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(Z)-STYRYLBENZYLSULFONES AND
PHARMACEUTICAL USES THEREOF

Cross-Reference to Related Application
The priority of co-pending U.S. provisional patent
application Serial No. 60/271,762, filed February 27, 2001, is claimed.
The entire disclosure of the aforesaid provisional-patent application is

incorporated herein by reference.

Field of the Invention
The invention relates to compositions and methods for the
treatment of proliferative disorders, including but not limited to cancer.

Background of the Invention
New cell antiproliferative agents, and anticancer therapeutics in

particular, are needed which are useful in inhibiting proliferation of and/or
killing cancer cells. In particular, such agents are needed which are
selective in the killing of proliferating cells such as tumor cells, but not
normal cells. Antineoplasitc agents are needed which are effective

against a broad range of tumor types.

Summary of the Invention
It is an object of the invention to provide compounds,
compositions and therapeutic methods.  The biologically active
compounds are in the form of certain substituted (Z)-styrylbenzyl

sulfones, and pharmaceutically acceptable salts thereof.
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It is an object of the invention to provide compounds,
compositions and methods for the treatment of cancer and other cell
proliferative diseases.

It is an object of the invention to provide compounds which are
selective in killing tumor cells but not normal cells.

It is an object of the invention to provide compounds,
compositions and methods for inducing neoplastic cells to selectively
undergo apoptosis.

In one aspect, the invention is directed to novel compounds of

formula I:
0
—
1
N
L A
wherein:

R; and R; are independently selected from the group consisting of
halogen, C1-C6 alkyl, C1-C6 alkoxy, nitro, cyano, carboxy, carboxy(C1-
C3)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato, amino, (C1-
C6)acylamino, sulfamyl, acetoxy, di(C1-C6)alkylamino(C2-C6 alkoxy)
and triflucromethyl; and

R3 and Ry are independently selected from the group consisting of
hydrogen, halogen, C1-C6 alkyl, C1-C6 alkoxy, nitro, cyano, carboxy,
carboxy(C1-C8)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato,
amino, (C1-C6)acylamino, sulfamyl, acetoxy, di(C1-C8)alkylamino(C2-
C6 alkoxy) and trifluoromethyl; or

a pharmaceutically acceptable salt thereof.

In some embodiments, the benzyl nucleus {i.e., the ring system
containing R; and Ry} is at least monosubstituted, that is, at least one of
Rz and Ry is other than hydrogen.

In some embodiments, R+ and R; are independently selected from
the group consisting of halogen, C1-C6 alkyl, C1-C6 alkoxy, hydroxy and

JP 2004-521126 A 2004.7.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(19)

WO 02/067913 PCT/US02/05817

20

.3

acetoxy, while R; and R, are independently selected from the group
consisting of hydrogen, halogen, C1-C6 alkyl, C1-C6 alkoxy, nitro and
amino.

If the benzyl nucleus is substituted, the substituents in one
embodiment are located at the 4- and/or 2-positions, that is, the

compounds have the formula {I:

wherein Ry, Rz, Ry and R, are defined as above, wherein at least one or
both of R3 and Ry are other than hydrogen. In some embodiments, Ry is
other than hydrogen, particularly halogen. In other embodiments, both
Rz and R4 are other than hydrogen. According to certain embodiments,
one or both of R; and R4 are halogen, or all of Ry, Rz, Rz and R, are
halogen.

While any pattern of substitution for R, and Rz is possible, i.e. 2/4,
2/3, or 3/4, 2/4 substitution is particularly preferred.

According to another embodiment of the invention, (Z)-styryl
benzylsulfides are provided which are useful as intermediates in the
preparation of (Z)-styryl benzylsulfones. The (Z)-styryl benzylsulfides
have the formula:

[ =

N

wherein R4, Rz, R; and R, are defined as above with respect to formula I.

Selected embodiments of (Z)-styryl benzylsulfide compounds
correspond directly to the above-described selected embodiments of (Z)-
styryl benzylsulfide compounds, the only difference being the presence
of the sulfide group as the precursor of the sulfone group; the latter
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‘results from oxidation of the former. For example, the sulfide analogs of

the sulfones according to formula Ill have the formula IV:

wherein R1, Rz, Rz and R4 are defined as above with respect to formula
1.

According to another embodiment of the invention,
pharmaceutical  compositions  are  provided comprising a
pharmaceutically acceptable carrier and at least one compound
according to formula I, or pharmaceutically acceptable salt thereof.

According to another embodiment of the invention, a method of
treating an individual for a cell proliferative disorder comprises
administering to said individual an effective amount of at least one
compound according to formula [, or pharmaceutically acceptable sait
thereof.

According fo another embodiment of the invention, a method of
inducing apoptosis of tumor cells in an individua! afflicted with cancer is
provided, comprising administering to said individual an effective amount
of at least one compound according to formula |, or pharmaceutically
acceptable salt thereof.

The term “alkyl”, by itself or as part of another substituent means,
unless otherwise stated, a straight or branched chain hydrocarbon
radical, including di- and multi-radiéals, having the number of carbon
atoms designated (i.e. C1-C6 means one to six carbons) and includes
straight or branched chain groups. Most preferred is C1-C3 alkyl,
particularly ethyl and methyl.

The term “alkoxy” employed alone or in combination with other
terms means, unless otherwise stated, analkyl group having the
designated number of carbon atoms, as defined above, connected to the

rest of the molecule via an oxygen atom, such as, for example, methoxy,
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ethoxy, 1-propoxy, 2-propoxy and the higher homologs and isomers.
Preferred are C1-C3 alkoxy, particularly ethoxy and methoxy.

The term “(C2-C6)acylamino” means a radical containing a two to six
carbon straight or branched chain acyl group attached to a nitrogen atom
via the acyl carbonyl carbon. Examples include -NHC(O)CH2CH,CHs and -
NHC(O)CH2CH,CH,CH,CHa,

The term “carboxy(C1-C3)alkoxy” means a radical in which the
carboxy group -COOH is attached to a carbon of a straight or branched
chain alkoxy group containing one to three carbon atoms. The radical thus
contains up to four carbon atoms. Examples include HOC(O)CH,CH,CH,0-
and HOC(O)CH2CH0-.

The term “di(C1-C6)alkylamino(C2-C6)alkoxy” means
(alkyl)2N{CHz),O- wherein the two alkyl chains connected to the nitrogen
atom independently contain from one to six carbon atoms, preferably
from one to three carbon atoms, and n is an integer from 2 to 6.
Preferably, n is 2 or 3. Most preferably, n is 2, and the alkyl groups are
methyl, that is, the group is the dimethylaminoethoxy group,
(CH3)2NCH,CH;0-.

The terms “halo” or “halogen” by themselves or as part of another
substituent mean, unless otherwise stated, a fluorine, chlorine, bromine,
or iodine atom.

The term “hydroxyalkyl” means an alkyl radical wherein one or
more of the carbon atoms is substituted with hydroxy. Examples include
-CH2CH(OH)CH3 and -CH;CH20OH.

The term “phosphonato” means the group -PO(OH)z.

The term “sulfamyl” means the group -SO2NH,.

By “substituted” means that an atom or group of atoms has
replaced hydrogen as the substituent attached to another group.

By “subject” is meant an animal or a human being.
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Detailed Description of the Invention

According to the present invention, certain (Z)-styrylbenzyl
sulfones and pharmaceutically acceptable salts thereof are provided for
inhibiting proliferation of cancer cells. They are believed to be effective
in killing tumor cell types without killing normal cells. The compounds of
the invention are believed o induce apoptosis of tumor cells and cell
death. The compounds are believed effective against a broad range of
tumor types, including but not limited to the following: breast, prostate,
ovarian, lung, colorectal, brain (i.e, glioma) and renal. The compounds
are also believed effective against leukemic cells.

The compounds of the invention are also believed useful in the
treatment of non-cancer cell proliferative disorders, including but not
limited to the following: hemangiomatosis ‘in new born, secondary
progressive multiple sclerosis, chronic progressive myelodegenerative
disease, neurofibromatosis, ganglioneuromatosis, keloid formation,
Pagets Disease of the bone, fibrocystic disease of the breast, Peronies
and Duputren's fibrosis, restenosis and cirrhosis,

Compounds having a carbon-carbon double bond are
characterized by cis-trans isomerism. Such compounds are named
according to the Cahn-Ingold-Prelog system, the IUPAC 1974
Recommendations, Section E: Stereochemistry, in Nomenclature of
Organic Chemistry, John Wiley & Sons, Inc., New York, NY, 4™ ed,,
1992, p. 127-138. Steric relations around a double bond are designated
as AZ@ or AE@. The compounds of the present invention have the “Z”
configuration.

The substituted (Z)-styrylbenzylsulfones of the invention. are
prepared by the nucleophilic addition of the appropriate thiol to
substituted phenylacetylene with subsequent oxidation of the resulting
sulfide by hydrogen peroxide to yield the Z-styrylbenzylsuifone. In the
first phase of the synthesis, a substituted or unsubstitued sodium
benzyithiolate, prepared from an appropriate substituted or unsubstitued
sodium benzyl mercaptan, is allowed to react with the appropriate
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substituted phenylacetylene forming the pure Z-isomer of the
corresponding substituted (Z)-styrylbenzylsulfide in good yield. In the
second step of the synthesis, the substituted (Z)-styrylbenzylsulfide
intermediate is oxidized to the corresponding sulfone in the pure Z-
isomeric form by treatment with an oxidizing agent, such as hydrogen
peroxide.

The following is a more detailed two-part synthesis procedure for
preparing the substituted (Z)-styrylbenzylsulfones:

General Procedure: Synthesis of substituted (Z)-styryl benzylsulfones.

A. To a cooled stirred solution (40°C) of a substituted styrene
(0.5 mol) in chloroform (200 ml) is added dropwise a solution of bromine
(0.5 mol) in chloroform (100 ml). After the addition is complete, the
contents of the flask are stirred for an additional 30 minutes. Removal of
chloroform in rotavapor yields a crystalline solid of a substituted styrene
dibromide. )

B. A solution of potassium hydroxide (85 g} in rectified spirit (400
mi) is cooled to room temperature (25°C) and the substituted styrene
dibromide (0.33 mol) is added in portions to control the exothermic
reaction. After the addition is complete, the reaction mixture is heated to
reflux for 6 hours. The contents are then cooled and poured into water
(1000 ml). The separated substituted phenylacetylene is purified either
by distillation (in case of liquids) or recrystallization (In case of solids).

C. To a refluxing methanolic solution of a substituted or
unsubstituted sodium benzylthiolate prepared from 460 mg (0.02g atom)
of (i) sodium, (ii) substituted or unsubstituted sodium benzyl mercaptan
(0.02 mol) and (iif) 80 ml of absolute methanol, is added a freshly
distilled substituted phenylacetylene. The mixture is refluxed for 20
hours, cooled and then poured on crushed ice. The crude product is
filtered, dried and recrystallized from methanol or aqueous methanol to
yield pure substituted (Z)-styrylbenzylsulfidé.
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D. An ice cold solution of a substituted (Z)-styrylbenzylsulfide
(3 g) In 30 mi of glacial acetic acid is treated with 7.5 ml of 30%
hydrogen peroxide. The reaction mixture is refluxed for 1 hour and
poured onto crushed ice. The solid separated is filtered, dried and
recrystallized from 2-propanol to yield a pure substituted (Z)-
styrylbenzylsulfone. The purity of the compound is ascertained by TLC
and geometrical configuration is assigned by IR and NMR spectral data.

The compounds of the present invention may take the form or
pharmaceutically acceptable salts. The term “pharmaceutically acceptable
salts”, embraces salts commonly used to form atkali metal salts and to form
addition salts of free acids or free bases. The nature of the salt is not
critical, provided that it is pharmaceutically-acceptable. Suitable
pharmaceutically acceptable acid addition salts may be prepared from an
inorganic acid or from an organic acid. Examples of such inorganic acids
are hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric and
phospharic acid. Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic and sulfonic
classes of organic acids, example of which are formic, acetic, propionic,
succinic, glycolic, gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic,
maleic, fumaric, pyruvic, aspartic, glutamic, benzoic, anthranilic, mesylic,
salicyclic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, ethanesulfonic, benzenesulfonic, pantothenic, 2-
hydroxyethanesulfonic, toluenesulfonic, sulfanilic, cyclohexylaminosulfonic,
stearic, algenic, beta-hydroxybutyric, salicyclic, galactaric and galacturonic
acid.  Suitable pharmaceutically acceptable base addition salis of
compounds of formula | inciude metallic salts made from calcium, lithium,
magnesium, potassium, sodium and zinc or organic salts made from N,N’-
dibenzylethylenediamine,  chloroprocaine,  choline,  diethanolamine,
ethylenediamine, meglumine (N-methylglucamine) and procaine. All of
these salts may be prepared by conventional means from the corresponding
compound of formula | by reacting, for example, the appropriate acid or
base with the compound of formula 1.
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The compounds of the invention may be administered to
individuals (mammals, including animals and humans) afflicted with
cancer.

The compounds are also useful in the treatment of non-cancer
cell proliferative disorders, that is, cell proliferative disorders which are
characterized by benign indications. Such disorders may also be known
as “cytoproliferative” or “hyperproliferative” in that cells are made by the
body at an atypically elevated rate. Such disorders include, but are not
limited to, the following: hemangiomatosis in new born, secondary
progressive multiple sclerosis, chronic progressive myelodegenerative
disease, neurofibromatosis, ganglioneuromatosis, keloid formation,
Pagets Disease of the bone, fibrocystic disease of the breast, Peronies
and Duputren’s fibrosis, restenosis and cirrhosis.

The specific dose of compound according to the invention to
obtain therapeutic benefit will, of course, be determined by the particular
circumstances of the individual patient including, the size, weight, age
and sex of the patient, the nature and stage of the disease, the
aggressiveness of the disease, and the route of administration. For
example, a daily dosage of from about 0.05 to about 50 mg/kg/day may
be utilized. Higher or lower doses are also contemplated.

The compounds of the invention may be administered for
therapeutic effect by any route, including oral and parenteral
administration. Parenteral administration includes, for example,
intravenous, intramuscular, intraarterial, intraperitoneal, intranasal,
rectal, intravaginal, intravesical (e.g., into the bladder), intradermal,
topical or subcutaneous administration. Also contemplated within the
scope of the invention is the instillation of drug in the body of the patient
in a controlled formulation, with systemic or local release of the drug to
occur at a later time. For example, the drug may localized in a depot for
confrolled release to the circulation, or for release to a local site of tumor
growth.
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The compounds of the invention may be administered in the form
of a pharmaceutical composition, in combination with a pharmaceutically
acceptable carrier. The active ingredient in such formulations may
comprise from 0.1 to 99.99 weight percent. By “pharmaceutically
acceptable carrier” is meant any carrier, diluent or excipient which is
compatible with the other ingredients of the formulation and to
deleterious to the recipient.

The active agent is preferably administered with a
pharmaceutically acceptable carrier selected on the basis of the selected
route of administration and standard pharmaceutical practice. The
active agent may be formulated into dosage forms according to standard
practices in the field of pharmaceutical preparations. See Alphonso
Gennaro, ed., Remington’s Pharmaceutical Sciences, 18th Ed., (1990)
Mack Publishing Co., Easton, PA. Suitable dosage forms may comprise,
for example, tablets, capsules, solutions, parenteral solutions, traches,
suppositories, or suspensions.

For parenteral administration, the active agent may be mixed with
a suitable carrier or diluent such as water, an oil (particularly a vegetable
ail), ethanol, saline solution, aqueous dextrose (glucose) and related
sugar solutions, glycerol, or a glycol such as propylene giycol or
polyethylene glycol. Solutions for parenteral administration preferably
contain a water soluble salt of the active agent. Stabilizing agents,
antioxidizing agents and preservatives may also be added. Suitable
antioxidizing agents include sulfite, ascorbic acid, citric acid and its salts,
and sodium EDTA. Suitable preservatives include benzalkonium
chloride, methyl- or propyl-paraben, and chlorbutanol. The composition
for parenteral administration may take the form of an aqueous or
nonaqueous solution, dispersion, suspension or emulsion.

For oral administration, the active agent may be combined with
one or more. solid inactive ingredients for the preparation of tablets,
capsules, pills, powders, granules or other suitable oral dosage forms.
For example, the active agent may be combined with at least one
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excipient such as fillers, binders, humectants, disintegrating agents,
solution retarders, absorption accelerators, wetting agents absorbents or
lubricating agents. According to one tablet embodiment, the active
agent may be combined with carboxymethylcellulose calcium,
magnesium stearate, mannitol and starch, and then formed into tablets

by conventional tableting methods.

The practice of the invention is illustrated by the following non-
limiting examples. Each compound is prepared by following the General
Procedure, above. For brevity, only the principal reactants are listed in
each example, it being understood that the principal reactants are made
from precursors as set forth in the General Procedure, and the combined
under the conditions set forth in the General Procedure.

Example 1
(Z)-2,4-difluorostyryl-4-chlorobenzylsulfone
A solution of 24-difluorophenylacetylene (0.02 mol), 4-
chlorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-difluorostyryl-4-
chlorobenzylsulfide. The title compound is obtained following oxidation

of the sulfide, according to the General Procedure.

Example 2
{Z)-2,3-dichlorostyryi-4-bromobenzylisulfone
A solution of 23-dichiorophenylacetylene (0.02 mol), 4-
bromobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom} s
subjected to the General Procedure to form (Z)-2,3-dichlorostyryl-4-
bromobenzylsulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.
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Example 3
(Z)-2,4-dichlorostyryl-4-fluorobenzylsulfone
A solution of 2,4-dichlorophenylacetylene (0.02 mol), 4-
fluorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-24-dichlorostyryl-4-
fluorobenzylsulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.

Example 4
(2)-2,4-dimethylstyryl-4-chlorobenzylsuifone
A solution of 2A4-dimethylphenylacetylene (0.02 mol), 4-
chlorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-dimethylstyryl-4-
chlorobenzylsulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.

Example 5
(Z)-2,3-dimethyistyryl-4-bromobenzylsuifone
A solution of 2,3-dimethylphenylacetylene (0.02 mol), 4-
bromobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,3-dimethylstyryl-4-
bromobenzylsulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.

Example 6
{Z)-2,4-dimethoxystyryl-4-fluorobenzylsulfone
A solution of 24-dimethoxyphenylacetylene (0.02 mol), 4-
fluorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-dimethoxystyryl-4-
fluorobenzylsulfide. The title compound is obtained following oxidation

of the sulfide, according to the General Procedure.
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Example 7
(Z2)-2,4-difluorostyryl-2,4-dichlorobenzyisulfone
A solution of 24-difluorophenylacetylene (0.02 mol), 2,4-
dichlorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-difluorostyryl-2,4-
dichlorobenzylsulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.

Example 8
(Z)-2,3-dichlorostyryl-2-chloro-4-fluorobenzyisulfone
A solution of 2,3-dichlorophenylacetylene (0.02 mol), 2-chloro-4-
fluorobenzyl mercaptan (0.02 mo!) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,3-dichlorostyryl-2-
chloro-4-fluorobenzylsulfide. The title compound is obtained following

oxidation of the sulfide, according fo the General Procedure.

Example 9
(Z)-2,4-dichlorostyryl-2-chloro-4-methylbenzylsulfone
A solution of 2,4-dichlorophenylacstylene (0.02 mol), 2-chloro-4-
methylbenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-dichlorostyryl-2-
chloro-4-methyibenzylsulfide. The titte compound is obtained following
oxidation of the sulfide, according to the General Procedure.

Example 10
(Z2)-2,4-dimethylstyryl-2,4-dimethylbenzyisuifone
A solution of 2,4-dimethylphenylacetylene (0.02 mol) and 2,4-
dimethylbenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom)
is subjected to the General Procedure to form (Z)-2,4-dimethylstyryl-2,4-
dimethyibenzylsulfide. ~ The ftitle compound is obtained following

oxidation of the sulfide, according to the General Procedure.

JP

2004-521126 A 2004.7.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(30)

WO 02/067913 PCT/US02/05817

10

15

20

25

30

14-

Example 11
(Z)-2,3-dimethylstyryl-2-chloro-4-methoxybenzylsuifone
A solution of 2,3-dimethylphenylacetylene (0.02 mol), 2-chloro-4-
methoxybenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom)
is subjected to the General Procedure to form (Z)-2,3-dimethylstyryl-2-
chloro-4-methoxybenzylsuifide. The title compound is obtained following

oxidation of the sulfide, according to the General Procedure.

Example 12

(Z)-2,4-dimethoxystyryl-2,4-dimethoxybenzylsulfone

A solution of 2,4-dimethoxyphenylacetylene (0.02 mol), 2,4-
dimethoxybenzyl mercaptan (0.02 mol) and metallic' sodium (0.02g
atom) is subjected to the General Procedure to form (Z)-2,4-
dimethoxystyryl-2,4-dimethoxybenzylsulfide.  The title compound s
obtained following oxidation of the sulfide, according to the General
Procedure.

Example 13
(Z)-3-methoxy-4-acetoxystyryl-2,4-dichlorobenzylsulfone
A solution of 3-methoxy-4-acetoxyphenylacetylene (0.02 mol),
2,4-dichlorobenzyl mercaptan (0.02 mol) and metallic sodium (0.02g
atom) is subjected to the General Procedure to form (Z)-3-methoxy-4~
acetoxystyryl-2,4-dichlorobenzylsulfide. The title compound is obtained
following oxidation of the sulfide, according to the General Procedure.

Example 14
(Z)-3-methoxy-4-acetoxystyryl-2-chloro-4-methoxyhenzylsulfone
A solution of 3-methoxy-4-acetoxyphenylacetylene (0.02 moi), 2-
chloro-4-methoxybenzyl mercaptan (0.02 mol) and metallic sodium
(0.02g atom) is subjected to the General Procedure to form (Z)-3-
methoxy-4-acetoxystyryl-2-chloro-4-methoxybenzylsulfide. The title
compound is obtained following oxidation of the sulfide, according to the

JP 2004-521126 A 2004.7.15
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General Procedure.

Example 15
{Z)-3-methoxy-4-hydroxystyryl-4-methoxybenzylsulfone
A solution of 3-methoxy-4-hydroxyphenylacetylene (0.02 mol), 4-
methoxybenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom)
is subjected to the General Procedure to form (Z)-3-methoxy-4-
hydroxystyryl-4-methoxybenzylsulfide. The title compound is obtained
following oxidation of the sulfide, according to the General Procedure.

Example 16
(Z)-3-methoxy-4-hydroxystyryl-4-methylbenzylsulfone
A solution of 3-methoxy-4-hydroxyphenylacetylene (0.02 mol), 4-
methylbenzyl mercaptan (0.02 mol) and metallic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-3-methoxy-4-
hydroxystyryl~4-methylbenzylsvulfide. The title compound is obtained
following oxidation of the suifide, according to the General Procedure.

Example 17
(Z)-3-methoxy-4-hydroxystyryl-2-chloro-4-fluorobenzylsuifone
A solution of 3-methoxy-4-hydroxyphenylacetylene (0.02 mol), 2-
chloro-4-fluorobenzy! mercaptan (0.02 mol) and metallic sodium (0.02g
atom) is subjected to the General Procedure to form (Z)-3-methoxy-4-

- hydroxystyryl-2-chloro-4-fluorobenzyisulfide.  The title compound is

obtained following oxidation of the sulfide, according to the General
Procedure.

Example 18
(Z)-3,4-dihydroxystyryl-2-chloro-4-methoxybenzylsuifone
A solution of 3,4-dihydroxyphenylacetylene (0.02 mol), 2-chloro-4-
methoxybenzy! mercaptan (0.02 mol) and metallic sodium (0.02g atom)
is subjected to the General Procedure to form (Z)-3,4-dihydroxystyryl-2-

JP 2004-521126 A 2004.7.15
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chloro-4-methoxybenzylsulfide. The titie compound is obtained following
oxidation of the sulfide, according to the General Procedure.

Example 19
(Z)-2,4-difluorostyryl-2-aminobenzylsulfone
A solution of 24-difluorophenylacetylene (0.02 mol), 2-
aminobenzyl mercaptan (0.02 mol) and metaliic sodium (0.02g atom) is
subjected to the General Procedure to form (Z)-2,4-difluorostyryi-2-
aminobenzyisulfide. The title compound is obtained following oxidation
of the sulfide, according to the General Procedure.

Example 20
(Z)-4-phosphonatostyryl-2-chloro-4-methoxybenzylsulfone
A solution of 4-phosphonatophenylacetylene (0.02 mol}, 2-chloro-
4-methoxybenzyl mercaptan (0.02 mol) and metallic sodium (0.02g
atom) is subjected to the General Procedure to form (Z)-4-
phosphonatostyryl-2-chloro-4-methoxybenzylsulfide. The title compound
is obtained following oxidation of the sulfide, according to the General

Procedure.

Example 21

Effect of Substituted (Z)-Styrylbenzylsulfones on Tumor Cell Lines

The effect of the (Z)-styrylbenzyisulfones on normal fibroblasts
and on tumor cells is demonstrated by the assay described by Latham et
al, Oncogene 12:827-837 (1996). Normal diploid lung human
fibroblasts (HFL-1) or tumor cells (e.g., prostate, colo-rectal, breast, glial,
pancreatic -ovarian or leukemic) are plated in 6-well dishes at a cell
density of 1.0 x 10° cells per 35-mm? well. The plated cells are treated
24 hours later with various concentrations of (Z)-styrylbenzylsulfone
dissolved in dimethyl sulfoxide (DMSQO). The total number of viable cells
Is determined 96 hours later by trypsinizing the wells and counting the

number of viable cells, as determined by trypan blue exclusion, using a
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hemacytometer. Normal HFL are treated with the same compounds
under the same conditions of concentration and time.

All references cited with respect to synthetic, preparative and
analytical procedures are incorporated herein by reference.

5 The present invention may be embodied in other specific forms
without departing from the spirit or essential attributes thereof and,
accordingly, reference should be made to the appended claims, rather
than to the foregoing specification, as indication the scope of the

invention.
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CLAIMS

1. A compounds of the formula:

ey
-,

wherein:

R1 and Rz are independently selected from the group consisting of
halogen, C1-C8 alkyl, C1-C8 alkoxy, nitro, cyano, carboxy, carboxy(C1-
C3)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato, amino, (C1-
C6)acylamino, sulfamyl, acetoxy, di(C1-C6)alkylamino(C2-C8 alkoxy)
and triflucromethyl; and

Rs and Ry are independently selected from the group consisting of
hydrogen, halogen, C1-C6 alkyl, C1-C8 alkoxy, nitro, cyano, carboxy,
carboxy(C1-C3)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato,
amino, (C1-C6)acylamino, sulfamyl, acetoxy, di(C1-C8)alkylamino(C2-
C86 alkoxy) and triflucromethyl; or

a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein at least one of
Rs and Ry is other than hydrogen, or a pharmaceutically acceptable salt
thereof.

3. A compound according fo claim 2 wherein Ry and R; are

independently selected from the group consisting of halogen, C1-C6
alkyl, C1-C6 alkoxy, hydroxy and acetoxy, and Rs and R, are
independently selected from the group consisting of hydrogen, halogen,
C1-C8 alkyl, C1-C6 alkoxy and amino, or a pharmaceutically acceptable
salt ihereof.
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4. A compound according to claim 3 of the formula:
Rz

10

15

20

wherein Ry and R; are independently selected from the group consisting
of halogen, C1-C6 alkyl, C1-C6 alkoxy, hydroxy and acetoxy, and Rs and
R4 are selected from the group consisting of hydrogen, halogen, C1-C6
alkyl, C1-C6 alkoxy and amino, or a pharmaceutically acceptable salt
thereof.

5. A compound according to claim 4 wherein R4 is other than
hydrogen, or a pharmaceutically acceptable salt thereof.

6. A compound according to claim 5 wherein Rs and R4 are
other than hydrogen, or a pharmaceutically acceptable salt thereof.

7. A pharmacsutical composition comprising a
pharmaceutically acceptable carrier at least one compound according to
claim 1.

8. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier at least one compound according to
claim 2.

9. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier at-{east one compound according to

claim 3.

10. A method of treating an individual for a cell proliferative

disorder comprising administering to said individual an effective amount

JP 2004-521126 A 2004.7.15
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of at least one compound according to claim 1.

11. A method of treating an individual for a cell proliferative
disorder comprising administering to said individual an effective amount

of at least one compound according to claim 2.

12. A method of freating an individual for a cell profiferative
disorder comprising administering to said individual an effective amount

of at least one compound according to claim 3.

18. A method according to claim 10 wherein the cell
proliferative disorder is selected from the group consisting of
hemangiomatosis in new born, secondary progressive multiple sclerosis,
chronic progressive myelodegenerative disease, neurofibromatosis,
ganglioneuromatosis, keloid formation, Pagets Disease of the bone,
fibrocystic disease of the breast, Peronies and Duputren’s fibrosis,

restenosis and cirrhosis.

14. A method according to claim 10 wherein the cell
proliferative disorder is cancer.

15. A method of according to claim 14 wherein the cancer is
selected from the group consisting of ovarian, breast, prostate, lung,

renal, colorectal and brain cancers, or the cancer is a leukemia.

16. A method of inducing apoptosis of tumor cells in an
individual afflicted with cancer comprising administering to said individual

an effective amount of at least one compound according to claim 1.
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17. A compound of the formula:

wherein:

R1 and R; are independently selected from the group consisting of
halogen, C1-C6 alkyl, C1-C6 alkoxy, nitro, cyano, carboxy, carboxy(C1-
C3)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato, amino, (C1-

10  C6)acylamino, sulfamyl, acetoxy, di(C1-C6)alkylamino(C2-C6 alkoxy)
and triflucromethyl; and .

R3 and R4 are independently selected from the group consisting of
hydrogen, halogen, C1-C6 alkyl, C1-C6 alkoxy, nitro, cyano, carboxy, .
carboxy(C1-C3)alkoxy, hydroxy, (C2-C6)hydroxyalkyl, phosphonato,

15 amino, (C1-C8)acylamino, sulfamyl, acetoxy, di(C1-C6)alkylamino(C2-
C6 alkoxy) and trifluoromethyl.

18. A compound according to claim 17 wherein at least one of

Rs and Ry is other than hydrogen.

19. A compound according to claim 18 wherein Ry and R; are

20 independently selected from the group consisting of halogen, C1-C6

alkyl, C1-C6 alkoxy, hydroxy and acetoxy, and R; and R4 are selected

from the group consisting of hydrogen, halogen, C1-C6 alkyl, C1-C6
alkoxy and amino.

20. A compound according to claim 19 of the formula:

25 wherein Ry and R; are independently selected from the group consisting
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of halogen, C1-C6 alkyl, C1-C6 alkoxy, hydroxy and acetoxy, and Rz and

Ry are selected from the group consisting of hydrogen, halogen, C1-C6
alkyl, C1-C8 alkoxy and amino.

2004-521126 A 2004.7.15



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(39)

uboobooboboobdooboooboooboaoadao

WO 02/067913 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[CORRECTED VERSION|

(19) World Intellectual Property Organization
Inicrmational Burcau

(43) International Publication Date
6 September 2002 (06.09.2002)

PCT

1 OO0 0O

(10) International Publication Number

WO 02/067913 Al

(51) International Patent Classification™ A61K 31/10,
CO7C 317/00, 317/08, 317/10, 321/12, 321720

(21) Tnternational Application Number: PCT/US02/05817

{22) International Filing Date: 20 liehrnary 2002 (26.02.2002)

(25) Filing Language: Linglish

{26) Publication Language: Lnglish
{30) Priority Data:

60/271,762 27 February 2001 (27.02.2001)  US

(71) Applicant (for all designated States except US): TEM-
PLE UNIVERSITY-Of the Commonwealth System of
Higher Education [US/US]; Monlgomery Avenue and
Broad Street, Philadelphia, PA 19122 (US).

Inventors; and

Tnventors/Applicants (for US only): REDDY, E.,
Premkumar [US/US]; 547 Alterbury Rozd, Villanova, PA
19085 (US). REDDY, M., V., Ramana [US/US]; 921 St.
Joseph Drive, Upper Darby, PA 19082-5429 (US).

(74) Agent: MONACO, Daniel, A.; Drinker Biddle & Reath
LLP, One Logan Squarc, 18th and Cherry Streets, Philadel-
phia, PA 19103-6996 (US).

{81) Designated States (national): AE. AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CII, CN, CO, CR, CU,
CZ, DL, DK, DM, DZ, LC, EL, US, I'l, GB, GD, GL, GH,
GM, HR, HU, ID, 11, IN, 18, JP, KI, KG, KP, KR, KZ,
1K, TR, 1.8, IT, L.U, IV, MA, MD, MG, MK, MN, M
MX. MZ, NO, NZ, OM, PIL, PL, PT, RO, RU, 8D, SE, SG,
SI, SK, SL, TI, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

{84) Designated States (regional): ARIPO patent (GII, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Linrasian patent (AM, AZ, BY, KG, KZ, MD, RU, ‘L), TM),
liuropean patent (AT, Bli, CH, CY, DIi, DK, IS, I'l, IR,
GB, GR, TR, IT, LU, MC, NI, PT, SE, TR), OAPT patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
with international search report

(48) Date of publication of this corrected version:
14 November 2002

{15) Information about Correction:
see PCT Gazette No. 46/2002 of 14 November 2002, Scc-
tion 1L

For two-letter codes and other abbreviations. refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing ai the begin-
ning of each regular issue of the PCT' Gazelte.

{54) Title: (7)-STYRYLBENZYLSUIL.FONES AND PITARMACEUTICAL USES TITEREOF

(57) Abstract: Subsiituted (Z)-styrylbenzyl sullones of the formulae (1, IL, TIL, TV), pharmaceutically acceptable salts thereof, and
compositions thereof are provided as cell antiproliferative agents, including, for example, anticancer agents.

JP 2004-521126 A 2004.7.15



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(40)

gbooogbodaoan

INTERNATIONAL SEARCH REPORT International application No.
PCT/USo2/08817

Al CLASSIFICATION OF SUBJECT MATTER

IPC(7) :AS1K 3$1/10; Co7C 817/00, 08, 10; Co7C 321/12, 20

US CL :514/709, 710, T12, 713" 568/28, 80, 38, 39, 3+, 85, 44, 66, 58

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum d ion searched (classification system followed by classification symbols)

US. :  514/709, 710, T1e, 713; 568/28, 80, 98, 39, 34, 35, 14, 56, 58

Documentation searched other than minimum documentation to the extent that such documents are included in the fields
searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Please See Extra Sheet.

G DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of d with indication, where appropriate, of the relevant passages Relevant to olaim No.
X,P US 6,201,154 B1 (REDDY et al) 13 March 2001, col 6-10. 1-20

AE US 6,359,013 Bl (REDDY et al) 19 March 2002, col. 11-17. 1-20

X Database Caplus on STN, Chemical abstracts, (Columbus OH, USA) | 1,34,

CA:101:23063, 'Synthesis of alpha beta unsaturated sulfones’ Acta
Chim. Hung. REDDY M.V.R. et al., 1984, Vol. 115, No. 3, pages
269-271.

[[] rurther documents are listed in the continuation of Box C. [[]  see patent family annex.

. ‘Special categorios of cited documents: wp Iater doenment published after the interational filing date or pricxity
. ) date and nol in confliot with the applicetion but cited tu undorstand
van dooument dofining the general state of the art which is not considered tha prinaiple or thaory underlying the invention
to bo of partionlar mlevance
- ; ; e i g documont, of prrtioular xolovauce; the olsimed fnvention canot be
E carlior docuiment published on or after the international flling data considered novel or canmat bo considored to involve an inveative step
L docament which may throw doubis on priorily claim(e) or which is when the document is taken alone
cifod fo establidh the publicstion dafe of enofhor oitation of other ) N
speoial rotson (a6 spocitiod 2 dosumont of poxtionlax relevanco; the claimed invention canmot be
somsidsred to fnvolvo an inveutivo stop whon the document is combincd.
mo" document referring fo an oral disclosufv, use, exkibition ar other with one vr mor other ench documents, such combination being
mezns obvious to 2 porson clilled in
docament publishod prior fo the international filing date but later  wgu document member of the same patont family
than tho priority date olsimod
Date of the actual completion of the international search Date of mailing of the international search report
17 MAY 2008 31 JuLz00z. N
Pt A [
Name and mailing address of the ISA/US Authorized officer(” {AAALL
Commissioner of Patents and Trademarks )
Box PCT 4
A IEAN F N
Washington, D.C. 20231 s VOLLANO ;
Facsimile No. ~ (708) 805-8280 Telephone No.  (708) 508-1238

Form PCT/ISA/210 (second sheet) (July 1998)%

JP 2004-521126 A 2004.7.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(41)

International application No.

PCT/US02/05817

B. FIELDS SEARCHED

Electronic data bases consulted (Name of data base and where practicable terms used):

CAS ONLINE, EAST, BEILSTEIN

search terms: drawing structure, styryl sulfone, styryl thioether, styryl sulfide, Z configuration, anticancer agent

Form PCT/ISA/216 (extra sheet) (Fuly 1998)%

JP 2004-521126 A 2004.7.15



(42) JP 2004-521126 A 2004.7.15

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZM, ZW) ,EA(AM,AZ ,BY ,KG,KZ, ,MD,RU, TJ, TM) ,EP(AT,
BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI,CM,GA,GN,GQ, GW,ML ,MR,,NE, SN,
TD,TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN, CO,CR,CU,CZ,DE,DK,DM,DZ,,EC, EE,ES,FI,GB,GD,GE,
GH,GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD, MG, MK, MN ,MW ,MX ,MZ ,NO,NZ,OM, PH, P
L,PT,RO,RU,SD,SE,SG,SI,SK,SL,TI, TM, TN, TR, TT, TZ,UA, UG, US,UZ VN, YU, ZA, ZM, ZW

(74)000 100085774
ooooooooo

(72000 00000000000000
00000000000000000000000000000000000000000

(7000 00000000000000
00000000000000000000000000000000000000000000
00000000000



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

