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2-INDOLYL IMIDAZO[4,5-DIPHENANTHROLINE DERIVATIVES
AND THEIR USE IN THE TREATMENT OF CANCER

FIELD OF THE INVENTION

The present invention relates to the field of cancer therapies and 1n particular to the use

of 2-indolyl 1midazo[4,5-d]phenanthroline derivatives in the treatment of cancer.
BACKGROUND OF THE INVENTION

Metal chelators have been developed for the treatment of diseases resulting from metal
overload. More recently, however, compounds capable of chelating 1ron are being
studied as potential anticancer therapies, as 1iron has an important role 1n active sites of
a wide range of proteins involved in energy metabolism, respiration, and DNA
synthesis. One such protein, ribonucleotide reductase (RR) 1s an iron-containing
protein that 1s essential for the conversion of ribonucleotides into deoxyribonucleotides
for DNA synthesis and thus, a target for anti-cancer therapies. Many 1ron chelators are
powerful 1nhibitors of RR due to their ability to bind iron (Richardson, D. R. (2002)
Crit Rev _Oncol Hematol 42(3): 267-81.). For example, the 1ron chelator

desferrioxamine (DFO), which has been clinically approved for the treatment of iron

overload diseases including P—thalassemia (Buss, J. L., B. T. Greene, J. Turner, F. M.

Tort1 and S. V. Torti (2004) Curr Top Med Chem 4(15): 1623-35), has also been shown

to be an inhibitor of RR. Moreover, some aggressive tumours have been shown to be
sensitive to 1ron chelation by DFO. The use of DFO, however, 1s costly, requires long
subcutaneous administration and the compound exhibits a short half-life. In addition to
DFO, other 1iron chelators with anti-proliferative activity are in development, including
Triapine (currently 1n phase 1I), 311, tachpyridine, and O-Trensox (Richardson, supra).
Triapine may, however, have limited usefulness as an anticancer therapy as it exhibits

low solubility 1n water.

U.S. Patent No. 6,589,966 describes a novel family of metal chelators characterized as
hexadentate chemical compounds that bind 1iron and that have antiproliferative activity

against tumour cells. In addition, U.S. Patent Application No. 2002/01199355 describes
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additional compounds based on 3-AP (structurally related to Triapine) that may exhibit

adequate therapeutic utility 1n the treatment of neoplasia, including cancer.

The chelation of zinc may also be an important but relatively unexplored determinant
of the biological eftects of 1ron chelators. For example, the 1iron chelator tachpyridine,
which 1s under preclinical investigation as a potential anti-cancer agent, chelates zinc 1n
addition to 1ron, and this may play a role 1n its cytotoxicity (Zhao, R., er al. (2004)
Biochem Pharmacol 67(9): 1677-88.). Zinc has catalytic and structural roles in

hundreds of zinc-dependent enzymes and zinc-finger motifs of proteins involved 1n
DNA-protein or protein-protein interaction. Consequently, deficiency as well as
overload of zinc causes a wide variety of alterations in mammalian metabolism.
Depletion of zinc in vitro has been shown to cause apoptosis (McCabe, M. J., Jr., S. A.

Jiang and S. Orrenius (1993) Lab Invest 69(1): 101-10), to significantly decrease cell

proliferation of colon carcinoma HT-29 cells (Kindermann, B., F. Doring, M. Pfaftl and
H. Daniel (2004) J Nutr 134(1): 57-62), and to alter cell cycle progression (Chen, X., et
al. (2001) J Biol Chem 276(32): 30423-8.).

Alternatively, other metal chelators may exert anti-neoplastic effects through the
formation of cytotoxic chelate complexes. This occurs predominantly with the redox-
active metals, iron and copper. For example, bleomycins are a family of glycopeptide
antibiotics with anti-tumour activity. They are used clinically 1n combination
chemotherapy against lymphomas, squamous cell carcinomas and germ cell tumours.
They contain a DNA binding domain and a metal binding domain, which binds Fe(ll)
or Cu(l). The presence of oxygen and a reductant leads to DNA cleavage through the
formation of radical intermediates (Chen, J. and J. Stubbe (2005) Nat Rev Cancer 5(2):

102-12). The 1ron chelator Triapine, which inhibits RR by chelating iron, may also
damage RR and other vital molecules by the generation of free radicals upon formation

of the iron complex (Chaston, T. B., er al. (2003) Clin Cancer Res 9(1): 402-14). The

use of bleomycin conjugates for targeting a compound to a body tumour are described

in U.S. Patent No. 4,758.421.

The cytotoxicity of the metal chelator 1,10-phenanthroline (OP) has been attributed to

its ability to function as both chelator and chelate type. As a chelator, it has been
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shown to combine with zinc or iron and thus 1inhibit enzymes that require zinc or 1ron
for activity. Alternatively, chelate complexes ot 1,10-phenanthroline with divalent

metal 10ons are reported to be cytotoxic (Shulman, A. and G. A. Laycock (1977) Chem

Biol Interact 16(1): 89-99.) and the copper-chelate promotes the degradation of DNA

(Downey, K. M., B. G. Que and A. G. So (1980). Biochem Biophys Res Commun
93(1): 264-70). Complexes of copper-OP can bind non-covalently to the DNA minor

groove, and catalyze the single strand cleavage of nucleic acids i1n the presence of
hydrogen peroxide and a reductant (Sigman, D. S., er al. (1979) J Biol Chem 254(24):
12269-72).

Copper-OP complexes are frequently used as chemical nucleases, and high-specificity

DNA cleavage agents have been generated by attachment to sequence specitic DNA

binding proteins (Pan, C. Q., R. Landgrat and D. S. Sigman (1994) Mol Microbiol

12(3): 335-42.). OP 1s also used widely as an inhibitor of matrix metalloproteases
(Springman, E. B., er al. (1995) Biochemistry 34(48): 15713-20) and has been shown to

inhibit the synthesis of glycophosphatidylinositol (GPI) anchors (Mann, K. J. and D.
Sevlever (2001) Biochemistry 40(5): 1205-13) through chelation of zinc.

Deregulation of tumour suppressor genes has been implicated in the development of
cancer but the precise role of these tumour suppressor genes in the development of
cancer 1s still not clear. The Kriippel-like factor (KLF) tamily of genes 1s a family of
evolutionarily conserved zinc-finger containing transcription factors with diverse

regulatory roles in cell growth, proliferation, differentiation and embryogenesis

(Ghaleb, A. M., er al. (2005) Cell Res 15(2): 92-6). KLFs can function as either

transcriptional activators or repressors or both, depending on their interaction with co-
activators or co-repressors via specific amino-terminal domains, the promoters they
bind, and the cellular context of their function (Kaczynski, J., T. Cook and R. Urrutia
(2003) Genome Biol 4(2): 206). Several members of the KLF family are thought to be

tumour suppressors and are involved 1n carcinogenesis. For example, down-regulation
of KLF4 1s found in colon cancer (Dang DT, er al. (2000) FEEBS Lett, 476: 203-7) and
down-regulation of KLF5 and KLFI10 occurs 1n breast cancer (Chen C, er al. (2002)
Oncogene, 21: 6567-72; Subramaniam M, er al. (1998) J Cell Biochem, 68: 226-36).

KLF6 has also been suggested to be a candidate tumour suppressor gene at
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chromosomal location 10plS, with frequent mutations observed 1n prostate
adenocarcinoma. Moreover, KLF6 was also shown to transactivate WAF/, which

encodes a cyclin-dependent kinase inhibitor of the cell cycle via a p33-independent

pathway (Narla G, er al. (2001) Science, 294: 2563-6).

Deregulation of KLF4 has been linked to cancers other than colon cancer both in vitro
and in vivo, suggesting that KLF4 may have a tumour suppressor etfect. In colorectal
cancers, the level of KLF4 mRNA 1s reduced compared to normal matched tissues
(Dang er al. (2000), supra), and re-expression of KLLF4 in a colorectal cancer cell line

results in diminished tumourigenicity (Dang, D. T., er al. (2003) Oncogene 22(22):

3424-30). A similar down-regulation and growth suppressive effect of KLLF4 has also
been described in bladder cancer (Ohnishi, S., er al. (2003) Biochem Biophys Res
Commun 308(2): 251-6.), gastric cancer (Wei, D., et al. (2005) Cancer Res 65(7):

2746-54.), esophageal cancer (Wang, N., er al. (2002). World J Gastroenterol 8(6):
966-70), and adult T-cell leukemia (Yasunaga, J., er al. (2004). Cancer Res 64(17):

6002-9). In contrast to the tumour suppressor etfect of KLF4, increased expression of
KLF4 has been reported during progression of breast cancer (Foster, K. W., er al.
(2000). Cancer Res 60(22): 6488-935.) and squamous cell carcinoma of the oral cavity
(Foster, K. W., et al. (1999). Cell Growth Differ 10(6): 423-34.). In addition, KLF4

has been considered as a marker of an aggressive phenotype in early-stage infiltrating

ductal breast carcinoma (Pandya, A. Y., et al. (2004). Clin Cancer Res 10(8): 2709-

19.). Thus, while KLF4 likely plays a tumour suppressor role in gastrointestinal cancers
and leukemia, the role of KLF4 1n the development of other types of cancers 1s still not

clear.

The expression of KLF4 1s negatively regulated by zinc. Studies on the effect of zinc
depletion on gene expression 1n colon carcinoma HT-29 cells using human
oligonucleotide arrays showed that KLLF4 gene expression was one of the most
significantly up-regulated among ~10,000 target genes tested. It has been

hypothesized, therefore, that KLLF4 may be a direct link between cellular zinc status and

growth 1inhibition (Kindermann, B., F. Doring, M. Pfaffl and H. Daniel (2004). J Nutr

134(1): 57-62.). In a subsequent study, expression of KLLF4 was found to be increased

in cells over-expressing metal transcription factor-1 (MTFEF-1) (Kindermann, B., F.
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Doring, J. Budczies and H. Daniel (2005). Biochem Cell Biol 83(2): 221-9.). MTF-1 1s

a zinc-sensory transcriptional activator with six zinc-fingers, which binds to metal-
responsive elements (MREs) of target genes, and the promoter of KLF4 also has 3
MREs. MTF-1 1s usually up-regulated in zinc deficient cells and increased expression
of MTF-1 has been observed 1n zinc-deficient HT-29 cells (Kindermann er al. 2004,
supra). Therefore, zinc responsiveness of KLF4 1n HT-29 1s mediated at least in part by
MTF-1 (Kindermann er al. 2005, supra). The expression of KLF4 1s primarily
associated with a terminally differentiated state of epithelial cells in organs such as gut,

skin and thymus (Kaczynski er al. 2003, supra).

As described above, 1,10-phenanthroline (OP) 1s a well known metal chelator. Recent
studies have investigated derivatives of 1,10-phenanthroline and their ability to chelate
various metals. For example, Chao er al., have synthesized 1,3-bis([1,10])
phenanthroline-[5,6-d|Jimidazol-2-yl)benzene (mbpibH2) and its (bpy)2Ru2+ complexes
and studied their electrochemical and spectroscopic properties (Polyhedron, 2000,
1975-1983). Liu er al, prepared ruthenium complexes with 2-(2-
hydroxyphenyl)imidazo|[4,5-1]|1,10]phenanthroline (HPIP) and studied the binding
behaviour of these complexes towards calf thymus DNA (JBIC, 2000, 5, 119-128).
Similarly, Xu er al., have described the synthesis of 2-(4-methylphenyl)imidazol[4,5-

£]1,10-phenanthroline and 1ts Ru(Il) complexes and binding of the prepared complexes
to calf thymus DNA (New J. Chem., 2003, 27, 1255-1263).

International Patent Application No. PCT/IB04/052433 (WO 2005/04°7266) describes a

broad class of 2.4,5-trisubstituted i1midazole compounds, including some 1,10-

phenanthroline substituted compounds, and their use 1n the treatment of cancer.

This background information 1s provided for the purpose of making known information
believed by the applicant to be of possible relevance to the present invention. No
admission 1s necessarily intended, nor should be construed, that any of the preceding

information constitutes prior art against the present invention.
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SUMMARY OF THE INVENTION

An object of the present invention 1s to provide 2-indolyl imidazo[4,5-d|phenanthroline
derivatives and uses thereof in the treatment of cancer. In accordance with one aspect
of the present invention, there 1s provided a use of a compound having structural

formula (I), or a salt thereof, 1n inhibiting the proliferation of cancer cells:

wherein:

R1, R2, R3, R4, R6 and R7 are independently selected tfrom hydrogen, halogen,
hydroxyl, thiol, lower alkyl, substituted lower alkyl, lower alkenyl, substituted lower
alkenyl, lower alkynyl, substituted lower alkynyl, alkoxy, alkylthio, acyl, aryloxy,
amino, amido, carboxyl, aryl, substituted aryl, heterocycle, substituted heterocycle,
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, nitro, or ¢yano or —S(0O);2R wherein R 1s alkyl, substituted
alkyl, aryl, substituted aryl, heterocycle, heteroaryl, substituted heterocycle, or

substituted heteroaryl;

RS 1s H, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, acyl, -CH,-aryl, -CH,-

heteroaryl.

In accordance with another aspect of the present invention, there 1s provided a use of a
compound having structural formula (I), or a salt thereof, 1n inducing apoptosis 1n a

cancer cell.
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In accordance with another aspect of the present invention, there 1s provided a use of a
compound having structural formula (1), or a salt thereof, in chelating transition metal

10ns 1n a cell.

In accordance with another aspect of the present invention, there 1s provided a use of a
compound having structural formula (1), or a salt thereof, 1n increasing expression of

Kriippel-like factor 4 (KLF4) 1n a cancer cell nad/or a tumour.

In accordance with another aspect of the present invention, there 1s provided a use of a
compound having structural formula (1), or a salt thereof, in the preparation of a

medicament 1n the treatment of cancer.

In accordance with another aspect of the present invention, there 1s provided a

compound having structural formula (I), or a salt thereot, wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; C;-C,; alkyl; Ci-C4
alkoxy; or C¢-C4 aryl;

R5 1s hydrogen; C;-C4 alkyl; C-Cy4 alkyl substituted with Ce-Ci4 aryl; or C4-Ce
cycloalkyl;

R6 1s hydrogen; halogen; Ci-C4 alkyl; Ci-C4 alkyl substituted with Cs-Cg
heterocycloalkyl wherein the heteroatom 1s N; Cg-Cy4 aryl; Ce-Ci4 aryl substituted with
C1-C4 alkyl or halo; Cs-Cg cycloalkyl; Cs-Cg heterocycloalkyl; or polycycloalkyl.

In accordance with another aspect of the present invention, there 1s provided a

compound having structural formula (I), or a salt thereot, wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; C;-C,; alkyl; Ci{-C4
alkoxy; or phenyl;

R5 1s hydrogen; C;-C4 alkyl; C-C4 alkyl substituted with phenyl; or
cyclopentyl;
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R6 1s hydrogen; halogen; Ci-C4 alkyl; Ci-C4 alkyl substituted with Cs-Cg
heterocycloalkyl wherein the heteroatom i1s N; phenyl; phenyl substituted with C-Cy
alkyl or halo; Cs -Ce¢ cycloalkyl; Cs-Cg heterocycloalkyl; or adamantane; and

R’7 1s H.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more apparent in the following

detailed description in which reference 1s made to the appended drawings wherein:

Figure 1 presents the average and mean Glsg values for proliferation of compound 2

and compound 3 in a number of cancer cell lines in vitro.

Figure 2 presents the effect of compound 3 on proliferation of a number of cancer cell

lines in vitro.

Figure 3 depicts the effect of metal 10ons on the ability of compound 3 and compound 13

to inhibit growth of HT-29 cells in vitro.

Figure 4 depicts the effect of copper 1ons on the ability of compound 3 to inhibit the
growth of HT-29 cells in vitro.

Figure 5 depicts the effect of metal 10ns on the ability of compound 3 to inhibit the
growth of HT-29 cells in vitro. (A) Effect of zinc 10ns; (B) Effect of copper 10ns; (C)
Eftfect of 1iron (1I) 10ns; (D) Effect of iron (11I) 10ons; (E) Effect of magnesium 10ns; and

(F) Effect of calcium 10ns.

Figure 6 depicts the effect of copper or zinc ions on the ability of compound 5 (A) and

compound 7 (B) to inhibit growth of HT-29 cells in vitro.

Figure 7 depicts the effect of compound 3 on expression of a metallothionein gene

MRNA 1n HT-29 cells in vitro.

Figure 8 depicts the effect of compound 3 on expression of KLF4 mRNA in HT-29

cells in vitro.
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Figure 9 depicts the effect of compound 3 on expression of KLF4 protein in HT-29

cells in vitro.

Figure 10 depicts the effect of compound 3 on expression of p21 mRNA 1n HT-29 cells

in vitro.

Figure 11 depicts the ability of compound 3 to block cell cycle progression in HT-29
cells (A) and CCRF-CEM cells (B) in vitro.

Figure 12 presents the ability of compound 3 to induce apoptosis in CCRF-CEM cells

in vitro.

Figure 13 depicts the ability of compound 3 to decrease tumour size (A) and tumour

welght (B) 1n a colon adenocarcinoma xenograft model.

Figure 14 depicts the ability of compound 3 to decrease tumour size (A) and tumour

weight (B) 1n a large-cell lung carcinoma xenograft model.

Figure 15 depicts the ability of compounds 3, 8, and 7 to decrease tumour size (A) and

tumour weight (B), 1n a colon adenocarcinoma xenograft model.

Figure 16 depicts the ability of compounds 3, 5, and 7 to decrease tumour size (A) and

tumour weight (B) 1n a lung carcinoma xenogratt model.

Figure 17 depicts the effect of compound 3 on KLF4 mRNA levels in vivo in tumours

from a colon adenocarcinoma xenograit model.

Figure 18 depicts the effect of compound 3 on p21 mRNA levels in vivo in tumours

from a colon adenocarcinoma xenograit model.

Figure 19 depicts the eftfect of compound 3 on Cyclin D1 mRNA levels in vivo, 1n

tumours from a colon adenocarcinoma xenograft model (A).

Figure 20 depicts a comparison of the effect of compound 3 on KLF4, p21, and Cyclin

D1 mRNA levels in a colon adenocarcinoma xenograft model.



CA 02611032 2007-11-26

WO 2006/126177 PCT/IB2006/051675

10

15

20)

25

Figure 21 depicts the sub-cellular localization of compound 3 in HT-29 cells in vitro.
(A) Cells treated with compound 3 for 5 minutes; (B) and (C) cells treated for 4 hours.
For (A) and (B), differential interference contrast images were overlaid with fluorescent

images. (B) and (C) are the same 1mages.

Figure 22 depicts the ability of compounds 3 and 13 to cleave DNA (A) in the absence
of metal 10ns; (B) in the presence of copper, zinc or iron (II) 1ons; and (C) in the

presence of varying amounts of copper.
Figure 23 depicts the ability of compounds 3, S, 7,9, 12 and 13 to cleave DNA.
Figure 24 presents the development of compounds of Formula 1.

Figure 25 depicts the ability of compounds 3 and 7 to inhibit tumour growth in a non-
small cell lung carcinoma xenograft model (A) and in a colon adenocarcinoma
xenograft model (B), the ability of compound 7 to 1inhibit tumour growth 1n a non-small
cell lung carcinoma xenograft model (C) and the ability of compounds 7, 63, 64, 69,
72, 73, 74, 18 and 78 to inhibit tumour cell growth in a non-small cell lung carcinoma

xenograft model (D).

Figure 26 depicts the effect of metal 10n supplements on compound 3-mediated cell

erowth inhibition, Zn**, Cu** and Fe** (A) and Fe*’, Ca* and Mg** (B).

Figure 27 depicts cell cycle analysis in HT-29 cells treated with compound 3 (A) and
compound 7 (B).

Figure 28 depicts the metal chelation property of compound 3 and compound 7 in vitro

in the presence of ZnCl, (A), CuCl, (B) and FeCl, (C).

Figure 29 depicts the changes 1n expression of metal-sensitive genes zinc-sensitive
gene metallothionein 1A (A), copper-sensitive copper transporter 1 (B) and 1ron-
sensitive transferrin receptor-1 (C) in HT-29 cells treated with compound 3, compound

7 or respective metal-specitic chelators.
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Figure 30 depicts MTF-1 binding DNA sequences in Cyclin D1 gene promoter (A) and
expression levels of MTFE-1 and Cyclin D1 1n HT-29 colon cancer xennograit tissue

treated with compound 3 (B) and compound 7 (C).

Figure 31 depicts MTF-1 (A) and Cyclin D1 (B) expression, measured by RT-PCR,
after compound 3 treatment in HT-29 cells, and MTF-1 expression (C) and Cyclin D1
expression (D) after MTFE-1 gene knock-down by siRNA.

Figure 32 depicts transcription factor binding sites on KLF4 gene promoter (A) and
DNA binding activities of Spl (B) and KLF4 (C) in HT-29 cells treated with

compound 3.

Figure 33 depicts transcription factor binding sites on Cyclin D1 gene promoter (A) and
in vivo KLF4 and Spl binding to Cyclin D1 promoter after compound 3 treatment in

HT-29 cells by chromatin immuno-precipitation assay (B).

Figure 34 depicts the effect of compound 3 and knock-down of KLF4 gene by siRNA

in HT-29 cells on KLF4 gene expression measured by RT-PCR (A) and on cell
proliferation (B).

Figure 35 depicts the ability of compounds 7, 41, 42, 50, 52, 53, 54, 55 and 4 to inhibit

tumour cell growth 1n a large cell lung carcinoma xenograit model.

Figure 36 depicts the ability of compound 3 to chelate zinc 1ons in vitro, using zinc-

sensitive dye Zinquin.

Figure 37 depicts ability of compound 3 to chelate zinc ions in vitro in HT-29 cells

preloaded with ZnCl, (A) or without preloaded ZnCl, (B) (endogenous zinc 10ns).

Figure 38 depicts the effect of compound 3 on expression of metal-sensitive gene zinc-
sensitive gene metallothionein 1A 1n HT-29 cells in vitro over time (A) and following

treatment with zinc supplement (B).

Figure 39 depicts the effect of compound 3 on expression of metal-sensitive tumour
suppressor KLF4 in HT-29 cells in vitro over time (A) and following treatment with

zinc supplement (B).
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Figure 40 depicts the effect of compound 3 on expression of zinc-sensitive metal-
responsive element (MRE)-binding transcription factor 1 (MTF-1) in HT-29 cells in

vitro over time.

Figure 41 the ettect of MTE-1 gene knock-down by siRNA treatment in HT-29 cells in
vitro on expression of MTF-1, KLF5 and KLF4 (A) and the effect of compound 3

treatment on expression of KLEFS 1n HT-29 cells in vitro over time (B).

Figure 42 depicts the effect of compound 3 on expression of cell-cycle regulatory

protein p21 in HT-29 cells in vitro over time, mRNA levels (A) and protein levels (B).

Figure 43 depicts the effect of compound 3 on expression of Cyclin D1 1n HT-29 cells

in vitro over time mRNA levels (A) and protein levels (B).

Figure 44 depicts the effect of compound 3 on expression of a tumour suppressor gene,
carly growh response protein (EGR-1) in HT-29 cells in vitro over time (A) and

following treatment with zinc supplement (B).

Figure 45 depicts the effect of compound 3 and compound 7 on gene expression levels

of MT1A, MTF-1, KLF4, KLFS, p21, Cyclin D1 and Erg-1 in HT-29 cells in vitro.

Figure 46 depicts the in vivo effect of compound 3 on gene expression levels of KLLF4

and Cyclin D1 1n HT-29 colon cancer xenograft tissue from mice.

Figure 47 depicts the ability of compound 3 to chelate zinc from the zinc-storage

protein metallothionein 1 (MT-1) in vitro.

Figure 48 depicts inactivation of DNA-binding activity of zinc-activated MTF-1 after
treatment with compound 3 in vitrro (A) and inactivation of DNA-binding activity of

MTF-1 by compound 3 in HT-29 cells in vitro (B).

Figure 49 depicts the ability of compound 3 to decrease the DNA-binding activity of
MTF-1 1n HT-29 cells to Cyclin D1 promoter region by chromatin immuno-
precipitation assay (ChlP).

12



CA 02611032 2007-11-26

WO 2006/126177 PCT/IB2006/051675

10

15

20)

25

Figure 50 depicts the etfect of compound 3 and zinc supplement on gene expression of

Cyclin D1 1n HT-29 cells in vitro (A) and the effect of compound 3 on protein levels of
Cyclin D1 and other Cyclins (B).

Figure 51 depicts the effect of compound 3 and zinc supplement on expression of MTF-
1 (A), effect of zinc supplement on expression of Cyclin D1 (B) and effect of zinc
supplement and MTF-1 gene knock-down by siRNA on expression of Cyclin D1 (C) 1n
HT-29 cells in vitro.

Figure 52 depicts the effect of compound 3 and MTF-1 gene knock-down by siRNA on

expression of KLF4 1n HT-29 cells in vitro.

Figure 53 depicts comparison of gene expression levels of KLF4, KLF2 and KLF6 1n
H-460 cancer cells in vitro (A) and the effect of compound 3 and compound 7 on

expression of KLF4, KLF2 and KLF6 in H-460 cancer cells in vitro (B).

Figure 54 depicts the ability of compound 3 to decrease tumour size (A) 1n a colon
adenocarcinoma xenograft model and the eftect on MTF-1, Cyclin D1 and KLF4

mRNA levels in vivo 1n tumours from a colon adenocarcinoma xenograft model (B).

Figure 55 depicts the effect of compound 3, compound 7 and zinc supplement on
mRNA levels in HT-29 cells in vitro for MT1A (A), MTF-1 (B), Cyclin D1 (C) and
KLF4 (D).

Figure 56 depicts the metal chelation property of compound 3 and compound 64 in
vitro in the presence of ZnCl, (A), CuCl, (B) and FeCl, (C).

Figure 57 depicts the effect of compound 3, compound 64 and zinc supplement on
mRNA levels in HT-29 cells in vitro for MT1A (A), MTF-1 (B), Cyclin D1 (C) and
KLF4 (D).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to 2-indolyl 1midazo[4,5-d]phenanthroline compounds of
Formula 1. The compounds of Formula I, as demonstrated herein, are capable of

intracellular chelation of transition metals and of exerting antiproliferative effects in
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one or more cancer cells, that are cytostatic and/or cytotoxic. Accordingly, one
embodiment of the present invention provides for the use of compounds of Formula 1
for inhibiting proliferation of cancer cells. The present invention further provides for

methods and uses of compounds of Formula I in the treatment of cancer.

Induction of programmed cell death (apoptosis) 1s a usetul approach for the treatment
of cancer. As demonstrated herein, in one embodiment of the present invention, the
compounds of Formula I are capable of inducing apoptosis in cancer cells and thus can
exert a cytotoxic etfect. Accordingly, the present invention further provides for
methods and uses of the compounds of Formula 1 for the induction of apoptosis in
cancer cells. In another embodiment, the use of compounds of Formula 1 for the

induction of apoptosis for the treatment of various leukemias 1s provided.

In another embodiment of the present invention, compounds of Formula 1 are capable
of selectively inhibiting the proliferation of one or more of prostate cancer cells, colon
cancer cells, non-small cell lung cancer cells and leukemia cells. In this embodiment,
therefore, the present invention provides for the use of compounds of Formula 1 for
selectively 1nhibiting the proliferation of one or more of prostate cancer cells, colon
cancer cells, non-small cell lung cancer cells and leukemia cells. The capability of the
compounds of Formula I to selectively inhibit the proliferation of one or more of
prostate cancer cells, colon cancer cells, non-small cell lung cancer cells and leukemia
cells, further provides for methods and uses of the compounds of Formula I to treat a
cancer selected from the group of prostate cancer, colon cancer, non-small cell lung

cancer and leukemaia.

As noted above, the compounds of Formula I are capable of chelating transition metal
ions 1n a cellular environment. Accordingly, the present invention further provides for
methods and uses of the compounds of Formula I for chelating transition metal 10ns in
vivo or in vitro. In one embodiment of the present invention, the compounds of Formula
I are capable of altering expression of genes that are regulated by transition metals 1n
cancer cells through chelation of transition metals. For example, 1n one embodiment,
the compounds of Formula I are capable of increasing the expression of a transition

metal-regulated tumour suppressor gene in cancer cells. The function of tumour
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suppressor genes 1s often associated with the regulation of cell proliferation and thus,
by increasing the expression of a transition metal-regulated tumour suppressor gene,
which functions to regulate cell proliferation, the compounds of Formula 1 are capable
of inhibiting the proliferation of cancer cells. In a specific embodiment, the compounds
of Formula I are capable of increasing the expression of the zinc-regulated tumour
suppressor, KLLF4 and thus are useful in inhibiting the proliferation of cancer cells 1n
which KLF4 acts as a tumour suppressor, including, but not limited to, bladder cancer,

cancers of the gastrointestinal tract and various leukemias.

The present invention further provides for metal chelate complexes of compounds of
Formula I, for example copper complexes of compounds of Formula I and the use of

these complexes in the treatment of cancer.

The present invention also contemplates application of the compounds of Formula I
therapeutically 1n the treatment of diseases or disorders in which there 1s a need to
chelate transition metals, as well as 1in various non-therapeutic situations in which

chelation of transition metals 1s required.
Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.
The terms are defined as follows:

“Selective inhibition™ as used herein with reference to the anti-cancer activity of the
compounds of Formula I, in one embodiment of the invention, can be determined using
a panel of cancer cell lines comprising at least 50 of the 60 cancer cells lines used in the
NCI/NIH Developmental Therapeutics Program in vitro screen (shown in Table 1
below), wherein the panel comprises both of the listed prostate cancer cell lines and at
least 4 cell lines from each of the other listed cancers. A compound 1s said to show
selective 1inhibition of a selected cancer (i.e. prostate cancer, colon cancer, non-small

cell lung cancer and/or leukemia) when the compound 1nhibits the proliferation of the
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cell lines from the selected cancer with an average Glsg at least 10% lower than the
average Glso for inhibition of cell lines from each of breast cancer, CNS cancer,

melanoma, ovarian cancer and renal cancer.

Table 1: Cancer cell lines used in the NCI/NIH Developmental Therapeutics

5 Program in vitro Screen

Cancer Type Cell Line

Breast MCF7 MDA-MB-435
NCI/ADR-RES MDA-N
MDA-MB-231/ATCC BT-549
HS 578T T-47D

CNS SE-268 SNB-19
SE-295 SNB-75
SE-539 U251

Colon COLO 205 HT29
HCC-2998 KM12
HCT-116 SW-620
HCT-15

Leukemia CCRF-CEM MOLT-4
HL-60(TB) RPMI-8226
K-562 SR

Melanoma LOX IMVI SK-MEL-28
MALME-3M SK-MEL-5
M14 UACC-257
SK-MEL-2 UACC-62

Non-Small Cell Lung | AS49/ATCC NCI-H23
EKVX NCI-H322M
HOP-62 NCI-H460
HOP-92 NCI-H522
NCI-H226

Ovarian IGR-OV1 OVCAR-5
OVCAR-3 OVCAR-8
OVCAR-4 SK-OV-3

Prostate PC-3
DU-145

Renal 786-0 RXF 393
A498 SN12C
ACHN TK-10
CAKI-1 UO-31

The term “down-regulated” as used herein with respect to expression of a transition-
metal tumour suppressor gene 1n cancer cells, means that the gene 1s not over-expressed

in the cancer cells, i.e., that the cells exhibit a reduced level or substantially the same
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level of expression of the gene compared to normal cells. By way of example, colon
cancer cells exhibit reduced expression of the KLF4 gene compared to normal colon
cells, whereas prostate cancer cells exhibit the same level of KLF4 expression when
compared to normal prostate cancer cells, but the level of expression 1s lower than 1n

breast cancer cells, which over-express KLF4.

The term “halogen™ refers to fluorine, bromine, chlorine, and 10dine atoms.
The term “hydroxyl” refers to the group -OH.

The term “thiol” or “mercapto” refers to the group -SH, and -S(O)g.».

The term “lower alkyl” refers to a straight chain or branched, or cyclic, alkyl group of

one to eight carbon atoms.

The term ““substituted lower alkyl” refers to lower alkyl as just described including one
or more groups such as hydroxyl, thiol, alkylthiol, halogen, alkoxy, amino, amido,
carboxyl, cycloalkyl, substituted cycloalkyl, heterocycle, substituted heterocycle,
cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, aryloxy,
hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl alkenyl, alkyl alkynyl, alkyl
cycloalkyl, alkyl cycloheteroalkyl, nitro, cyano. These groups may be attached to any

carbon atom of the lower alkyl moiety.

The term “lower alkenyl™ refers to a straight chain or branched hydrocarbon of two to

eight carbon atoms having at least one carbon to carbon double bond.

The term ““substituted lower alkenyl” refers to lower alkenyl as just described including
one or more groups such as hydroxyl, thiol, alkylthiol, halogen, alkoxy, amino, amido,
carboxyl, cycloalkyl, substituted cycloalkyl, heterocycle, substituted heterocycle,
cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, aryloxy,
hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl, alkenyl, alkynyl, alkyl alkenyl,
alkyl alkynyl, alkyl cycloalkyl, alkyl cycloheteroalkyl, nitro, cyano. These groups may

be attached to any carbon atom to produce a stable compound.
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The term “lower alkynyl” refers to a straight chain or branched hydrocarbon of two to

eight carbon atoms having at least one carbon to carbon triple bond.

The term “‘substituted lower alkynyl” refers to lower alkynyl as just described including
one or more groups such as hydroxyl, thiol, alkylthiol, halogen, alkoxy, amino, amido,
carboxyl, cycloalkyl, substituted cycloalkyl, heterocycle, substituted heterocycle,
cycloheteroalkyl, substituted cycloheteroalkyl, acyl, aryl, substituted aryl, aryloxy,
hetaryl, substituted hetaryl, aralkyl, heteroaralkyl, alkyl, alkenyl, alkynyl, alkyl alkenyl,
alkyl alkynyl, alkyl cycloalkyl, alkyl cycloheteroalkyl, nitro, cyano. These groups may

be attached to any carbon atom to produce a stable compound.

The term “alkoxy” refers to the group -OR, where R 1s lower alkyl, substituted lower
alkyl, acyl, aryl, substituted aryl, aralkyl, substituted aralkyl, heteroalkyl,
heteroarylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, or substituted
cycloheteroalkyl as defined below.

The term “alkylth10” denotes the group -SR, -S(O)n=12 -R, where R 1s lower alkyl,
substituted lower alkyl, aryl, substituted aryl, aralkyl or substituted aralkyl as defined

below.

The term ““acyl” refers to groups -C(O)R, where R 1s hydrogen, lower alkyl, substituted
lower alkyl, aryl, substituted aryl.

The term “aryloxy”’ refers to groups -OAr, where Ar 1s an aryl, substituted aryl,

heteroaryl, or substituted heteroaryl group as defined below.

The term “amino” refers to the group NRR', where R and R' may independently be
hydrogen, lower alkyl, substituted lower alkyl, aryl, substituted aryl, hetaryl,
cycloalkyl, substituted cycloalkyl, or substituted hetaryl as defined below or acyl.

The term “amido” refers to the group -C(O)NRR', where R and R" may independently
be hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl,
aryl, substituted aryl, hetaryl, substituted hetaryl as defined below.
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The term ““carboxyl” refers to the group -C(O)OR, where R may independently be
hydrogen, lower alkyl, substituted lower alkyl, aryl, substituted aryl, hetaryl, substituted
hetaryl and the like as defined.

The terms “aryl” or “Ar” refer to an aromatic carbocyclic group having at least one
aromatic ring (e.g., phenyl or biphenyl) or multiple condensed rings in which at least
one ring 1s aromatic, (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl, anthryl, or
phenanthryl, 9-fluorenyl etc.).

The term “‘substituted aryl” refers to aryl optionally substituted with one or more
functional groups, e.g., halogen, hydroxyl, thiol, lower alkyl, substituted lower alkyl,
trifluoromethyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted
lower alkynyl, alkylalkenyl, alkyl alkynyl, alkoxy, alkylthio, acyl, aryloxy, amino,
amido, carboxyl, aryl, substituted aryl, heterocycle, substituted heterocycle, heteroaryl,
substituted heteroaryl, heteroalkyl, substituted heteroalkyl, cycloalkyl, substituted
cycloalkyl, alkylcycloalkyl, alkylcycloheteroalkyl, nitro, sulftamido, cyano or -—
N=CRR’, wherein R and R’ are independemtly selected from H, alkyl, substituted
alkyl, aryl, substituted aryl, heterocycle, substituted heterocycle, heteroaryl or

substituted heteroaryl.

The term “heterocycle™ refers to a saturated, unsaturated, or aromatic carbocyclic group
having a single ring (e.g., morpholino, pyridyl or furyl) or multiple condensed rings
(e.g., naphthpyridyl, quinoxalyl, quinolinyl, indolizinyl, indanyl or benzo[b]thienyl)

and having at least one hetero atom, such as N, O or S, within the ring.

The term “‘substituted heterocycle™ refers to heterocycle optionally substituted with,
halogen, hydroxyl, thiol, lower alkyl, substituted lower alkyl, trifluoromethyl, lower
alkenyl, substituted lower alkenyl, lower alkynyl, substituted lower alkynyl,
alkylalkenyl, alkyl alkynyl, alkoxy, alkylthio, acyl, aryloxy, amino, amido, carboxyl,
aryl, substituted aryl, heterocycle, substituted heterocycle, heteroaryl, substituted
heteroaryl, heteroalkyl, substituted heteroalkyl, cycloalkyl, substituted cycloalkyl,
alkylcycloalkyl, alkylcycloheteroalkyl, nitro, sulfamido or ¢cyano and the like.
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The terms “heteroaryl” or “hetaryl” refer to a heterocycle in which at least one

heterocyclic ring 1s aromatic.

The term “‘substituted heteroaryl” refers to a heterocycle optionally mono or poly
substituted with one or more functional groups, €.g., halogen, hydroxyl, thiol, lower
alkyl, substituted lower alkyl, trifluoromethyl, lower alkenyl, substituted lower alkenyl,
lower alkynyl, substituted lower alkynyl, alkylalkenyl, alkyl alkynyl, alkoxy, alkylthio,
acyl, aryloxy, amino, amido, carboxyl, aryl, substituted aryl, heterocycle, substituted
heterocycle, heteroaryl, substituted heteroaryl, heteroalkyl, substituted heteroalkyl,
cycloalkyl, substituted cycloalkyl, alkylcycloalkyl, alkylcycloheteroalkyl, nitro,

sulfamido or cyano and the like.

The term “cycloalkyl” refers to a cyclic or polycyclic alkyl group containing 3 to 15
carbon. For polycyclic groups, these may be multiple condensed rings in which one of

the distal rings may be aromatic (e.g. tetrahydronaphthalene, etc.).

The term ““substituted cycloalkyl” refers to a cycloalkyl group comprising one or more
substituents with, e.g halogen, hydroxyl, thiol, lower alkyl, substituted lower alkyl,
trifluoromethyl, lower alkenyl, substituted lower alkenyl, lower alkynyl, substituted
lower alkynyl, alkylalkenyl, alkyl alkynyl, alkoxy, alkylthio, acyl, aryloxy, amino,
amido, carboxyl, aryl, substituted aryl, heterocycle, heteroaryl, substituted heterocycle,
heteroalkyl, cycloalkyl, substituted cycloalkyl, alkylcycloalkyl, alkylcycloheteroalkyl,

nitro, sultamido or cyano and the like.

The terms “therapy” and “‘treatment,” as used interchangeably herein, refer to an
intervention performed with the intention of alleviating the symptoms associated with,
preventing the development of, or altering the pathology of a disease, disorder or
condition. Thus, the terms therapy and treatment are used in the broadest sense, and
include the prevention (prophylaxis), moderation, management, reduction, or curing of
a disease, disorder or condition at various stages. Prevention or reduction of the
progression of a disease, disorder or condition are encompassed by these terms. Also
encompassed by these terms 1s an intervention resulting in an alteration of physiology

and/or biochemistry of a living subject. Those in need of therapy/treatment include
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those already having the disease, disorder or condition as well as those prone to, or at
risk of developing, the disease, disorder or condition and those in whom the disease,
disorder or condition 1s to be prevented. The therapeutic application of compounds of

the invention, therefore, refers to a therapy or treatment, as defined herein.

The terms “subject” or “patient,” as used herein, refer to an animal 1n need of treatment,

including humans and other mammals.

Administration of the compounds of the invention “in combination with™ one or more
further therapeutic agents, 1s 1ntended to 1nclude simultancous (concurrent)
administration and consecutive administration. Consecutive administration 1s intended
to encompass various orders of administration of the therapeutic agent(s) and the

compound(s) of the invention to the subject.

b

The term “adjuvant therapy,” as used herein, refers to a treatment that 1s added to
increase the eftfectiveness of a primary treatment. In cancer, adjuvant therapy usually
refers to chemotherapy, hormonal therapy or radiation therapy after surgery (primary

therapy) to increase the likelihood of killing all cancer cells.

The term “neoadjuvant therapy,” as used herein, refers to a treatment given before the
primary treatment. Examples of neoadjuvant therapy include chemotherapy, radiation

therapy, and hormone therapy.

As used herein, the term ““about’” refers to a +/-10% vanation from the nominal value. It
1$ to be understood that such a variation 1s always included 1n any given value provided

herein, whether or not it 1s specifically referred to.

I 2-Indolyl imidazo[4,5-d]phenanthroline Compounds

The present invention provides compounds of the general formula (1):
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or salts thercof, wherein:

R1, R2, R3, R4, R6 and R7 are independently selected tfrom hydrogen, halogen,
hydroxyl, thiol, lower alkyl, substituted lower alkyl, lower alkenyl, substituted lower
alkenyl, lower alkynyl, substituted lower alkynyl, alkoxy, alkylthio, acyl, aryloxy,
amino, amido, carboxyl, aryl, substituted aryl, heterocycle, substituted heterocycle,
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, nitro, or ¢yano or —S(0O);2R wherein R 1s alkyl, substituted
alkyl, aryl, substituted aryl, heterocycle, heteroaryl, substituted heterocycle, or

substituted heteroaryl;

R5 1s H, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, acyl, -CH,-aryl, -CH,-

heteroaryl.

In another embodiment of the present invention, in the compound of Formula I, R1, R3,

R4, R5 and R7 are H, and R2 and R6 are as defined above.

In another embodiment of the present invention, the compounds of Formula I are those,

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; Ci-C4 alkyl; Ci-C4 alkoxy; or Ce-
Ciq aryl;

R5 1s hydrogen; Ci-C,; alkyl; C{-C4 alkyl substituted with C¢-Ciy aryl; or Cy4-Ce
cycloalkyl;
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R6 1s hydrogen; halogen; C;-C,; alkyl; C;-C4 alkyl substituted with Cs-Cg
heterocycloalkyl wherein the heteroatom 1s N; Cg-C14 aryl; Ce-Ci4 aryl substituted with
C1-C4 alkyl or halo; Cs-Cg cycloalkyl; Cs-Cg heterocycloalkyl; or polycycloalkyl.

In another embodiment of the present invention, the compounds of Formula I are those,

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; C-C4 alkyl; C;-C4 alkoxy; or
phenyl;

R5 1s hydrogen; C-Cy4 alkyl; Ci-C4 alkyl substituted with phenyl; or cyclopentyl;

R6 1s hydrogen; halogen; C;-C,; alkyl; C;-C4 alkyl substituted with Cs-Cg
heterocycloalkyl wherein the heteroatom i1s N; phenyl; phenyl substituted with C-Cy
alkyl or halo; Cs -Ce¢ cycloalkyl; Cs-Cg heterocycloalkyl; or adamantane; and

R’7 1s H.

In another embodiment of the present invention, the compounds of Formula I are those,

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; or C;-C4 alkyl;

R5 1s hydrogen; C-Cy4 alkyl; Ci-C4 alkyl substituted with phenyl; or Cy4-Cg cycloalkyl;

R6 15 C-C4 alkyl; Ci-C4 alkyl substituted with Cs-Cg heterocycloalkyl wherein the

heteroatom 1s N; Cs -Cg cycloalkyl; adamantane; phenyl; or phenyl substituted with C;-
C4 alkyl or halo; and

R’7 1s H.

In another embodiment of the present invention, the compounds of Formula 1 are those

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; or Ci-C4 alkyl;

R5 1s hydrogen; C-Cy4 alkyl; or C4-Cg cycloalkyl;
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R6 1s C;-C4 alkyl; adamantane; phenyl; or phenyl substituted with C;-C4 alkyl or halo;

and
R’7 1s H.

In another embodiment of the present invention, the compounds of Formula 1 are those

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; or C;-C4 alkyl;

RS 1s hydrogen;

R6 1s C-C4 alkyl or adamantane; and

R’7 1s H.

In another embodiment of the present invention, the compounds of Formula 1 are those

wherein:

R1, R2, R3, R4 are independently hydrogen; halogen; or C;-C4 alkyl;

R5 1s hydrogen:;

R6 1s C1-C4 alkyl; and

R’7 1s H.

In another embodiment of the present invention, the compounds of Formula 1 are those

wherein:

R1, R2, R3, R4 are independently hydrogen; C-Cy4 alkyl; or C-C4 alkoxy;

RS 18 C-Cy4 alkyl, or Cy4-Ce cycloalkyl;

R6 1s hydrogen; C;-C4 alkyl; adamantane; phenyl; or phenyl substituted with C-Cy
alkyl or halo; and

R’7 1s H.
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In another embodiment of the present invention, the compounds of Formula 1 are those

wherein:

R1, R2, R3, R4 are independently hydrogen; C-Cy4 alkyl; or C-C4 alkoxy;

RS 1s C-Cy4 alkyl; C;-C4 alkyl substituted with phenyl; or C4-Cg cycloalkyl;

5 R61s hydrogen; C;-C4 alkyl; or Cs-Cg heterocycloalkyl; and

R’7 1s H.

Compounds of the present invention include, but are not limited to the following

exemplary compounds:
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The present invention includes various salts of the compounds defined by Formula 1,
including pharmaceutically acceptable salts. Compounds according to the present
5> 1nvention can possess a sufficiently acidic, a sufficiently basic, or both functional
groups, and accordingly react with a number of organic and inorganic bases, and

organic and 1norganic acids, to form pharmaceutically acceptable salts.
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The term “‘pharmaceutically acceptable salt” as used herein, refers to a salt of a
compound of Formula I, which 1s substantially non-toxic to living organisms. Typical
pharmaceutically acceptable salts include those salts prepared by reaction of the
compound of the present invention with a pharmaceutically acceptable mineral or
organic acid or an organic or inorganic base. Such salts are known as acid addition and

base addition salts.

Acids commonly employed to form acid addition salts are inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulphuric acid, phosphoric acid,
and the like, and organic acids such as p-toluenesulphonic acid, methanesulphonic acid,
oxalic acid, p-bromophenylsulphonic acid, carbonic acid, succinic acid, citric acid,
benzoic acid, acetic acid, and the like. Examples of such pharmaceutically acceptable
salts are the sulphate, pyrosulphate, bisulphate, sulphite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
bromide, 1odide, acetate, propionate, decanoate, caprylate, acrylate, formate,
hydrochloride, dihydrochloride, 1sobutyrate, caproate, heptanoate, propiolate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-
1,6-d10ate, benzoate, chlorobenzoate, methylbenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, xylenesulphonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycolate, tartrate,
methanesulphonate, propanesulphonate, naphthalene-1-sultonate, napththalene-2-
sulfonate, mandelate and the like. Preterred pharmaceutically acceptable acid addition
salts are those formed with mineral acids such as hydrochloric acid and hydrobromic
acid, and those tormed with organic acids such as maleic acid and methanesulphonic

acid.

Salts of amine groups may also comprise quarternary ammonium salts in which the
amino nitrogen carries a suitable organic group such as an alkyl, lower alkenyl,

substituted lower alkenyl, lower alkynyl, substituted lower alkynyl, or aralkyl moiety.

Base addition salts include those derived from inorganic bases, such as ammonium or
alkal1 or alkaline earth metal hydroxides, carbonates, bicarbonates, and the like. Bases

useful 1n preparing the salts of this invention thus include sodium hydroxide, potassium
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hydroxide, ammonium hydroxide, potassium carbonate, sodium carbonate, sodium

bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate, and the

like.

One skilled 1n the art will understand that the particular counter 10on forming a part of a
salt of this invention 1s usually not of a critical nature, so long as the salt as a whole 1s
pharmacologically acceptable and as long as the counter 10on does not contribute
undesired qualities to the salt as a whole. The present invention further encompasses
the pharmaceutically acceptable solvates of a compound of Formula 1. Many of the
compounds of Formula I can combine with solvents such as water, methanol, ethanol
and acetonitrile to form pharmaceutically acceptable solvates such as the corresponding

hydrate, methanolate, ethanolate and acetonitrilate.

The compounds of the present invention may have multiple asymmetric (chiral)
centres. As a consequence of these chiral centres, the compounds of the present
Invention occur as racemates, mixtures of enantiomers and as individual enantiomers,
as well as diastereomers and mixtures of diastercomers. All asymmetric forms,
individual 1somers and combinations thereof, are within the scope of the present

1nvention.

It will be readily understood by one skilled 1n the art that 1t the stereochemistry of a
compound of Formula 1 1s critical to 1ts activity, then the relative stereochemistry of the
compound 1s established early during synthesis to avoid subsequent stercoisomer
separation problems. Further manipulation of the molecule will then employ

stereospeciiic procedures so as to maintain the desired chirality.
11. Preparation of Compounds of Formula I

As 18 known 1n the art, compounds of the present invention can be prepared by a
number of standard techniques. Compounds of Formula 1, therefore, can be prepared
by several general synthetic methods, for example, as described by Grimmett,
(Grimmett, M.R., Comprehensive Heterocyclic Chemistry: The Structure, Reaction,

Synthesis and Uses of Heterocyclic Compounds, A. R. Katrizky and C. W. Rees, eds.,
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Vol. 5, Pergamon Press. Oxtord, 1984, pp. 457-498; Grimmett, M. R., Imidazole and
Benzimidazole Synthesis, Academic Press, San Diego CA, 1997).

In one embodiment of the present invention, compounds of Formula I are prepared via
solution or solid phase synthesis, by reacting a dione of Formula 11 with the aldehyde
(III) 1n the presence of ammonium acetate 1n acetic acid (see, for example, Krieg er al.,
Naturforsch. 1967, 22b, 132; Sarshar et al., Tetrahedron Lett. 1996, 377, 835-838; Bian
et al., Synthetic communications 2003, 33, 3477-3482; Hong Xu et al., J. Chem. Soc.,
Dalton Trans., 2003, 11, 2260-2268; Hong Xu et al., Inorg. Chem. Commun., 2003, 6,
766-768; Bian et al., Polyhedron 2002, 21, 313-319; Chao et al., J. Chem. Soc., Dalton
Trans., 2001, 12, 1920-1926.

1 N= N—
R, Cb) Q /%:(( >
NH,OAc/AcOH _

R3 > HN /N R+ R7N /N R;

R4 R,
(IIT)

R3

5 R4

The compounds of Formula (1I) and (I11I) are either commercially available or may be

prepared using standard procedures known to a person skilled in the relevant art.
Compounds of Formula (1I), can be prepared by several general synthetic methods, for
example, as described by: Fischer et. al (J. Am. Chem. Soc. 1961, 83, 4208-4210);
Guiyjarro et al. (J. Am. Chem. Soc. 1999, 121, 4155-4157); Chi et. al. (Synth. Comm.
1994, 24(15), 2119-2122) and Armesto et. al. (Synthesis, 1988, 799-801); Yamada et.
al. (Bull. Soc Chem. Jpn., 1990, 63, (9), 2710-2712); Hiort et. al.(J. Am. Chem Soc.
1993,115, 3448-3454; and Tetrahedron Letters 2004, 45(33), 6361-6363). Compounds
of Formula (III) can be prepared by general synthetic methods described by Vilsmeier
et. al. (Chem. Ber. 1958, 91, 850-861 and Synthesis 1985, 8, 641-645). For example,
compounds of formula (III) can be prepared by reacting a compound of formula (1V)

with POCI; 1n dimethylformamide (DMF) as shown below:
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The separation and purification of the products (1) 1s generally based on their property
to form water-soluble salts. After the reaction media 1s diluted with water, the
impurities are extracted from the obtained solution with a nonpolar solvent, the aqueous
layer 1s basified and the separated imidazo[4,5-d]phenanthroline (1) 1s filtered and

recrystallized from a suitable solvent.

Testing Compounds of Formula I

As described above, compounds of Formula I contemplated for use in the methods of
the present invention are capable of chelating transition metals and of inhibiting the
proliferation of cancer cells. In addition, in one embodiment of the present invention,
the compounds of Formula I are capable of increasing the expression of a transition
metal-regulated tumour suppressor gene, such as KLF4, in cancer cells. In a further
embodiment of the present invention, the compounds of Formula 1 induce apoptosis in

cancer cells and exert a cytotoxic effect on cancer cells.

The ability of a candidate compound of Formula I to chelate transition metals and
inhibit neoplastic cell proliferation in vitro and in vivo can be tested using standard
techniques known 1n the art. Similarly, the ability of the compounds to increase the
expression of a tumour suppressor gene and/or induce apoptosis 1in cancer cells can be
tested using standard techniques. Exemplary methods of testing candidate compounds
of Formula I are provided below and 1n the Examples included herein. One skilled in
the art will understand that other methods of testing the compounds are known in the

art and are also suitable for testing candidate compounds.

Compounds of Formula I that demonstrate inhibitory activity may be further tested in
vitro and/or in vivo 1n combination with various known chemotherapeutics to evaluate

their potential use 1n combination therapies.
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Metal chelate complexes of compounds of Formula I are also contemplated by the
present invention. Such chelate complexes can also be tested using the methods

described below.

A. Metal Chelation Ability

In accordance with the present invention, the compounds of Formula 1 are capable of
chelating transition metal 1ons in a cellular environment. In one embodiment,
compounds of Formula I are capable of chelating iron, zinc, copper, ruthenium and
cobalt 10ns. In a further embodiment, compounds of Formula I are capable of chelating
first-row transition metal 1ons. In a further embodiment, compounds of Formula I are
capable of chelating 1ron, zinc and copper 10ns. In another embodiment of the present
invention, compounds of Formula 1 are capable of chelating zinc 1ons. In another

embodiment, compounds of Formula I are capable of chelating copper 10ns.

The metal chelating properties of the compounds of Formula I can be determined using
various techniques known 1in the art, including but not limited to X-ray crystallography,
NMR spectroscopy, tluorescence spectroscopy, atomic absorption spectroscopy (AAS),
clectron  paramagnetic  resonance  spectroscopy,  high-performance  liquid
chromatography (HPLC), combined liquid chromatography/mass spectrometry, and

potentiometric titrations.

For example, peracetic acid (PAA) 1s decomposed rapidly in the presence of metal 1ons
such as manganese, 1ron or copper. The efficiency of a chelating compound to stabilize
PAA solutions 1n the presence of metal 1ons can be assessed to determine the metal
chelating ability of the compound. Briefly, a water solution containing metal 1ons can
be prepared and the appropriate amount of a candidate compound of Formula I added to
the solution, followed by pH and temperature adjustment. The stability of PAA
solutions containing the compounds of Formula I can then be followed by 10dometric
titration. Other tests to determine metal chelation ability can include, for example,
measurement of non-chelated metal 10ons 1n a solution containing metal 1ons and a
chelating compound, with a metal 10on selective electrode. Brietly, a solution

containing a metal 1s titrated with a solution containing a chelating compound followed
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by measurement with a metal selective electrode to determine the amount of non-
chelated metal 10ns, thereby providing an indication of the metal chelating ability of the

compounds of Formula 1.

The metal-chelation property of the compounds of Formula 1 can also be assessed
spectrophotometrically utilizing the in virro 4-(2-pyridylazo) resorcinol (PAR) metal
binding assay. PAR 1s a commercially available dye that behaves as a terdentate or a
bidentate ligand to form soluble or insoluble coloured complexes with cations of Mg,
Al, Ca, Str, Ba, Sc, T1, V, Cr, Mn, Fe, Co, N1, Cu, Zn, Ga, Y, Zr, Nb, Ru, Rh, Pd, Ag,
Cd, In, Sn, Hf, Ta, Os, Ir, Pt, Au, Hg, Tl, Pb, B1, Th, U, Np and the lanthanides at
specific pH values, with a maximal absorbance around 500 nm. To determine the
metal-chelation property of the compounds of Formula I, the resulting PAR-metal 10n
complexes that form 1n the presence of metal 1ons, can be measured
spectrophotometrically at about 500 nm and a comparison can be made between PAR-
metal 1on complexes that form 1n samples containing compounds of Formula 1 and
control samples, for example 1n samples containing a known chelator and/or samples

not containing the compounds of Formula I but containing a control vehicle.

The ability of the compounds of Formula I to chelate transition metals in a cellular
environment can be assessed utilizing methods well known 1n the art, for example, by
measuring the chelatable pools of intracellular zinc, 1ron or copper 1n the presence and
absence of a candidate compound using specific fluorescent indicators, such as zinquin
or Phen Green SK (see, for example, Zalewski er al., Biochem J. 1993, 296 (Pt 2), 403-
8; and Petrat er al., Biol Chem. 2002, 383(3-4), 489-502). Additionally, the metal
chelating ability of the compounds of Formula I in a cellular environment can be
assessed 1n various biological samples such as cellular extracts, 1solated cells, tissues,
or body fluids, by measuring the chelatable pools of intracellular metal 10ns utilizing
methods such as  high-performance  liquud  chromatography  (HPLC),
spectrophotometrical detection, electron spin resonance (ESR) or atomic absorption
spectroscopy, as described, for example, by Gower et al., Anal. Biochem. 1989, 180,
126—130; Ollinger and Roberg, J. Biol. Chem. 1997, 272, 23707-23711; Flatmark and
Tangeras, Proteins of Iron Metabolism, Brown, Aisen, Fielding, and Crichton, eds.

(New York, USA: Grune & Stratton), 1976, pp. 349-358; Kozlov et al., Free Radic.
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Biol. Med. 1992, 13, 9-16; Cammack and Cooper, Methods Enzymol. 1993, 2277, 353—
384. Yegorov et al., Free Radic. Biol. Med. 1993, 15, 565-574; Cairo et al., J. Biol.
Chem. 1995, 270, 700-703; and Nielsen et al., Int. J.Biochem. 1993, 25, 223-232.

The metal chelating ability of the compounds of Formula I 1n a cellular environment
can also be assessed indirectly by assessing cell growth, changes 1n expression of genes
associated with metal regulation, cytoxicity, enzyme assays, or other measurable
endpoints that are known 1n the art, in the presence of the candidate compound and
varying concentrations of metal ions. For example, the metal chelation ability of the
compounds of Formula I can be assessed in cultured cells or in whole animals by
manipulating cellular metal pools and measuring changes 1n cell growth 1n the presence

and absence of the candidate compound.

Alternatively, or 1in addition to measuring changes in cell growth, changes 1in gene
expression of known metal-regulated genes or metal regulatory proteins such as
metallothionein, or metal transcription factor-1, can determined using standard
protocols known 1n the art. As 1s known 1n the art, expression of metallothionein (MT)
proteins 1s tightly regulated by intracellular zin¢ concentrations. The binding of zinc to
the metal transcription factor (MTF-1) allows MTF-1 to bind to metal response
clements (MREs) in the promoter of MT, which 1n turn inititates MT-gene
transcription. Accordingly the ability of compounds of Formula 1 to modulate
expression of MT or MTFE-1 can be determined as an indication of the metal-chelating
ability of the compounds. Other metal-regulated genes known 1n the art include, for
example, the genes encoding 1ron regulatory proteins (IRP), ferritin, or transferrin
receptor, which are regulated by 1ron levels (see, for example, Eisenstein and Blemings,
J. Nutr. 1998, 128(12):2295-2295; and Martini et al., J. Nutr. 2002, 132(4):693-696);
and the gene encoding zinc transporter protein-1, which 1s regulated by zinc levels (see,
for example, Kindermann et al., J. Nutr. 2004, 134(1):57-62; and Langmade et al., J.
Biol. Chem. 2000, 275(44):34803-24809).

B. In vitro Testing

1) Inhibition of Cancer Cell Proliferation
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Candidate compounds of Formula I can be assayed initially in vitro for their ability to

inhibit proliferation of cancer cells using standard techniques.

In general, the ability of a candidate compound of Formula 1 to inhibit proliferation of
cancer cells can be tested as follows. Cells of a specific test cancer cell line are grown
to a suitable density (e.g. approximately 1 x 10*) and various concentrations of the
candidate compound are added. After an appropriate incubation time (typically between
about 48 to 74 hours), cell survival 1s assessed, for example, by assaying for
tetrazolium salt (or modified tetrazolium salt) cleavage, or by using the resazurin
reduction test (see Fields & Lancaster (1993) Am. Biotechnol. Lab. 11:48-50;
O’Brien er al., (2000) Eur J. Biochem. 267:5421-5426 and U.S. Patent No.
3,501,959), the sulforhodamine assay (Rubinstein er al., (1990) J. Natl. Cancer Inst.
382:113-118), the neutral red dye test (Kitano er al., (1991) Euro. J. Clin. Investg.
21:53-38; West er al., (1992) J. Investigative Derm. 99:95-100) or the XTT assay.
Inhibition of cell proliferation 1s determined by comparison of cell survival in the
treated culture with cell survival 1n one or more control cultures, for example, cultures
not pre-treated with the candidate compound, those pre-treated with a control vehicle

and/or those pre-treated with a control compound (typically a known therapeutic).

Other assays known 1n the art that measure metabolic activity (such as tetrazolium-
based assays) can also be used to assess the effect of candidate compounds on cell
proliferation, given that proliferating cells tend to be metabolically more active than

resting cells.

Candidate compounds can also be tested in vitrro for their ability to inhibit anchorage-
independent growth of tumour cells. Anchorage-independent growth 1s known 1n the
art to be a good indicator of tumourigenicity. In general, anchorage-independent
growth 1s assessed by plating cells from an appropriate cancer cell-line onto soft agar
and determining the number of colonies formed after an appropriate incubation period.
Growth of cells treated with the candidate compound can then be compared with that of

cells treated with an appropriate control (as described above).
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A wide variety of cancer cell lines suitable for testing the compounds of Formula I are
available commercially, for example the American Type Culture Collection (ATCC;
Manassas, VA) currently supplies over 700 different human cancer cell lines and the
DCTD Tumor Depository (NCI at Frederick, Frederick, MD) supplies a variety of
mammalian cell lines, including the human cancer cell lines used in the NCI/NIH

SCICCII.

Examples of suitable human cancer cell-lines against which the compounds of Formula
I can be tested include, but are not limited to, bladder cancer cell lines HT-1376, HT-
1197, and Hs 195.T; colon and colorectal adenocarcinoma and carcinoma cell lines
such as CaCo, COLO320, HCT-116, LoVo, NCI-H498, NCI-H548 and SNU-C2B:;
duodenal cancer cell line HuTu 80; gastric adenocarcinoma and carcinoma cell lines Hs
740.T, AGS, Hs 746T, NCI-N&87, NCI-SNU-1 and RF-48; large cell lung cancer cell
lines NCI-H661 and NCI-H13581; prostate adenocarcinoma and carcinoma cell lines
MDA PCa 2b, LNCaP-FGC and 22Rv1; Burkitts lymphoma (Non-Hodgkin’s) cell lines
raji, Namalwa and HS Sultan; histiocytic lymphoma cell line U-937; acute
lymphoblastic leukemia (T-ALL) cell line Jurkat, T-cell lymphoma cell line Karpas
299; plasma cell leukemia cell line L.-363; and rectal adenocarcinoma and carcinoma
cell lines NCI-H630 and SW&37. Drug-resistant cancer cell lines can also be used to
determine the ability of the compounds of the present invention to inhibit growth and/or

proliferation of drug- or multi-drug resistant neoplastic cells.

The differential neoplastic selectivity of the candidate compounds of Formula I can also
be tested, i.e. the ability of the compound to demonstrate some level of selective action
toward neoplastic (or cancer) cells in comparison to normal proliferating cells. An
exemplary method of assessing the differential sensitivity between normal and cancer
cells for a compound has been described by Vassilev er al. (Anti-Cancer Drug Design
(2001) 16:7). This method involves the comparison of 1Cyy values, i.e. the molar
concentration of a test compound required to cause 90% growth inhibition of
exponentially growing cells. Thus, the 1Cyy values for candidate compounds can be
evaluated 1n various cancer cell lines (such as those outlined above) and normal cells
(such as HUVEC and/or WI38 cells) and compared. 1Cyy values can be measured using

a variety of standard techniques as known 1n the art. Cancer cell selectivity 1s
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calculated as a ratio between the average 1Cqy for all normal cell lines and the average
1Cyo for all cancer cell lines. Compounds with an 1Cy ratio (normal/cancer) of >4 are

considered to be selective for cancer cells (L.T. Vassilev et al., Anti-cancer Drug

Design, 2001, 16: 7-17).

In one embodiment of the present invention, compounds of Formula 1 selectively
inhibit the proliferation of one or more of leukemia cells, prostate cancer cells, non-
small cell lung cancer cells and colon cancer cells. Selectivity of the candidate
compounds 1s assessed using human cancer cell-lines used in the NCI/NIH Therapeutic
Drug Program in vitro screen. The cancer cell lines used 1n this screen are listed 1n

Table 1 supra.

In accordance with this embodiment of the present invention, a compound shows
selective inhibition of the selected cancer (i.e. prostate cancer, colon cancer, non-small
lung cancer and/or leukemia) when the compound inhibits the proliferation of the cell
lines from the selected cancer with an average Glsg at least 10% lower than the average
Glso for inhibition of cell lines from each of breast cancer, CNS cancer, melanoma,
ovarian cancer and renal cancer. In one embodiment, the average Glsy for prostate
cancer cells, colon cancer cells, non-small lung cancer cells and/or leukemia cells 1s at
least 15% lower than the average Glsg for inhibition of cell lines from each of breast
cancer, CNS cancer, melanoma, ovarian cancer and renal cancer. In another
embodiment, the average Glsy for prostate cancer cells, colon cancer cells, non-small
cell lung cancer cells and/or leukemia cells 1s at least 20% lower than the average Glsg
for inhibition of cell lines from each of breast cancer, CNS cancer, melanoma, ovarian

cancer and renal cancer.

Methods of calculating the Glsy are known 1n the art (see, for example, Boyd, M. R., er
al. In Cyroroxic Anticancer Drugs: Models and Concepts for Drug Discovery and
Development;, Vleriote, F. A.; Corbett, T. H.; Baker, L. H., Eds.; Kluwer Academaic:
Hingham, MA, 1992 and Monks, A.; et al., (1991) JNCI, J. Natl. Cancer Inst. 83, 757-
766; pp 11-34). As described in the art, the Glsg 1s a renaming of the 1Csy value (the

concentration that causes 50% growth 1inhibition) that emphasizes the correction in the
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calculation of the Glsg for the cell count at time zero. The Glsg 1s thus the concentration

of a candidate compound where:
100 x (T - TO)/(C - TO) = 50.

And wherein, the optical density of the test well after a 48-h period of exposure to test

drug 1s T, the optical density at time zero 1s T0, and the control optical density 1s C.

For example, the following methodology, which 1s currently employed by the NCI, can
be used to assess the Glsg of a candidate compound of Formula I in the selected cancer
cell lines. Briefly, cell suspensions are diluted (5000-40,000 cells per well) and 100 pLL
of the diluted cell suspension 1s added into 96-well microtiter plates. Inoculates are
allowed a preincubation period of 24h at 37°C for stabilization. Dilutions at twice the
intended test concentration of the candidate compound are added at time zero 1n 100 pLL
aliquots to the microtiter plate wells. Test compounds are generally evaluated at five
10-fold dilutions. In routine testing, the highest well concentration 1s usually 10E-4 M,
but this may be adjusted depending on the compound being tested. The cells are
incubated with the test compound for 48 h in 5% CO, atmosphere and 100% humidity.
The cells are then assayed by using the sulforhodamine B assay (see, for example,
Skehan, P., er al. (1990) JNCI, J. Natl. Cancer Inst. 82, 1107-1112; and Chen, S. F., et
al. (1990) Proc. Am. Assoc. Cancer Res. 31, A2644) employing a plate reader which

can be used to read the optical densities.

11) Ability to Increase Expression of Transition Metal Regulated Tumour

Suppressor Genes

In accordance with one embodiment of the present invention, compounds of Formula I
increase the expression of a transition metal regulated tumour suppressor gene in cancer
cells. In another embodiment, the compounds of Formula 1 increase expression of the
tumour suppressor gene in cancer cells 1n which the expression of the tumour
suppressor gene 1s down-regulated. Increased or up-regulated expression of a transition
metal regulated tumour suppressor gene in cancer cells can be determined as a
percentage increase in expression of the gene 1n treated cells versus untreated cells. In

one embodiment, the compounds of Formula I increase the expression of a transition
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metal regulated tumour suppressor gene by about 10%. In another embodiment, the
compounds of Formula I increase the expression of a transition metal regulated tumour
suppressor gene by about 20%. In other embodiments, the compounds of Formula I can

increase the expression of a transition metal regulated tumour suppressor gene by about

23%, 50%, 15% or 100%.

The increase or up-regulation of expression of a transition metal regulated tumour
suppressor gene 1n cancer cells can also be determined as a ““tfold” increase or up-
regulation of expression of the gene in cancer cells, in which gene expression in
untreated cancer cells 1s presented as “1” and respective “fold” increase in gene
expression 1n treated cancer cells 1s presented relative to respective gene expression in
untreated cancer cells. In one embodiment of the present invention, the compounds of
Formula 1 are capable of increasing or up-regulating expression of a transition metal
regulated tumour suppressor gene by about 1.5-fold. In another embodiment,
compounds of Formula I are capable of increasing the expression of a transition metal

regulated tumour suppressor gene by about 2.0-fold.

In another embodiment of the invention, the transition metal regulated tumour
suppressor gene 1s KLF4. The ability of candidate compounds to modulate the
expression of tumour suppressor genes, such as KLLF-4, can be assessed by measuring
changes 1n the levels of the KLF4 mRNA or protein. Methods of performing these

assays are known 1in the art.

For example, the candidate compound can be introduced 1nto a selected cancer cell line
and the amount of mRNA transcribed from the tumour suppressor gene of interest can
be measured by standard techniques such as Northern blot analysis, RT-PCR, and the
like. Alternatively, the amount of tumour suppressor protein produced by the cell can
be measured by standard techniques such as Western blot analysis. The amount of
mRNA or protein produced 1n a cell treated with the candidate compound can then be
compared with the amount produced in control cells and will provide an indication of
how successfully the compound has inhibited expression of the tumour suppressor
gene. Suitable control cells include, for example, untreated cells and/or cells treated

with a control compound.
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Alternatively, the candidate compounds can be screened for their ability to increase
gene expression in a selected cancer cell line using standard methods for screening
expression of multiple genes (“‘expression profiling”). Such methods are well known 1n
the art and include, for example, microarray analysis, such as high density microarray
assays containing 10-fold more (for example, 19,000) human genes to 1dentify suitable

functional clusters of genes whose expression 1s atfected by the compound.

Typically, expression profiling makes use of pre-fabricated microarrays of short DNA
sequences or oligonucleotides. Methods of constructing microarrays are well known 1n
the art [see, for example, Ausubel, er al., Current Protocols in Molecular Biology, John
Wiley & Sons, Inc, NY. (1989 and updates)]|. As an alternative, microarrays can be
custom made, for example, to include sequences corresponding to known tumour
suppressor genes. Pre-made microarrays are also commercially available for many
organisms including, for example, GeneChip® (Aftfimetrix, Santa Clara, CA), Atlas™
(BD Biosciences-CLONTECH, Palo Alto, CA), GEM Microarrays, Genelet™ array
and LifeSeq® (Incyte Genomics, Palo Alto, CA), MICROMAX™ Human c¢DNA
Microarray Systems (PerkinElmer Life Sciences, Boston, Mass.) and ResGen™
GeneFilters® (Invitrogen, Huntsville, Ala.). For expression analysis, RNA is isolated
from cells treated with the candidate compound and from control cells. If necessary, the
RNA can be amplified by conventional techniques to ensure a sutficient quantity for
analysis. The RNA 1s then hybridised to the microarray under suitable conditions and a
routine analysis of the microarray by commercially available scanners and software 18
conducted to 1dentify genes whose expression 1s altered in the treated cells relative to
the control cells. Suitable hybridization conditions can readily be determined by one
skilled in the art using standard techniques. Following the 1dentification of such other
genes, mMRNA quantitation and respective protein levels can also be evaluated to

determine the extent of the effect of the compound on the genes under investigation.

111) Induction of Apoptosis

In accordance with another embodiment of the present invention, compounds of
Formula I are capable of inducing apoptosis in cancer cells. Methods of assessing the

ability of candidate compounds to induce apoptosis are known in the art (see, for
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example, Current Protocols in Cell Biology, 2000 and updates, K. Morgan, ed., J.
Wiley & Sons, New York, NY) and include, tor example, DNA fragmentation analysis,
flow cytometry in conjunction with annexin V-FITC and propidium 1odide staining,
fluorochrome labelling of DNA strand breaks by terminal deoxynucleotidyl transferase
(TdT-assay) and analysis by tlow cytometry, detection by flow cytometry or detection
in situ with immunocytochemistry utilizing the terminal deoxynucleotidyl transferase
(TdT) mediated dUTP nick end labeling (TUNEL) assay, immunohistochemical or
flow cytometric detection of proteolytic cleavage or proteolysis of poly(ADP-
ribose)polymerase (PARP), and/or detection of activation of cysteinyl- aspartic acid

proteases (caspases).

For example, the effect of compounds of Formula I on apoptosis can be assessed by
incubating cells with the candidate compound for a period of time, followed by
cytometric analysis using the annexinV-FITC-propidium i1odide method. Entry into
apoptosis leads to the translocation of phosphatidylserine from the inner leatlet to the
extracellular side of the plasma membrane. Annexin V, a protein that binds with high
atfinity to phosphatidylserine, can be used to detect this apoptosis-induced membrane
alteration. The DNA binding dye, propidium 10dide (PI) readily enters and stains non-
viable cells, but cannot cross the membrane of viable cells. Therefore, cells that are
stained with Annexin V only are considered to be 1n early apoptosis, whereas cells
stained with both Annexin V and Pl are considered to be in late apoptosis. Cells
stained with PI only are considered non-viable, whereas no staining indicates viable

cells.

Assays to 1nvestigate potential mechanisms of action of the compounds may be
conducted 1f desired 1n order to provide information usetul 1n determining what aspects
of tumour growth the compounds affect. This type of information may help to
determine cancer types that will benefit from treatment with the compounds. Examples
of such assays include, but are not limited to, cell-cycle analysis (for example,
employing tlow cytometry techniques), anti-angiogenesis assays (for example, various
Matrigel assays, 1ncluding cord formation and Matrigel plug assays) and

immunohistochemical analysis.
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C. In Vivo Testing

The ability of the candidate compounds to inhibit tumour growth, proliferation and/or
metastasis in vivo can be determined in an appropriate animal model using standard
techniques known in the art (see, for example, Enna, er al., Current Protocols in
Pharmacology, J. Wiley & Sons, Inc., New York, NY). Exemplary protocols are

provided below and in the Examples.

For example, the in vivo activity of candidate compounds can a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>