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DESCRIPTION

PLATINUM COMPLEXES AND METHODS OF USE

Cross-Reference to Related Applications

This application claims the benefit of U.S. Provisional Application Serial No.
60/481,226, filed August 13, 2003, U.S. Provisional Application Serial No. 60/515,580, filed
October 30, 2003, U.S. Provisional Application Serial No. 60/525,295, filed November 25,
2003, and U.S. Provisional Application Serial No. 60/519,943, filed November 14, 2003, the

disclosure of each of which is incorporated herein by reference in its entirety.

Background of the Invention

Cellular responses to growth factors and cytokines are characterized by activation of
the Signal Transducer and Activator of Transcription (STAT) family of cytoplasmic
transcription factors (Darnell, 1997; Darnell et al., 1994: Schindler et al., 1995; Stark et al.,
1998; Smithgall et al., 2000; Akira, 2000; Hirano et al., 2000 Bromberg ef al., 1996; Fukada
et al., 1996; Kotenko et al., 2000). STATSs are activated at a very early stage involving
protein tyrosine kinase phosphorylation of tyrosine of growth factor receptors, receptor-
associated Janus kinase (Jaks) or Src kinase families. This in turn induces phosphotyrosine
(pTyr)-SH2 interactions between two STAT monomers in the formation of dimers,
translocation to the nucleﬁs, and binding to specific DNA response elements regulating gene
expression essential for cell proliferation, differentiation, development and survival.

Normal STAT activation is tightly-regulated and has a short duration, which is in
keeping with normal cellular requirements for mounting a response to external stimuli.
However, persistent activation of specific STAT proteins, particularly Stat3 and Stat5, occurs
with high frequency in some tumors and has a causal role in malignant transformation by
promoting growth and survival of transformed and tumor cells, including those breast,
prostate and head and neck squamous carcinoma cells, lymphomas and leukemias (Bromberg
et al., 1999; Turkson et al., 1998; Bromberg et al., 1998: Catlett-Falcone et al., 1999a; Garcia
et al., 2001; Grandis et al., 2000; Grandis et al., 1998; Nielsen et al., 1997; Nielsen et al.,
1999; Epling-Burnette et al., 2001; reviewed in Bowman et al., 2000; Turkson et al, 2000;
Song et al., 2000, Coffer ef al., 2000; Lin ef al., 2000; Catlett-Falcone et al., 1999b ; (Garcia et
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al., 1998). Of clinical importance, blockade of aberrant Stat3 signaling in malignant cells and
whole tumors that contain them induces apoptosis and tumor regression.

Platimum complexes, the prototype of cisplatin (Cis-Pt), have been widely used as
active anticancer agents (Ardizzoni et al., 1999; Nitiss, 2002) in a variety of human tumors,
including testicular, ovarian, bladder carcinoma, head and neck, and non-small cell lung
cancers. The outcome of treatments with cisplatin and other platinum-containing compounds
1s strongly linked to their alkylating effects on DNA. However, the potential impact of
platinum-complex-based therapy on cellular signaling and the therapeutic importance of such
interactions have yet to be explored. Reports show that cisplatin induces activation of
members of the mitogen-activated protein kinase (MAPK) pathways (Persons et al., 1999;

Sanchez-Perez ef al., 1998), which may influence drug-induced apoptosis.

Brief Summary of the Invention

The subject imnvention concerns platinum complekes and uses thereof. The platinum

complexes of the mvention can be used to treat oncological, viral, bacterial, and parasitic

disease conditions.

Brief Description of the Figures

Figure 1 shows the results in graph form from an MTT assay. Cisplatin is also

designated as “Cis-Pt.”

Figure 2 shows the results in graph form from an MTT assay. Cisplatin is also
designated as “Cis-Pt.”

Figure 3 shows the results in graph form from an XTT assay. Cisplatin is also
designated as “Cis-Pt.”

Figure 4 shows the results in graph form from an MTT assay. Cisplatin is also
designated as “Cis-Pt.”

Figures SA-C show inertness of CPA-7 platinum complex to reduction by
glutathione. 20 pym CPA-7 mn PBS/20% DMSO with 10 mm glutathione. As shown in Figure
SA, linear portions were measured at night (dark room) whereas reduction occurred in
daytime. CPA-7 is not appreciably reduced by GSH but by light. As shown in Figure 5B-C,
scanning kinetics over two hours shows little change. Reduction is attributed to room light.

Figure 6 shows the results in graph form from an MTT assay. Cisplatin is also

designated as “Cis-Pt.”
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- Figure 7 shows the results in graph form from an XTT assay. Cisplatin is also
designated as “Cis-Pt.”

Figure 8 shows the results in graph form from an MTT assay. The figure legend
identifies the Pt(NO;)(NH3)2(Cl)A platinum complex by the “A” substituent identified
herein. Cisplatin is also designated as “Cis-Pt.” Two different isolates of the platinum (IV)
complex substituted with Safranin were isolated (referred to herein as Safranin 1 and Safranin
2) and tested in the assay.

Figure 9 shows the results in graph form from an MTT assay. The figure legend

identifies the Pt(NO;)(NH;3),(Cl);A platinum complex by the “A” substituent identified
herein. Cisplatin is also designated as “Cis-Pt.” Two different isolates of the platinum (IV)

complex substituted with Safranin were 1solated (referred to herein as Safranin 1 and Safranin

2) and tested 1n the assay.

Figure 10 shows the results in graph form from an XTT assay. The figure legend
identifies the Pt(NO,)(NH3),(Cl),A platinum complex by the “A” substituent identified

hereln.
Figure 11 shows the results in graph form from an MTT assay. The figure legend
identifies the Pt(NO2)(NH;)2(Cl)A platinum complex by the “A” substituent identified

herein. Cisplatin is also designated as “Cis-Pt.”

Figures 12A-B are photographs showing nuclear extracts containing activated Statl
and Stat3 are treated with the indicated concentrations of other platinum (IV) complexes
(designated herein as HK 104, HK 105, HK 106, HK 107, HK 108, HK 109, HK 110, HK
111, and HK 112) for 30 min at room temperature prior to incubation with radiolabeled hSIE

oligonucleotide probe. Statl and Stat3 binding activities to hSIE probe are shown.

Brief Description of the Sequence

SEQ ID NO:1 is the nucleotide sequence of an oligonucleotide probe.

Detailed Disclosure of the Invention

The subject invention concerns platinum complexes and uses thereof. Platinum
complexes of the invention can induce apoptosis and/or inhibit tumor cell growth and can
also be used to treat cancers. The platinum complexes of the invention also can be used as
antiviral, antibacterial, and antiparasitic agents. It has been suggested that cellular

cytotoxicity of platinum (IV) compounds is a result of platinum (IV) compounds being
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reduced to platinum (II) in the cell. Surprisingly, platinum (IV) complexes of the present
nvention may not require this type of reduction in the cells to have a cytotoxic effect.
Therefore, the platinum complexes of the present invention are distinct from platinum
compounds in the art by maintaining their correct oxidative conformation as platinum (IV)
>  compounds which are more effective tﬁan the existing platinum (I) compounds. In addition,
platinum complexes of the invention can also form nitric oxide in the cells as radicals thereby

killing the cells through the formation of oxide radicals.

Platinum complexes of the invention include those complexes having the structure

shown in formula I:

10 RI

R* (D)
wherein

15 XandY are, independently, any halo gen, -NO,, -ONO, or the structure:

20  or X and Y together form the structure:

25

30

Or —0
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R' is -NO, or -ONO;

R® is any halogen, -OH, -ONO, -ONO,, -COR"™, -OPO;R'R"!, -0SO;H, -0SeOO0H, -
SeOOH,

-As0;, -OAsO,, -NRR", -NHR'R!, -OOCRY, alky], alkoxy, cycloalkyl, cycloalkoxy,
aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,  cycloalkylcarbonyl,  hetero alkyl,
heterocycloalkyl, heterocycloalkylcarb onyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,
any of which can be optionally substituted with any halogen, -COOH, -OH, -NO,, -NH,, -N-
alkyl, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkyc arbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocyclo alkylcarbonyl, heteroaryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, hetero aryloxycarbonyl,

heterocycloalkoxy, or heterocyclo alkoxycarbonyl, or the structure:

O

v
\O

—0—B

any of which can be substituted with any halo gen, -NH,, -COOH, -OH, alkoxy, cycloalkoxy;
R’ is, independently, -NHs, or -NHR

R’is H, Cy.¢ alkyl, alkoxy, or aryl, optionally substituted with -NO, or -COOH;

R'® and R'"" are, independently, H, -NH,, -OH, -NHR', CONHR', CON(R"),, C.6 alkyl, aryl,
or heteroaryl, any of which can be optionally substituted with any halogen, -COOH, -OH, -
NO,,

-NHy, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkyc arbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocyclo alkylcarbonyl, heteroaryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl;

R® is alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, hetero cycloalkyl, heterocycloalkylcarbonyl, hetero aryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl, any of which can be optionally substituted
with any halogen, -COOH, -OH, -NO,, -NH,, -N-alkyl, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
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heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,

aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;

or a pharmaceutically acceptable salt thereof.

In one embodiment, X and Y can be, independently, fluorine (F), chlorine (CI),
bromine (Br) or 10dine (I). In an exemplified embodiment, X is Cl and Y is CI.
In one embodiment, R!is -NO,, R?is Cl and R is -NHs;.

Platinum complexes of the invention can also have the structure shown in formula II:

R\H i
C—RS | X
(éRSRg) \ Pt/

| i / \

C—RS Y
p137 H 1 (1)
wherein
X and Y are, independently, any halogen, or the structure:
CHoCH(CH3)-
or X and Y together form the structure:
— 9O =0
or or —N
—_—0 / 0 ‘ \H
OH
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Hy,  H, 0
c~  C or H
/ \ —N——C
—N CH—OH I
\ /
C——N ——0—NH
2
|
H
Or
—O00

R*is -NO, or -ONO;

R’ is any halogen, -OH, -ONO, -ONO,, -COR'’, -OPO;R'’R"!, -OSO;H, -OSeOO0H, -
SeOOH,

-AsO,, -OAsO,, -NR'R!", .NHR'RY, -OOCR", alkyl, alkoxy, cycloalkyl, cycloalkoxy,

aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,

heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,
any of which can be optionally substituted with any halogen, -COOH, -OH, -NO,, -NH,, -N-
alkyl, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,

heterocycloalkoxy, or heterocycloalkoxycarbonyl, or the structure:
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any of which can be substituted with any halogen, -NH,, -COOH, -OH, or Y and R form the

structure:
——QO—NH
—N—~C

or X, Y, and R’ together form the structure:

0
H @/
_—N_T/
——0—NH ’
0

R® is, independently, NH, or NH;

R’ is H, Cy alkyl, alkoxy, aryl, optionally substituted with -NO, or -COOH:

R® and R’ are, independently, H, C;¢ alkyl, or -OH, any of which can be optionally
substituted with any halogen, -COOH, -OH, -NO,, -NH;, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;
R' and R'! are, independently, H, -NH,, -OH, -NHR’, CONHR’, CON(R),, Ci alkyl, aryl,
or heteroaryl, any of which can be optionally substituted with any halogen, -COOH, -OH, -
NO,,

-NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,

cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl;

R' and R" are, independently, H or Ci alkyl, or R'* and R" together form an aryl,
cycloalkyl, heterocycloalkyl, or heteroaryl, any of which can be optionally substituted with
any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl,
aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;

R" is alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl,
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arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl, any of which can be optionally substituted
with any halogen, -COOH, -OH, -NO,, -NH,, -N-alkyl, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;
n 1s any integer from O to 6;
or a pharmaceutically acceptable salt thereof.

In one embodiment, X and Y can be, independently, fluorine (F), chlorine (Cl),
bromine (Br) or 1odine (I). In an exemplified embodiment, X is Cl and Y is Cl.

In one embodiment, R* is -NO,, R’ is Cl, R®is -NH,, and n 1s O.

Platinum complexes of the invention can also have the structure shown in formula III

orlV:
H : X
R!2—C—R"
| N / RO X
(CR8R? Pt \Pt/
Rl3_é___._R6/ \Y RG/ \Y
C (Im) V)
wherein

X and Y are, independently, any halogen, -NO,, -ONO, or X and Y together form the

structure:

R® is, independently, NO,, N, NH, or NH;;

R® and R’ are, independently, H, Cis alkyl, or -OH, any of which can be optionally
substituted with any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
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heterocycloalkyl, heterocyclo alkylcarb onyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroa, luk}'c(gr'ﬁgnyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;
R'? and R" are, independently, H or C,¢ alkyl, or R and RV together form an aryl,
cycloalkyl, heterocycloalkyl, or heteroaryl, any of which can be optionally substituted with
any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl,
aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocyclo alkoygy, or heterocycloalkoxycarbonyl;
n is any integer from O to 6;
or a pharmaceutically acceptable salt thereof.

In one embodiment, X and Y can be, independently, fluorine (F), chlorine (Cl),
bromine (Br) or 1odine (I). In an exemplified embodiment, X is Cl and Y is CI.

Also contemplated within the scope of the invention are platinum complexes that are
not defined by formula I or formula II but that are specifically exemplified in the Table 5
presented herein. Exemplified embodiments of platinum complexes of the invention are
shown 1n Table 5. The chemical structure of a complex along with a designation name (e. g.ﬂ,
CPA-XX) 1s shown in the Table. Alternative designation names (e.g., HKXXX) of a

complex are shown 1n parentheses.

Platinum complexes of the invention also include those complexes having the

structure shown in formula V or formula VI:

R4 NO,

N02 \l__RI X
H3N\}!t/X (CR?R?) \Pt/
H3N/ l _\Y J_Rl/ \Y

A

(V) R’ A (VI)
wherein
X and Y are, independently, any halogen, -OH, H,O, or -SO(CH3),;

and A can be any of the following:
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H,C N CH,
H j@i -
H / H
\N N¥ N/
H H
= ' T
AN
THB Cr TH3 (methylene blue)
N S N
H, e = / \CH3
N -
N
(|3H3 HO—CH,
O N S
N+
| J or
N
H3C/ T
0 CH,
(caffeine) .
(N-acetyl galactosamine)
HOMCHZ

(N-acetyl glucosamine)
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HO—CH,

H,N

OH
(N-acetyl Neuraminic Acid)

/N .

—N @

AN

(6-aminonicotinamide)

12

or

Oor

PCT/US2004/026393

OH

(naringin)

]{()___"CHIZ ///

HO e NI

CH,

HO OH

(methyl alpha-D-mannopyranoside)

/CH3 /

——N T

\_/

(nicotine)
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0O
H,C )L cH
\N N/

5 )\{ko
NH
A

(theophylline)
10
or
15
20 (theobromme)
or
. b
H3c—c|:—c-——0H
CH,
(alpha-aminoisobutyric acid)
30

O

PCT/US2004/026393

O: N/

(hydantoin)

CH,CH,OH

(thiamine hydro chloride)

O O/ CH
Oy
\ O

(7-ethoxycoumarin)
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HO NH,
HO
HO ‘
or
OH
H,C N N 0
~Y
A NH
H3C - N
S
OH H
(rtboflavin) (cytarabine)
or
or
(xanthine)
(1nosine)
and wherein

R is, independently, NH; or NH;

R? and R’ are, independently, H, -OH, C¢ alkyl, alkoxy, cycloalkyl, aryloxy, cycloalkoxy,
aryl, heteroalkyl, heterocycloalkyl, heteroaryl, arylcarbonyl, and heteroarylcarbonyl, any of
which can be optionally substituted with alkyl, alkoxy, cycloalkyl, aryloxy, cycloalkoxy, aryl,
heteroalkyl, heterocycloalkyl, heteroaryl, arylcarbonyl, and heteroarylcarbonyl.

R* and R° are, independently, H or Ci alkyl, alkoxy, cycloalkyl, aryloxy, cycloalkoxy, aryl,
heteroalkyl, heterocycloalkyl, heteroaryl, arylcarbonyl, and heteroarylcarbonyl or R* and R’
together form a cycloalkyl, cycloalkoxy, aryl, aryloxy, heterocycloalkyl, heteroaryl,

arylcarbonyl, and heteroarylcarbonyl, any of which can be optionally substituted with alkyl,
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alkoxy, cycloalkyl, aryloxy, cycloalkoxy, aryl, heteroalkyl, heterocycloalkyl, heteroaryl,
arylcarbonyl, and heteroarylcarbonyl;

n is any integer from O to 6;

or a pharmaceutically acceptable salt thereof.

In one embodiment, X and Y can be, independently, chlorine (CI), bromine (Br) or
iodine (I). In an exemplified embodiment, X is Cl and Y 1s Cl.

As used herein, alkyl means straight or branched chain, saturated or mono- or
polyunsaturated hydrocarbon groups having from 1 to 20 carbon atoms and C;.x alkyl means
straight or branched chain alkyl groups containing from one up to X carbon atoms. For
example, Ci¢ alkyl means straight or branched chain alkyl groups containing from one up to
6 carbon atoms. Alkoxy means an alkyl-O-group in which the alkyl group 1s as previously
described. Cycloalkyl includes a nonaromatic monocyclic or multicyclic ring system,
including fused and spiro rings, of from about three to about 10 carbon atoms. A cyclic alkyl
may optionally be partially unsaturated. Cycloalkoxy means a cycloalkyl-O-group in which
cycloalkyl is as defined herein. Aryl means an aromatic monocyclic or multicyclic
carbocyclic ring system, including fused and spiro rings, containing from about six to about
14 carbon atoms. Aryloxy means an aryl-O-group in which the aryl group is as described
herein. Alkylcarbonyl means a RC(O)- group where R is an alkyl group as previously
described. Alkoxycarbonyl means an ROC(O)- group where R 1s an alkyl group as
previously described. Cycloalkylcarbonyl means an RC(O)- group where R is a cycloalkyl
group as previously described. Cycloalkoxycarbonyl means an ROC(O)- group where R 1s a
cycloalkyl group as previously described.

Heteroalkyl means a straight or branched-chain having from one to 20 carbon atoms
and one or more heteroatoms selected from nitrogen, oxygen, or sulphur, wherein the
nitrogen and sulphur atoms may optionally be oxidized, i.e., in the form of an N-oxide or an
S-oxide. Heterocycloalkyl means a monocyclic or multicyclic ring system (which may be
saturated or partially unsaturated), including fused and spiro rings, of about five to about 10
elements wherein one or more of the elements in the ring system 1s an element other than
carbon and is selected from nitrogen, oxygen, silicon, or sulphur atoms. Heteroaryl means a
five to about a 14-membered aromatic monocyclic or multicyclic hydrocarbon ring system,
including fused and spiro rings, in which one or more of the elements in the ring system is an

element other than carbon and is selected from nitrogen, oxygen, silicon, or sulphur and

wherein an N atom may be in the form of an N-oxide. Arylcarbonyl means an aryl-CO-group
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in which the aryl group is as described herein. Heteroarylcarbonyl means a heteroaryl-CO-
group in which the heteroaryl group is as described herein and heterocycloalkylcarbonyl
means a heterocycloalkyl-CO-group in which the heterocycloalkyl group 1s as described
herein. Aryloxycarbonyl means an ROC(O)- group where R is an aryl group as previously
described. Heteroaryloxycarbonyl means an ROC(O)- group where R is a heteroaryl group
as previously described. Heterocycloalkoxy means a heterocycloalkyl-O- group in which the
heterocycloalkyl group 1s as previously described. Heterocycloalkoxycarbonyl means an
ROC(O)- group where R 1s a heterocycloalkyl group as previously described.

Examples of saturated alkyl groups include, but are not limited to, methyl, ethyl, N-
propyl, 1sopropyl, N-butyl, tert-butyl, isobutyl, sec-butyl, N-pentyl, N-hexyl, N-heptyl, and
N-octyl. An unsaturated alkyl group is one having one or more double or triple bonds.
Unsaturated alkyl groups include, for example, ethenyl, propenyl, butenyl, hexenyl, vinyl, 2-
propynyl, 2-isopentenyl, 2-butadienyl, ethynyl, 1-propynyl, 3-propynyl, and 3-butynyl.
Cycloalkyl groups include, for example, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-
cyclohexenyl, and cycloheptyl. Heterocycloalkyl groups include, for example, 1-piperidinyl,
2-piperidinyl,  3-piperidinyl, 3-morpholinyl,  4-morpholinyl, tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl,
and 1,4-diazabicyclooctane. Aryl groups include, for example, phenyl, indenyl, biphenyl, 1-
naphthyl, 2-naphthyl, anthracenyl, and phenanthracenyl. @ Heteroaryl groups include, for
example, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, furyl, thienyl, imidazolyl, oxazolyl, thiazolyl,
pyrazolyl,. pyridyl, indolyl, quinolinyl, isoquinolinyl, benzoquinolinyl, carbazolyl, and
diazaphenanthrenyl.

As used herein, halogen means the elements fluorine (F), chlorine (Cl), Bromine (Br),
and 1odine (I).

The term pharmaceutically-acceptable salts means salts of the platinum complexes of
the invention which are prepared with acids or bases, depending on the partioular substituents
present on the subject complexes described herein. Examples of a pharmaceutically-
acceptable base addition salts include sodium, potassium, calcium, ammonium, or
magnesium salt. Examples of pharmaceutically-acceptable acid addition salts include
hydrochloric, hydrobromic, nitric, phosphoric, carbonic, sulphuric, and organic acids like
acetic, propionic, benzoic, succinic, fumaric, mandelic, oxalic, citric, tartaric, maleic, and the
like. Pharmaceutically-acceptable salts of platinum complexes of the mvention can be

prepared using conventional techniques.
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It will be appreciated by those skilled in the art that certain of the platinum complexes
of the invention may contain one or more asymmetrically substituted carbon atoms which can
give rise to stereoisomers.  All such stereoisomers, including enantiomers, and
diastereoisomers and mixtures, including racemic miktures thereof, are contemplated within
the scope of the present invention.

Platinum complexes of the present invention are potent and selective disruptors of
STAT activity. The complexes designated herein as CPA-7, CPA-10, CPA-39 (HK104),
CPA-43 (HK106), CPA-46 (HKI111), CPA-51 (HK110), CPA-55 (HKI109), CPA-30
(HK1 12), and CPA-41 strongly disrupt Stat3 activity and interfere with 1ts ability to bind to
its consensus binding sequence. Platinum complexes of the invention can induce cell growth
inhibition and apoptosis in transformed and tumor cells with persistently active STATS.
Malignant cells with aberrant or constitutive STAT signaling are highly sensitive to platimum
complexes of the invention. General cytotoxicity of the subject platinum complexes to
normal cells 1s minimal or nil. In addition, strong apoptosis 1s induced by platinum
compounds of the invention 1n malignant cells that harbor persistently-active STAT
signaling, which correlates with suppression of aberrant STAT activity in these cells.

Platinum complexes of the invention also exhibit anti-tumor activity in melanoma and
colon tumors in vivo. The abrogation of constitutively-active STATs in tumors treated with
platinum complexes of the invention is consistent with their effects on STAT activity both in
vitro and in whole cells, and together establish STAT-based anti-tumor effects of these
compounds.

Methods of the invention comprise inhibiting function of a STAT by contacting a cell
expressing a STAT with a platinum complex of the invention wherein the complex 1s taken in
or otherwise provided inside the cell. Platinum complexes of the invention can physically
interact with the DNA-binding domain of Stat3 and thereby disrupts its ability to bind to
DNA. In Src-transformed mouse fibroblasts, as well as in human tumor cells of the breast,
prostate, and mouse melanoma cells that contain constitutive Stat3 activity, both CPA-1 and
CPA-7 abrogate Stat3 signaling function and thereby induce cell growth inhibition and
apoptosis.

Methods of the invention also comprise inhibiting the function and/or growth and
replication of a cell that is aberrantly or constitutively expressing a STAT, such as Statl or
Stat3. In one embodiment, the method comprises contacting a cell with a platinum complex

of the invention. In one embodiment, the cell 1s a tumor cell, cancer cell, or a transformed
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cell. The cell can be a cell from a mammal, including human, monkey, chimpanzee, ape,
dog, cat, cow, p1g, and horse.

Platimum complexes of the invention can be delivered to a cell either through direct
contact with the cell or via a carrier means. Carrier means for delivering compositions to
cells are known 1n the art and include, for example, encapsulating the composition in a
liposome moiety. Another means for delivery of platinum complexes of the invention to a
cell comprises attaching the platinum complexes to a protein or nucleic acid that is targeted
for delivery to the target cell. Published U.S. Patent Application Nos. 20030032594 and
20020120100 disclose amino acid sequences that can be coupled to another composition and
that allows the composition to be translocated across biological membranes. Published U.S.
Patent Application No. 20020035243 also describes compositions for transporting biological
moieties across cell membranes for mtracellular delivery.

The subject invention also concerns methods for treating oncological or inflammatory
disorders 1n a patient. In one embodiment, an effective amount of a platinum complex of the
present invention is administered to a patient having an oncological or inflammatory disorder
and who 1s 1n need of treatment thereof. Methods of the invention can optionally include
identifying a patient who 1s or may be in need of treatment of an oncological or inflammatory
disorder. The patient can be a human or other mammal, such as a primate (monkey,
chimpanzee, ape, efc.), dog, caf, cow, pig, or horse, or other animals having an oncological
disorder. Means for administering and formulating platinum complexes for administration to
a patient are known 1n the art, examples of which are described herein. Oncological disorders
include cancer and/or tumors of the bone, breast, kidney, mouth, larynx, esophagus, stomach,
testis, cervix, head, neck, colon, ovary, lung, bladder, skin, liver, muscle, pancreas, prostate,
blood cells (including lymphocytes), and brain. Inflammatory disorders include arthritis,
multiple sclerosis, lupus, Crohn’s disease, and related neurological and inflammatory
connective tissue diseases (e.g., Sj6gren’s syndrome).

For the treatment of oncological disorders, the platinum complexes of this invention
can be administered to a patient in need of treatment in combination with other antitumor or
anticancer substances or with radiation therapy or with surgical treatment to remove a tumor.
These other substances or radiation treatments may be given at the same as or at different
times from the platinum complexes of this invention. For example, the platinum complexes

of the present invention can be used in combination with mitotic inhibitors such as taxol or

vinblastine, alkylating agents such as cyclophosamide or 1fosfamide, antimetabolites such as
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>-tfluorouracil or hydroxyurea, DNA intercalators such as adriamycin or bleomycin,
topoisomerase inhibitors such as etoposide or camptothecin, antiangiogenic agents such as
angtostatin, antiestrogens such as tamoxifen, and/or other anti-cancer drugs or antibodies,
such as, for example, GLEEVEC (Novartis Pharmaceuticals Corporation) and HERCEPTIN
(Genentech, Inc.), respectively.

Many tumors and cancers have viral genome present in the tumor or cancer cells. For
example, Epstein-Barr Virus (EBV) is associated with a number of mammalian malignancies.
The platinum complexes of the subject invention can be used alone or in combination with
anticancer or antiviral agents, such as ganciclovir, azidothymidine (AZT), lamivudine (3TC),
etc., to treat patients infected with a virus that can cause cellular transformation and/or to
treat patients having a tumor or cancer that is associated with the presence of viral genome 1n
the cells. The platinum complexes of the subject invention can also be used in combination
with viral based treatments of oncologic disease. For example, platinum complexes of the
invention can be used with mutant herpes simplex virus in the treatment of non-small cell
lung cancer (Toyoizumi et al., 1999).

The subject invention also concerns methods for treating bacterial and viral infections
of a patient using a platinum complex of the invention. In one embodiment, an effective
amount of a platinum complex of the invention is administered to a patient having a bacterial
or viral infection. Methods of the invention can optionally include identifying a patient who
1s or may be in need of treatment of a bacterial or viral infection.  The patient can be a
human or other mammal, such as a primate (monkey, chimpanzee, ape, etc.), dog, cat, cow,
p1g, or horse, or other animal infected with a bacteria or virus. Bacterial infections that can
be treated according to the present invention include those from Staphylococcus,
Streptococcus, Salmonella, Bacillus, Clostridium, Pseudomonas, Neisseria, Mycobacterium,
and Yersinia. Viral infections that can be treated according to the present invention include,
but are not limited to, those associated with human immunodeficiency virus (HIV), human T
cell leukemia virus (HTLV), Papillomavirus (e.g, human papilloma virus), Polyomavirus
(e.8., SV40, BK virus, DAR virus), orthopoxvirus (e.g., variola major virus (smallpox virus)),
EBV, herpes simplex virus (HSV), hepatitis virus, Rhabdovirus (e.g., Ebola virus) and
cytomegalovirus (CMV). Platinum compositions of the present invention can also be used to
treat viral diseases in the presence of photodynamic therapy (Cuny et al., 1999). Platinum
complexes of the present invention which can be used in photodynamic therapy include, but
are not limited to, the complexes designated herein as CPA-30, CPA-32, CPA-38, CPA-39,
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CPA-41, CPA-42, CPA-43, CPA-45, CPA-46, CPA-51, CPA-53, CPA-54, CPA-55, and JP5.
It 1s contemplated that these compounds are activated by light to activate their antiviral,
antibacterial, antitumor, antiparasitic, or cellular effects.

Platinum complexes of the subject invention can also be used to treat patients infected
with a parasitic organism. In one embodiment, the patient is administered a therapeutically
etfective amount of a platinum complex of the present invention. Methods of the invention
can optionally include identifying a patient who is or may be in need of treatment of a
parasitic infection. The patient can be a human or other mammal, such as a primate (monkey,
chimpanzee, ape, efc.), dog, cat, cow, pig, or horse, or other animal infected with a parasitic
organism. Disease conditions that can be treated according to the present invention include,
but are not limited to, leishmania, toxoplasmosis, schistosomiasis, trypanosomiasis,
pneumocystis, malaria, and trichinosis. Parasitic organisms that can cause disease conditions
treatable according to the present invention include, but are not limited to, Leishmania,
Toxoplasma, Schistosoma, Plasmodium, and Trypanosoma. The subject invention can also
be used to treat gastro-intestinal disorders caused by parasitic organisms such as, Entamoeba,
Giardia, Trichomonas, and nematodes such as Ascaris, Trichuris, Enterobius, Necator,
Ancylostoma, Strongyloides, and Trichinella. In another embodiment, a platinum complex of
the present invention can be administered to patients prophylactically, wherein an uninfected
patient is traveling to or will be present in an area where parasitic disease is prevalent or
poses a risk to the patient. Accordingly, the patient can be treated with a composition of the
present invention prior to the patient’s exposure to or presence in the area where parasitic
disease is prevalent or poses a risk and/or prior to infection with the parasitic organism.

Platinum complexes of the present invention can also be used to treat biological
products in vitro that are contaminated with or suspected of being contaminated with a virus
on a bacterial or parasitic organism. Biological products which can be treated with a
platinum complexes of the present invention include, but are not limited to, whole blood,
fractionated blood, plasma, serum, whole organs, or parts of organs, and cells, including
blood cells, muscle cells, skin cells, and neural cells, and products derived from cells.
Products derived from cells which can be treated with a platinum complex of the present
invention include, but are not limited to, interferons, interleukins, blood clotting factors such
as factor VIII, IX, X, and the like, insulin, polyclonal and monoclonal antibodies, growth
factors, cytokines, and other products. Treatment of biological products comprises contacting

the product for an effective amount of time and with an effective amount of a platinum
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complex of the present invention. If necessary, the biological product can be subsequently
washed, preferably with a suitable sterile wash solution such as phosphate buffered saline, to
remove the platinum complex that was used to treat the product.

Therapeutic application of the subject platinum complexes, and compositions
containing them, can be accomplished by any suitable therapeutic method and technique
presently or prospectively known to those skilled in the art. The subject platinum complexes
can be admimistered by any suitable route known in the art including, for example, oral, nasal,
rectal, and parenteral routes of administration. As used herein, the term parenteral includes
subcutaneous, intradermal, intravenous, intramuscular, intraperitoneal, and intrasternal
administration, such as by injection. Administration of the subject platinum complexes of the
invention can be continuous or at distinct intervals as can be readily determined by a person
skilled 1n the art.

Platinum complexes of the subject invention can be formulated according to known
methods for preparing pharmaceutically useful compositions. Formulations are described in
detail in a number of sources which are well known and readily available to those skilled in
the art. For example, Remington’s Pharmaceutical Science by BE.W. Martin describes
formulations which can be used in connection with the subject invention. In general, the
compositions of the subject invention will be formulated such that an effective amount of the
bioactive platinum complex is combined with a suitable carrier in order to facilitate effective
administration of the composition. The compositions used in the present methods can also be
in a varlety of forms. These include, for example, solid, semi-solid, and liquid dosage forms,
such as tablets, pills, powders, liquid solutions or suspension, suppositories, injectable and
infusible solutions, and sprays. The preferred form depends on the intended mode of
administration and therapeutic application. The compositions also preferably include
conventional pharmaceutically acceptable carriers and diluents which are known to those
skilled mn the art. Examples of carriers or diluents for use with the subject platinum
complexes include ethanol, dimethyl sulfoxide, glycerol, alumina, starch, and equivalent
carriers and diluents. To provide for the administration of such dosages for the desired
therapeutic treatment, pharmaceutical compositions of the invention will advantageously
comprise between about 0.1% and 99%, and especially, 1 and 15% by weight of the total of
one or more of the subject platinum complexes based on the weight of the total composition

including carrier or diluent.
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The platmmum complexes of the subject invention can also be administered utilizing
liposome technology, slow release capsules, implantable pumps, and biodegradable
contamers. These delivery methods can, advantageously, provide a uniform dosage over an
extended period of time. The platinum complexes of the present invention can also be
administered i their salt derivative forms or crystalline forms known to those of ordinary
skill 1n the art.

The subject mvention also concerns a packaged dosage formulation comprising in one
or more containers at least one platinum compound of the subject invention formulated in a

pharmaceutically acceptable dosage.

All patents, patent applications, provisional applications, and publications referred to
or cited herein are incorporated by reference in their entirety, including all figures and tables,

to the extent they are not inconsistent with the explicit teachings of this specification.

Materials and Methods

Synthesis of NitroPlatinum (IV) Complexes.

Cis-diammineoplatinum(Il) dichloride (cisplatin) can be purchased at 99.9% purity
from Sigma-Aldrich (#P4394). Using 0.300 grams of Cisplatin (0.00100 moles, FW =
300.1), 150 mL of ultra deionized water and 50 mL of dichloroethane are added to a 250-mL
Erlenmeyer flask. However, hexane or any organic solvents can be substituted in place of the
dichlorethane used here. The choice of a sixth ligand includes the availability of a nitrogen,
sulfur or oxygen atom 1n the chemical structure providing a Lewis base for bonding to the
oxidized Pt. Other bondings are possible with metals, halides (such as HCI) or through
chelation or mteraction with pi molecular orbitals. One mole of the chosen ligand per mole
of cisplatin should be weighed and added to the mixture. Organic solvents, such as
dichloroethane, provide solubility for organic ligands of hydrophobic nature. A magnetic stir
bar 1s placed in the mixture and the flask placed on a magnetic stir plate in a chemical fume
hood. A lecture bottle of dinitrogen tetroxide is fitted with a regulator and Teflon hose, with
a glass pipet attached to the hose outlet. The pipet tip is inserted into the lower solvent (e.g.,
dichloroethane) and the lecture bottle warmed slightly with a warm water bath. Nitrogen
dioxide gas is released at a rate of approximately one bubble per second into the stirring
mixture. The gas should be added until all the yellow cisplatin is consumed; the

disappearance of yellow solids and yellow solution will indicate consumption of the available
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cisplatin. A blue color is noted to indicate formation of the nitrosyl intermediate; variations
in hue and du{ation of this color have been observed. Gas addition is then terminated
(remove the pipet to prevent vacuum suction into the lecture bottle) and the flask covered in
aluminum foil to prevent light exposure. The flask should be left to stir overnight,
uncovered.

Additional mitrogen dioxide may be added the next day to check for completeness of
reaction. A blue color would indicate incomplete oxidation of platinum (II). Normally, this
blue fades within ten minutes. For a colorless ligand, the solution has become yellow
overnight. If blue color remains, allow it to continue stirring. The mixture requires air for
complete oxidation, so should not be tightly covered. Continued oxidation with air can be
accelerated using air blown through a trap into the Erlenmeyer, over the liquids. The solvents
will evaporate in about two days, leaving a yellow precipitate, which is the product.

The precipitate can be purified via recrystallization in methanol, DMSO, or other

suitable solvent. Alternatively, the product can be purified on silica columns or using HPLC.

MTT Assay.
1. Prepare a suspension of A549 cells at 2x10° cells per mL in supplemented
DMEM/F12 growth medium.

2. Plate 2x10" cells per well in a 96 well cell culture plate by adding 100 uL of

stock suspension to each well.

3. For each platinum compound (already in solution), prepare a readily usable
stock solution in DMEM/F12 medium.

4. For each compound generate triplicate trials of 0, 10, 20, 30, 40, 50, 60, and
70 pM concentration. This 1s achieved in situ by adding appropriate volumes of stock
solution to each well along with the volume of untreated medium necessary to generate the
desired concentration in a final volume of 200 pL.

5. Gently agitate plates to mix contents. Incubate at 37° C, 7 % CO, for 45

hours.

6. Add 20 pL of Smg/mL MTT solution (in PBS) to each well.

7. Gently agitate plates to mix contents and incubate an additional 3 hours to

allow product development.
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8. Remove plates from incubator and agitate to cause settling of formazan
product.
9. Aspirate out liquid contents of each well using needle and syringe and discard.

10.  Add 200 puL DMSO to each well to dissolve formazan product.

11.  Agitate plates until all of the formazan product 1s in solution and no purple
crystals remain on the bottom surface of the wells.
12.  Read the absorbance of each well at 475 nm using Varian software for Cary 50

UV-vis Spectrophotometer with fiber optic probe accessory.

XTT Assay.

A 96-well plate was used for the assays. Approximately 2.5 x 10* cells in log phase
were added to each well. A platinum complex of the invention was dispensed into each well

(dissolved 1n 20% DMSO and 80% media), with additional media added as needed to account

for uniform volumes. Control wells contained only cells and media. Each concentration

assay was performed in triplicate. Plates were incubated for 48 hours at 37 °C with 7.5%
CO2. XTT from MD Biosciences, Quebec, was then added according to the provided
protocol concentrations and allowed to react for 3 hours. Plates were agitated 5 minutes
before reading absorbance at 475 nm on a Varian Cary 50 spectrophotometer with a fibre-
optic probe. Percent survival as compared to control wells was plotted against platinum

f

complex concentration.

Nuclear extract preparation and analysis by EMSA of HK-designated platinum complexes.

Nuclear extracts were prepared from NIH3T3/hEGFR cell that overexpress human
epidermal growth factor (EGF) receptor and stimulated with EGF (6 ng/ml) for 15 min.
Nuclear extracts were pre-incubated with compounds for 30 min at room temperature prior to
incubation with radiolabeled probe. The **P-labeled oligonucleotide probe used is hSIE (high
affinity sis-inducible element, m67 variant, 5'-AGCTTCATTTCCCGTAAATCCCTA-3"
(SEQ ID NO:1) that binds both Statl and Stat3.

Following are examples which illustrate procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and all

solvent mixture proportions are by volume unless otherwise noted.
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Example I—MTI_ assay data for platinum complexes

MTT assays are used for the quantitative determination of cellular proliferation and
activation and for the quantitation of in vitro tumor cell sensitivity to anti-cancer compounds.
The assay 1s based on the cleavage of the yellow tetrazolium salt MTT into purple colored
formazan by metabolically active cells. Solubilized formazan product can be photometrically
quantitated using an ELISA plate reader. A decrease in the number of living cells results in a
decrease 1n total metabolic activity which leads to a decrease in color formation. Platinum
complexes of the present invention were tested in MTT assays using A549 cells to determine
anti-cancer cell activity. The results are shown in Tables 1, 2, 3, and 4 and Figures 1, 2 and
4. Table 1 shows percent survival of A549 cells and Table 2 shows the IC50 from the data in

Table 1. Figures 1, 2, and 4 show percent survival versus platinum complex concentration in

graphical form. Figure 6 shows a graph of absorbance at 570 nm versus concentration of

several platinum complexes (um) of the invention.

~ Table 1. Percent of Survival of A549 Using Platinum Complex in MTT Assay

Concentration (in
Complex /,LM) Percent Survival | Average Absorbance

Cis-Pt 98.2423 23196
20 98.3779 23228
30 99.6400 2.3526
j 40 90.2757 2.1315
50 78.1288 1.8447
j 60 46.7536 1.1039
70 30.1470 0.7118
CPA-7 10 2.3399
20 100.0974 2.3634
30 90.6908 2.1413
40 46.9993 1.1097
B 50 20.0712 0.4739
60 28.2750 0.6676
70 24.3742 0.5755
CPA-46 (Rhodamine) 10 101.7831 2.4032
| 20 97.3190 2.2978
30 96.0188 2.2671
40 | 78.8531 1.8618
50 435602 1.0285
60 29.8208 0.7041
CPA-31 (Citrate) 10 | 102.8080 2.4274
20 1 99.5087 2.3495
30 100.7073 2.3778
40
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Table 1. Percent of Survival of A549 Using Platinum Complex in MTT Assay

50 not performed
60
70
CPA-43 (Dinitrophenyl
Hydrazine) 10 102.2828 2.4150
20 78.5820 1.8554
30 90.8517 2.1451
40 55.1861 1.3030
50
60 not performed
70
CPA-41 (Diphenyl
Isobenzofuran) 10 100.4024 2.3706
20 100.9148 2.3827
30 89.4668 2.1124
40 36.6270 0.8648
50
60 not performed
70
CPA-55 (Hydroorotic Acid) 10 103.6847 2.4481
20 100.5082 2.3731
30 08.5473 2.3268
40 58.3626 1.3780
50
60 not performed
70
CPA-39 (Fluorescein) 10 107.2085 2.5313
20 102.9478 2.4307
30 99.9492 2.3599
40 83.0587 1.9611
S0 43.7000 1.0318
60 32.9338 0.7776
70 41.4976 0.9798
CPA-51 (Luminol) 10 _ 105.5652 2.4925
] 20 109.1017 2.5760
30 08.3186 2.3214
40 87.3152 2.0616
- 50 58.7396 1.3869
60 - 37.3004 0.8807
70 45.8219 1.0819
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Table 2. Calculated IC50’s from MTT Assay Data of Table 1

Calculated IC 50
Complex (uM concentration)
Cisplatin 63.29
CPA-51 (Luminol) 61.21
CPA-39 (Fluorescein) 56.39
CPA-46 (Rhodamine) 52.88
CPA-55 (Hydroorotic Acid) 54.20 Extrapolated from data 10-40uM
CPA-43 (DNP) 49.59 Extrapolated from data 10-40uM
CPA-41 (IBF) 40.71 Extrapolated from data 10-40uM
CPA-7 45.43 |
CPA-31 (Citrate) 505.81 Suspected error due to incomplete data set

alues in bold are outside the measured range.
A1l values are determined using a linear trend from percent survival vs. concentration data.

Table 3. Percent of Survival of A549 Using Platinum Complex in MTT Assay

Complex Concentration (in uM){ Percent Survival | Average Absorbance
Cis-Pt 10 100.9661 2.4665
20 100.5199 2.4556
30 92.8650 2.2686
40 71.9432 1.7575
50 52.5114 1.2828
60 32.6293 0.7971
70 27.5001 0.6718
CPA-7 3 10 100.1965 2.4477
20 95.3703 ~2.3298
30 57.9148 1.4148
40 18.7646 0.4584
50 17.6880 0.4321
60 20.5166 0.5012
70 14.2454 0.3480
CPA-46 (Rhodamine) 10 105.5017 2.5773
. 20 98.7269 24118
3 30 80.3840 1.9637
40 ~ 49.3021 1.2044
50 25.7153 0.6282
) 60 26.3867 0.6446
70 25.2364 0.6165
~_ CPA-31 (Citrate) 10 103.5409 2.5294
20 - 97.7322 2.3875
30 73.5929 | 1.7978
40 33.5503 0.8196
50 24.7616 0.6049
60 24.8352 0.6067
70 25.4943 0.6228
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Table 3. Percent of Survival of A549 Using Platinum Complex in MTT Assay

___ Complex _|Concentration (in uM) Average Absorbance

CPA-43 (Dinitrophenyl

Hydrazine) 10 105.7759 2.5840
20 93.8311 2.2922
30 60.7138 1.4833
40 26.5218 0.6479
50 18.9979 0.4641
60 26.6241 0.6504
70 20.7090 0.5059
CPA-41 (Diphenyl
Isobenzofuran) 10 100.2906 2.4500
| 20 07.4457 2.3805
30 60.1171 1.4686
40 17.2336 0.4210
50 14.9290 0.3647
60 22,7148 0.5549
70 22.2891 0.5445
CPA-55 (Hydroorotic Acid) 10 100.6468 2.4587
20 101.8257 2.4875
30 69.1883 1.6902
40 26.6200 0.6503
50 20.0336 0.4894
60 28.9901 0.7082
70 23.4680 0.5733
CPA-39 (Fluorescein) 10 108.7069 2.6556
20 100.7655 2.4616
30 85.5295 2.0894
40 55.5405 1.3568
50 26.8779 0.6566
60 24.9130 0.6086
70 25.2405 0.6166
CPA-51 (Luminol) 10 101.2895 2.4744
20 101.7970 2.4868
30 85.9552 2.0998
40 60.4118 1.4758
) - 50 38.2824 0.9352
60 28.9983 0.7084
70 28.8919 0.7058
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Table 4. Percent of Survival of A549 Using Platinum Complex in MTT Assay

Concentratlon (in pM) Average Absorbance

Cis-Pt 83. 09927847 _0.5299
20 103.1095973 0.6575
30 77.94510544 0.497033333
40 74.69369001 0.4763
50 57.14022853 0.364366667
60 - 44.12933942 | 0.2814
70 29.06932676 0.185366667
CPA-7 . 10 i
20 91.22258971 0.5817
30 93.97740632 0.599266667
40 45.5459529 (0.290433333
50 17.51164263 0.111666667
60 3.538920018 0.022566667
70 3.538920018 0.022566667
CPA-44 (Succinamide) 10 54.96042107 0.350466667
20 23.37150871 0.149033333
30 5.493951165 0.035033333
40 4.929396716 0.031433333
50 6.424420535 0.040966667
60 48718958 0.031066667
70 5.164627736 0.032933333
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Example 2—XTT assay data for platinum complexes

The XTT assay is based on the conversion of the yellow tetrazalium salt XTT into an
orange formazan dye by metabolically active cells. The orange formazan dye is soluble and
can be photometrically quantitated using an ELISA plate reader. A decrease i the number of
living cells results 1in a decrease 1n total metabolic activity which leads to a decrease in color
formation. Platinum complexes of the present invention were tested in XTT assays using
A549 cells to determine anti-cancer cell activity. The percent survival of cells versus

platinum complex concentration is shown in graphical form in Figures 3 and 7.

Example 3—Reduction of CPA-7 platinum complex by glutathione

Figures SA-C show the inertness of CPA-7 to glutathione reduction. In the figures, 20
pm CPA-7 was added mm PBS/20% DMSO with 10 mM glutathione. The readings were

initiated in late evening where data points were collected every 10 minutes at the lambda max
for CPA-7, 226 nm. The data shows slow reduction which then virtually stops during the
night hours, and resumes the next day. This data demonstrates sensitivity to light and
stability against GSH reduction. Data was collected on a Varian Cary 50 fitted with a
ﬁbreﬁoptic probe in the kinetics mode. The Cary 50 uses a pulsed Xenon lamp with
discontinuous 1rradiation between readings. A 25-mL volumetric flask was used for the

solution with a magnetic stirring bar at slow speed.

Example 4—MTT assay data for platinum complexes

MTT assays are used for the quantitative determination of cellular proliferation and
activation and for the quantitation of in vitro tumor cell sensitivity to anti-cancer compounds.
The assay is based on the cleavage of the yellow tetrazolium salt MTT into purple colored
formazan by metabolically active cells. Solubilized formazan product can be photometrically
quantitated using an ELISA plate reader. A decrease in the number of living cells results in a
decrease in total metabolic activity which leads to a decrease in color formation. Platinum
complexes of the present imnvention were tested in MTT assays using A549 cells to determine
anti-cancer cell activity. The results are shown in Tables 6, 7, 8, and 9 and Figures 8, 9, and
11. Table 6 shows percent survival of A549 cells and Table 7 shows the IC50 from the data
in Table 6. Figures 8, 9, and 11 show percent survival versus platinum complex

concentration in graphical form.
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Table 6. MTT Assay: Percent of Survival of A549 Using cisplatin (Cis-Pt)
or a Platinum Complex of formula:

NO,
H3N\P\t _CI
N | i
A
Complex Concentration (in uM) | Percent Survival | Average Absorbance
. Cis-Pt 10 98.2423 2.3196
20) 98.3779 2.3228
30 99.6400 2.3526
40 90.2757 2.1315
- 50 78.1288 1.8447
60 - 46.7536 1.1039
70 30.1470 0.7118
A = Safranin 1* 10 98.9412 2.3361
20 100.1440 2.3645
30 101.8000 2.4036
40 85.0705 2.0086
50 82.5674 1.9495
60 69.5989 1.6433
70 45.1484 1.0660
A = Safranin 2* 10 101.2791 2.3913
20 101.2409 2.3904
30 95.5826 2.2568
40 83.2027 1.9645
50 81.0131 1.9128
60 67.3203 1.5895
70 39.1682 0.9248
A = Methylene blue 10 ~100.5887 2.3750
20 . 97.1030 2.2927
30 95.3369 2.2510
) 40 66.5029 1.5702
50 36.1781 0.8542
) ) 60 50.4468 1.1911
70 40.2567 0.9505
A = 6-Aminonicotinamide 10 100.5548 2.3742
o 20 103.0071 2.4321
30 96.6245 2.2814
o 40 72.9025 1.7213
B 50 36.4999 0.8618
B 60 . 32.7771 0.7739
- 70 36.1526 0.8536
A = Methyl alpha-D-

Mannopyranoside 10 L 104.1125 2.4582
20 | 104.2311 2.4610
30 | 91.2456 2.1544
B 40 | 46.6096 1.1005
50 28.0844 0.6631

S —
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Table 6. MTT Assay: Percent of Survival of A549 Using cisplatin (Cis-Pt)
or a Platinum Complex ot formula:

NO,
NP
/
HNT | o
A
Concentratlon (in pM) 1| Average Absorbance
39.8967 0.9420
70 35.9112 0.8479

*  Two different 1solates of the platinum (IV) complex substituted with Safranin were
isolated (referred to herein as Safranin 1 and Safranin 2) and tested in the assay.

Table 7. Calculated IC50’s from MTT Assay Data of Table 1

Complex

Safranin 1*

Safranin 2
Methylene blue
6-Aminonicotinamide

Methyl alpha-D-Mannopyranoside

¥

Calculated IC 50 (uM concentration)

78.60
72.57
56.36
53.06
50.10

alues 1n bold are outside the measured range.
All values are determined using a linear trend from percent survival vs.

concentration data.

*  Two different 1solates of the platinum (IV) complex substituted with Safranin were
isolated (referred to herein as Safranin 1 and Safranin 2) and tested in the assay.

Table 8. MTT Assay: Percent of Survival of A549 Using cisplatin (Cis-Pt)

or a Platinum Complex of formula:

NO,

H,N

NP

A

/‘\

Concentration (in yM)| Percent Survival Average Absorbance

100.9661 24665
] 20 ] 100.5199 24556
L | 30 | 92.8650 2.2686
) 40 71.9432 1.7575
] 50 525114 1.2828
60 32.6293 0.7971
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Table 8. MTT Assay: Percent of Survival of A549 Using cisplatin (Cis-Pt)
or a Platinum Complex of formula:

NO,
NP
A
Concentration (in uM) Average Absorbance
—— 27.5001 0.6718

HiN~

A = Safranin 1* 100.3152 2.4506
' 20 101.0725 2.4691
30 100.9661 2.4665
40 85.6236 2.0917
50 62.0533 1 1.5159
60 47.8079 1.1679
70 35.5807 0.8692
A = Safranin 2* 10 101.3304 2.4754
20 101.0766 2.4692
30 94.1790 2.3007
40 83.7284 2.0454
50 62.7001 1.5317
60 46.0928 1.1260
70 35.4456 0.8659
A = Methylene blue 10 103.5613 2.5299
20 88.6365 | 2.1653
30 67.6900 1.6536
40 30.7913 0.7522
50 25.7972 0.6302
60 31.5240 0.7701
70 30.6234 0.7481
A = 6- 101.1544 2.4711
Aminonicotinamide 10
20 100.9947 2.4672
30 81.4442 1.9896
40 44.8770 1.0963
) 50 26.5463 0.6485
60 - 23.7873 0.5811
70 25.7645 0.6294
A = Methyl alpha-D- ,,
Mannopyranoside 10 106.9098 2.6117
20 i 99.6889 24353
30 70.8789 l 1.7315
40 _25.2691 0.6173
50 17 8886 0. 4370
N 60 o $20.5371 B 0. 5017
70 21.8552 0.5339

*  Two different isolates of the platinum (IV) complex substituted with Safranin were
isolated (referred to herein as Safranin 1 and Safranin 2) and tested in the assay:.
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or a Platinum Complex of formula:

NO,
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I\
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Table 9. MTT Assay: Percent of Survival of A549 Using cisplatin (Cis-Pt)

Concentratlon (in pM) Average Absorbance

33. 09928 0.5299
20 103.1096 0.6575
30 77.94511 0.497033
40 74.69369 0.4763
50 57.14023 0.364367
60 44.12934 0.2814
70 29.06933 0.185367
A = Caffeine - 10 72.23683268 0.460633333
20 61.71416504 0.393533333
30 31.61504914 0.2016
40 13.94658583 0.088933333
50 7.814897233 0.049833333
60 90.571288852 0.061033333
70 8.003082049 0.051033333
A = Safranin 10 77.35441421 0.493266667
20 68.90177955 0.439366667
30 34.45873081 0.219733333
40 11.68836804 0.074533333
50 8.301041342 0.052933333
60 6.774653387 0.0432
70 8.541499718 0.054466667
A = Theophylline 10 89.09505581 0.568133333
B 20 60.59551085 0.3864
) 30 33.86281222 0.215933333
B - 40 - 9.174009795 0.0585
50 0.737057197 0.0047
60 4.97644292 0.031733333
70 -0.245685732 -0.001566667
A = N-acetyl glucosamine 10 96.89427097 0.617866667
20 J 59.27298978 0.377966667
L 30 27.21361538 0.173533333
40 3.75846897 0.023966667
50 6.225781006 0.0397
B 60 B 8.661728906 0.055233333
70 2.974365569 0.018966667
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Example 5S—XTT assay data for platinum complexes

The XTT assay 1s based on the conversion of the yellow tetrazalium salt XTT into an
orange formazan dye by metabolically active cells. The orange forﬁazm dye 1s soluble and
can be photometrically quantitated using an ELISA plate reader. A decrease in the number of
living cells results in a decrease in total metabolic activity which leads to a decrease in color
formation. Platinum complexes of the present invention were tested in XTT assays using

A549 cells to determine anti-cancer cell activity. The percent survival of cells versus

platinum complex concentration is shown in graphical form in Figure 10.

Example 6—Inhibition of in vitro Stat3 DNA-binding Activity by HK-designated platinum

complexes

Other platinum (IV) complexes were evaluated for inhibitory activity against STAT
DNA-binding in vitro. Analysis by EMSA of nuclear extracts prepared from EGF-stimulated
fibroblast that activates Statl, Stat3 and Stat5 shows that preincubation (of extracts of equal
total protemn) with different concentrations of platinum complexes for 30 min prior to
incubation with *“P-labeled hSIE probe results in a dose-dependent reduction in the levels of

DNA-binding activities of Stat3 and Statl (Figures 12A and 12B).

It should be understood that the examples and embodiments described herein are for
1llustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application and the scope of the appended claims.
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Claims
We claim:
1. A platinum complex having the structure shown in formula I:
R!
3
R \Ilt X
e
R | Ny
R2 (D
wherein

X and Y are, independently, any halogen, -NO,, -ONO, or the structure:

CH-oCH(CH3)-

or X and Y together form the structure:

—0 or

or
—0

——00
R' is -NO, or -ONO;
R? is any halogen, -OH, -ONO, -ONO,, -COR", -OPO;R'’R", -OSO;H, -0SeOO0H,
-SeOOH, -AsO,, -OAsO,, -NR'R!" -NHRR', -OOCR", alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
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heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,
any of which can be optionally substituted with any halogen, -COOH, -OH, -NO,, -NH,, -N-
alkyl, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl,
arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,

heterocycloalkoxy, or heterocycloalkoxycarbonyl, or the structure:

O

i
\O

—Q0—B

any of which can be substituted with any halogen, -NH,, -COOH, -OH, alkoxy,
cycloalkoxy;

R’ is, independently, -NH3, or -NHR':

R is H, Cy6 alkyl, alkoxy, or aryl, optionally substituted with -NO, or -COOH;

R and R are, independently, H, -NH,, -OH, -NHR', CONHR’, CON(R7), Cis
alkyl, aryl, or heteroaryl, any of which can be optionally substituted with any halogen, -
COOH, -OH, -NO,, -NHj, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy,
alkycarbonyl,  alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl; |

R"™ is alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl,
alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl,
heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl, any of which can be optionally substituted
with any halogen, -COOH, -OH, -NO,;, -NH,, -N-alkyl, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,

aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;

or a pharmaceutically acceptable salt thereof.

2. The platinum complex according to claim 1, wherein X and Y are,

independently, selected from the group consisting of F, Cl, Br, and L.
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3. The platinum complex according to claim 1, wherein X and Y are both Cl.
4, The platinum complex according to claim 1, wherein R' is -NOs.
5. The platinum complex according to claim 1, wherein R” is -NHj.
6. A platinum complex having the structure shown in formula II:
RH t
X
C—R® ‘
L e
CR°R”),
I 6/ \
C—R Y (1I)
137" H
R RS
wherein
X and Y are, independently, any halogen, or the structure:
CH,CH(CHa3),
or X and Y together form the structure:
'_'——NHz
—0 \C:
N/
or or TN
—O0 0 | "H
-~ OH
O O
d
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Hy, __H,
C C O
or / \ or I //
—N CH—OH —N—©C
\C_____N/ |
S H H ——O—NH
T
H
or ;
—O00

R* is -NO; or -ONO;

R’ is any halogen, -OH, -ONO, -ONO,, -COR'’, -OPO;R'’R"", -OSO;H, -OSeOO0H,
-SeO0H, -AsO,, -OAsO,, -NR'"R', -NHR'R', -OOCR™, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,
any of which can be optionally substituted with any halogen, -COOH, -OH, -NO,, -NH,, -N-
alkyl, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl,
arylcarbonyil, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,

heterocycloalkoxy, or heterocycloalkoxycarbonyl, or the structure:

O

d
\O ;

—0—8B

or X, Y, and R’ together form the structure:

0
H @/
——0—NH 5

H
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any of which can be substituted with any halogen, -NH,, -COOH, -OH, or Y and R’

form the structures:

——(0O——NH
—N—~C
H X, ;

R® is, independently, NH;, or NH;

R’ is H, Cy.¢ alkyl, alkoxy, or aryl, optionally substituted with -NO, or -COOH,;

R® and R’ are, independently, H, C,.¢ alkyl, or -OH, any of which can be optionally
substituted with any halogen, -COOH, -OH, -NO,, -NH;, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;

R'® and R" are, independently, H, -NH,, -OH, -NHR’, CONHR’, CON(R"), Ci
alkyl, aryl, or heteroaryl, any of which can be optionally substituted with any halogen, -
COOH, -OH, -NO,;, -NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy,
alkycarbonyl,  alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;

R and R" are, independently, H or Cy.4 alkyl, or R'* and R" together form an aryl,
cycloalkyl, heterocycloalkyl, or heteroaryl, any of which can be optionally substituted with
any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl,
aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,

R 1is alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl, aryloxy, alkycarbonyl,
alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl, heterocycloalkylcarbonyl,
heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
heterocycloalkoxy, or heterocycloalkoxycarbonyl, any of which can be optionally substituted
with any halogen, -COOH, -OH, -NO,, -NH;, -N-alkyl, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarb on.yl,

aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;
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n 1s any mteger from 0 to 6;

- or a pharmaceutically acceptable salt thereof.

7. The platinum complex according to claim 6, wherein X and Y are,

independently, selected from the group comnsisting of F, Cl, Br, and 1.

8. The platinum complex according to claim 6, wherein X and Y are both Cl.

9. The platinum complex according to claim 6, wherein R* is -NOs.

10.  The platinum complex according to claim 6, wherein R® is -NHa.

11. A platinum complex having the structure shown in formula III or formula IV:
H

RI?—C—R"
((lszR9) \ / \ /

R'? “‘“ﬁ“‘“‘” () © )

wherein

X and Y are, independently, any halogen, -NO,, -ONO, or X and Y together form the

structure:

—e or

R®is, independently, NO,, N, NH, or NHj;

R® and R’ are, independently, H, C,¢ alkyl, or -OH, any of which can be optionally
substituted with any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryl, aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl,
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heterocycloalkyl, heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl;
R!? and R" are, independently, H or C;¢ alkyl, or R'* and R" together form an aryl,
cycloalkyl, heterocycloalkyl, or heteroaryl, any of which can be optionally substituted with
any halogen, -COOH, -OH, -NO,, -NH,, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryl,
aryloxy, alkycarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroalkyl, heterocycloalkyl,
heterocycloalkylcarbonyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, heterocycloalkoxy, or heterocycloalkoxycarbonyl,;

n is any integer from O to 6;

or a pharmaceutically acceptable salt thereof.

12. A platinum complex having the structure of a complex selected from the group
consisting of the complex designated CPA-1, CPA-3, CPA-7, CPA-8, CPA-8A, CPA-9,
CPA-10, CPA-11, CPA-12, CPA-14, CPA-15, CPA-16, CPA-17, CPA-18, CPA-19, CPA-20,
CPA-26, CPA-28, CPA-29, CPA-30, CPA-31, CPA-32, CPA-33, CPA-34, CPA-35, CPA-37,
CPA-38, CPA-39, CPA-40, CPA-41, CPA-42, CPA-43, CPA-44, CPA-45, CPA-46, CPA-49,
CPA-50, CPA-51, CPA-53, CPA-54, CPA-55, CPA-56, CPA-57, JP4, JP5, JP6A, JP6B,
JP13A, JP14B, JP14C, JP14D, JP15, GD2, GD3, GD4, and GD®6.

13. A platinum complex having the structure shown in formula V or formula VI.:
R4 N02
N02 \__ 1 X
R
H3N\ I - X - \ /
/Pt\ (CR“R”), Pt
HNT | Y J—‘Rl/ \Y
A
VI
V) RS | (VD
wherein

X and Y are, independently, any halogen, -OH, H,O, or -SO(CH3)3;
and A can be any of the following:
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H;C N CH;
H yp H

N

N N7 -~

H H

Cl
Oor
CH; Cl- - CH;,

or

THf* HO—CH,
OYN . /{
| J or
e 0 N
I &

Or

HO_CH2
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and wherein

R' is, independently, NH, or NH:;

R* and R’ are, independently, H, -OH, C;¢ alkyl, alkoxy, cycloalkyl, aryloxy,
cycloalkoxy, aryl, heteroalkyl, heterocycloalkyl, heteroaryl, arylcarbonyl, and
heteroarylcarbonyl, any of which can be optionally substituted with alkyl, alkoxy, cycloalkyl,
aryloxy, cycloalkoxy, aryl, heteroalkyl, heterocycloalkyl, heteroaryl, arylcarbonyl, and
heteroarylcarbonyl; ,.

R* and R’ are, independently, H or Ci alkyl, alkoxy, cycloalkyl, aryloxy,
cycloalkoxy, aryl, heteroalkyl, heterocycloalkyl, heteroaryl, ‘arylcarbonyl, and
heteroarylcarbonyl or R* and R’ to gether form a cycloalkyl, cycloalkoxy, aryl, aryloxy,
heterocycloalkyl, heteroaryl, arylcarbonyl, and heteroarylcarbonyl, any of which can be
optionally substituted with alkyl, alkoxy, cycloalkyl, aryloxy, cycloalkoxy, aryl, heteroalkyl,
heterocycloalkyl, heteroaryl, arylcarbonyl, and heteroarylcarbonyl;

n 1s any integer from 0 to 6;

or a pharmaceutically acceptable salt thereof.

14.  The platinum complex according to claim 13, wherein X and Y are,

independently, selected from the group consisting of F, Cl, Br, and 1.
15.  The platinum complex according to claim 13, wherein X and Y are both CI.

16.  The platimum complex according to claim 13, selected from the group

consisting of

NO,

CH,NO |l
>r
H,N | | , Cl
H,C N CH,
H Z H
N
N N N~



10

15

20

23

30

WO 2005/016946

CA 02535584 2006-02-13

Cl

H,N~ | i

59

PCT/US2004/026393
CI- (|3H3
=N
CH,
NO,
HN | CI
HO AP
H,N | Cl
HO ‘“\\\NWCH3
CH, on ° ,




10

15

20

25

30

WO 2005/016946

H,N

NO,

H,N
Pt
H,N” |

~)

Cl

~cl

CA 02535584 2006-02-13

60

PCT/US2004/026393




10

15

20

25

30

CA 02535584 2006-02-13

WO 2005/016946

H,C

01

S
YN IK H *HCl1
New ‘ /N+ Cl

N,

H,N

PCT/US2004/026393

NO,

71NN

H,N

CH,

Cl
g

Cl

CH,CH,OH

CH;

‘/CH3

O



CA 02535584 2006-02-13

WO 2005/016946 PCT/US2004/026393
62
|
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™ /K
H,C N N O
10 OH
HO
HO
HO ,
15
|
H;N Cl
She
H,N I Cl
O N O
. Y
HN  _~
NH
N) , and
25 17. A method for treating an inflammatory disorder in a patient, said method
comprising administering an effective amount of a platinum complex of any of claims 1 to 16
to the patient.
; 18.  The method according to claim 17, wherein the patient 1s a mammal.
30

19.  The method according claim 17, wherein the patient 1s a human, monkey,

chimpanzee, ape, dog, cat, horse, cow, or pig.
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20.  The method according to claim 17, wherein said platinum complex 1is
encapsulated in a liposome moiety or said platinum complex comprises a protein or nucleic

acid that targets delivery of the platinum complex to a cell.

21. A method for treating or preventing a viral, bacterial, or parasitic infection in a
patient, said method comprising administering an effective amount of a platinum complex of

any of claims 1 to 16 to the patient.
22.  The method according to claim 21, wherein the patient 1s a mammal.

23. The method according to claim 21, wherein the patient is a human, monkey,

chimpanzee, ape, dog, cat, horse, cow, or pig.

24.  The method according to claim 21, wherein said parasitic infection 1s caused
by an organism selected from the group consisting of Leishmania, Toxoplasma, Schistosoma,
Plasmodium, Trypanosoma, FEntamoeba, Giardia, Trichomonas, Ascaris, Irichuris,

Enterobius, Necator, Ancylostoma, Strongyloides, and Trichinella.

25.  The method according to claim 21, wherein the patient has a disease condition
selected from the group consisting of Ileishmania, toxoplasmosis, schistosomiasis,

trypanosomaiasis, pneumocystis, malaria, and trichinosis.

26.  The method according to claim 21, wherein said bacterial infection 1s caused
by an organism selected from the group consisting of Staphylococcus, Streptococcus,

Salmonella, Bacillus, Clostridium, Pseudomonas, Neisseria, Mycobacterium, and Yersinia.

27.  The method according to claim 21, wherein said viral infection 1s caused by a
virus selected from the group consisting of human immunodeficiency virus (HIV), human T
cell leukemia virus (HTLV), Papillomavirus (e.g, human papilloma virus), Polyomavirus
(e.g., SV40, BK virus, DAR virus), orthopoxvirus (e.g., variola major virus (smallpox virus)),
EBV, herpes simplex virus (HSV), hepatitis virus, Rhabdovirus (e.g., Ebola virus) and
cytomegalovirus (CMV).
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28. A method for synthesis of a platinum complex, said method comprising:
a) mixing cisplatin in water and an organic solvent;
b) mixing into the mixture of step (a) a ligand capable of bonding to the platinum

of cisplatin to form the platinum complex product;

C) contacting the mixture of step (b) with nitrogen dioxide gas; and
d) separating the platinum complex product from the solvent.
29.  The method according to claim 28, wherein the organic solvent 1is

dichloroethane or hexane.

30. The method according to claim 28, wherein the platinum complex product 1s

separated from the solvent by evaporation of the solvent.

31.  The method according to claim 28, wherein following step (d), the platinum

complex product is further purified.

32.  The method according to claim 31, wherein the platinum complex product 1s

further purified by recrystallization in a solvent.

33.  The method according to claim 31, wherein the platinum complex product 1s

further purified by adsorption on a silica column or by high performance liquid

chromatography (HPLC).



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

1/14

(Jlouiwn) 1G-YVdD ==

(uleosalon|d) 6E-VdD =X

(p1oy 21301001pAH) GG-VdD - & —
(UBINJOZUBGOS| iAuaydiq) 1-vdD
(auizeipAy JAusydonuid) €p-vdO =3B =
(e184310) LE-YVLO—+—

(suiwepoyy) 9y-VdO—*—

-V d)—i—

1d-SiD—e—

08

0L

09

() xopdwo)) wnume[d JO uorenuasuo))

04

[ DId

Ov

0¢

0¢

!

Ol

+ 00

Blolliutir

0°0¥F

0°09

(6¥SV) [BAIAING JUBDI9d

008

0°001

—- 0°0¢}




CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

2/14

¢ DIA

Q.ébv UBE.EOO umunejd Jo uonenuaduo))
0. 09 0G 0)% 0¢ 02 Ol

— S I —— 00000

m-

AP Ambad

0000°0¢

an AV VAARARASAT A AR AAVARANAAAAAA T,

|
|

(jouiwn) 1G-YdO - = —
(uleasaion|d) 6E-VdO - ~-—

(p1oy 910100JpAH) GG-VdO —+
(ueunjozuagos| |AusydiQ) Ly-VdO —e—
(ouizeipAy JAusydonula) £7-VdO —*—
(e1841D) 1E-VdO -- % --
(suiwepoyy) 9-Vdd —¥—
L-VdO —i—
1d-SID —e—

t

A

0000 0

0000708

0000°08

00007004

0000°0c}

(67SV) IBAIAING JUBDI3d



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

3/14

(poy 01301004pAH) GG-VdD - - = - -
(suiwepoyy) 9y-¥dO - —- —

(e1841D) 1£-VdO —%—

(jouiwn) 16-YdO —m—

INdD —eo—

uie|dst) ———

(suizeipAy JAusydonuiq) €¥-vdO—e—
(ueinjozuaqgos| Auaydi@) Li-VdO g
(uleosaIon|d) 68-VdO—¥—

(W) xojdwo)) umune[d Jo HoneIuaduo))

0S

¢ ‘DI

Ov

0¢

0c

Ol

0}

Y e e o A FollaPulars

0¢

-
™

-
<

§

0S

08

[eAIAINSY,



CA 02535584 2006-02-13

WO 2005/016946 PCT/US2004/026393
4114
©
>
2 | 3
©
£
o
— S - S
D,
d—
N} N -
< 0 <C
o B o
@) O O
L 3
‘ ’ (@
O N’
3 g
o,
&
-3
s T
= .
d=
2 8§ O
Bt e
3
o
- o
0
i
-~ B
® &
o
-,
o
N
o
<
: 1
- - -
N = 3 o < N
o— b

[BAIAINS SANE[B1Y,



CA 02535584 2006-02-13
WO 2005/016946 PCT/US2004/026393

5/14

) | g
L Tm
i
l r——
J <
7 | = LV g
f.f""' - “; .
- 8 O
o - = preme
- | 23
"l ‘fwj
7 |
E‘
\ |
- S
'
{ .
)/:‘
- "f
<t o, N -
o™ o N o

sSdy



CA 02535584 2006-02-13
WO 2005/016946 PCT/US2004/026393

6/14

Wathay,
100

FIG. 5C

T
450

., o
=
| -
\ L T—
£ W)
m ®
: |
I_om (D
LT
e
s
| o
- =
'
o
1D
o




CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

7/14

0L

(JAw) xorduwo)) wnurje|d JO UOLRUIOUO))

09

9 DId

0S

Ov

0¢

0¢

O}

- 000

(epILEBUIONS) -V dD ——
(ueinjozuaqos| |[Ausydiq) Ly-vdD --+--
(ureosaionid) 6E-VdO —e—
(uiwepoyy) 9y-VdD —*—

(p1oy 01301001pAH) GG-VdD —+—

/Y dD —=—

}d-SID =+

0C0

L 0b'0

M.oogu

080

001

0c'|

- oY)

091

wiu /G Je asueqlosqy



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

ot
=i
S
o0

1d-SIO- - = - -
(ep1weuloons) y-vdd- —- -

(ueinjozuaqos| Ausydiq) L-VdO—k—
(uieosaIoN|d) 6E-YdO—%—
(auiepoyy) 9-VdO—¥—

.- NdO—e—

L DlA

(Ww) xordwo)) wnurje[d Jo U0neRuadtor)

Ov

0t

0¢

W U ———

Ol

- g
_
Gy
L gg
N
3
G ®
| M.
(D
N
-
GL 2
<
| =
o
L g6
L g1




CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

9/14

opisoueiAdouuein-g-eydie-JAYle - - ¥ - -
SPIWEULROJIN Ouluy-G —m—

an|g ausjAyjo —e—

¢ UlUBlEeS —¢—

| UlUBlJRS — » —

1d-SI0 —o—

0

8

8 DIH
(Wn) punodwo9 jo uojeiUBIUOY

0/ 09 0G OV 0¢

i L | I I

0c

0l

Bl At Bl Bl o g

0 0¢

PR PP T TP

00¥

00§

009

L 00

008

006

0001

00l

(67SY) [BAIANG Judd1ad



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

10/14

0L

(W) punodwo) wnune|d Jo uoijeljuadsuo)

09

0G

6 DId

0P

0€

02

Ol

0000°0¢

apisouelAdouuepy g-eud|e-lAyisi\ —e—
OPILIBULODIUOUILUY-Q —%—

an|g ausjAyIBN —¢—

¢ Ulueljeg —w¥—

| Uiueljes —m—

1d-SID —e—

- 0000°0F

_ﬂ 0000 09

(6¥5V) [eAIAING JuadIad

000008

_“ 0000001

0000°02}1



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

11/14

Ol DIA

(INN) uonesuasuod Bnup

0S5 Ov 0¢ 0¢ Ol

;'L

an|q susjAylewl —e—

unejdso ——
apisouelAdouueyy
-g-o-Ayjew —m—

opIWEUNo2IUoUILIE-0 —e—

Ol

0¢

0€

)7

- 06

09

[BAIAINSY,



CA 02535584 2006-02-13

WO 2005/016946 PCT/US2004/026393
12/14
®
L
= -
¥ N
O
O
© 3
£ 5 :
c £ g 2
s £ & 9 &
(U (O .Q N : A
F R M|
=
-
S— poe—
‘&' ’
S
£ O
8 o
c Rl
O
O
|
- - - - - - -
N - o0 © < N

[BAIAINS BAl}E|9.1Y,



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

13/14

.. IS 1IvIS

L 7S T W

: ~ » —

A TIDIH (AM) 0T TIH

t181S-£1¥I1S

[0.0u0))!

e :
3€1S: €IS

% L TN R TS

loyuoy ¥

e s < PEISIDEIS
et SR <—— E)EISITIEIS

ANA1oR SUIpUIq-YN( LV.LS
JO uonIqIyuI SUIMOoys sisA[eue VSN -V 814



CA 02535584 2006-02-13

PCT/US2004/026393

WO 2005/016946

14/14

) I A " ﬁ““w
:€1e1S
- -
o
(AM) SOTIIH
I 118
_T18IS:TIEIS
............. - <«——€1¥IS:TIRIS
o NE1B)S:€IBIS
W = MU
D -
) L0DIH S
o el1d: 118
o _PIeIs:1els
| | _” A - 4—¢1B)S 18]S
. €18)S: €IS
- = 2 e o O
i — &
S B
A 90T3IH (M) $0IH S

ANIA1SR SUIpuIq-YNd LV.LS
Jo uoniqryur surmoys sisATeue YSING--4¢T 314



=




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - abstract drawing

