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(57) Abrege(suite)/Abstract(continued):

at least one is -O-lower alkyl: or at least one pair of R* to R®, the members of which pair are adjacent to one another on the ring, are
conjoined to form-0-(CR'R™)n-O-, where nis 1 or 2 and R and R'® are independently H or lower alkyl, and the remainder of R*
to R® are independently H, halo, lower alkyl or -O-lower alkyl: and R, R'®. R'" R'2 and R are independently H, halo, lower alkyl
or -O-lower alkyl, provided that at least one is -O-lower alkyl: or at least one pair of RY to R'®, the members of which pair are
adjacent to one another on the ring, are conjoined to form-O-(CRR1)m-O-, where mis 1 or 2 and R'® and R’ are independently
H or lower alkyl, and the remainder of R” to R are independently H, halo, lower alkyl or -O-lower alkyl.
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(57) Abstract: A compound for use 1n the treatment of proliferative disorders, such as cancer, having the following formula:z
wherein: R', R* and R° are independently H or lower alkyl; R*, R’, R®, R” and R® are independently H, halo, lower alkyl or -O-low-
er alkyl, provided that at least one is -O-lower alkyl; or at least one pair of R* to R®, the members of which pair are adjacent to one

another on the ring, are conjoined to for

'm-0-(CR"“R"™)n-O-, where n is 1 or 2 and R" and R" are independently H or lower alkyl,

and the remainder of R* to R® are independently H, halo, lower alkyl or -O-lower alkyl; and R”, R'®, R, R" and R" are indepen-
dently H, halo, lower alkyl or -O-lower alkyl, provided that at least one is -O-lower alkyl; or at least one pair of R’ to R'> the
members of which pair are adjacent to one another on the ring, are conjoined to form-O-(CR'*R')Ym-O-, where mis 1 or 2 and R™
and R' are independently H or lower alkyl, and the remainder of R’ to R" are independently H, halo, lower alkyl or -O-lower

alkyl.
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4,6-DIPHENYLPYRID-2-ONES AGAINST CANCER

[001] The present invention relates to novel compounds for use in the treatment
or prophylaxis of cancers and other proliferative conditions that are characterised by cells
which express cytochrome P-450 CYP1B1. The present invention also provides
pharmaceutical compositions comprising one or more such compounds for use in the
treatment or prophylaxis of such cancers or other proliferative conditions, as well as

methods for treating such cancers or other conditions in human or non-human animal

patients.

[002] Cytochrome P-450 CYPI1B1 is a dioxin-inducible form of the cytochrome
P-450 family of xenobiotic metabolising enzymes. CYP1B1 is expressed at a high
frequency in a wide range of human cancers of different histogenetic types and is not
expressed (or only at negligible levels) in normal tissues, see, e.g.: McFadyen MC,
Melvin WT and Murray GI, "Cytochrome P450 Enzymes: Novel Options for Cancer
Therapeutics", Mol Cancer Ther., 3(3): 363-71, 2004; McFadyen MC and Murray GI,
"Cytochrome P450 1B1: a Novel Anticancer Therapeutic Target", Future Oncol., 1(2):
259-63, 2005; Sissung TM, Price DK, Sparreboom A and Figg WD, "Pharmacogenetics
and Regulation of Human Cytochrome P450 1B1: Implications in Hormone-Mediated
Tumor Metabolism and a Novel Target for Therapeutic Intervention", Mol. Cancer Res.,
4(3): 135-50, 2006. More specifically, CYP1B1 has been shown to be expressed in
bladder, brain, breast, colon, head and neck, kidney, lung, liver, ovarian, prostate and skin

cancers, without being expressed in the corresponding normal tissue.

[003] For example, Barnett, ef al., in Clin. Cancer Res., 13(12): 3559-67, 2007,
reported that CYP1B1 was over-expressed in glial tumours, including glioblastomas,
anaplastic astrocytomas, oligodendrogliomas and anaplastic oligodendrogliomas, but not

unaffected brain tissue.

1004] Carnell, et al., in Int. J. Radiat. Oncol. Biol. Phys., 58(2): 500-9, 2004,

reported that CYP1B1 was over-expressed in prostate adenonocarcinomas, but not in

matched normal prostate tissue.
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(005] Carnell et al., 2004 (ibid.) also showed that CYP1B1 is expressed in (n= 22,

100%) of bladder carcinomas

[006] Downie, et al., in Clin. Cancer Res., 11(20): 7369-75, 2005 and McFadyen,
etal., n Br. J. Cancer, 85(2): 242-6, 2001, reported increased expression of CYP1IBI1 in

primary and metastatic ovarian cancer, but not in normal ovary tissue.

[007] Gibson, et al., in Mol. Cancer Ther., 2(6): 527-34, 2003, and
Kumarakulasingham, et al., in Clin. Cancer Res., 11(10): 3758-65, 2005, reported that

CYP1B1 was over-expressed in colon adenocarcionomas as compared to matched normal

tissue.

(008] Several studies have shown that CYPIB1 is over-expressed in breast cancer
és compared to matched normal tissue. (See, e.g.: Murray GI, Taylor MC, McFadyen
MC, McKay JA, Greenlee WF, Burke MD and Melvin WT, "Tumor-Specific Expression
of Cytochrome P450 CYP1B1", Cancer Res., 57(14): 3026-31, 1997; Haas S, Pierl C,
Harth V, Pesch B, Rabstein S, Bruning T, Ko Y, Hamann U, Justenhoven C, Brauch H
and Fischer HP, "Expression of Xenobiotic and Steroid Hormone Metabolizing Enzymes
in Human Breast Carcinomas". Int. J. Cancer, 119(8): 1785-91, 2006: McKay JA,
Murray GI, Ah-See AK, Greenlee WF, Marcus CB, Burke MD and Melvin WT,
"Differential Expression of CYP1A1 and CYP1B1 in Human Breast Cancer"”, Biochem.
Soc. Trans., 24(2): 3278, 1996).

1009] Everett, et al., in J. Clin. Oncology, 25: 18S, 2007, reported that CYP1B1
was over-expressed in malignant melanoma and disseminated disease but not in normal
skin.

(0010] Gibson, et al., 2003 (ibid.) and Chang, et al., in Toxicol. Sci., 71(1): 11-9,

2003, both reported that while CYP1B1 was not present in normal liver it was over-

expressed 1n stage IV metastasis to the liver.

[0011]  Greer, et al,, in Proc. Am. Assoc. Cancer Res., 45: 3701, 2004, reported that CYP1B1
was over-expressed during the malignant progression of head and neck squamous cell carcinoma

but not in normal epithelium.

4631242v.1
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[0012] McFadyen, et al., in Br. J. Cancer, 91(5): 966-71, 2004, detected CYP1B1 in renal

carcinomas but not in corresponding normal tissue.

(0013} Murray, et al., 2004 (ibid.) used immunohistochemistry to show over-expression of

CYPIBI 1n lung cancer cells as compared to normal lung tissue.

[0014] It is evident from the numerous disclosures cited above that CYP1B1 expression is
characteristic of a range of different cancers and other proliferative conditions, and that CYP1B1
expression may be used to define such a range of cancers and other conditions. As normal (non-
cancerous) cells do not express significant levels of CYP1BI1, it may also be reasonably expected
that compounds that exhibit cytotoxicity in cells expressing CYP1B1, but are substantially non-
cytotoxic 1in normal cells, would have utility as targeted anti-cancer agents in cancers
characterised by CYP1B1 expression. By "targeted" is meant that such compounds could be
delivered systemically and would only be activated in the presence of cancerous cells expressing

CYPI1BI, remaining substantially non-toxic to the rest of the body.

[0015]  Further, a number of cytochrome P450 enzymes are known to metabolise and detoxify
a variety of anticancer drugs. McFadyen, et al. in Biochem Pharmacol. 2001, Jul 15; 62(2): 207-
12 demonstrated a significant decrease in the sensitivity of docetaxel in cells expressing
CYPI1BI1 as compared with non-CYP1B1 expressing cells. This finding indicates that the
presence of CYP1BI1 1n cells may decrease their sensitivity to some cytotoxic drugs. CYP1B1 |

activated pro-drugs may therefore be useful for the treatment of cancers whose drug resistance 1s

mediated by CYP1IBI.

[0016] WO-A-03/028713 discloses 3, 4-methylenedioxy chalcones for use in the treatment of
proliferative conditions, which 3, 4-methylenedioxy chalcones exhibit such cytotoxicity in

CYPI1B1 expressing cells. According to WO-A-03/028713, such substituted chalcones may be
represented by formula (A): ..

4631242v.1
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wherein:
each of RB2, RB3, RB4 and RB5 is independently -H, -OH or -OMe:
each of Rl and RZ is independently -H, optionally substituted Cq_4 alkyl or optionally

substituted C5_9( aryl;
RA3 is -H, -OH, -OC(=0)RE, -0S(=0),0H or -OP(=0)(OH); and

RE is -H, optionally substituted Cj_g alkyl, optionally substituted C3_5( heterocyclyl
or optionally substituted C5_» aryl.

[0017]  An object of the present invention is to provide alternative compounds that exhibit

cytotoxicity in cancer cells, but not in normal cells.

[0018]  Another object of the present invention is to provide alternative compounds that m'ay"

suitably be used for the treatment or prophylaxis of cancers or other proliferative conditions.

[0019]  Yet another object of the present invention is to provide compounds that may be used

for the treatment or prophylaxis of cancers whose drug resistance is mediated by CYPIBI.

[0020]  Yet another object of the present invention is to provide an alternative method of

treating or preventing cancers or other proliferative conditions.

[0021]  According to one aspect of the present invention therefore there are provided

compounds represented by formula I:

O
] 2
R® A N’R R
R G R®
3
R11 R13R R8 R6
12 7
R R ()

wherein:

R1, RZ and R3 are independently H or lower alkyl;

4631242v.1
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R4, R5, R6, R7 and RS are independently H, halo, lower alkyl or -O-lower alkyl,

provided that at least one is -O-lower alkyl; or at least one pair of R4 to RS, the members of

which pair are adjacent to one another on the ring, are conjoined to form

-O-(CR14R15) -O-, where nis 1 or 2 and R14 and R19 are independently H or lower alkyl, and

the remainder of R4 to R9 are independently H, halo, lower alkyl or -O-lower alkyl; and
R9, RI10 R11 RIZ gnd R13 are independently H, halo, lower alkyl or -O- lower

alkyl, provided that at least one is -O-lower alkyl; or at least one pair of R? to R13, the members

of which pair are adjacent to one another on the ring, are conjoined to form

-O-(CR16R17)m-O- ,where mis 1 or 2 and R16 and R17 are independently H or lower alkyl,

and the remainder of R? to R13 are independently H, halo, lower alkyl or -O-lower alkyl;
and a pharmaceutically acceptable salt, solvate, amide, ester, ether, chemically

protected form or prodrug thereof.

[0022] It has been found that compounds of the present invention exhibit cytotoxicity in cells
expressing CYP1B1 enzyme, but are substantially non-toxic in normal cells that do not express
CYPIBI1. Compounds of the invention may also exhibit cytotoxicity in cells expressing
CYP1A] enzyme. In practice, therefore, the compounds of the invention are non-toxic pro-

drugs which are converted by CYP1B1 into cytotoxic agents.

[0023]  Suitably, the compounds of the invention have an IC4() value as defined below of less

than 10 uM, advantageously less than 5 uM, and preferably less than 1.0 uM or 0.5 uM.

[0024] In some embodiments, the cytotoxicity of a compound of the invention may be
measured by incubating the compound at different serial dilutions with cells engineered to
express CYP1B1. Suitably, said cells may be Chinese Hamster Ovary (CHO) cells, which may
contain recombinant CYP1B1 and cytochrome P-450 reductase (CPR). High levels of functional
enzyme when co-expressed with human P-450 reductase may be achieved using dihydrofolate -
reductase (DHFR) gene amplification. Typically, the engineered cells may be incubated with the
compound and, after a suitable period of time (e.g., 96 hours), further incubated (e.g., for 1.5
hours) with a suitable assay reagent to provide an indication of the number of living cells in
culture. A suitable assay reagent is MTS (see below) which 1s bioreduced by cells into a

formazan product that 1s soluble 1n tissue culture medium. The absorbance of the formazan
4631242v.1
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product can be directly measured at 510 nm, and the quantitative formazan product as measured
by the amount of absorbance at 490 nm or 510 nm is directly proportional to the number of

living cells 1n culture. Detailed methods for determining the IC5( value of a compound

according to the invention are described in Example 1 below.

[0025] By way of comparison, the IC5( values of the compounds of the invention may also

be measured in cells (e.g., Chinese Hamster Ovary cells) that do not contain CYP1B1, for
example wild type CHO cells. The compounds of the invention may suitably have a fold
selectivity for CYP1B1 expressing cells of at least 20, where the "fold selectivity" is defined as
the quotient of the IC5() value of a given compound in non-CYP1 expressing cells and the ICs

value of the same compound in CYP1B1 expressing cells.

[0026] As such, the present invention also comprehends the use of one or more of the
compounds of the invention, including the atforementioned pharmaceutically acceptable salts, |
solvates and prodrugs, for use in the treatment of the human or animal body by therapy, -
particularly the treatment or prophylaxis of proliferative conditions such, for example, as
proliferative disorders or diseases, in humans and non-human animals, including proliferative
conditions which are characterised by cells that express CYP1B1. More particularly, the
invention comprehends the use of one or more of the compounds of the invention for the

treatment of cancers characterised by CYP1B1 expression.

[0027] According to another aspect of the present invention, therefore, there is provided a
method of treatment or prophylaxis of a proliferative condition which comprises the
administration to a human or non-human animal patient in need thereof of a therapeutically

effective amount of at least one of the compounds of the present invention.

[0028] By "proliferative condition" herein is meant a disease or disorder that is characterised
by an unwanted or uncontrolled cellular proliferation of excessive or abnormal cells which is;
undesired, such as, neoplastic or hyperplastic growth, whether in vitro or in vivo. Examples of
proliferative conditions are pre-malignant and malignant cellular proliferation, including
malignant neoplasms and tumours, cancers, leukemias, psoriasis, bone diseases,

fibroproliferative disorders (e.g., of connective tissues) and atherosclerosis.

[0029] Said proliferative condition may be characterised by cells that express CYP1B1.
4631242v.1
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[0030] Said proliferative condition may be selected from bladder, brain, breast, colon, head
and neck, kidney, lung, liver, ovarian, prostate and skin cancer. In some embodiments, said

proliferative condition may comprise a solid tumour.

[0031] By "treatment" herein 1s meant the treatment by therapy, whether of a human or a non-
human animal (e.g., in veterinary applications), in which some desired therapeutic effect on the
proliferative condition 1s achieved; for example, the inhibition of the progress ot the disorder,
including a reduction in the rate of progress, a halt in the rate of progress, amelioration of the
disorder or cure of the condition. Treatment as a prophylactic measure is also included. By a
"therapeutically-effective amount” herein 1s meant an amount of the one or more compounds of
the invention or a pharmaceutical formulation comprising such one or more compounds, which

1s effective for producing such a therapeutic effect, commensurate with a reasonable benefit/risk

ratio.

10032] The compounds of the present invention may therefore be used as anticancer agents.
By the term "anticancer agent” herein is meant a compound which treats a cancer (i.e., a )
compound that 1s useful in the treatment of a cancer). The anti-cancer effect of the compounds
of the invention may arise through one or more mechanisms, including the regulation of cell "
proliferation, the inhibition of angiogenesis, the inhibition of metastasis, the inhibition of

invasion or the promotion of apoptosis.

[0033] It will be appreciated that appropriate dosages of the compounds of the invention may
vary from patient to patient. Determining the optimal dosage will generally involve the
balancing of the level of therapeutic benefit against any risk or deleterious side effects of the
treatments of the present invention. The selected dosage level will depend on a variety of factors
including the activity of the particular compound, the route of administration, the time of
administration, the rate of excretion of the compound, the duration of the treatment, other drugs,
compounds or materials used in combination and the age, sex, weight, condition, general health
and prior medical history of the patient. The amount of compound(s) and route of administréition
will ultimately be at the discretion of the physician, although generally the dosage will be to .

achieve local concentrations at the site of action which achieve the desired effect.

[0034] Administration in vivo can be effected in one dose, continuously or intermittently

throughout the course of treatment. Methods of determining the most effective means and
4631242v.1
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dosage of administration are well known to a person skilled in the art and will vary with the

formulation used for therapy, the purpose of the therapy, the target cell being treated, and the
subject being treated. Single or multiple administrations can be carried out with the dose level » .

and pattern being selected by the treating physician.

-
} N
L ]

[0035] In general, a suitable dose of the one or more compounds of the invention may be in
the range of about 1 pug to about 5000 png /kg body weight of the subject per day, e.g., 1, 5, 10,
25, 50, 100, 250, 1000, 2500 or 5000 ng/kg per day. Where the compound(s) is a salt, solvate,
prodrug or the like, the amount administered may be calculated on the basis of the parent

compound and so the actual weight to be used may be increased proportionately.

[0036] In some embodiments, the one or more compounds of the present invention may be
used in combination therapies for the treatment of proliferative conditions of the kind described

above, i.e., In conjunction with other agents, for example, cytotoxic agents.

[0037] In some embodiments, R, R12 and R13 of formula I above may independently be H,
halo or lower alkyl, and R10 and R11 may be conjoined to form -O-C(R16R17) -O-. m s RES

preferably 1. Suitably, RY, R12 and R13 may be H. R16 and R17 may both be H. Thus in some

embodiments, the compounds of the invention may be represented by formula Ia:

O
1 2
RS : N’R R4
R'® o F R’
R17
R3
O R!3 RS R6
R12 R7 (Ia)

4631242v.1
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[0038] Alternatively, one of RY to R13 may be .0-R18,  R13 being lower alkyl, and the

remainder being independently H, halo or lower alkyl. For instance, R18 may be Cig40rCq_3

alkyl, preferably n-propyl. In such case, one of R10to R12 may be -O-R13, preferably R11: and

said remainder of R” to R13 may be H. Thus in some embodiments, the compounds of the

invention may be represented by formula Ib:

O
R R?
R? N~ R
RIO / R5
18
N . R’ ‘
O R!3 RS R
R12 R7 (Ib)

[0039] By "lower alkyl" herein is meant a Cy_g alkyl group, preferably Cj_4 or C1_3. Such

lower alkyl moiety may be straight chain or branched. Said lower alkyl group may be and
substituted, or maybe substituted with one or more halo moieties. For instance, a methyl group

may be substituted with one or more fluoro radicals.

[0040] By "halo" herein is meant fluoro-, chloro-, bromo- or iodo-, preferably fluoro.

[0041] Suitably, one or two of R4 RS, RO, R7 and RS may be -O-lower alkyl. Such

compounds have been found to be particularly cytotoxic in cells expressing CYP1BI.

[0042] Thus, in some embodiments R4 and R% or RS and R® may be -0-R19, R19 being

lower alkyl, and the remainder may be independently H, halo or lower alkyl.

[0043] In some preferred embodiments, RS and R may be -0-R19, R4, R7 and R® may
independently be H, halo or lower alkyl, R?, R12 and R13 may independently be H, halo or
lower alkyl, and R10 and R!! may be conjoined to form -0-C(R16R17)m-0-, where m 1s

preferably 1. Accordingly, the compounds of the invention may be represented by the formula

Ia':

4631242v.1
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O
R! R?
R® N~ R4
R® 0 F O\ng
R”X
3 19
O R!3 R RS o~ R
Rl2 R7 (Ia')

[0044] Alternatively, RO may be -0-R19, and the remainder of R4, R9, R7 and R8 may be
independently H, halo or lower alkyl.

[0045]  Suitably, R19 may be Cy_4 or C1.3 alkyl, preferably methyl.

[0046] Further, the remainder of R4 to RS maybe H.

[0047] By way of example, a compound in accordance with the invention may be represented

by formula II:

NH

\\\\/’//\\\C) O
‘ (II).

[0048] Further examples of compounds in accordance with the invention are represented by

the formulae III, IV, V and VI:

4631242v.1
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NH O/
4 g
O O
| (I11)
O
NH
<O F O\
O 0O
I (V)
O
NH
( g
O O
I (VD).

[0049] As mentioned above, the compounds of the invention include the pharmaceutically

acceptable salts and solvates of formula 1.

[0050] Examples of pharmaceutically acceptable salts are discussed 1n Berge, et al., 1977,
"Pharmaceutically Acceptable Salts," J. Pharm. Sci., Vol. 66, pp. 1-19, the contents of which are

incorporated herein by reterence.

[0051] The term "solvate" is used herein in the conventional sense to mean a complex of a
compound of formula I and a solvent. If the solvent is water, then the solvate may be

conveniently referred to as a hydrate, for example, a mono-hydrate, a di-hydrate, a tri-hydrate,

elc.
4631242v.1
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[0052] The present invention also comprehends the use of one or more of the compounds of
the invention in the manufacture of a pharmaceutical formulation for use in the treatment of a
proliferative condition, particularly such a disorder or disease which is characterised by the
expression of CYP1BI1 in cells, especially a solid tumour or cancer, including the cancers

mentioned above.

[0053] Accordingly, in yet another aspect of the present invention there is provided such a
pharmaceutical formulation comprising one or more of the compounds of the invention together

with one or more optional pharmaceutically acceptable excipients.

[0054] By "pharmaceutically acceptable excipients" herein is meant pharmaceutical
excipients that are suitable for use in contact with the tissues of the patient without excessive
toxicity, irritation, allergic response or other problem or complication, commensurate with a
reasonable benefit/risk ratio. Each excipient must also be "acceptable” in the sense of being

compatible with the other ingredients of the formulation.

[0055] Suitably, the composition of the invention may be formulated as a unit dosage form.
Each unit dosage form may comprise all or a predetermined fraction of the daily dose amount of
the one or more compounds of the invention, e.g., one half or one quarter of the daily dose

amount.

[0056] Thus, the composition may be formulated as a tablet, a pill, a capsule, a powder,
granules, a sterile parenteral solution or suspension, a metered aerosol or liquid spray, drops, an
ampoule, an auto-injector device, a suppository, a cream or a gel. Said composition may be
adapted for oral, enteral parenteral, intrathecal, intranasal, sublingual, rectal or topical
administration, or for administration by inhalation or insufflation. Oral compositions such as

tablets, pills, capsules or wafers are particularly preferred.

[0057] For preparing a solid dosage form such as a tablet, said one or more compounds may
be mixed with one or more pharmaceutical excipients, e.g., conventional tabletting ingredients
such as corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium
phosphate or gums, or other pharmaceutical diluents, e.g., water, to form a solid pre-formulation
composition containing a substantially homogeneous mixture of said one or more compounds,

such that said one or more compounds are dispersed evenly throughout the composition, so that
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the composition may be readily subdivided into equally effective unit dosage forms such as

tablets, pills and capsules.

[0058] Said solid pre-formulation composition may then be subdivided into unit dosage forms
of the kind mentioned above which may each contain from 0.1 to about 500 mg ot the one or

more compounds. Favoured unit dosage forms contain from 1 to 500 mg, e.g., 1, 5, 10, 25, 50,

100, 300 or 500 mg, of the compound(s).

[0059] When formulated as a tablet or pill, said tablet or pill may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action. For
instance, said tablet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. These two components may be separated
by an enteric layer that serves to resist disintegration in the stomach and permits the inner
component to pass intact into the duodenum or to be delayed in release. A variety of materials
are known in the use in such enteric layers or coatings, such materials including a number of
polymeric acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol and

cellulose acetate.

[0060] Alternatively, the pharmaceutical composition of the present invention may be
formulated as a liquid dosage form for administration orally or by injection; for example an
aqueous solution, a suitably flavoured syrup, an aqueous or oil suspension or a flavoured
emulsion with edible oils such, for example, as cottonseed oil, sesame oil, coconut o1l or peanut
oil, as well as an elixir or a similar pharmaceutical vehicle. Suitable dispersing or suspending
agents for an aqueous suspension include synthetic and natural gums, e.g., tragacanth, acacia,
alginate, dextran, sodium carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or

gelatin.

[0061] It will be appreciated that appropriate dosages of the active compounds, and
compositions comprising the active compounds, can vary from patient to patient. Determining
the optimal dosage will generally involve the balancing of the level of therapeutic benefit against‘
any risk or deleterious side effects of the treatments of the present invention. The selected
dosage level will depend on a variety of factors including, but not limited to, the activity of the
particular compound, the route of administration, the time of administration, the rate of excretion

of the compound, the duration of the treatment, other drugs, compounds, and/or materials used 1n
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combination, and the age, sex, weight, condition, general health, and prior medical history of the,
patient. The amount of compound and route of administration will ultimately be at the discretion
of the physician, although generally the dosage will be to achieve local concentrations at the site

of action which achieve the desired eftfect.

[0062] As mentioned above, the compounds of the present invention have been found to be
substantially non-cytotoxic in cells that do not express CYP1B1 enzyme. Without wishing to be
bound by theory, it is believed that compounds of the present invention are converted by
CYPI1BI1 in cells that express the same to active metabolites that are cytotoxic. Experimental
data indicates that such active cytotoxic compounds are broad-spectrum kinase inhibitors that are
generally cytotoxic in animal cells irrespective of CYP1B1 expression. It is thought that it 1s the
conversion of the compounds of the invention by CYP1B1 in cells expressing the same from
non-cytotoxic precursors to active cytotoxic compounds that renders the compounds of the
invention suitable for use as targeted anti-cancer agents for the treatment or prophylaxis of

proliferative conditions characterised by CYP1B1 expression.

-
N I

[0063] In yet another aspect of the present invention therefore there are provided the cytotoxic
compounds of the present invention, which cytotoxic compounds are the products of catalytic
activity of the CYP1B1 enzyme on the compounds of the invention. The catalytic activity of the
CYPIB! enzyme is understood to involve two different mechanisms 1) de-alkylation or 2)
hydroxylation. The present invention therefore comprehends de-alkylated or hydroxylated forms

of the compounds of the invention.

[0064] In some embodiments, the cytotoxic compounds of the present invention may be

represented by formula X:

O
R! R?
RS N~ R*
R0 Z R®
3
R11 Rl3 R R8 RG
12 7
R R (X)
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wherein:
R1-R3 are independently H or lower alkyl;
R4-R13 are independently H, OH, halo, lower alkyl or -O- lower alkyl, provided thaf -
at least one of R4-R13 is OH;

and pharmaceutically acceptable salt, solvate, amide, ester, ether, chemically protected

form or prodrug thereof.
[0065] Preferably at least two of R4 to R13 is OH.
[0066] In some embodiments R4, R7 and RS are H, and preferably R9, R12andR13 are H.

[0067] In some further preferred embodiments at least two of R4 to R8 are -O- lower alky,

and preferably at least two of RY to R13 are OH.

[0068] Alternatively, R is OH or -O- lower alkyl and R6 is OH or -O- lower alkyl, and

preferably at least two of RY to R13 are OH. Further R10 and R11 are OH and the remainder
may be H. o

[0069] In a further embodiment, when RS is OH or -O- lower alkyl and R is OH or -O-

lower alkyl, at least one of RY to R12 is -O- lower alkyl and preferably R11 is -O- lower alkyl.

[0070] In another embodiment, when RS is OH or -O- lower alkyl and R6 is OH or -O- lower
alkyl, R11 is OH and the remainder are H.

[0071] Atleast one of R4 to R8 may be OH and at least one of R? to R13 may be -O-lower

alkyl, the remainder of R4 to R13 being independently H, halo, lower alkyl or -O-lower
alkyl.

[0072] In some embodiments, two of R4 to RS may be OH, with the remainder being H, halo,
or lower alkyl, preferably H. Said two of R4 to R8 may be adjacent to one another on the ring.

One of R? to R13 may be -.0-R18 R18 being H, OH, lower alkyl as described above, the
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remainder being independently H, halo or lower alkyl. In such case, one of R10 to R12 may be -

O-R18 preferably R11; and said remainder of R? to R13 may be H.

[0073]  Alternatively, at least one of RY to R13 may be OH and at least one of R4 to RS may

be -O-lower alkyl, the remainder of R4 to R] 3 being independently be H, halo, lower alkyl or -
O-lower alkyl. |

[0074] In some embodiments, two of R? to R13 may be OH, with the remainder being H,
halo, or lower alkyl, preferably H. Said two of R? to R13 may be adjacent to one another on the
ring. Thus, R?, R12 and R13 may independently be H, halo or lower alkyl, and R10 and R1]
may both be OH. Suitably, R9, R12 agnd R13 may be H. Further, one or two of R4, RO, R6, R7
and R8 may be -O-lower alkyl. Thus, in some embodiments R4 and R% or RJ and RO may be -
O-R19, R19 being lower alkyl as described above, and the remainder may be independently H,

halo or lower alkyl.

[0075] In some preferred embodiments, RS and R may be .0-R19, R4, R7 and RS being "
independently H, halo or lower alkyl; RY, R12 and R13 may independently be H, halo or lower
alkyl, and R10 and R11 may both be OH. N

(0076] Alternatively, RO may be -0-R19 and the remainder of R4, RS, R7 and RS may be

independently H, halo or lower alkyl.

[0077] The remainder of R4 to RS maybe H.

[0078] By way of example, a cytotoxic compounds according to the invention may be

represented by formulae XI, XII, XIIT and XIV:
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NH

/ OMe

HO OH (XIIIb),

NH

/ OH

CsH,0 OMe (lea)’

or

NH

/ OMe

C3H,0 OH (XIVDb)
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