=0)-OCH>CHs.

[042] Each possibility represents a separate embodiment of the present invention.

[043] Insome embodiments, in the compound of Formula (II) or in the compound of Formula
(IV), X is S. In one embodiment, when X is S, Z is CH. In an alternative embodiment, the
following compound is excluded: a compound of Formula (II) wherein X is S, Zis N, Y is
C=0, nis 0, mis 0, R1 is an unsubstituted or substituted phenyl and p and q are each 0. In
another embodiment, the following compound is excluded: a compound of formula (II)

wherein X is S, Z is N, Y is C=0, nis 0, m is 0, R' is pyridinyl and p and q are each 0.

[044] In some embodiments wherein X is S, R! is aryl, optionally substituted with one or

10
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more alkyl, arylalkyl, halogen, NO2, CN, OR*, and NR**R™, or a combination thereof. In some
embodiments wherein X is S, R! is aryl substituted with one or more alkyl, arylalkyl, halogen,
NO,, CN, OR*, and NR**R*®, or a combination thereof. In some embodiments wherein X is S,
R! is aryl substituted with one or more alkyl, arylalkyl, halogen, NO,, and NR%*R>®, or a
combination thereof. In some embodiments wherein X is S, R' is phenyl substituted with one
or more alkyl, arylalkyl, halogen, NO», and NR*R”®, or a combination thereof. In some
embodiments wherein X is S, R! is aryl, optionally substituted with one or more halogen and
Ci-C4 alkyl, or a combination thereof. In some embodiments wherein X is S, R! is phenyl,

optionally substituted with one or more halogen and C;-C4 alkyl, or a combination thereof.

[045] In some embodiments wherein X is S, R! is heteroaryl, optionally substituted with one
or more alkyl, arylalkyl, halogen, NO,, CN, OR*, and NR**R*, or a combination thereof. In
some embodiments wherein X is S, R! is not pyridinyl. In some embodiments wherein X is S,
R!is heteroaryl substituted with one or more alkyl, arylalkyl, halogen, NO,, CN, OR*, and
NR*R’®, or a combination thereof. In some embodiments wherein X is S, R! is heteroaryl
substituted with one or more alkyl, arylalkyl, halogen, NOz, and NR*R’®, or a combination
thereof. In some embodiments wherein X is S, R! is quinolinyl, or isoquinolinyl. In some
embodiments wherein X is S, R! is quinolinyl or isoquinolinyl, optionally substituted with one
or more alkyl, arylalkyl, halogen, NO,, CN, OR*, and NR**R*, or a combination thereof. In
some embodiments wherein X is S, R! is quinolinyl or isoquinolinyl, optionally substituted
with one or more halogen and C;-C4 alkyl, or a combination thereof. In certain embodiments

wherein X is S, R! is C(=0)-OR?, wherein R? is Ci-C4 alkyl.

[046] In one embodiment, the compound represented by the structure of Formula (II) as

described herein is as described but having the proviso that:

(1) when Z is CH, X is NH, S, or a bond,;
(2) when X is S, Z is CH; and
(3) the following compound: a compound of Formula (II) wherein X is NH, Z is CH,
Y is C=0, nis 0, mis 0, R! is a phenyl substituted by one or more alkoxy, and p and q
are each 0, is excluded.

[047] In another embodiment, the compound represented by the structure of Formula (I) as

described herein is as described but having the proviso that:
(1) when Z is CH, X is NH, S, or a bond and (2) the following compounds are excluded:

(i) a compound of Formula (II) wherein X is NH, Z is CH, Y is C=0,nis 0, m is 0, R1
11
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is a phenyl substituted by one or more alkoxy, and p and q are each 0; and

(ii) a compound of Formula (I) wherein X is S, Zis N, Y is C=0, nis 0, mis 0, R1 is

an unsubstituted or substituted phenyl and p and q are each 0.

[048] In another embodiment, the compound represented by the structure of Formula (I) as

described herein is as described but having the proviso that:

(1) when Z is CH, X is NH, S, or a bond;
(2) the following compounds are excluded:
(i) a compound of formula (II) wherein X is NH, Z is CH, Y is C=0, n is
0, mis 0, R' is a phenyl substituted by one or more alkoxy, and p and q
are each 0; and
(ii) a compound of formula (I) wherein X is S, Zis N, Y is C=0, nis 0, m
is 0, R! is pyridinyl and p and q are each 0.
[049] In one embodiment, the compound is represented by Formula (II), wherein n is 0.

According to this aspect and in one embodiment, the compound is represented by the structure

of Formula (II-a):

R1— (CHy)y—U Y

(II-a)

[050] In another embodiment, the compound is represented by Formula (II) wherein X is O,

ZisN, Y is C=0, nis 0, m is 0, R' is phenyl or methoxyphenyl and p and q are each 0.

[051] In yet another embodiment, the compound is represented by Formula (II) wherein X is

S,Zis CH, Y is C=0, nis 0, m is 0, R! is phenyl and p and q are each 0.

[052] In one embodiment, the compound is represented by Formula (II) wherein X is O, Z is
N,YisC=0,nis 0,mis0, R'is methoxyphenyl and p and g are each 0. In another embodiment,
the compound is represented by Formula (II), wherein X is O, Zis N, Y is C=0,nis 0, m is 0,
R' is difluorophenyl or pentafluorophenyl and p and q are each 0.

[053] In another embodiment the compound is represented by Formula (II), wherein p and q

12
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are each 0 (i.e., R? and R* do not exist).

[054] As demonstrated herein, said compound has unexpectedly been found to be a highly
potent and selective cytotoxic agent, exhibiting selective cytotoxicity towards cancer as well
as pre-cancerous cells and benign hyperproliferative disorders, while having little effect on

normal cells.

[055] Asused herein, in some embodiments, an “alkyl” group refers to any saturated aliphatic
hydrocarbon, including straight-chain and branched-chain alkyl groups. In one embodiment,
the alkyl group has 1-4 carbons designated here as C;-Cy-alkyl. In some embodiments, the
alkyl group has 1-7 carbons designated here as C;-Cs-alkyl. The alkyl group may be
unsubstituted or substituted by one or more groups selected from halogen, hydroxy, alkoxy
carbonyl, amido, alkylamido, dialkylamido, nitro, amino, alkylamino, dialkylamino, carboxyl,

thio and thioalkyl.

[056] The term “aryl” used herein alone or as part of another group denotes an aromatic ring
system containing from 6-14 ring carbon atoms. The aryl ring can be a monocyclic, bicyclic,
tricyclic and the like. Non-limiting examples of aryl groups are phenyl, naphthyl including 1-
naphthyl and 2-naphthyl, and the like. The aryl group can be unsubstituted or substituted

through available carbon atoms with one or more groups defined hereinabove for alkyl.

[057] The term ‘“heteroaryl” used herein alone or as part of another group denotes a
heteroaromatic system containing at least one heteroatom ring atom selected from nitrogen,
sulfur and oxygen. The heteroaryl contains 5 or more ring atoms. In some embodiments, the
heteroaryl group contains 5-10 ring atoms. The heteroaryl group can be monocyclic, bicyclic,
tricyclic and the like. Also included in this expression are the benzoheterocyclic rings. If
nitrogen is a ring atom, the present invention also contemplates the N-oxides of the nitrogen
containing heteroaryls. Nonlimiting examples of heteroaryls include thienyl, benzothienyl, 1-
naphthothienyl, thianthrenyl, furyl, benzofuryl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, indolyl, isoindolyl, indazolyl, purinyl, quinolyl (e.g. 1-
quinolinyl, 2-quinolinyl, 3-quinolinyl, 4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl
and 8-quinolinyl), isoquinolinyl (e.g., 1-isoquinolinyl, 2-isoquinolinyl, 3-isoquinolinyl, 4-
isoquinolinyl, 5-isoquinolinyl, 6-isoquinolinyl, 7-isoquinolinyl and 8-isoquinolinyl);
naphthyridinyl (e.g., 1-naphthyridinyl, 2-naphthyridinyl), quinoxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, carbolinyl, thiazolyl, oxazolyl, isothiazolyl, isoxazolyl and the like. The

heteroaryl group can optionally be substituted through available atoms with one or more groups

13
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defined hereinabove for alkyl. The heteroaryl group can be unsubstituted or substituted

through available atoms with one or more groups defined hereinabove for alkyl.

[058] The term "halogen” or "halo" as used herein alone or as part of another group refers to

chlorine, bromine, fluorine, and iodine.

[059] The term *“hydroxy” refers to an OH group. The terms "alkoxy" refers to the group
OR?* wherein R* is a C1-C4 alkyl as defined above. Nonlimiting examples of an alkoxy group

is methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy and like groups.

[060] All stereoisomers of the compounds of the instant invention are contemplated, either in
admixture or in pure or substantially pure form. The compounds of the present invention can
have asymmetric centers at any of the atoms. Consequently, the compounds can exist in
enantiomeric or diastereomeric forms or in mixtures thereof. The present invention
contemplates the use of any racemates (i.e. mixtures containing equal amounts of each
enantiomers), enantiomerically enriched mixtures (i.e., mixtures enriched for one enantiomer),
pure enantiomers or diastereomers, or any mixtures thereof. The chiral centers can be
designated as R or S or R,S or d,D, LL or d.I, D,L. The present invention intends to encompass

all structural and geometrical isomers including cis, trans, E and Z isomers.

[061] One or more of the compounds of the invention, may be present as a salt. The term
"salt" encompasses both basic and acid addition salts, including but not limited to, carboxylate
salts or salts with amine nitrogens, and include salts formed with the organic and inorganic
anions and cations discussed below. Furthermore, the term includes salts that form by standard
acid-base reactions with basic groups (such as amino groups) and organic or inorganic acids.
Such acids include hydrochloric, hydrofluoric, trifluoroacetic, sulfuric, phosphoric, acetic,
succinic, citric, lactic, maleic, fumaric, palmitic, cholic, pamoic, mucic, D-glutamic, D-
camphoric, glutaric, phthalic, tartaric, lauric, stearic, salicylic, methanesulfonic,
benzenesulfonic, sorbic, picric, benzoic, cinnamic, and like acids. Each possibility represents

a separate embodiment of the invention.

[062] The term "organic or inorganic cation” refers to counter-ions for the anion of a salt. The
counter-ions are chosen from the alkali and alkaline earth metals, (such as lithium, sodium,
potassium, barium, aluminum and calcium); ammonium and mono-, di- and tri-alkyl amines
such as trimethylamine, cyclohexylamine; and the organic cations, such as
dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, bis(2-

hydroxyethyl)ammonium, phenylethylbenzylammonium, dibenzylethylene diammonium, and
14
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like cations. See, for example, "Pharmaceutical Salts,” Berge et al., J. Pharm. Sci., 66:1-19

(1977), which is incorporated herein by reference.

[063] The present invention also includes solvates of the compounds of the present invention
and salts thereof. “Solvate” means a physical association of a compound of the invention with
one or more solvent molecules. This physical association involves varying degrees of ionic and
covalent bonding, including hydrogen bonding. In certain instances the solvate will be capable
of isolation. “Solvate” encompasses both solution-phase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates, methanolates and the like. “Hydrate” is a

solvate wherein the solvent molecule is water.

[064] The present invention also includes polymorphs of the compounds of the present
invention and salts thereof. The term “polymorph” refers to a particular crystalline state of a
substance, which can be characterized by particular physical properties such as X-ray

diffraction, IR spectra, melting point, and the like.

[065] The present invention provides stable topical pharmaceutical compositions comprising
a compound of Formula (II), and methods of using these compositions, especially for treating
or preventing cancer or a pre-cancerous condition, or a benign hyperproliferative disorder, e.g.,

actinic keratosis.

Therapeutic Use

[066] The compounds of the present invention are significantly more potent than the
compounds disclosed in the art, and exert selective cytotoxicity on cancerous cells, e.g. prostate
cancer cells, pancreatic carcinoma cells, colon carcinoma cells, cervix adenocarcinoma cells,
lung carconima cells, as well as pre-cancerous cells, while having a very small effect on normal
cells. As such, the compounds of the present invention are useful in inhibiting cancer cell

proliferation and treating a variety of cancers.

[067] As described herein, the compounds of the present invention are potent cytotoxic agents
that are capable of inhibiting cell proliferation in a wide variety of hyper-proliferating cells,
such as cancer cells as well as pre-cancer cells and cells associated with benign
hyperproliferative disorders. The present invention thus provides powerful methods to the
chemoprevention and treatment of cancer, pre-cancer and benign hyperproliferative disorders

that have not been previously described.
15
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[068] In one aspect, the present invention features a method for treating cancer, a pre-
cancerous condition or a benign hyperproliferative disorder in a subject in need thereof,
comprising the step of administering to the subject a therapeutically effective amount of a
compound represented by the structure of Formula (II), or a pharmaceutically acceptable salt

thereof:

R1—(CHy)y—VU N—Y

\_/ \(CHz),,

|
NN
| [ L,
AN

U and Z are each independently N or CH;
Xis O, NH, S, or a bond;
Y is CH,, C=0, or C=5;

(R?),

wherein

R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally
substituted with one or more alkyl, arylalkyl, halogen, NO,, CN, OR*, NR*R*®, or a
combination thereof;

R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO», CN, C;-Cs4 alkyl, OR*, and NR>*R>;

R*, R? R’ and R are each independently hydrogen or C;-Cs alkyl;

nisOorl;

mis0,1,or2;

p and q are each independently selected from 0, 1, 2, 3, and 4; and

or a pharmaceutically acceptable salt thereof.

[069] In one embodiment, the composition includes salts, hydrates, solvates, polymorphs,

optical isomers, gecometrical isomers, enantiomers, diastereomers, and mixtures thereof.

[070] In one embodiment, when Z is CH, X is not O. In another embodiment, when Z is CH,

X is NH, S, or abond.
[071] In another embodiment, Z is N, and U is N or CH.

[072] In another embodiment, the following compounds are excluded:
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(1) a compound of Formula (II) wherein X is NH, Zis CH, Y is C=0, nis 0, mis O, R!

is a phenyl substituted by one or more alkoxy, and p and q are each 0; and

(ii) a compound of Formula (II) wherein X is S, Zis N, Y is C=0, nis 0, m is 0, R!is

an unsubstituted or substituted phenyl and p and q are each 0.
[073] In some embodiments, in the compound of Formula (II), m and n are each 0.

[074] In some embodiments, in the compound of Formula (II), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR*, or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R* is C1-C4 alkyl.

[075] Insome embodiments, in the compound of Formula (II), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[076] In some embodiments, in the compound of Formula (II), U is N.

[077] Insome embodiments, the compound of the invention is represented by a compound of

Formula (I1I)

R1'—(CHy)—U N—Y,

__/ \(CHz)n

|
906
. [ T,
7y - (1ID).

wherein X, U, R', R%, R, m, n, p. and q are defined as anywhere herein.

(R?),

[078] In some embodiments, in the compound of Formula (II), X is O, NH, or a bond. In
some embodiments, X is O. In other embodiments, X is a bond. In certain embodiments, X is

NH.
[079] In some embodiments, in the compound of Formula (III), m and n are each 0.

[080] In some embodiments, in the compound of Formula (IIT), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs4 alkyl, OR?, or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R* is Ci-C4 alkyl.
[081] Insome embodiments, R?is H. In some embodiments, R* is H. In other embodiments,
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R?is H and R? is H.

[082] Insome embodiments, in the compound of Formula (IID), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[083] In some embodiments, in the compound of Formula (III), U is N.

[084] In some embodiments, the compound of invention is represented by a compound of

Formula (IV)

(RB— | 7%
- X 7 av).
wherein X, U, R', R%, R, m, n, p. and q are defined as anywhere herein.
[085] In some embodiments, in the compound of Formula (IV), X is O. In other

embodiments, X is S. In certain embodiments, X is NH.

[086] In some embodiments, in the compound of Formula (IV), R! is aryl or heteroaryl. In
some embodiments, R' is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs4 alkyl, OR?, or a

combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is Ci-C4 alkyl.

[087] In some embodiments, R?is H. In some embodiments, R? is H. In other embodiments,

R?is Hand R?is H.

[088] Insome embodiments, in the compound of Formula (IV), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[089] In some embodiments, in the compound of Formula (IV), U is N.

[090] In some embodiments, the compound of the invention is:
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[091]

In some embodiments, the compound of the invention is represented by a compound of
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Formula (V)

R1
~ U /\
N \(o
z
X
(R2),—\ | ——R3),

~ -

(V).
wherein X, U, R!, R%, R®, m, n, p, and q are defined as anywhere herein.
[092] Insome embodiments, in the compound of Formula (V), Z is N. In other embodiments,

5 ZisCH.

[093] In some embodiments, in the compound of Formula (V), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs4 alkyl, OR?, or a
combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is Ci-Cs alkyl. In
10 some embodiments, R? is H. In some embodiments, R? is H. In other embodiments, R? is H

and R?is H.

[094] In some embodiments, in the compound of Formula (V), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
[095] In some embodiments, in the compound of Formula (V), U is N.

15 [096] In some embodiments, the compound of the invention is:
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[097] Insome embodiments, the compound of the invention is represented by a compound of

Formula (VI)
R1

\U/\
oW
7N

(Rz)p_l | —(FF’)q
F F
s (VD)
5 wherein U, R!, R?, R3, p, and q are defined as anywhere herein.

[098] In some embodiments, in the compound of Formula (VI), R! is aryl or heteroaryl. In
some embodiments, R! is phenyl, quinolinyl, or isoquinolinyl. In other embodiments, R! is
phenyl, optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR*, or a
10  combination thereof. In certain embodiments, R! is C(=0)-OR?, wherein R? is C;-Cs alkyl. In
some embodiments, R” is H. In some embodiments, R? is H. In other embodiments, R? is H

and R® is H.

[099] Insome embodiments, in the compound of Formula (VI), p is 0. In some embodiments,

qis 0. In other embodiments, p is 0 and q is 0.
15 [0100] In some embodiments, in the compound of Formula (VI), U is N.

[0101] In some embodiments, the compound of the invention is:

(LD,

[0102] In some embodiments, in the method of the invention, the subject is a mammal. In

20  some embodiments, the mammal is a human.

[0103] In some embodiments, in the method of the invention, the cancer comprises a solid

21



10

15

20

25

30

WO 2018/033918 PCT/IL2017/050909

tumor. In one embodiment, the solid tumor comprises prostate cancer. In another embodiment,
the solid tumor comprises pancreatic cancer. In another embodiment, the solid tumor comprises
colon cancer, cervical cancer, lung cancer, breast cancer, liver cancer, skin cancer, melanoma,
or metastases thereof. Each possibility represents a separate embodiment of the present

invention.

[0104] In some embodiments, in the method of the invention, the cancer comprises squamous
cell carcinoma (SCC), basal cell carcinoma (BCC), cutaneous T-cell lymphoma (CTCL), or

metastases thereof. Each possibility represents a separate embodiment of the present invention.

[0105] In one embodiment, the compounds of the present invention are active against a wide
range of cancers, including but not limited to: colon cancer, cervical cancer, lung cancer,
pancreatic cancer, breast cancer, liver cancer, skin cancer, melanoma, lymphoproliferative
disorders, ovarian cancer, prostate cancer, endometrial cancer, bone cancer, stomach cancer,
cancer of the thyroid, head and neck cancer, cancer of the central nervous system, cancer of
the peripheral nervous system, kidney cancer, hepatocellular carcinoma, hepatoma,
hepatoblastoma, rhabdomyosarcoma, esophageal carcinoma, thyroid carcinoma,
ganglioblastoma, fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, Ewing’s tumor, leimyosarcoma,
rhabdotheliosarcoma, invasive ductal carcinoma, papillary adenocarcinoma, adenocarcinoma,
renal cell carcinoma, hypernephroma, hypernephroid adenocarcinoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms’ tumor, testicular tumor, lung
carcinoma, bladder carcinoma, glioma, astrocyoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, retinoblastoma, neuroblastoma, colon carcinoma, rectal carcinoma,
hematopoietic and hematologic malignancies, or metastases thereof. In one embodiment, the

hematologic malignancy comprises leukemia, lymphoma, multiple myeloma, or metastases

thereof.

[0106] In some embodiments, leukemia includes acute myelogenous leukemia, acute
myelocytic leukemia, acute lymphocytic leukemia, acute lymphoblastic leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, and mast cell leukemia, or metastases
thereof. In some embodiments, lymphoma includes myeloid lymphoma, Hodgkin’s
lymphoma, and non-Hodgkin’s lymphoma, or metastases thereof. Each possibility represents

a separate embodiment of the present invention.

[0107] In some embodiments, lung cancer comprises lung carcinoma. In one embodiment, the
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lung carcinoma comprises small cell carcinoma. In another embodiment, the lung carcinoma
comprises non-small carcinoma. In another embodiment, the lung carcinoma comprises large
cell lung carcinoma. In some embodiments, adenocarcinoma is well differentiated, moderately

differentiated, poorly differentiated or undifferentiated.

[0108] In another embodiment, the methods and uses of the invention as described herein

comprise treating a cancer described hereinabove.

[0109] In some embodiments, in the method of the invention, the compound is administered
in combination with at least one other agent effective at treating cancer, a pre-cancer condition
or a hyperproliferative disorder. In some embodiments, the compound is formulated for
parenteral administration, oral administration, rectal administration, intranasal administration,
topical administration, administration by inhalation, or administration via a suppository. In
some embodiments, the parenteral administration 1is intravenous, subcutaneous,
intraperitoneal, intraarterial, transdermal, or intramuscular administration. In certain

embodiments, the compound is formulated for intravenous administration.

[0110] In another aspect, the present invention provides a method for inhibiting cancer or pre-
cancer cell proliferation in vitro, comprising contacting the cancer cells with a therapeutically
effective amount of a compound of the present invention, as described herein. In some
embodiments, the compound is one or more of the compounds represented by Formula (II),
(IID), (IV), or (V). In some embodiments, the compound is one or more of the compounds
represented by Compound 20, 21, 22, or 23. In some embodiments, the compound is one or
more of Compound 11, 12, 13, 14, 15, or 16. In some embodiments, the compound is one or
more of the compounds represented by Compound 1, 2, 3, 4, or 5. In some embodiments, the

compound is administered in a pharmaceutical composition.

[0111] The present invention provides a method for the treatment of cancer, a pre-cancerous
condition or a benign hyperproliferative disorder in a subject in need thereof, by administering
to the subject a therapeutically effective amount of the compound of the invention, as described
herein. In some embodiments, the compound is one or more of the compounds represented by
Formula (II), (IIT), (IV), or (V). In some embodiments, the compound is one or more of the
compounds represented by Compound 20, 21, 22, or 23. In some embodiments, the compound
is one or more of Compound 11, 12, 13, 14, 15, or 16. In some embodiments, the compound
is one or more of the compounds represented by Compound 1, 2, 3, 4, or 5. In some

embodiments, the compound is administered in a pharmaceutical composition.
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[0112] The present invention provides a method for the treatment of cancer, a pre-cancerous
condition or a benign hyperproliferative disorder in a subject in need thereof, by administering
to the subject a therapeutically effective amount of the compound of the invention, as described
herein. In some embodiments, the compound is one or more of the compounds represented by
Formula (II), (IIT), (IV), or (V). In some embodiments, the compound is one or more of the
compounds represented by Compound 20, 21, 22, or 23. In some embodiments, the compound
is one or more of Compound 11, 12, 13, 14, 15, or 16. In some embodiments, the compound
is one or more of the compounds represented by Compound 1, 2, 3, 4, or 5. In some

embodiments, the compound is administered in a pharmaceutical composition.

[0113] In another aspect, the present invention relates to the use of a compound represented
by general Formula (I), (II), (IV), or (V), or one or more of the compounds represented by
Compound 20, 21, 22, or 23, or one or more of Compound 11, 12, 13, 14, 15, or 16, or one or
more of Compound 1, 2, 3, 4, or 5, or a pharmaceutical composition comprising such
compound, in the preparation of a medicament useful for the treatment of cancer, a pre-

cancerous condition or a benign hyperproliferative disorder.

[0114] The present invention further relates to a compound represented by general Formula
(1D, (1D), (IV), and (V), or any of the compounds exemplified by these formulae, or Compound
20, 21, 22, or 23, Compound 11, 12, 13, 14, 15, or 16, Compound 1, 2, 3, 4, or 5, or a
pharmaceutical composition comprising such compound, for the use in the treatment of cancet,

a pre-cancer condition or benign hyperproliferative disorder.

[0115] In one embodiment, the subject is a mammal. In some embodiments, the subject is a
human. However, the present invention also contemplates using the compounds of the present
invention for non-human mammals, e.g., in veterinary medicine. In one embodiment, the
subject is murine, bovine, ovine, canine, feline, equine, porcine, etc. In one embodiment, the
compositions and methods of the present invention are effective in male subjects. In another
embodiment, the compositions and methods of the present invention are effective in female

subjects.

[0116] It is to be understood that whenever the terms “treating or inhibiting a malignant cell
proliferative disease or disorder”, “treating or inhibiting a non-solid cancer”, “treating or
inhibiting a tumor” are used herein in the description and in the claims, they are intended to

encompass tumor formation, primary tumors, tumor progression or tumor metastasis.

[0117] The term "inhibition of proliferation” in relation to cancer cells, in the context of the
24
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present invention refers to a decrease in at least one of the following: number of cells (due to
cell death which may be necrotic, apoptotic or any other type of cell death or combinations
thereof) as compared to control; decrease in growth rates of cells, i.e. the total number of cells
may increase but at a lower level or at a lower rate than the increase in control; decrease in the
invasiveness of cells (as determined for example by soft agar assay) as compared to control
even if their total number has not changed; progression from a less differentiated cell type to a
more differentiated cell type; a deceleration in the neoplastic transformation; or alternatively

the slowing of the progression of the cancer cells from one stage to the next.

[0118] The term "treatment of cancer"” in the context of the present invention includes at least
one of the following: a decrease in the rate of growth of the cancer (i.e. the cancer still grows
but at a slower rate); cessation of growth of the cancerous growth, i.e., stasis of the tumor
growth, and, in preferred cases, the tumor diminishes or is reduced in size. The term also
includes reduction in the number of metastasis, reduction in the number of new metastasis
formed, slowing of the progression of cancer from one stage to the other and a decrease in the
angiogenesis induced by the cancer. In most preferred cases, the tumor is totally eliminated.
Additionally included in this term is lengthening of the survival period of the subject
undergoing treatment, lengthening the time of diseases progression, tumor regression, and the
like. This term also encompasses prevention for prophylactic situations or for those individuals
who are susceptible to contracting a tumor. The administration of the compounds of the present
invention will reduce the likelihood of the individual contracting the disease. In preferred

situations, the individual to whom the compound is administered does not contract the disease.

[0119] As used herein, the term “administering” refers to bringing in contact with a compound
of the present invention. Administration can be accomplished to cells or tissue cultures, or to

living organisms, for example humans.

[0120] A "therapeutic" treatment is a treatment administered to a subject who exhibits signs of
pathology for the purpose of diminishing or eliminating those signs. A "therapeutically
effective amount” of a compound of the invention is that amount of compound which is

sufficient to provide a beneficial effect to the subject to which the compound is administered.

[0121] The term “cancer” in the context of the present invention includes all types of neoplasm
whether in the form of solid or non-solid tumors, and includes both malignant and premalignant

conditions as well as their metastasis.

[0122] Cancers may be classified in two ways: by the type of tissue in which the cancer
25
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originates (histological type) and by primary site, or the location in the body where the cancer
first developed. The international standard for the classification and nomenclature of

histologies is the International Classification of Diseases for Oncology, Third Edition.

[0123] From a histological standpoint there are hundreds of different cancers, which are
grouped into five major categories: carcinoma, sarcoma, myeloma, leukemia, and lymphoma.

In addition, there are also some cancers of mixed types.

[0124] Carcinoma refers to a malignant neoplasm of epithelial origin or cancer of the internal
or external lining of the body. Carcinomas, malignancies of epithelial tissue, account for 80 to
90 percent of all cancer cases. Epithelial tissue is found throughout the body. It is present in
the skin, as well as the covering and lining of organs and internal passageways, such as the

gastrointestinal tract.

[0125] Carcinomas are divided into two major subtypes: adenocarcinoma, which develops in
an organ or gland, and squamous cell carcinoma, which originates in the squamous epithelium.
Most carcinomas affect organs or glands capable of secretion, such as the breasts, which

produce milk, or the lungs, which secrete mucus, or colon or prostate or bladder.

[0126] Adenocarcinomas generally occur in mucus membranes and are first seen as a
thickened plaque-like white mucosa. They often spread easily through the soft tissue where

they occur. Squamous cell carcinomas occur in many areas of the body.

[0127] Sarcoma refers to cancer that originates in supportive and connective tissues such as
bones, tendons, cartilage, muscle, and fat. Generally occurring in young adults, the most
common sarcoma often develops as a painful mass on the bone. Sarcoma tumors usually

resemble the tissue in which they grow.

[0128] Examples of sarcomas are: Osteosarcoma or osteogenic sarcoma (bone);
Chondrosarcoma (cartilage); Leiomyosarcoma (smooth muscle); Rhabdomyosarcoma
(skeletal muscle); Mesothelial sarcoma or mesothelioma (membranous lining of body
cavities); Fibrosarcoma (fibrous tissue); Angiosarcoma or hemangioendothelioma (blood
vessels); Liposarcoma (adipose tissue); Glioma or astrocytoma (neurogenic connective tissue
found in the brain); Myxosarcoma (primitive embryonic connective tissue); Mesenchymous or

mixed mesodermal tumor (mixed connective tissue types);

[0129] Myeloma is cancer that originates in the plasma cells of bone marrow. The plasma cells

produce some of the proteins found in blood.
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[0130] Leukemias ("non-solid tumors" or "blood cancers") are cancers of the bone marrow
(the site of blood cell production). The disease is often associated with the overproduction of
immature white blood cells. Leukemia also affects red blood cells and can cause poor blood
clotting and fatigue due to anemia. Examples of leukemia include: Myelogenous or
granulocytic leukemia (malignancy of the myeloid and granulocytic white blood cell series);
Lymphatic, lymphocytic, or lymphoblastic leukemia (malignancy of the lymphoid and
lymphocytic blood cell series); Polycythemia vera or erythremia (malignancy of various blood

cell products, but with red cells predominating)

[0131] Lymphomas develop in the glands or nodes of the lymphatic system, a network of
vessels, nodes, and organs (specifically the spleen, tonsils, and thymus) that purify bodily
fluids and produce infection-fighting white blood cells, or lymphocytes. Unlike the leukemias,
which are sometimes called "non-solid tumors," lymphomas are "solid cancers." Lymphomas
may also occur in specific organs such as the stomach, breast or brain. These lymphomas are
referred to as extranodal lymphomas. The lymphomas are subclassified into two categories:
Hodgkin lymphoma and Non-Hodgkin lymphoma. The presence of Reed-Sternberg cells in
Hodgkin lymphoma diagnostically distinguishes Hodgkin lymphoma from Non-Hodgkin
lymphoma.

[0132] Mixed Type cancers contain several types of cells. The type components may be within
one category or from different categories. Some examples are: adenosquamous carcinoma;

mixed mesodermal tumor; carcinosarcoma and teratocarcinoma.

[0133] As used herein, the term “cancer” includes the above categories of carcinoma, sarcoma,

myeloma, leukemia, lymphoma and mixed type tumors.

[0134] In some embodiments, the cancer is selected from the group consisting of squamous
cell carcinoma, basal cell carcinoma, skin cancer, head and neck cancer, esophageal carcinoma,
rectal carcinoma, cervical cancer, non-small cell lung carcinoma (NSCLC), cutaneous T-cell
lymphoma (CTCL), breast cancer as well as metastases of all of the above. Each possibility

represents a separate embodiment of the present invention.

[0135] It is contemplated that the compounds of the invention will be administered as stand-
alone agents. However, in other embodiments, the compounds of the present invention will be
administered in combination with additional anti-cancer agents known in the art. Thus, in other
embodiments of the use of preparing a medicament, the medicament additionally comprises at

least one active chemotherapeutic agent other than the compounds of the invention. In certain
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embodiments, the compounds of the invention may be administered alongside with at least one
traditional chemotherapeutic drug that is effective at treating the particular cancer or pre-cancer
or benign hyperproliferative disorder. The administration can be concurrent (either combined
in one dosage form or in separate dosage forms) or sequential. If provided sequentially, the
piperazine derivative can be administered before or after treatment with the additional
chemotherapeutic agent(s). The combination of a compound of the invention and the
traditional drug may allow administration of a lower dosage of the traditional drug, and thus
the side effects experienced by the subject may be significantly lower, while a sufficient

chemotherapeutic effect is nevertheless achieved.

[0136] The term "pre-cancer” or “pre-malignant” as used herein interchangeably refers to
diseases, syndromes or other conditions associated with an increased risk of cancer. Pre-cancer
conditions in the context of the present invention include, but are not limited to: breast
calcifications, vaginal intra-epithelial neoplasia, actinic keratosis, Barrett's esophagus, atrophic
gastritis, dyskeratosis congenital, sideropenic dysphagia, lichen planus, oral sibmucous

fibrosis, solar elastosis, cervical desplasia, leukoplakia and erythroplakia.

[0137] The term "benign hyperproliferative disorder” as used herein refers to a condition in
which there is an abnormal growth and differentiation of cells and an increase in the amount of
organic tissue that results from cell proliferation. The benign hyperproliferative disorder may
be attributed to lack of response or inappropriate response to regulating factors, or alternatively to
dysfunctional regulating factors. Non-limiting example of benign hyperproliferative disorder are

psoriasis and benign prostatic hyperplasia (BPH).

Pharmaceutical Compositions

[0138] Although the heterocyclic piperazine derivatives of the present invention can be
administered alone, it is contemplated that these compounds will be administered in a
pharmaceutical composition containing the piperazine derivative of the invention together with
a pharmaceutically acceptable carrier or excipient. Thus, in another aspect, the present
invention relates to a pharmaceutical composition comprising a compound as described
anywhere herein, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.

[0139] The pharmaceutical compositions of the present invention can be formulated for
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administration by a variety of routes including oral, rectal, transdermal, parenteral
(subcutancous, intraperitoneal, intravenous, intraarterial, transdermal and intramuscular),
topical, intranasal, or via a suppository, preferably suitable for intravenous administration.
Such compositions are prepared in a manner well known in the pharmaceutical art and
comprise as an active ingredient at least one compound of the present invention as described
hereinabove, and a pharmaceutically acceptable excipient or a carrier. The term
"pharmaceutically acceptable” means approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for

use in animals and, more particularly, in humans.

[0140] During the preparation of the pharmaceutical compositions according to the present
invention the active ingredient is usually mixed with a carrier or excipient, which may be a

solid, semi-solid, or liquid material.

[0141] For intravenous administration, the compounds of the inventiom can be sterile liquids,
such as water and oils, including those of petroleum, animal, vegetable or synthetic origin,
such as peanut oil, soybean oil, mineral oil, sesame oil and the like, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for

injectable solutions.

[0142] The compositions can also be formulated for oral administration, e.g., in the form of
tablets, pills, capsules, pellets, granules, powders, lozenges, sachets, cachets, elixirs,
suspensions, dispersions, emulsions, solutions, syrups, acrosols (as a solid or in a liquid
medium), ointments containing, for example, up to 10% by weight of the active compound,
soft and hard gelatin capsules, suppositories, sterile injectable solutions, and sterile packaged

powders.

[0143] The carriers may be any of those conventionally used and are limited only by chemical-
physical considerations, such as solubility and lack of reactivity with the compound of the
invention, and by the route of administration. The choice of carrier will be determined by the
particular method used to administer the pharmaceutical composition. Some examples of
suitable carriers include lactose, glucose, dextrose, sucrose, sorbitol, mannitol, starches, gum
acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline

cellulose, polyvinylpyrrolidone, cellulose, water and methylcellulose. The formulations can
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additionally include lubricating agents such as talc, magnesium stearate, and mineral oil;
wetting agents, surfactants, emulsifying and suspending agents; preserving agents such as
methyl- and propylhydroxybenzoates; sweetening agents; flavoring agents, colorants,
buffering agents (e.g., acetates, citrates or phosphates), disintegrating agents, moistening
agents, antibacterial agents, antioxidants (e.g., ascorbic acid or sodium bisulfite), chelating
agents (e.g., cthylenediaminetetraacetic acid), and agents for the adjustment of tonicity such as

sodium chloride.

[0144] For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, it is meant that the active ingredient is dispersed
evenly throughout the composition so that the composition may be readily subdivided into
equally effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the type described above
containing from, for example, 0.1 to about 500 mg of the active ingredient of the present

invention.

[0145] Any method can be used to prepare the pharmaceutical compositions. Solid dosage

forms can be prepared by wet granulation, dry granulation, direct compression and the like.

[0146] The solid dosage forms of the present invention may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. The two components can be separated
by an enteric layer, which serves to resist disintegration in the stomach and permit the inner
component to pass intact into the duodenum or to be delayed in release. A variety of materials
can be used for such enteric layers or coatings, such materials including a number of polymeric
acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and

cellulose acetate.

[0147] The liquid forms in which the compositions of the present invention may be
incorporated, for administration orally or by injection, include aqueous solutions, suitably
flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such as
cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar

pharmaceutical vehicles.
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[0148] In one embodiment, the active ingredient is dissolved in any acceptable lipid carrier

(e.g., fatty acids, oils to form, for example, a micelle or a liposome).

[0149] Compositions for inhalation include solutions and suspensions in pharmaceutically
acceptable aqueous or organic solvents, or mixtures thereof, and powders. The liquid or solid
compositions may contain suitable pharmaceutically acceptable excipients as described above.
In some embodiments, the compositions are administered by the oral or nasal respiratory route
for local or systemic effect. Compositions in preferably pharmaceutically acceptable solvents
may be nebulized by use of inert gases. Nebulized solutions may be breathed directly from the
nebulizing device or the nebulizing device may be attached to a face masks tent, or intermittent
positive pressure breathing machine. Solution, suspension, or powder compositions may be
administered, for example, orally or nasally, from devices that deliver the formulation in an

appropriate manner.

[0150] Another formulation employed in the methods of the present invention employs
transdermal delivery devices ("patches”). Such transdermal patches may be used to provide
continuous or discontinuous infusion of the compounds of the present invention in controlled
amounts. The construction and use of transdermal patches for the delivery of pharmaceutical

agents is well known in the art.

[0151] In yet another embodiment, the composition is prepared for topical administration, e.g.
as an ointment, a gel a drop or a cream. For topical administration to body surfaces using, for
example, creams, gels, drops, ointments and the like, the compounds of the present invention
can be prepared and applied in a physiologically acceptable diluent with or without a
pharmaceutical carrier. The present invention may be used topically or transdermally to treat
cancer, for example, melanoma. Adjuvants for topical or gel base forms may include, for
example, sodium carboxymethylcellulose, polyacrylates, polyoxyethylene-polyoxypropylene-

block polymers, polyethylene glycol and wood wax alcohols.

[0152] Alternative formulations include nasal sprays, liposomal formulations, slow-release

formulations, controlled-release formulations and the like, as are known in the art.

[0153] The compositions are in some embodiments formulated in a unit dosage form. The term
"unit dosage forms" refers to physically discrete units suitable as unitary dosages for human
subjects and other mammals, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in association with a suitable

pharmaceutical excipient.
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[0154] In preparing a formulation, it may be necessary to mill the active ingredient to provide
the appropriate particle size prior to combining with the other ingredients. If the active
compound is substantially insoluble, it ordinarily is milled to a particle size of less than 200
mesh. If the active ingredient is substantially water soluble, the particle size is normally
adjusted by milling to provide a substantially uniform distribution in the formulation, e.g. about

40 mesh.

[0155] It may be desirable to administer the pharmaceutical composition of the invention
locally to the area in need of treatment; this may be achieved by, for example, and not by way
of limitation, local infusion during surgery, topical application, e.g., in conjunction with a
wound dressing after surgery, by injection, by means of a catheter, by means of a suppository,
or by means of an implant, said implant being of a porous, non-porous, or gelatinous material.
According to some embodiments, administration can be by direct injection e.g., via a syringe,

at the site of a tumor or neoplastic or pre-neoplastic tissue.

[0156] The compounds may also be administered by any convenient route, for example by
infusion or bolus injection, by absorption through epithelial linings (e.g., oral mucosa, rectal
and intestinal mucosa, etc.), and may be administered together with other therapeutically active
agents. In some embodiments, administration is localized, but it may be systemic. In addition,
it may be desirable to introduce the pharmaceutical compositions of the invention into the
central nervous system by any suitable route, including intraventricular and intrathecal
injection; intraventricular injection may be facilitated by an intraventricular catheter, for
example, attached to a reservoir. Pulmonary administration can also be employed, e.g., by use

of an inhaler or nebulizer, and formulation with an aerosolizing agent.

[0157] A compound of the present invention can be delivered in an immediate release or in a
controlled release system. In one embodiment, an infusion pump may be used to administer a
compound of the invention, such as one that is used for delivering chemotherapy to specific
organs or tumors (see Buchwald et al., 1980, Surgery 88: 507; Saudek et al., 1989, N. Engl. I.
Med. 321: 574). In a preferred form, a compound of the invention is administered in
combination with a biodegradable, biocompatible polymeric implant, which releases the
compound over a controlled period of time at a selected site. Examples of preferred polymeric
materials include polyanhydrides, polyorthoesters, polyglycolic acid, polylactic acid,
polyethylene vinyl acetate, copolymers and blends thereof (See, Medical applications of

controlled release, Langer and Wise (eds.), 1974, CRC Pres., Boca Raton, Fla.). In yet another
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embodiment, a controlled release system can be placed in proximity of the therapeutic target,

thus requiring only a fraction of the systemic dose.

[0158] Furthermore, at times, the pharmaceutical compositions may be formulated for
parenteral administration (subcutaneous, intravenous, intraarterial, transdermal, intraperitoneal
or intramuscular injection) and may include aqueous and non-aqueous, isotonic sterile
injection solutions, which can contain anti-oxidants, buffers, bacteriostats, and solutes that
render the formulation isotonic with the blood of the intended recipient, and aqueous and non-
aqueous sterile suspensions that include suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives. Oils such as petroleum, animal, vegetable, or synthetic oils and
soaps such as fatty alkali metal, ammonium, and triethanolamine salts, and suitable detergents
may also be used for parenteral administration. The above formulations may also be used for
direct intra-tumoral injection. Further, in order to minimize or eliminate irritation at the site
of injection, the compositions may contain one or more nonionic surfactants. Suitable
surfactants include polyethylene sorbitan fatty acid esters, such as sorbitan monooleate and the
high molecular weight adducts of ethylene oxide with a hydrophobic base, formed by the

condensation of propylene oxide with propylene glycol.

[0159] The parenteral formulations can be presented in unit-dose or multi-dose sealed
containers, such as ampoules and vials, and can be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier, for example, water, for
injections, immediately prior to use. Extemporaneous injection solutions and suspensions can
be prepared from sterile powders, granules, and tablets of the kind previously described and

known in the art.

[0160] Alternatively, the piperazine derivatives of the present invention can be used in
hemodialysis such as leukophoresis and other related methods, e.g., blood is drawn from the
patient by a variety of methods such dialysis through a column/hollow fiber membrane,
cartridge etc, is treated with the piperazine derivatives Ex-vivo, and returned to the patient
following treatment. Such treatment methods are well known and described in the art. See,
e.g., Kolho et al. (J. Med. Virol. 1993, 40(4): 318-21); Ting et al. (Transplantation, 1978, 25(1):

31-3); the contents of which are hereby incorporated by reference in their entirety.

[0161] The amount of a compound of the invention that will be effective in the treatment of a
particular disorder or condition, including cancer, will depend on the nature of the disorder or

condition, and can be determined by standard clinical techniques. In addition, in vitro assays
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may optionally be employed to help identify optimal dosage ranges. The precise dose to be
employed in the formulation will also depend on the route of administration, and the
seriousness of the disease or disorder, and should be decided according to the judgment of the
practitioner and each patient's circumstances. A preferred dosage will be within the range of
0.01-1000 mg/kg of body weight, more preferably, 0.1mg/kg to 100 mg/kg and even more
preferably 1 mg/kg to 10mg/kg. Effective doses may be extrapolated from dose-response

curves derived from in vitro or animal model test bioassays or systems.

[0162] The following examples are presented in order to more fully illustrate certain
embodiments of the invention. They should in no way, however, be construed as limiting the
broad scope of the invention. One skilled in the art can readily devise many variations and

modifications of the principles disclosed herein without departing from the scope of the invention.

EXAMPLES

Experimental set up:

[0163] The piperazine-derivatives were prepared as a stock of 50 mM in 100% DMSO
(dimethyl sulfoxide). Piperazine-derivatives were added at concentration ranging from 0.03-
10 uM for 72 hours. Each experimental point was performed in triplicates. Vehicle (DMSO)-
treated cells were used as control. Dilutions were performed in culture medium and DMSO so
that the final concentration of DMSO in each well was 0.5%. This 0.5% DMSO in medium
(vehicle) by itself did not affect the viability of any of the cell lines.

[0164] Optical density representing viable cells was determined using the XTT Cell
Proliferation Kit assay (sodium 2,3,-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)-

carbonyl]-2H-tetrazolium inner salt, Biological industries, Beit-Haemek, Isracl).

[0165] Percentage of Optical density is directly proportional to the number of living cells in
culture. Cytotoxicity (%) was calculated in the following way: [(OD of drug-treated cells-OD
of background)/(OD of control cells-OD of background)]x100.

Example 1

Cytotoxicity of Piperazine Derivatives in Several Carcinoma Cell Lines
[0166] New piperazine derivatives were tested for cytotoxicity in 4 cancer cell lines:
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A) HCT116 — Human colon carcinoma cell-line
B) Hela — Human cervix adenocarcinoma cell-line
O H358 — Human lung carcinoma cell-line

D) Panc-1 — Human pancreatic carcinoma cell-line
Results:

[0167] IC 50 values for the different compounds in different cell lines are listed in Table 1

below.

Table 1: IC50 values for select compounds of the invention in various cancer cell lines.

I1C50 (XTT, 72 hr), uM
Compound Colon Cervix Lung Pancreatic
HCT116 Hela H358 Panc-1
1 0.01 0.015 0.05 0.01
2 1.9 >30
3 0.64 0.5 1.35 0.31
4 0.86 1.6 277 1.47
5 1.08 04 0.84 0.9
Example 2

Cytotoxicity of Additional Piperazine Derivatives in Lung Carcinoma Cells

[0168] New piperazine derivatives (compounds of Formula (IV)) were tested for cytotoxicity

in the H358 human lung carcinoma cell line. Table 2 below provides IC50 values for the tested

compounds.

Table 2: IC50 values for select compounds of the invention in a lung cancer cell line.

Conditions: H358 lung cancer line, 11.5 mM glucose, 5000 cell/well, 0.5% FCS, 72 hours.

Compound Structure IC50 (uM)
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11 0.0047

12 0.0066

13 k/"\l/" 0.0067

1 O\( 0.025

14 Y 0.051

15 Y 0.24
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5 f b”\f 0.265

4 h 1.00

)

16 h 137

"\l/" > 10

3 NN 0.43

3)

[0169] New piperazine derivatives (compounds of Formula (V)) were tested for cytotoxicity
in the H358 human lung carcinoma cell line. Table 3 below provide IC50 values for the tested

compounds.

5 Table 3: IC50 values for select compounds of the invention in a lung cancer cell line.

Conditions: H358 lung cancer line, 11.5 mM glucose, 5000 cell/well, 0.5% FCS, 72 hours
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Compound Structure ICsp (uM)

20 K/“\I/° 0.027

(20)

~

21 0.063

g

22 ocHs k/“\]/ 0.003

23 k/u\l/o 0.009

[0170] New piperazine derivatives (compounds of Formula (IV) and Formula (V)) were tested

for cytotoxicity in the H358 human lung carcinoma cell line. Table 4 below provide IC50

values for the tested compounds.

5 Table 4: IC50 values for select compounds of the invention in a prostate cancer cell line.

Conditions: PC3 prostate cancer line, 25 mM glucose, 1500 cell/well, 10% FCS, 72 hours.
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Compound Structure ICsp (uM)
@
21 ocHs ~° 0.024
H,co/O\u/ﬁ
22 k/"\(“ 0.026
OWN
1 K/"\(° 0.026
23 . O o 0.08
Conclusions:

[0171] The piperazine derivatives shown herein are highly potent. The data suggest a possible

therapeutic effect for new piperazine derivatives in a variety of cell lines, namely prostate

5  cancer, pancreatic cancer, colon cancer, cervical cancer, and lung cancer.

[0172] While certain embodiments of the invention have been illustrated and described, it will

be clear that the invention is not limited to the embodiments described herein. Numerous

modifications, changes, variations, substitutions and equivalents will be apparent to those

10 skilled in the art without departing from the spirit and scope of the present invention as

described by the claims, which follow.
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CLAIMS
What is claimed is:

1. A compound represented by the structure of Formula (ID):

R1—(CHy)y—U N—Y

\
\_/ (CH,),

|
NN
| | e
A X 7 {n

U and Z are each independently N or CH;
Xis O, NH, S, or a bond;
Y is CHz, C=0, or C=5;

(R?),

wherein

R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally
substituted with one or more alkyl, arylalkyl, halogen, NO,, CN, OR*, NR**R™, or a
combination thereof;

R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO2, CN, Ci-Cs4 alkyl, OR*, and NR>*R>;

R*, R? R’ and R are each independently hydrogen or C;-Cs alkyl;

nisOorl;

mis0,1,or2;

p and q are each independently selected from 0, 1, 2, 3, and 4; and
or a pharmaceutically acceptable salt thereof;

with the proviso that:
(1) when Zis CH, X is NH, S, or a bond;
(2) the following compounds are excluded:
(i) a compound of formula (II) wherein X is NH, Z is CH, Y is C=0, n is
0, mis 0, R' is a phenyl substituted by one or more alkoxy, and p and q
are each 0; and
(i) a compound of formula (IT) wherein X is S, Z is N, Y is C=0, n is 0, m is 0,
R'is pyridinyl and p and q are each 0.
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14

The compound according to claim 1, wherein m and n are each 0.

w

The compound according to any one of claims 1-2, wherein R! is aryl or heteroaryl.

=

. The compound according to any one of claims 1-2, wherein R! is phenyl, quinolinyl, or

isoquinolinyl.

5. The compound according to any one of claims 1-2, wherein R' is phenyl, optionally

substituted with one or more halogen, CN, C1-C4 alkyl, OR?*, or a combination thereof.

a

The compound according to any one of claims 1-2, wherein R! is C(=0)-OR?, wherein R*

is C1-C4 alkyl.

N

The compound according to any one of claims 1-6, wherein p is 0.

*

The compound according to any one of claims 1-7, wherein q is 0.
9. The compound according to any one of claims 1-8, wherein U is N.
10. The compound according to any one of claims 1-9, wherein X is O, NH, or a bond.

11. The compound according to any one of claims 1-9, wherein said compound is a compound

of Formula (V):
R1
\U/\

(RY,—

X
F S

12. The compound according to claim 11, wherein Z is N.

13. The compound according to claim 12, wherein said compound is:
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L

(7

>

¥

(20).

14. The compound according to claim 12, wherein said compound is:

HyC0” : ~

o

-

s

@21).

15. The compound according to claim 12, wherein said compound is:

(22).

16. The compound according to claim 12, wherein said compound is:

F O \I/o
(23).

17. The compound according to any one of claims 1-10, wherein said compound is a compound

of Formula (III):
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R'—(CH,),—U N—Y,

__/ \(cuz),,

|
NN
| R
7y < (IID).

18. The compound according to claim 17, wherein said compound is a compound of Formula

Iv):

(R3),

19. The compound according to claim 18, wherein X is O.

20. The compound according to claim 19, wherein said compound is:

Bt

8
S N

CEOD(H), Q:OD (12),
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XX
Pl

NTo
OioD (16), or CEOD @).

21. The compound according any one of claims 1-9, wherein said compound is a compound of

Formula (VI):
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\O

N (o)

| \ \ .
(RA,— - | T %
/

s 7 (VD).

22. The compound according to claim 21, wherein said compound is:

23. A pharmaceutical composition comprising a compound according to any one of claims 1-

22, or apharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

24. A compound represented by the structure of Formula (II), or a pharmaceutically acceptable

salt thereof:

R1—(CHy)y—VU N—Y,

\
\_/ (CHy),

|
2 R
| ni
AN

U and Z are each independently N or CH;
45
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wherein
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Xis O, NH, S, or a bond;

Y is CHz, C=0, or C=5;

R! is aryl, heteroaryl, or C(=0)-OR?, wherein aryl and heteroaryl are each optionally
substituted with one or more alkyl, arylalkyl, halogen, NO», CN, OR*, NR5aR5b, or a
combination thereof;

R? and R? are each independently at each occurrence selected from the group consisting
of: halogen, NO2, CN, Ci-Cs4 alkyl, OR*, and NR>*R>;

R*, R? R’ and R are each independently hydrogen or C;-Cs alkyl;

nisOorl;

mis0,1,or2; and

p and q are each independently selected from 0, 1, 2, 3, and 4;

or a pharmaceutically acceptable salt thereof,

with the proviso that:

(1) when Zis CH, X is NH, S, or a bond;
(2) the following compounds are excluded:
(i) a compound of formula (II) wherein X is NH, Z is CH, Y is C=0, n is
0, mis 0, R! is a phenyl substituted by one or more alkoxy, and p and q
are each 0; and
(i) a compound of formula (IT) wherein X is S, Z is N, Y is C=0, n is 0, m is 0,
R' is pyridinyl and p and q are each 0,

for use in treating cancer, a pre-cancerous condition or a benign hyperproliferative disorder in

a subject.

25.

26.

27.

28.

The compound for use according to claim 24, wherein m and n are each 0.

The compound for use according to any one of claims 24-25, wherein R! is aryl or

heteroaryl.

The compound for use according to any one of claims 24-25, wherein R! is phenyl,

quinolinyl, or isoquinolinyl.

The compound for use according to any one of claims 24-25, wherein R! is phenyl,
optionally substituted with one or more halogen, CN, C;-Cs alkyl, OR?, or a combination

thereof.
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29. The compound for use according to any one of claims 24-25, wherein R! is C(=0)-OR?,
wherein R* is C1-Cy4 alkyl.

30. The compound for use according to any one of claims 24-29, wherein p is 0.
31. The compound for use according to any one of claims 24-30, wherein q is 0.
32. The compound for use according to any one of claims 24-31, wherein U is N.

33. The compound for use according to any one of claims 24-32, wherein X is O, NH, or a

bond.

34. The compound for use according to any one of claims 24-32, wherein said compound is a

compound of Formula (V):
R1
\U/ﬁ

(Rz)p—l | —_ (R3)q

I
A F
35. The compound for use according to claim 34, wherein Z is N.

36. The compound for use according to claim 35, wherein said compound is:

Q-

QTO

(20).

37. The compound for use according to claim 35, wherein said compound is:
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B

52

20n.
38. The compound for use according to claim 35, wherein said compound is:

Qo

OCH, 0

(22).

39. The compound for use according to claim 35, wherein said compound is:

F O Yo
23).

40. The compound for use according to any one of claims 24-33, wherein said compound is a

compound of Formula (III):

R1— (CHo)—U N—Y

__/ \(cuz),,

|
NN
| B
7y 7 (11).

41. The compound for use according to claim 40, wherein said compound is a compound of

Formula (IV):

(R?),
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N
S

| N " N 3
(R — T | T 6%
7 x 7 av).

42. The compound for use according to claim 41, wherein X is O.

43. The compound for use according to claim 42, wherein said compound is:

Bt

@
QTO QTO
QoD (1), ©i°:© (12),
F/@N/ﬁ Q\Nﬁ

k/.\ro k/"\r°
O;D (13), C[oD (1),
k/"\(° N\I/o

coo,, oo
° (14), ° 15),
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)
P

SOOH CE"D@

C\OYO jiIOY

CEOD (16). or CKD @.

44. The compound for use according any one of claims 24-32, wherein said compound is a

compound of Formula (VI):

X
| ——(R¥),

s 7 (VD).

45. The compound for use according to claim 44, wherein said compound is:

(s
@3).

46. The compound for use according to any one of claims 24-45, wherein said subject is a

mammal.
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47.

48.

49.

50.

51.

52.

53.

The compound for use according to claim 46, wherein said mammal is a human.

The compound for use according to any one of claims 24-47, wherein said cancer

comprises a solid tumot.

The compound for use according to claim 48, wherein said solid tumor comprises prostate

cancer or metastases thereof.

The compound for use according to claim 48, wherein said solid tumor comprises

pancreatic cancer or metastases thereof.

The compound for use according to claim 48, wherein said solid tumor comprises colon
cancer, cervical cancer, lung cancer, breast cancer, liver cancer, skin cancer, melanoma, or

metastases thereof.

The compound for use according to any one of claims 24-47, wherein said cancer
comprises squamous cell carcinoma (SCC), basal cell carcinoma (BCC), cutaneous T-cell

lymphoma (CTCL), or metastases thereof.

The compound for use according to any one of claims 24-47, wherein said cancer
comprises: colon cancer, cervical cancer, lung cancer, pancreatic cancer, breast cancer,
liver cancer, skin cancer, melanoma, lymphoproliferative disorders, ovarian cancer,
prostate cancer, endometrial cancer, bone cancer, stomach cancer, cancer of the thyroid,
head and neck cancer, cancer of the central nervous system, cancer of the peripheral
nervous system, kidney cancer, hepatocellular carcinoma, hepatoma, hepatoblastoma,
rhabdomyosarcoma, esophageal carcinoma, thyroid carcinoma, ganglioblastoma,
fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma, Ewing’s tumor, leimyosarcoma,
rhabdotheliosarcoma, invasive ductal carcinoma, papillary adenocarcinoma,
adenocarcinoma, renal cell carcinoma, hypernephroma, hypernephroid adenocarcinoma,
bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms’ tumor,
testicular  tumor, lung carcinoma, bladder carcinoma, glioma, astrocyoma,
medulloblastoma, craniopharyngioma, ependymoma, pinealoma, retinoblastoma,
neuroblastoma, colon carcinoma, rectal carcinoma, hematopoietic or hematologic

malignancies, or metastases thereof.
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54. The compound for use according to any one of claims 24-47, wherein said cancer
comprises a hematologic cancer, comprising: acute myelogenous leukemia, acute
myelocytic leukemia, acute lymphocytic leukemia, acute lymphoblastic leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, mast cell leukemia, multiple
myeloma, myeloid lymphoma, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma,

cutaneous T-cell lymphoma, or metastases thereof.

55. The compound for use according to any one of claims 24-54, wherein said compound is in
combination with at least one other agent effective at treating cancer, a pre-cancer condition

or a hyperproliferative disorder.

56. The compound for use according to any one of claims 24-55, wherein said compound is
formulated for parenteral administration, oral administration, rectal administration,
intranasal administration, topical administration, administration by inhalation, or

administration via a suppository.

57. The compound for use according to claim 56, wherein said parenteral administration is
intravenous, subcutaneous, intraperitoneal, intraarterial, transdermal, or intramuscular

administration.

58. The compound for use according to any one of claims 24-55, wherein said compound is

formulated for intravenous administration.
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