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CHROMAN DERIVATIVES, MEDICAMENTS Ai\D USE IN TIIERAPY

Field of the Invention

The present invention relates to certain novel chroman derivatives, compositions

containing same, methods for their preparation and uses thereof as therapeutio agents

particularly as anti-cancer and chemotherapeutic selective agents.

Background of the Invention

Over 700 different naturally occurring isoflavones are known some of which have

biological properties with potential therapeutic benefit.10

US 5,726,202 geneiaally discloses certain isoflavan compounds,pafücularly 3,4-

diarylchroman and centchroman for the treatment of benignprostatic hypert¡ophy.

15 WO 07/17986 also discloses certain isoflavan compounds.

PCT/AU200s t001436

Summary of the Invention

Surprisingly, the present inventors have found a novel group of compounds of the general

formula (I) whioh exhibit important therapeutic activities including shong anti-canoer

activity, chemotherapeutic selectivity and radiosensitisation of cancers.

Thus according to an aspect of the present invention there is provided a compound of the

general fonnula (I):

25 wherein

Rro

R5f\
\-)

I
Ra

SUBSTTTUTE SHEET (RULE 26) RO/AU

G)

WO 2006/032086PCTIA112005/001436 - I - CHROMAN DERIVATIVES, MEDICAMENTS
AND USE IN THERAPY Field of the Invention The present invention relates to certain novel
chroman derivatives, compositions containing same, methods for their preparation and uses
thereof as therapeutic agents paiticularly as anti-cancer and chemotherapetuic selective
agents. Background of the Invention     Over 700 different naturally occurring isoilavones are
klown some of which have 10 biological properties with potential therapeutic benefit. US
5,726,202 generically discloses certain isoflavan compounds, particularly 3,4- diarylchroman
and ceritchroman for the treatment of benign prostatic hyperctophy. 15 WO 01/17986 also
discloses certain isoflavart compounds. Summary of the Invention Suiprisingly, the present
inventors have found a novel group of compounds of the general fammla (D which exhibit
important therapeutic activities including strong anti-cancer 20 activity, chemotherapeutic
selectivity and radiosensitisation of cancers. Thus according to an aspect of the present
invention there is provided a compound of the general formula (I):  R4 25 wherein
SUBSTITUTE SHEET (RULE 26) ROAU  WO 2006/032086PCTIAU 2005/001436 
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Rr is hydrogen, alkyl, cycloalkyl or C(O)R7,

Rz and R3 are independently hydrogen, hydroxy, alkoxy, alþI, cyoloalkyl, halo or

OC(O)R?, with the exception that Rz and Rg are not both hydrogen,

R.4, Rs and fu are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,

amino, Cr.¿-alkylamino or di(C¡.a-alþl)amino, OC(O)Rz or ORs,

Rz is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino, and

Rs isaryl.such as phenyl or arylalkyl such as benzyl, and

Rs is hydrogen hydroxy, alþI, alkoxy, cycloalkyl or halo,

or a pharmaceutically acceptable salt or derivative thereof.

In a preferred embodiment of the present invention Rg is hydrogen. Accordingly, in

another aspect of the invention there is provided a oompound of the formula (I-a)l

t0
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Rro

15 wherein

Rr is hydrogen, alkyl, cycloalkyl or C(O)R7,

Rz and Rs are independently hydrogen, hydroxy, alkoxy, halo or OC(O)R7, with the

exception that Rz and Rs are not both hydrogen,

R4, Rs and Rr are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,

OC(O)R7, amino, and

Rz is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino.

20

According to another aspeot of the present invention there is provided a process for the

25 preparation of a compound of formula ([) comprising the step of reacting the keto group of

a compound of the formula (II):

(I-a)

RIis hydrogen, alkyl, eycloalkyl or C(0)R7, R2and R3 are independently hydrogen, hydroxy,
alkoxy, alkyl, cycloalkyi, halo or OC(0)R7, with the exception that R2 and R3 are not both
hydrogen, 1{4,Rs and 1{6 are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,
amino, Ci.4-alkylamino or di(C1.4-a1kyl)amino, OC(0)R7 or OR, 1{7is hydrogen, alkyl,
cycloalkyl, aryl, atylalkyl or amino, and Ris aryl such as phenyl or arylalkyl such as benzyl,
and R9is hydrogen hydroxy, alkyl, alkoxy, cycloalkyl or halo, or a pharmaceutically acceptable
salt or derivative thereof 10 In a preferred embodiment of the present invention R[err] is
hydrogen. Accordingly, in another aspect of the invention there is provided a compound of the
formula (I-a):  15 wherein RIis hydrogen, alkyl, cycloalkyl or C(0)R7, R2and R3 are
independendy hydrogen, hydroxy, alkoxy, halo or OC(0)[err], with the exception that R2 and
[err] are not both hydrogen, [err] are independently hydrogen, hydmxy, aikoxy, alkyl,
cycloalkyl, acyl, 20OC(0)R7, amino, and [err]is hydrogen, alkyl, cycloalkyl, aryl, arylalkyi or
amino. According to another aspect of the present invention there is provided a process for
the 
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Rro

or the analogue thereof including a-substituentwhich corresponds to Re in.compounds of

formula (I)

wherein

Rl, is alkyl or a protecting group such as Si(Rlo)¡,

Rz and R3 are independently hydrogen, alkoxy or OSi(Rro)3, \^'ith the exception that Rz

and R3 are not both hydrogen, and

Rlo is independently alkyl or aryl,

with a¡ arylating agent W'Nrf,

wherein

W' is an optionally substituted aryl radical, and

M+ is one or more counter ions, preferably [MgBr]+,

to form the intermediate tertiary alcohol of formula (III):

-3-
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fRe

l5

(ID

or protected derivative thereof or a salt thereof (or an analogue thereof including a

20 substituent which corresponds to Re in oompounds of formula (I)) and which is deþdrated

to form a compound of formula (IV):

Rro

(il)

25 preparation of a compound of formula (1) comprising the step of reacting the keto group of
a compound of the formula (11):       or the analogue thereof including a-subsutuen which
corresponds to R9 in-compounds of S formula (I) wheitin RI,is alkyl or a protecting group such
as Si(R R2and Rs are independently hydrogen, alkoxy or OSi(Ri oh, with the exception that R,
and R3 are not both hydrogen, and 10 Riois independently alkyl or aryl, with an arylating
agent WM+, 'wherein Wis an optionally substituted aryl radical, and Mtis one or more counter
ions, preferably [MgBil+, 15 to form the intermediate tertiary alcohol of formula (II):    or
protected derivative thereof Or a salt thereof (or an analogue thereof including a 20
substituerit which corresponds to R9 in compounds of formula (I)) and which is dehydrated to
form a compound of formula (1V):  
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(or an analogue thereof including a substituent which conesponds to Re in compounds of

formula (I) the double bond of which is subsequently reduced, for example, by

hydrogenation and optionally deprotected to fonn a compound of formula (I).

5

Aocording to another aspeot of the present invention there is provided a compound of the

general formula (III), composítions containing same and uses thereof.

In another aspect, there is provided a compound of the general formula (IV), compositions

l0 containing same and uses thereof.

Thus, according to another aspect of the present invention there is provided the use of a

compound of formula (I) in therapy, particularly chemotherapy and/or as a radiosensitising

or chemosensitising agent.

t5
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(ry)

According to another aspect of the present invention there is provided a method for the

treatment, prevention or amelioratíon of a disease or disorder, which comprises

administering to a subject one or more compounds of the formula (I) or a pharmaceutically

acceptable salt or derivative thereof optionally in association with a carrier and/or

excipient.

According to another aspect of the present invention there is provided the use of one or

more compounds of formula (I) or a pharmaceutically acceptable salt or derivative thereof

in the manufacture of a medicament for the teatment of a disease or disorder.

According to another aspect of the present invention there is provided an agent for the

treatment, prophylaxis or amelioration of a disease or disorder which agent comprises one

or mote compounds of formula (I) or a pharmaceutically acceptable salt or derivative

thereof.

WO 2006/032086PCT/AU2005/001436 - 4 - (IV) W[err] (or an analogue thereof including a
substituent which corresponds to R9 in compounds of formula (I)) the double bond of which is
subsequently reduced, for example, by hydrogenation and optionally deprotectecl to form a
compound of formula (I). 5 According to another aspect of the present invention there is
provided a compound of the general formula WO, compositions containing same and uses
thereof.     In another aspect, there is provided a compound of the general formula (IV),
compositions 10 containing same and uses thereof. Thus, according to another aspect of the
present invention there is provided the use of a compound of formula (1) in therapy,
particularly chemotherapy and/or as a radiosensitising or cheinosensitising agent. 15
According to another aspect of the present invention there is provided a method for the
treatment, prevention or amelioration of a disease or disorder, which comprises administering
to a subject one or more compounds of the formula (1) or a pharmaceutically acceptable salt
or derivative thereof optionally in association with a carder and/or 20 excitant. According to
another aspect of the present invention there is provided the use of one or more compounds
of formula (I) or a pharmaceutically acceptable salt or derivative thereof in the manufacture of
a medicament for the treatment of a disease or disorder. 25 According to another aspect of
the present invention there is provided an agent for the treatment, prophylaxis or amelioration
of a disease or disorder which agent comprises one or more compounds of formula (1) or a
phamiacentically acceptable salt or derivative thereof.  WO 2006/032086PC12AU2005100
{436 According to another aspect of the present invention there is provided a pharmaceutical
composition which comprises one or more compounds of formula (1) or a pharmaceutically
acceptable salt, or derivative thereof in association with one or more pharmaceutical 5
carriers, excipients, auxiliaries and/or diluents. 
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According to another aspect of the present invention there is provided a pharmaceutical

composition which comprises one or more compounds of formula (I) or a pharmaceutically

acceptable salt or derivative thereof in association with one or more pharmaceutical

carriers, excipients, auxiliaries and/or diluents.

According to another asp.ecl of th-e prgsEnt invention there is provided a drink or food-stuff,

which contains one or more compounds of formula (I) or a pharmaceutically acceptable

salt or derivative thereof.

These and other aspects of the invention will become evident from the description and

claims which follow, together with the accompanying drawings.

Brief Description of the X'igures

Fig. I represents a comparison of dehydroequol (DIIE graph A)' 3-(4-hydroxyphenyl)-4-

(4-methox¡ryhenyl)chroman-7-ol (IIMC compound 1 according to the invention $aph B)

and cisplatin (graph C) toxioity in neonatal foreskin fibroblasts'

Fig.2 represents HMC effrcacy in melanoma cells in comparison with cisplatin.

Fig. 3 represents a pharmacokinetic profile of free and total forms of HMC (A) and DHE

@) after p.o (pori oral) administration to BALB/o mice (50 mg/kg).

Fig. 4 represents a comparison of the pharmacokinetic profile the HMC concentration in

senrm after i.v (intravenously) and i.p (intraperitoneally) administration of HMC

formulated in}}Yohydroxypropyl-beta-cyclodextrin at a dose of 50 mglkg'

Fig. 5 represents comparative mean fumour volume data taken from nude mioe bearing

HPAC pancreatic cancer tumours treated with either i,p dosed 2}%HPBCD (vehicle

control, qdxl5) or HMC (100 mg/kg, qdxl5). Data represented as mean * SEM*,

student's T-test,p < 0.01.

10
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30

According to another aspectofthe present invention there is provided a drink or food-stuff,
which contains one or more compounds of formula (1) or a pharmaceutically acceptable salt
or derivative thereof. 10 These and other aspects of the invention will become evident from
the description and claims which follow, together with the accompanying drawings. Brief
Description of the Figures 15 Fig. 1 represents a comparison of dehydroequol (DHE graph A),
3-(44iydroxypheny0-4- (4-methoxypheny1)chromain-7-ol (14MC compound 1 according to the
invention graph B) and cisplatin (graph C) toxicity in neonatal foreskin fibroblasts. Fig, 2
represents 1Th4C efficacy in melanoma cells in comparison with cisplatin. Fig, 3 represents a
phammeokinetic profile of free and total forms of HIVIC (A) and DHE (B) after pm (pod oral)
administration to BALI3/c mice (50 ing/kg),   Fig. 4 represents a comparison of the
phannacokinetic profile the HMC concentration in 25 serum after iN (intravenously) and LI)
(intraperitoneally) administration of HN1C Ruminated in 20% hydroxypropyl-beta-cyclodextrin
at a dose of 50 mg/kg. Fig, 5 represents comparative mean tumour volume data taken from
made mice bearing HPAC pancreatic cancer tumours treated with either i.p dosed 20%
HPBCD (vehicle 30 control, qdx15) or IIMC (100 mg/kg, qdx15), Data represented as mean
SEW, student's T-test, p <0.01.  WO 2006/032086PCT/M1200/001436 Fig. 6 represents
comparative mean terminal tumour mass data taken from nude mice bearing HPAC
pancreatic cancer tumours treated with either i.p dosed 20% HPBCD (vehicle control, qdx15)
or HMG (100 nigictr, qdx15). Data represented as mean  SEM* studefit's T-test,p <0,01. Fig. 7
represents comparative mean terminal tumour mass data taken from nude mice
bearing-H-PAC pancreatic-cancer tumours treated with eitherlp dosed 20% HPBCD (vehicle
control, qdx15) or HMC (100 mg/kg, qc1x15). Data represented as mean  SEM*, student's
T-test, p <001. Fig. 8 represents a summary of apoptosis incidence in DHE and IIMC treated
melanoma cells over a 24 and a hour period.   Fig. 9 represents selective initiation of
programmed cell death in HMC and DHE treated 15 malignant melanoma cells (Mel-P,M and
Me4405). The same concentration of DriE and MAC and exposure times do not induce
apoptosis in normal fibroblasts (MRC-5). Fig, 10 represents a 3D analysis of HMC-eisplatin
synergy eytotoxicity data in the MM200 melanoma cell line, Hiv1C-eisplatin combinations
were assessed using a 54ay 20 combination protocol (Fig 10 A), or a 24 hr HMC->
anti-cancer sequence (Fig 10 El), For each combination experiment HMC was assessed at
10, 5, 2 and 1 tIM. See Table 8 for raw data.     Fig. 11 represents the percentage inhibition of
TNFotin rnurine macrophanes by 25 compounds 6 and? of the invention. 
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Fig, 6 represents comparative mean terminal tumour mass data taken from nude mioe

bearing H"AC pancreatic cancer tumours treated with either i.p dosed 20% HPBCD

(vehicle control, qdxl5) or HMC (100 mglkg, qdx15). Data represented as mean t SEM*,

student's T-test,p < 0.01.

Fig,7 represents comparative mean terminal tumour mass data taken from nude mice

bearing HPAC pancreatio-cancer tumours treated with either i,p dosed 20% HBCD

(vehicle control, qdx I 5) or HMC (100 mglkg, qdx 1 5). Data represented as mean t SEM*,

student's T-test,p < 0.01.

Fig. I represents a summary of apoptosis inoidence in DHE and HMC treated melanoma

cells over a24 and48 hour period.

Fig. 9 represents selective initiation of prograrnmed cell death in HMC and DHE treated

malignant melanoma cells (Mel-RM and Me4405). The same concentration of DHE and

HMC and exposure times do not induce apoptosis in normal fibroblasts (MRC-S).

Fig. 10 represents a 3D analysis of HMC-cisplatin synergy cytotoxicity data in the MM200

melanoma cell line, HMC-cisplatin combinations were assessed using aS-day

combination protocol (Fig 10 A), or a24lu HMC+ anti-cancer sequence (Fig 10 B). For

each oombination experiment HMC \ryas assessed at 10, 5,2 and I pM. See Table 8 for raw

da1a.

10
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20

F'ig. U represents the percentage inhibition of TNFo¿ in murine macrophages by

25 compounds 6 andT of the invention.

F'ig. 12 represents the rH n.m.r. spectrum of 3-(4-hydroxyphenyl) -4-(4-

hydroxyphenyl)chroman-7-ol.

Fig, 12 represents the /II n,Til.F. spectrum of 3-14-hydroxypheny1)-4-(4-
hydroxyphenypchroman-7-ol.  WO 2006/032086PCT/A132005/001436 Detailed Description of
the Invention The present inventors have found that a class of leoflavart derivatives of the
general formula (I) show surprising and unexpected biological and pharmaceutical properties.
The compounds of formula (I) of the invention are believed to have favourable toxicity profiles
with nomml cells and good bacavailability. Surprisingly the compounds of the inverdiortexhibit
anticancer activity, significantlybetter than or at least comparable to known cancer treatments.
10 The compounds of formula (I) are cytostatic and cytotoxic against a broad range of cancer
cells of human and animal origin. By cancer cells, it is meant cells that display malignant
characteristics and which are distinguished from non-cancer cells by unregulated growth and
behaviour which usually ultimately is life-threatening unless successfailly treated, 15 The
cancer cells that have been found to be responsive to compounds of formula (I) are of
epithelial origin (for example, prostate, ovarian, cervical, breast, nall-bladder, pancreatic,
colorectal, renal, and non-small lung cancer cells), of mesenchymal origin (for example,
melanoma, mesothelioma and sarcoma cancer cells), and of neural origin (for example
glioana cancer cells), It is highly unusual and surprising to find a related group of 20
compounds that display such potent cytotoxicity against cancer cells, but with low toxicity
against non-cancer cells such as keratinocytes derived from human foreskin. Such cancer cell
selectivity is highly unusual and unexpected. Advantageously the compounds of formula (I)
show cytotoxicity against cancer cells that 25 are well recognised for being poorly sensitive to
standard anti-cancer drugs. It as highly unusual and unexpected to find such potent activity
against cancers, for example, cholangiocarcinoma, pancreatic adenocarcinotna and
melanoma, Advantageously the compounds of formula (I) also unexpectedly display an ability
to 30 radio-sensitise cancer cells, by which it is meant that these compounds either lower the
amount of gamma-irradiation that is required to kill the cells, or they convert cancer cells from
a state of radio-resistance to a radio-semi-6-w- state.  WO 200610320S6PCIMU2005/001436
Additionally the compounds of formula (r) are thought to possess diem-sensitising activity, that
is they increase the cytoioxicity of chemotherapeutic agents, especially to cancer cells, and/or
convert cancerous cells from a state of chemo-resistance to a hems-sensitive state,
Compounds of the invention may also provide chemo andlor radio-protective properties for
non-cancerous cells. This has significant therapeutic implications because the traumatic
side-elects of chemotherapy and radiotherapy are caused by the toxicity of the traditional 
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Detailed Description of the Invention

The present inventors have found that a class ofisoflavan derivatives ofthe general

formula (I) show surprising and unexpeoted biological and pharmaceutical properties.

The compounds of formula (I) of the invention are believed to have favourable toxicity

profiles with normal oells and good bïoavailability. Swprisingly the compounds of the

invention exhibit anti.cancer activity, significantly befier than or at least comparable to

known cancer treatments.

The compounds of formula (I) are cytostatic and cytotoxic against a broad range of cancer

cells of human and animal origin. By cancer cells, it is meant cells that display malignant

characteristics and which are distinguished from non-cancer cells by unregulated growth

and behaviour which usually ultimately is life-threatening unless successfully treated.

The cancer cells that have been found to be responsive to compounds of formula (I) are of

epithelial origin (for example, prostate, ovarian, cervioal, breast, gall-bladder, pancreatio,

colorect¿I, renal, and non-small lung cancer cells), of mesenchymal origin (for example,

melanoma, mesothelioma and sarcoma cancer cells), and of neural origin (for example

glioma cancer cells). It is highly unusual and surprising to find a related group of

compounds that display suoh potent cytotoxicity against cancer cells, but with low toxicity

against non-cancer oells such as keratinocytes derived from human foreskin. Suoh cancer

cell selectivity is highly unusual and unexpected.

Advantageously the compounds of formula (I) show cytotoxicity against cancer cells that

are well recognised for being poorly sènsitive to standard anti-cancer drugs. It is highly

unusual and unexpected to find such potent activity against cancers, for example,

cholangiocarcinoma, pancreatic adenocarcinoma and melanoma.

Advantageously the compounds of formula (I) also unexpectedly display an abilþ to

radio-sensitise cancer cells, by which it is meant that these compounds either lower the

amount of gamma-inadiation that is required to kill the cells, or they convert oancer cells

from a state of radio-resistance to a radio-sensitive state.

l0
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10 treatments to non-cancerous cells. The properties described above offer significant clinical
advantages.   The radio and/or ellen-to-protective properties of the compounds of the
invention may be i5 employed to protect healthly individuals from the effects of radiation
and/or chemical toxins, or lessen the effects of the same. Thus, the invention also provides
the use of compounds of fotula (1) to treat patients with cancer by either reducing the rate of
growth of such tumours or by reducing the size of 20 such tumours through therapy with said
compounds alone, and/or in combination with each other, and/or in combination with other
anti-cancer agents, andior in combination with radiotherapy. The use of compounds of the
present invention either alone or in combination therapy as 25 described above may reduce
the adverse side-effects often experienced by patients when treated with standard anti-cancer
treatments. The use of compounds of the invention may mean that lower doses can be
employed in such therapy which represents an important advance for cancer sufferers. 30
Preferably R3 in compounds of formula (I) is hi he 3-pcsition, In another aspect of the
invention RR is C1.4-alky1, such as methyl.  WO 20061032086PCT/AU200.3/001436
Preferably in compounds of formula (Pa): Riis hydrogen, C14-alkyl or C(0)117, R2and 1.?"3
are independently hydrogen, hydroxy, C14-alkoxy, halo or CPA?, 5provided that R2 and 1(3
are not both hydrogen, R4,1(5 and R.6 arc independently hydrogen, hydroxy, alkoxy, alkyl,
cycloalkyi, acyl, MOM?, and R?is Calkyl, phenyl or benzyl, 
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Additionally the compounds of formula (I) are thought to possess chemo-sensitising

activity, that is they increase the cytotoxicity of chemotherapeutic agents, especially to

cancer cells, and/or convert oancerous cells from a state of chemo-resistanoe to a ohemo-

sensitive state.

Compognds of the invention may also p¡ovide chemo and/or radio-protective properties for

non-cancerous cells. This has significant therapeutic implications because the traumatic

side-effects of ohemotherapy and radiotherapy are caused by the toxicity of the haditional

treatments to non-cancerous cells,10

-8-

The properties described above offer signifioant olinical advantages.

The radio and/or chemo-protective properties of the compounds of the invention may be

employed to protect healthly individuals from the eflects of radiation and/or chemical

toxins, or lessen the effects of the same.

Thus, the invention also provides the use of compounds of formula (I) to treat patients with

cancer by either reducing the rate of growth of such tumours or by reducing the size of

suoh tumours tfuough therapy with said compounds alone, and/or in combination with eaoh

other, and/or in combination with other anti-cancer agents, and/or in combination with

radiotherapy,

The use of compounds of the present invention either alone or in combination therapy as

described above may reduce the adverse side-effects often experienced by patients when

treated with standard anti-cancer treatments. The use of oompounds of the invention may

mean that lower doses can be employed in such therapy which represents an important

advance for cancer sufferers.

PCT/4U20051001436
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30 Preferably R3 in compounds of formula (I) is in the 3-position'

In another aspect of the invention Rq is Cl-¿-alkyl, such as methyl.

or a pharmaceutically acceptable salt or derivative thereof, More preferably in compounds of
formula (I-a): is hydrogen, methyl, ethyl, propyl, isopropyl or acetyl, R2and R3 are
independently hydrogen, hydroxy, rnethoxy, ethoxy, propoxy, iscpropoxy, bran, ohloro, fluoro
or acetyloxy, with the exception that R, and 1(3 are not both hydrogen, 1(4is hydrogen,
hydroxy, metboxy, ethoxy, propoxy, isopropoxy or acetyloxy, and R5and 1(4 are
independently hydrogen, hydroxy, methoxy, etboxy, .propoxy, isopropoxy, acetyl, or
acetyloxy, or a pharmaceutically acceptable salt or derivative thereof 20 Particular preferred
compounds of formula (I-a) have the following substiments where: Ris hydrogen, methyl or
acetyl, R.2and R3 are independently hydrogen, hydroxy, metboxy, bionic oracetyloxy, with the
exception that It3 and 1(3 are not both hydrogen, 25 R4and 1(6 are independently hydrogen,
hydroxy, methoxy or acetyloxy, and R5is hydrogen, or a pharmaceutically acceptable salt or
derivative thereof. The invention also extends to compounds of fo(I-b):  WO
20061032086PCTIALI2005/001436 
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Preferably in oompounds of formula (I-a):

Rr is hydrogen, Cr¿-alkyl or C(O)R7,

Rz and R3 are independently hydrogen, hydroxy, Cr-a-alkoxy, halo or OC(O)Rz,

provided that Rz and R3 are not both hydrogen,

R4, Rs and R¡ are independently hydrogen, hydroxy, alkoxy, alkyl, oycloalkyl, acyl,

OC(O)Rz, and

R7 is C¡a-alkyl, phenyl or benzyl,

or a pharmaceutically acceptable salt or derivative thereof.

More preferably in compounds of formula (I-a):

R¡ is hydrogen, metþI, ethyl, propyl, isopropyl or acetyl,

Rz and R3 are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,

isopropoxy, bromo, chloro, fluoro or acetyloxy, with the exception that R2 and R3

are not both hydrogen,

R4 is hydrogen, hydroxy, methoxy, ethoxy, propoxy, isopropoxy or acetyloxy, and

R5 and Ró are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,

isopropoxy, acetyl, or acetyloxy,

or a pharmaceutically acceptable salt or derivative thereof.

Particular preferred compounds of formula (I-a) have the following substituents where:

R¡ is hydrogen, methyl or acetyl,

R2 and R3 are independently hydrogen, hydroxy, methoxy, bromo or.acetyloxy, f ith
the exception that R2 and R¡ are not both hydrogen,

R4 and Re are independently hydrogen, hydroxy, methoxy or acetyloxy, and

& ishydrogen,

or a pharmaceutically acceptable salt or derivative thereof.

The invention also extends to compounds of formula (I-b):

r0

-9-
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- 10 -  wherein: represents hydrogen or CI.6-a1kyl, more preferably hydrogen or methyl,
especially hydrogen. R2represents hydrogen, hydroxy or C-alkoxy such as inethoxy, ethoxy,
propoxy, more preferably hydroxy or inethoxy, especially hydroxy, R3represents hydrogen,
hydroxy, C .6-alkoxy such as methoxy, ethoxy, propoxy, more preferably hydrogen or
methoxy, especially hydrogen, with the proviso that R2 and R3 do not both represent
hydrogen, 10 R.,4represents hydrogen, hydroxy, C.1.6-alkoxy such as rnethoxy, etlioxy,
propoxy, Ci..6- alkyl such as methyl, ethyl, propyl, isopropyl, especially hydrogen, hydroxy,
methoxy or methyl particularly methoxy or hydroxy; represents hydrogen, C1:6-alkoxy,
C3.6-alky1, especially hydrogen, methoxy, hydroxy, particularly hydrogen, )5. or a
pharmaceutically acceptable salt or derivative thereof Preferred compounds of the invention
include those of the general fomnala  WO 2004'032086PCT/A132005/001436 is hydrogen or
CI-Ca' aikyl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secbutyl, tertiary butyl,
R2is hydroxy or Q.6-alkoxy such as methoxy, etlioxy, propoxy, isopropoxy, butoxy, isobutoxy,
secbutoxy, tertiary butoxy, and 
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Ra

wherein:

Rr tepresents hydrogen or C1.6-alkyl, mote preferably hydrogen or methyl, especially

hydrogen.

R¿ represents hydrogen, hydroxy or cl-o-alkoxy such as methoxy, ethoxy, propoxy'

more preferably hydroxy or methoxy, especially hydroxy'

R3 represents hydrogen, hydroxy, C¡-5-alkoxy such as methoxy, ethoxy, propoxy' more

preferably hydrogen or methoxy, especially hydrogen,

with the proviso that Rz and Rg do not both represent hydrogen,

R4 represents hydrogen, hydroxy, c1-6-alkoxy such as methoxy, ethoxy, propoxy, c¡-6-

alkyl suoh as methyl, ethyl, propyl, isopropyl, especially hydrogen, hydroxy,

methoxy or methyl particularly methoxy or hydroxy,

R5 represents hydrogen, Cr-e-alkoxy, Cl-o-alkyl, especially hydrogen, methoxy,

hydroxy, partioularlY hYdro gen,

or a pharmaceutically acceptable salt or derivative thereof.

Preferred compounds of the invention include those of the general formula (I-c):

-10-
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l0

Rg

R2

(r-b)

Rro

20 wherein:

ír
ii o

Ra

R2

(I-c)

5 R.is hydroxy or C.!.6-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, secbutoxy, tertiary butoxy or a_phamiacenticalty acceptale_salt Pr a derivative
thereof     More preferably in compounds of formula (1-c) R1 is hydrogen or methyl, especially
10 hydrogen, More preferably in compounds of formula (I-c) R2 is hydroxy or methexy,
especially hydmxy. 15 More preferably in compounds of formula (I-c) RI is hydroxy or
methoxy, especially methoxy. In an alternative aspect the invention provides compounds of
formula (Id): 20.   wherein: RIis hydrogen, alkyl, cycloalkyl or C(0)R2, and R3is hydroxy,
alkoxy, alkyl, cycloalkyl, halo or OC(0)R7, with the exception that R2 and R3 are not both
hydrogen, 25 R4is hydrogen, hydroxy, aikoxy, aikyl, cycloalkyl, acyl, amine, Ci.4-alltylamino or
tii(e_.4-a1ky1)arnino or OC(0)R7, and  WO 2006/032086PCVAL120051001136 R7is
hydrogen, alkyl, cycloalkyl, aryl, al ylalkyl or amino. In a further alternative aspect the
invention provides compounds of formula (1-e); 
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Rr is hydrogen or Cl-Ce alþl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

secbutyl, tertiary butyl,

Rz is hydroxy or Cr-e-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy, secbutoxy, tertiary butoxy, and

R4 is hydroxy or Cl-e-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy, secbutoxy, tertiary butoxy

or.apharmaoeutically accsptable sall pr a derivative thereof.

More preferably in compounds of formula (I-c) Rr is hydrogen or methyl, especially

10 hydrogen.

More preferably in oompounds of formula (I-o) Rz is hydroxy or methoxy, especially

hydroxy.

l5 More preferably in compounds of formula (I-c) & is hydroxy or methoxy, especially

methoxy.

In an altemative aspect the invention provides compounds of formula (I-d):

PCT/4U2005 t00t436

Rro

Ra

wherein:

Rr is hydrogen, alkyl, cycloalþl or C(O)R7, and

R¡ is hydroxy, alkoxy, alþl, cycloalþI, halo or OC(O)&, with the exception that Rz

and R¡ are not both hydrogen,

& is hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl, amino, Cr¿-allcylamino or

di(C¡a-alkyl)amino or OC(O)R7, and

1r

1r
r)

R3 (r-d)

wherein is hydrogen, alkyl, cycloalkyl or C(0)R7, ard R2and R3 are independently hydrogen,
hydroxy, alk.oxy, allryl, cycloalicy/, h&c or OC(0)R.7, with the exception that R2 and R3 are
not both hydrogen, Preferably in compounds of formula (I-e) Ri represents hydrogen or
methyl, especially hydrogen. Preferably in compounds of foi(!-.12) R2 represents hydroxy or
Ci-C,; alkoxy such as methoxy. In compounds of formula (he) preferably R3 represents
hydrogen, hydroxy or methoxy, especially hydrogen. 20 In a farther alternative aspect the
vention provides compounds of formula (I-I):  WO 20061032086PCT/AU20051001436 - 13 -
wherein R.,is hydrogen, alkyl, eycloalkyl or CP)R7, and 
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Rr is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino.

In a frirther altemative aspect the invention provides compounds of formula (I-e):

wherein

Rr is hydrogen, alkyl, cycloalkyl or C(O)R7, and

Rz and R¡ are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, halo or

OC(O)R7, with the exception that Rz and R¡ are not both hydrogen,

10

Preferably in compounds of formula (I-e) R¡ represents hydrogen or methyl, especially

hydrogen,

PCT/4U2005/001436

Preferably in compounds of formula (I-e) R2 represents hydroxy or C¡-C6 alkoxy such as

15 methoxy.

In compounds of formula (I-e) preferably R3 represents hydrogen, hydroxy or methoxy,

especially hydrogen.

20 In a further alternative aspect the invention provides compounds of formula (I-f):

(I-e)

R3is hydroxy, alkoxy, alkyl, cycloalkyl, halo or OC(0)R7 ,with the exception that R, and R3 are
not both hydrogen, R4is hydrogen, hydroxy, alkoxy, alk:y1, eyeloalkyl, aeMe, CIA-alkylamino
or di(C3.4-a1kypaminci, OC(0)R7 or ORs, and is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or
amino, and is aryl such as phenyl or arylalkyl such as benzyl. Preferably in compounds of
formula (14) R.3 represents hydrogen or methyl, especially hydrogen.     Preferably in
compounds of formula (1-1) R2 represents hydroxy or Cwralkoxy such as 15 metlioxy,
especially hydroxy. Preferably in compounds of fotila (I-t) R3 represents hydrogen or
Cii6-alkoxy such as methoxy, especially hydrogen. 20 Preferably in compounds of fautmlais in
the 3-position. Preferably in compounds of formula (Id) Rya represents amino,
C1"4-alkylamino or di(C1.4- alky)amino, especially amino. 25 Especially preferred compounds
of loom-ilia (I) include: 3-(4-hydroxypheny1)-444-mothoxyplienyl)eliraman-7-oiCpd, 1);
3-(4-hydroxypheny1)-4-phonylchromari-7-cil (Cpd, 2);  - 14 -
3-(4-hydroxypheny1)-4-(3-methoxyphenyi)cdtromart-7-01 (Cpd. 3);
3(3,4-dirnethoxypheny1)-4-(4-methoxyphenyl)throman-7-o1 (Cpd. 4);
3-(4-hydroxypherty1)-4-(4-unethylphenypehroman-7-61 (Cpd. 5);
3-(4-methoxypheny1)-4-(4-rnedioxyphonyi)-7-methoxychroman (Cpd. 6); 5
3-(4-hydroxypheny1)-4-(2,6-dimethoxy-4-hydroxyphertyl)chroman-7-61(Cpd. 7);
3-(44ydroxypheny1)-4-(2-hydroxypheny1)chroma.31-7-01 (Cpd. 8);
3-(4-hydroupheny1)-4-(3-acyl-2-hydzoxy-4-metfrxyphenyl)cfroman-7-61(Cpd. 9);
3-(34iydroxypheny1)-4-(3-Enethoxyphenyl)chroman-7-ol (Cpd. 10);
3-0-hydroxyp1eny1)-4-(44hydroxyphenyl)chroman-7-o1 (1111C; Cpd, ); 10
3-(4-broznopheny1)-4-(4-3nethexyphenypoliroman-7-01(Cpd, 12);
3-(4-hydroxypheny1)-4-(3-metboxypilenyl)chrornan-7-61(Cpd, 13);
3-(4-hydroxyplieny1)-4-(3-arninophertypehroman-7-61(Cpd, 14);
3-(4-hydfoxypheny1)-4-(4-phenoxyphenypehroman-7-e1 (Cpd 15);
3-(3,4-dimethoxypheny1)-4-(4-methoxyphenyi)-8-rnethylehrornan-7-61 (Cpd 16). 15 
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wherein

R¡ is hydrogen, alkyl, cycloalkyl or C(O)þ, and

R¡ is hydroxy, alkoxy, alkyl, cycloalkyl, halo or OC(O)Rz, with the exception that R2

and R3 are not both hydrogen,

R4 is hydrogen, hydroxy, alkox¡ alkyl, cycloalkyl, acyl, amino, C¡-a-alkylamino or

di(Cra-alkyl)amino, OC(O)R7 or ORs, and

R? is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino, and

Rs is aryl such as phenyl or arylalkyl such as benzyl.

-13-
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Preferably in compounds of formula (I-Ð Rl represents hydrogen or methyl, especially

hydrogen.

Preferably in compounds of formula (I-f R2 represents hydroxy or Cl¡-alkoxy such as

15 methoxy, espeoially hydroxy.

Preferably in compounds of formula (I-Ð R3 represents hydrogen or Ct-o-alkoxy such as

methoxy, especially hydrogen.

20 Preferably in compounds of formula (I-Ð Rs is in the 3-position.

Preferably in compounds of formula (I-Ð Rau represents amino, Cr-o-alkylamino or di(Cr4-

alkyl)amino, especially amino.

(r-Ð

25 Especially prefened compounds of formula (I) inolude:

3 -(4-hydroxypbenyl)-4-(4-methoxyphenyl)chrom an-7 -ol (HMC; Cpd. 1);

3 -(4-hydroxyphenyl)-4-phenylchrom an-7 -ol (Cpd. 2);

OMe 20    WO 2006/032086PCT/A U2005/001436 - 16 -    or a pharmaceutically acceptable
salt thereof The compounds of formula ( according to the invention include two chiral centres.
The present invention includes all the eria.ntioniers and diastereoisomers as well as mixtures
thereof in any proportions. The invention also extends to isolated enantiomers or pairs of
enantiomers. Methods of separating enantiomers and diastereoisorners are well known to
person skilled in the art. It will X clear to persons skilled in the art that the in compounds of
formula (I) the aryl substituents on the heterocyclic ring can be cis or tram relative to each
other. Preferably in the compounds of formula (I) these substituents will be cis.     A
particularly preferred compound of the present invention is the cis-isomer of compound 15 No,
(1), IIMC:  or a pharmaceutically acceptable salt thereof 20 Likewise, particularly preferred
compounds are compound Nos. (2) to (16) in the cis conformation. 
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3 -(4-hydroxyphenyl)-4-(3 -methoxyphenyl)chrom an-7 -ol (Cpd. 3);

3 -(3,4-dimethoxlphenyl) -4-(4-methoxyphenyl)chroman-7 -ol (Cpd. a);

3 -(4-hydroxyphenyl)-4-(4-methylphenyl)chroman-7-ol (Cpd. 5);

3 -(4-methoxyphenyl)-4-(4-methoxyphenyl)-7-methoxychroman (Cpd. 6);

3-(4-hydroxyphenyl)-4-(2,6-dimethoxy-4-hydroxyphenyl)chroman-7-ol (Cpd. 7);

3 -(4-hydroxyphenyl)-4-(2-hydroxyphenyl)oh,roman-7-ol (Cpd. 8);

3-(4-hydroxyphenyl)-4-Q-acyl-2-hydroxy-4-methoxyphenyl)chroman-7-ol (Cpd. 9);

3 -(3 -hydroxyphenyl)-4-(3 -methoxyphenyl)cluoman-7-ol (Cpd. I 0) ;

3 -(4-hydroxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol (HHC ; C pd. 1 1 ) ;

3-(4-bromophenyl)-4-(4-methoxyphenyl)chroman-7-ol (Cpd, I 2);

3 -(4-hydrox yphenyl)-4-(3-methoxyphenyl)ohrom an-7 -ol (Cpd. 13);

3-(4-hydroxyphenyl)-4-(3-aminophenyl)chroman-7-ol (Cpd. 14);

3-(4-hydroxyphenyl)-4-(4-phenoxyphenyl)chroman-7-ol (Cpd 15);

3-(3,4-dimethoxyphenyl)-4-(4-methox¡,phenyl)-8-methylchroman-7-ol (Cpd 16).

10
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20

WO 2006102086PCF/A U205/001436  - 17 - The compounds of formulae (III) and (IV) are
intermediates as sat out herein, Each corresponding iscflawart-4-01 and isofiavam3-ene
intermediate of compoundNos. (1) to (16) are also preferred compounds of the present
invention, W in compounds of formula are and (IV) may, for example, represent the following
radicals:    20 or a protected derivative thereof wherein R4, R5 and 116 are as defined above
for compounds of formula (I). The tenm "isoilayouc" as used herein is to be taken broadly to
include as sollavones, isoflavenes, isoflavarts, isollavanones, iscflavanols and the like. The
term "alkyl" is taken to include straight chain and branched chain saturated alkyl groups of I to
6 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secbutyl, tertiary
butyl; pentyl and the like, The alkyl group more preferably contains preferably from I to 4
carbon atoms, especially methyl, ethyl, propyl or isopropyl. 30  WO
2006/03208GPCDAU2005/001436 - 18 - The alkyl group or cycloalkyl group may optionally
be substituted by one or more of fluorine, chlorine, bromine, iodine, carboxyl,
CI-C.4-allcoxycarbony1, C rC4-alkylaminocarbonyl, cli-(CI-C4-alkyl)-amino-carbonyl, hydroxyl,
Ct-C4-alkoxy, fonnyloxy, Gran 5 alkyl-carbonyioxy, Cr-C1-alkylthio, Cr-C6-cycloaikyl or
phenyl. Preferably the alkyl group does not bear any substituents. The term "aryl" i.s taken to
include phenyl, benzyl, biphenyl and naphthyl and may be optionally substituted by one or
more Cre,t-alkyl, hydroxy, Cr-Gralkexy, carbonyl, Cr Cralkoxycarbonyl, Creralkylearloonyloxy,
nitro or halo. 
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10

íi

The term "halo" is taken to include fluor, chloro, bromo and ludo, prethrabiy fluor and chloro,
more preferably fluor. Reference to for example "haloalkyl" will include 15 inenolialogetiated,
dihalogenated and up to perhalogenated alkyl groups. Preferred haloalkyl groups are
trifluoromethyl and pentafluoroethyl. The compounds of the invention include all salts, such as
acid addition salts, anionic salts and zwitterionic salts, and in particular include
pharmaceutically acceptable salts as would 20 be known to those skilled in the art. The term
"pharmaceutically acceptable salt" refers to an organic or inorganic moiety that carries a
charge and that can be administered in association with a pharmaceutical agent, for example,
as a counter-cation or counter-anion in a salt, Pharmaceutically acceptable cations are known
to those of skilled in the art, and include but are not. limited to sodium, potassium, calcium,
zinc and quaternary amine. 25 Pharmaceutically acceptable anions are known to those of skill
in the art, and include hut are not limited to chloride, acetate, tosylate, citrate, bicarbonate and
carbonate. Pharmaceutically acceptable salts include those formed from: acetic, ascorbic,
aspattic, benzoic, benzenesulphonic, citric, cinnamic, ethanestilphonic, finnaric, gluta:nic,
giutarie, 30 &conic, hydrochloric, hydrobromic, lactic, maleic, male, inethanesuiphonle,
naphthol, hydroxynaplathoic, naphthalenesuiplionic, naphthaleirtedisulphonic,
naphthaleneacrylic, oleic, oxalic, oxaMaceric, phosphoric, pyruvic,p-toluenesulphonic, tartaric,
trilluoroacetic,  WO 20061032086PCDAU20051001436 triphenylacetic, tricarballylic, salicylic,
sulphuric, suiphamie, sulphanilic and succinic acid, The term "pharmaceutically acceptable
derivative" or "procirug" refers to a derivative of the acth c compound that upon administration
to the recipient is capable of providing directly or indirectly, the parent compound or
metabolite, or that exhibits activity itself and includes for example phosphate derivatives and
sulphonate derivatives. Thus,_ derivatives include solvates, pharmaceutically active esters,
.prodmgs or the like, This also includes derivatives with physiologically cleavable teaving
groups that can be cleaved in 10 vivo to provide the compounds of the invention or their active
moiety. The leaving groups may include aeyl, phosphate, sulfate, sultanate, raid preferably
are mono-, di- and per-aoyi oxy-substituted compounds, where one or more of the pendant
hydroxy groups are protected by an acyl group, preferably an acetyl group. Typically acyloxy
substituted compounds of the invention are readily cleavable to the corresponding hydroxy
substituted 15 compounds, Chemical functional group protection, de-protection, synthons and.
other techniques known to those skilled in the art may be used where appropriate to aid in the
synthesis of the compounds of the present invention, and their starting materials. The
protection of functional groups on the compounds and derivatives of the present invention can
be carried out by well established methods in the art, for example as described in T, W,
Greene, Protective Groups in Organic &thesis, John Wiley & Sons, New York, 1981, Hydroxyl
protecting groups include but are not limited to carboxylic acid esters, eg acetate esters, aryl
esters such as benzoate, acetalstketais such as acetonide and benzylidene, ethers such as
o-benzyl and p-methoxy benzyl ether, tetrahydropyranyi ether and sily1 ethers such as
t-butyldimethyl sily1 ether, 
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or a phannaceutically acceptable salt thereof.

The compounds of formula (I) according to the invention include two ohiral cenhes. The

present invention includes all the enantiomers and diastereoisomers as well as mixtures

thereof in any proportions. The invention also extends to isolated enantiomers or pairs of

enantiomers. Methods of separating enantiomers and diastereoisomers are well known to

person skilled in the art,

It will be clear to persons skilled in the a¡t that the in compounds of formula (I) the aryl

substifuents on the heterocyclic ring can be cr's or trans relative to each other. Preferably

inthe compounds of formula (I) these substituents will be cfs'

-16-
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A particularly prefened compound of the present invention is the cis-isomer of compound

15 No. (l), HMC:

(16)

OMe

or a pharmaceutically acceptable salt thereof,

20 Likewise, particularly preferred compounds are compound Nos. (2) to (16) in the cls-

conformation.

WO 2006/032086PCTIAU2005/001436                                   - 20 - tetrabutylammor.hira
fluoride to be cleaved. It will be clear to persons skilled in the art of medicinal chemistry that
compounds of formula (I) may be converted into other compounds of formula (T), for example,
where a 5 compound of formula (I) bears one or more hydroxyl substituents then one or more
of these substituents can be converted in to a halo substituent such as bromo, chloro ox iodo
by treating the alcohol with a halogenating agent. Halogenatinz agents include compounds
like NBS, hydrohromic acid, chlorine gas etc. It may be necessary during processes such as
halogenation to use protecting groups to protect other functionality in the molecule. 10
Phenolic type hydroxyls may not be readily convertible to the corresponding halogen
compound by treatment with a halogenating agent. However, the desired halogen compound
may be prepared by, for example, treating an appropriate aryl amine starting material with
NaMh in the presence ofunder reduced temperature conditions such as 15 0C, to form the
corresponding azide salt. Subsequent treatment with CuCI, CuBr, KT or HBF4 may be used to
convert the nide into the required halo-compound. A general process for preparing
compounds of formula (I) comprises the step of treating a compound of formula (IV): 20
wherein RE, R2, R3 and W are as defined above in relation to compounds of formula (H) with
a reducing agent to provide a compounds of formula (I) or a protected derivative thereof.
Reducing agents are well known to persons skilled in the art and can include hydride sources
like borohydrides and alkali metal borohydrides, but would include hydrogen in  WO
2006/032086PCT/A1J2005/001436 - 21 - 
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The compounds of formulae (III) and (IV) are intermediates as set out herein. Each

corresponding isoflavan-4-ol and isoflavan-3-ene intermediate of compound Nos, (l) to
(16) arc also prefered oompounds of the present invention.

W in compounds of formula (III) and (IV) may, for example, represent the following

radicals:

10

-17 -
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l5

R

R

R

20 or a protected derivative thereof wherein R4, Rs and R¡ are as defined above for

compounds of formula (I).

The term "isoflavone" as used herein is to be taken broadly to include as isoflavones,

isoflavenes, isoflavans, isoflavanones, isoflavanols and the like.

(v-1)

R6
(v-3)

The term "alkyl" is taken to include straight chain and branohed chain saturated alkyl

$oups of I to 6 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

secbutyl, tertiary butyl, pentyl and the like. The alkyl group more preferably contains

preferably from I to 4 carbon atoms, especially methyl, ethyl, propyl or isopropyl,

Cycloalkyl includes C3-6 cyoloalþl such as cyolopropyl, cyclobutyl, cyclopentyl and

cyclohexyl,

(V¿)

30

R6
(v4)

R5

catalytic hydrogenation where a suitable catalyst such as palladium on carbon may be used.
Other suitable hydride sources include sodium lriacetoxyborohydride tetrabutyl ammonium
triacetoxyborolaythide and sodium cyanoborohydride. 5 Preferably the double bond in
compounds of formula (IV) is reduced by hydrogenation. Compounds of formula (IV) are
prepared by dehydrating a compound of formula (III): Rip 10 wherein Rt, R2, R3 and W are as
defined above, in relation to compounds of formula (II) or a protected derivative thereof,
Dehydration can, for example, be catalysed by acid, by base or facilitated by conversion of 15
the tertiary alcohol into a better leaving group as would be known to those skilled in the art
Preferably compounds of formula (III) are dehydrated, for example, by treatment with
purl-toluene sulplionic acid. 20 Compounds of formula (III) may be prepared by treating
compounds of formula (II): R10   WO 200610320S6PCTIA/120051001436 - 22. derivative
thereof with an arylating agent, for example, a compound of formula WINK' wherein W- is an
optionally substituted aryl radical and IVe. is one ore more counter ions, preferably fivIgBr14.
5 The arylating agent WM+ may be prepared by thigriard chemistry where the haloaryl
compound (V):    or a protected derivative thereof wherein 
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The alkyl group or cycloalkyl group may optionally be substituted by one or more of

fluorine, chlorine, bromine, iodine, carboxyl, Cl-Cq-alkoxycarbonyl, C¡-Ca-alþlamino-

carbonyl, di-(C1-Ca-alþl)-amino-carbonyl, hydroxyl, C¡-Ca-alkoxy, formyloxy, CrCq-

alkyl-carbonyloxy, C r -C¿-alkylthio, C¡-Ce-cycloalkyl or phenyl.

Preferably the alkyl group does not bear any substituents.

The term rrarylrr is taken to inolude phenyl, benzyl, biphenyl and naphthyl and may be

optionally substituted by one or more C¡-Ca-alkyl, hydroxy, Cl-C¿-akòxy, carbonyl, Cl-

Ca-alkoxycarbonyl, C r -C¿-alkylcarbonyloxy, nitro or halo.

The term "halo" is taken to include fluoro, chloro, bromo and iodo, preferably fluoro and

chloro, more preferably fluoro. Reference to for example "haloalkyl" will include

monohalogenated, dihalogenated and up to perhalogenated alkyl groups. Preferred

haloalþl groups are trifluoromethyl and pentafluoroethyl.

The compounds of the invention include all salts, such as acid addition salts, anionis salts

and zwitterionic salts, and in particular include pharmaceutically acceptable salts as would

be known to those skilled in the art. The term "pharmaceutically acceptable salt" refers to

an organic or inorganic moiety that carries a charge and that can be administered in

association with a pharmaceutical agent, for exampleo as a counter-cation or counter-anion

in a salt. Pharmaceutìcally acceptable cations are known to those of skilled in the art, and

include but are not limited to sodium, potassium, calcium, zinc and quatemary amine.

Pharmaceutically acceptable anions are known to those of skill in the art, and include but

are not limited to chloride, acetate,tosylate, citrate, bicarbonate and ca¡bonate.

Pharmaceutically acceptable salts include those formed from: acetic, ascorbic, aspartic,

benzoic, benzenesulphonic, citric, cinnamic, ethanesulphonic, fumaric, glutamic, glutaric,

gluconic, hydrochloric, hydrobromic, Iactic, maleio, malic, methanesulphonic, naphthoic,

hydroxynaphthoic, naphthalenesulphonic, naphthalenedisulphonic, naphthaleneacrylic,

oleic, oxalic, oxaloacetic, phosphoric, pyruvic,p-toluenesulphonic, tartaric, trifluoroacetic,

-18-
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25

30

10 R4,11.4 and R6 are independently hydrogen, alk.oxy, alkyl, acy OC(0)R7, a protected
hydroxy such as OSi(R.40)3 or protected amino such as trimethylsilyiamino phenyl halide,
and R10is independently alkyl or aryl, and Xis halo, preferably Moine, 15 is reacted with a
metal such as magnesium to form the aryiating agent. Preferably the haloaryl compound (V) is
selected from:    min R4, R3, it and X are as defined above for compounds of formaia (V).  -
23 Reaction of the arylating agent with the ketone of formula (II) provides access to the
corresponding isoflavan-4-ols (HI), isoflav-3-enes (IV) and isofiavans (I) of the present
invention. Alternatively compounds of formula (III) may be prepared by reacting compounds of
formula (II) with a compound analogous to compounds of formula (V) wherein X represents
any appropriate leaving group L which is lost in the formation of the product by nueleophilic
addition of the aryl moiety to a ketone by reactions well known by those skilled in the art. 10
Preferably any free alcohols, esters or other such reactive groups in the keto compounds of
formula (II) will be protected, for example, as t-butyldimethylsily1 ethers during the
n.uoleophilic addition. reaction, 15 Compounds of formula (n) can be prepared by reducing
the eneone double bond in compounds of formula (VI): Fl2     or a protected derivative thereof,
wherein R;, R2 and R3 are as defined above, for 20 compounds of formula (II). 
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triphenylacetic, hicarballylic, salicylic, sulphuric, sulphamic, sulphanilic and succinic

acid.

The term "pharmaceutically acceptable derivative" or "prodrug" refers to a derivative of

the active compound that upon administration to the recipient is capable of providing

directly or indirectly, the parent compound or metabolite, or that exhibits aotivity itself

and inoludes for exa:nple phosphate derivatives and sulphonate delivatives. Thus,

derivatives include solvates, pharmaceutically active esters, prodrugs or the like. This also

includes derivatives with physiologically cleavable leaving groups that can be cleaved in

vivo to provide the compounds of the invention or their active moiety. The leaving groups

may include acyl, phosphate, sulfate, sulfonate, and preferably are mono-, di- and per-acyl

oxy-substituted compounds, where one or more of the pendant hydroxy groups ate

proteoted by an acyl group: proferably an aoetyl group. Typically acyloxy substituted

compounds ofthe invention are readily cleavable to the conesponding hydroxy substituted

compounds.

Chemical functional group protection, deprotection, synthons and other techniques known

to those skilled in the art may be used where appropriate to aid in the synthesis of the

compounds of the present invention, and their startíng materials.

The protection of fi.lnctional groups on the compounds and derivatives of the present

invention can be canied out by well established methods in the art, for example as

described in T. W. Greene, Protective Groups in Organic Synthesìs, John Wiley & Sons,

NewYork, 1981.

Hydroxyl protecting groups include but are not limited to carboxylio aoid esters, eg acetate

esters, aryl esters such as benzoate, acetals/ketals such as acetonide and benzylidene, ethers

such as o-benzyl andp-methoxy benzyl ether, tetrahydropyranyl ether and silyl ethers such

as Êbutyldimetþl silyl ether.

Protecting $oups can be removed by, for example, acid or base catalysed hydrolysis or

reduction, for example, hydrogenation. Silyl ethers may require hydrogen fluoride or

l0
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15

30

Suitable reducing agents are described above. Preferably reduction of the carbon-carbon
double bond can be effected, for example, by hydrogenation, 25 Access to compounds of
general kbrmula (VI) is available by general synthetic methods as set out in Scheme I below
and as described in published International application No. W001/17986, the disclosure of
which is incorporated herein by reference. A typical synthesis is depicted in Scheme I.  V/0
2006/032086PCTIAL12005/001436 }3,10TALM} T"  Bic'ziEt20 70C     Scheme 1 Access to
the variations 3-phenyl substituted &romans is available by varying the substitution pattern on
the plienylacetic acid derived group. Access to the 4-phenyl substituted chromans is available
by varying the substitution pattern of the aryiating agent (V).     Analogues of compounds
employed in the processes may be used which include a 10 substituent which corresponds to
R9 as defined for compounds of formula (I). As used herein, the terms "treatment",
"prophylaxis" or "prevention", "amelioration" and the like are to be considered in their broadest
context. In particular, the term "treatment" does not necessarily imply that an animal is treated
until total recovery. Accordingly, 15 "treatment" includes amelioration of the symptoms or
severity of a particular condition or preventing or otherwise reducing the risk of developing a
particular condition. The amount of one or more compounds of formula (I) which is required in
a therapeutic treat/mut according to the invention will depend upon a number of factors, which
include 20 the specific application, the nature of the particular compound used, the condition
being treated, the mode of administration and the condition of the patient. 



wo 2006/032086

-20 -

tetrabutylammonium fluoride to be cleaved.

It will be clear to persons skilled in the art of medicinal chemistry that compounds of

formula (t) may be converted into other compounds of formula (I), for example, where a

compound of formula (I) bears one or more hydroxyl substituents then one or more of

these substituents can be converted in to a halo substituent such as bromo, chloro or iodo

by treating the alcohol with a halogenating agent. Halogenating agents include compounds

like NBS, hydrobromic acid, ohlorine gas etc. It may be neoessary during processes such

as halogenation to use protecting groups to protect other functionality in the moleoule.

Phenolic type hydroxyls may not be readily convertible to the conesponding halogen

compound by treatment with a halogenating agent. However, the desired halogen

compound may be prepared by, for example, treating an appropriate aryl amine starting

material with NaNO2 in the presence of HCI under reduced temperature conditions such as

OoC, to form the correspondingazide salt. Subsequent treatment with CuCl, CuBr, K[ or

IIBF¿ may be used to convert the azide into the required halo-compound.

A general pÍocess for preparing compounds of formula (I) comprises the step of treating a

compound of formula (tV):

10
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wherein Rl, Rz, & and W are as defined above in relation to compounds of formula (II)

with a reducing agent to provide a compounds of formula (I) or a proteoted derivative

thereof.

Reducing agents are well known to persons skilled in the art and can include hydride

sources like borohydrides and alkali metal borohydrides, but would include hydrogen in

(IV)

WO 2006/032086PCl/4U2005/001436 25- Compounds of formula (I) may be administered in a
manner and amount as is conventionally practised. See, for example, Goodman and Oilman,
The pharmacological basis of therapeutics", 7th Edition, (1985). The specific dosage utilised
will depend upon the condition being treated, the state of the subject, the route of
administration and other well known factors as indicated above. In general, a daily dose per
patient may be in the range of 0,1 mg to 5 g; typically from 0.5 ing to 1 g; preferably from 50
mg to 200 mg. The-length-of dosing may- range from a single dose given once every day or
two, to twice or thrice daily doses given over the course of from a week to many months to
many years as required, depending on the severity of the condition to be treated. or alleviated.
10 It will be further understood that for any particular subject, specific dosage regimens should
be adjust over time aceoiding to the individual need and the professional judgment of the
person administering or supervising the administration of the compositions. 15 Relatively
short-term treatments with the active compounds can be used to cause stabilisation or
shrinkage or remission of cancers, Longer-tam treatments can be employed to prevent the
development of cancers in high-risk patients. The production of pharmaceutical compositions
for the treatment of the therapeutic 20 indications herein described are typically prepared by
admixture of the compounds of the invention (for convenience hereafter referred to as the
"active compounds") with one or more pharmaceutically or veterinaiy acceptable carders
and/or exciplents as are well known in the art. 25 The carrier must, of course, be acceptable
in the sense of being compatible with any other ingredients in the formulation and must not be
deleterious to the subject. The carrier or exciptent may be a solid or a liquid, or both, and is
preferably formulated with the compound as a unit-dose, for example, a tablet, which may
contain up to 100% by weight of the active compound, preferably from 0.5% to 59% by weight
of the active compound. 30  WO 2006/4)320815PCIMX2005/0014345 - 26 - essentialiy of
admixing the components, optionally including one or more accessory ingredients. The
preferred concentration of active compound in the drug composition will depend on
absorption, distribution, inactivation, and excretion rates of the drug as well as other factors
known to those of skill in the art, The formulations of the invention include those suitable for
oral, rectal, ocular, buccal (for example, sublingual), parenteral (for example, subcutaneous,
intramuscular, intradermal, or intravenous), transdennal administration including naueosal
administration via the nose, mouth, vagina or rectum, and as inhalants, although the most
suitable route in any given 10 case will depend on the nature and severity of the condition
being treated and on the nature of the particular active compound which is being used.
Formulation suitable for oral administration may be presented in discrete units, such as
capsules, sachets, lozenges, or iablets, each containing a predetermined amount of the 15
active compound; as a powder or granules; as a solution or a suspension in an aqueous or
non-aqueous liquid; or as an oil-in-water or water-in-oil emulsion. Such formulations may be
prepared by any suitable method of pharmacy which includes the step of bringing into 
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catalfiic hydrogenation where a suitable catalyst such as palladium on oarbon may be used.

Other suitable hydride sources include sodium triacetoxyborohydride tetrabutyl ammonium

friacetoxyborohydride and sodium cyanoborohydride.

5 Preferably the double bond in compounds of formula (IV) is reduced by hydrogenation.

Compounds of formula (IV) are prepared by dehydrating a compound of formula (II):

10
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Rro

wherein Rl, Rz, R¡ and W are as defined above, in relation to compounds of formula (II) or

a protected derivative thereof.

Dehydration can, for example, be catalysed by acid, by base or facilitated by conversion of

the tertiæy alcohol into a better leaving group as would be known to those skilled in the

art.

Preferably compounds of formula (III) are dehydrated, for example, by treatment with

para-toluene sulphonic acid.

Compounds of formula (III) may be prepared by treating compounds of formula (II):

l5

20

(n)

25 wherein Rr, Rz, Rs are as defined above for compounds of formula (II) or a protected

Rg

R2

(II)

association th.e active compound and a suitable carrier (which may contain one or more
accessory ingredients as noted above). 20 In general, the formulations of the invention are
prepared by uniformly and intimately admixing the active compound with. a liquid or finely
divided solid carrier, or both, and then, if necessary, shaping the resulting mixture such as to
form a unit dosage. For example, a tablet may be prepared by compressing or moulding a
powder or granules 25 containing the active compound, optionally with one or more other
ingredients. Compressed tablets may be prepared by compressing, in a suitable machine, the
compound of the free-flowing, such as a powder or granules optionally mixed with a binder,
lubricant, inert diluent, and/or surface active/dispersing agent(s). Moulded tablets may be
made by 30 moulding, in a suitable machine, the powdered compound moistened with an inert
liquid binder,  WO 20061032086PCTIA1120051001436 - 27 - Foiraulations suitable for buccal
(sublingual) administration include lozenges comprising the active compound in a flavoured
base, usually sucrose and acacia or tragacantht and pastilles comprising the compound in an
inert base such as gelatine and glycerin or sucrose and acacia, 5 Formulations suitable for
ocular administration include liquids, gels and creams comprising the active compound in an
ocularly acceptable carrier or diluent. Compositions of the present invention suitable for
parenteral administration conveniently 10 comprise sterile aqueous preparations of the active
compounds, which preparations are preferably isotonic with the blood of the intended
recipient] These preparations are preferably administered intravenously, although
administration may also be effected by means of subcutaneous, intramuscular, or intracierma!
injection. Such preparations may conveniently be prepared by admixing the compound with
water or a glycine buffer and 15 rendering the resulting solution sterile and isotonic with the
blood. Injectable formulations according to the invention generally contain from 0,1% to 60%
wlit of active compound and can be administered at a rate of 0.1 milminuterkg. Formulations
for infusion, for example, may be prepared employing saline as the carrier 20 and a
solubilising agent such as a cyclodextrin or derivative thereof. Suitable eyclodextrins include
a-cycludextrin, 13-cyclodextrin, 7-cyclodextrin, dirnethyl-Pcyclodexbin,
2-hydroxyetbyl43-cyclodextrin, 2-hydroxypropyl-cyetodextrin, 3- hydroxypropyl-D-cyclodextrin
and tri-metlay1-0-cyclodextrin. More preferably the cyclodextrin is
bydroxypropyl-p-cyclodextrin. Suitable derivatives of cyclodextrins include Captisole a
sullobutyl ether derivative of cyclodextsin and analogues thereof as described in US
5,134,127, Formulations suitable for rectal administration are preferably presented as unit
dose suppositories. Formulations suitable for vaginal administration are preferably presented
as 
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derivative thereof with an arylating ag9nt, for example, a compound of formula W-M+

wherein W- is an optionally substituted aryl radioal and ltf+ is one ore more counter ions,

preferably [MgBr]+.

5 The arylating agent W'I\zf+ may be prepared by Grignard chemistry where the haloaryl

compound (V):

10

or a protected derivative thereof wherein

R4, & and R¡ are independently hydrogen, alkoxy, alþI, acyl, OC(O)R7, a protected

hydroxy such as OSi(Rro)¡ or protected amino such as trimethylsilylamino phenyl

halide, and

Rro is independently alkyl or aryl, and

X is halo, preferably bromo,

is reacted with a metal suoh as magnesium to form the arylating agent.

Preferably the haloaryl compound (V) is selected from:

PCT/4U2005100t436
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(Vn) (vc)

30 unit dose pessaries. These may be prepared by admixing the active compound with one or
more conventional solid carriers, for example, cocoa butter, and. then shaping the resulting
mixture.  WO 200610320MPC17.4112005/001436 - 28 - Formulations or compositions
suitable for topical administration to the skin preferably take the form of an ointment, cream,
lotion, paste, gel, spray, aerosol, or oil. Carriers which may be used include Vaseline, lanoline.
polyethylene glycols, alcohols, and combination of two or more thereof. The active compound
is generally present at a concentration of 5 from 0.1% to 5% wiw, more particularly from 0.5%
to 2% wlv,r. Examples of such compositions include cosmetic skin creams, Formulations
suitable for transcierimal administration may be presented as discrete patches adapted to
remain in intimate contact with the epidetwis of the recipient for a prolonged 10 period of time.
Such patches suitably contain the active compound as an optionally buffered aqueous
solution of, for example, 0.1 M to 0,2 M concentration with respect to the said active
compound. See for example Brown, L., et at (1998). Formulations suitable for transdenual
administration may also he delivered by 15 iontophoresis (see, for example, Panchagnula R.,
et at, 2000) and typically take the form of an optionally buffered aqueous solution of the active
compound. Suitable formulations comprise citrate or Bis/Tris buffer (pH ti) or ethanol/water
and contain from 0.1 M to 0.2 NI active ingredient. 20 Formulations suitable for inhalation may
be delivered as a spray composition in the form of a solution, suspension or emulsion. The
inhalation spray composition may further comprise a pli.amtaceutically acceptable propellant
such as carbon dioxide or nitrous oxide or a hydrogen containing fluorocarbon such as
1,1,1,2-tetrafitioroethane, 1,1,1,2,3,3,3- heptailuoro-n.-propane or mixtures thereof. 25 The
active compounds may be provided in the fomi of food stuffs, such as being added to,
admixed into, coated, combined or otherwise added to a food stuff, The term food stuff is used
in its widest possible sense and includes liquid formulations such as drinks including dairy
products and other foods, such as health bars, desserts, etc. Food formulations 30 containing
compounds of the invention can be readily prepared according to standard practices.  WO
2006/032086PC17AU2005/001436 - 29 - Therapeutic methods, uses and compositions may
be for administration to humans or other animals, including mammals such as companion and
domestic animals (such as dogs and cats) and livestock animals (such as cattle, sheep, pigs
and goats), birds (such as chickens, turkeys, ducks), marine animals including those in the
aquaculture setting (such as fish, 
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Reaction of the arylating agent with the ketone of formula (II) provides access to the

conesponding isoflavan-4-ols (III), isoflav-3-enes (IV) and isoflavans (I) of the present

invention,

Alternatively compounds of formula (III) may be prepared by reacting compounds of

formula (II) with a compound analogous to compounds of formula (V) wherein X

represents aqy appqqpriate leaving group L which is lost in the formation of the product by

nucleophilic addition of the aryl moiety to a ketone by reactions well known by those

skilled in the art.

10

Preferably any free alcohols, esters or other such reactive groups in the keto oompounds of

formula (ID vvill be protected, for example, as f-butyldimethylsilyl ethers during the

nucleophilio addition reaction.

15 Compounds of formula (II) can be prepared by reducing the eneone double bond in

compounds of formula (VI):

PCT/4U2005/001436

or a protected derivative thereof, wherein Rl, Rz and R3 are as defined above, for

20 compounds of formula (II),

Suitable reducing agents are described above. Preferably reduction of the carbon-carbon

double bond can be effected, for example, by hydrogenation.

25 Access to compounds of general formula (VI) is available by general synthetic methods as

set out in Scheme I below and as described in published Intemational application No.

WO01/17986, the disclosure of which is incorporated herein by reference. A typical

synthesis is depicted in Scheme 1.

+R3
(VD

5 crustaceans and shell fish) and the like. The active compound or phatmaceutically
acceptable derivatives prodrugs or salts thereof can also be co-adnainistered with other active
materials that do not impair the desired action, or with materials that supplement the desired
action, such as antibiotics, antifungals, antiinflammatories, or antiviral compounds. The active
agent can comprise two or more isollayoues or derivatives thereof in combination or
synergistic mixture, The active compounds can also be administered with lipid lowering
agents such as probucol and nicotinic acid; platelet aggregation inhibitors such as aspirin;
antithrombotic agents such as couinadin; calcium. channel blockers such as verapamil,
diltiazern, and nifedipine; 15 angiotensin converting enzyme (ACE) inhibitors such as captopril
and ertalapril, and 13- blockers such as propanolol, terbutalol, and labetala The compounds
can also be administered in combination with tionsteriodal antiinflaminatories such as
ibuprofen, indotnethacin, aspirin, fenoprofen, mefenarnic acid, flufenamic acid and sulindae,
The compounds can also be administered with corticosteroids or an anti-emetic such as 20
zofranalti. Compounds of formula () seem to be particularly suitable for co-administration with
one or more anti-cancer drugs such as cisplatin, richydroequol (DUE), taxol (pactitaxel),
genwitabirie, doxorubicin, topotecan and/or camptothecin, especially cisplatin, dehydroequol
(D1-1E), taxol, This may result in improved effects in the treatment, for example in the form of
synergistic effects, in comparison, to when only one of the medicaments is employed.
Particularly the compounds of the presently claimed invention, especially IrlivIC (le compound
1) seem to be chemosensitisers and increase the cytotoxicity of the one or more anticancer
drug co-administered therewith. This seems to 30 be the case even though said anticancer
drugs work through a variety of different mechanisms, for example cisplatin is thought to work
by interacting with nuclear DNA, taxol is thought to work by blocking cells in the 02/M phase of
the cell cycle and prevent  WO 2006/032086Pa/A112005100T 436 - 30 - them forming normal
mitotic apparatus, gerncitabine is thought to work by incotporating itself into the DNA of the
cell, ultimately preventing mitosis, doxorubicin is though to be a topoisomerase 11 inhibitor
thereby preventing DNA replication and transcription and topotecan is thought to be a
topoisomerase I inhibitor. Interestingly, in some situations this increased cytotoxicity to
cancerous cells is not associated with a corresponding increase in toxicity to non-cancerous
cells,   Whilst this observation has important implications for the treatment of many cancers, it
is 10 especially important to the treatment of cancers such as melanoma, which are extremely
difficult to treat. The co-administration may be simultaneous or sequential, Simultaneous
administration may be effected by the compounds being in the same unit dose, or in individual
and 15 discrete unit doses administered at the same or similar time. Sequential administration
may be in any order as required and. typically will require an ongoing physiological effect 
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Scheme 1

Access to the variatious 3-phenyl substituted chromans is available by varying the

substitution pattem on the phenylacetic acid derived group.

Access to the 4-phenyl substituted cluomans is available by varying the substitution pattern

of the arylatingagent (V).

Analogues of compounds employed in the processes may be used which include a

substituent which corresponds to Re as defined for compounds of formula (I).

As used herein, the terms "tre&tmentt', "prophyla:tis" or "prevention", "amelioration" and

the like are to be considered in their broadest context. In particular, the term "treatmsnt"

does not necessarily imply that an animal is treated until total recovery. Accordingly,

"treatment" inoludes amelioration of the symptoms or severity of a particular condition or

preventing or otherwise reducing the rísk of developing a particular condition.

The amount of one or more compounds of formula (I) which is required in a therapeutic

treatment aooording to the invention will depend upon a number of factors, which inolude

the specific application, the nature of the particular oompound used, the condition being

treated, the mode of administration and the condition of the patient.
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of the first or initial active agent to be current when the second or later active agent is
administered, especially v'here a cumulative or synergistic effect is desired. 20 The invention
also extends to a pack comprising the combination therapy, Compounds for use in the
preferred synthetic methods of the present invention may be derived from any number of
sources readily identifiable to a person skilled in the art. For example, daicizein is readily
available or can be synthesised by standard methods known in 25 the art. Suitable methods
may be found in, for example, published international patent applications WO 98/08503 and
WO 00/49009, and references cited therein, which are incorporated herein in their entirety by
reference,   Compounds of the general formulae (I1), (III) and (IV) described above are
intennedates 30 in the production of the active isollavan compounds of formula (I). These
intermediates also represent further aspects of the present invention.  WO
20061032086PCT/A1.12005,1001436 Whilst not wishing to he bound by theory the
compounds of the present invention are thought to regulate a. wide variety of signal
transduction processes within animal cells and that these signal transduction processes are
involved in a wide range of fisnctions that are vital to the survival and function of all animal
cells. Therefore, these compounds have $ broad-ranging and important health benefits in
animals including humans, and in particular have the potential to prevent and treat important
and common human diseases, disorders and. functions, which represents a substantial
unexpected benefit. Thus it seems that the compounds of the present invention have activity
as TNiFcc 10 irthibitors. It is hypothesised that MIR( is part of a tightly regulated cytokine
network, activating multiple signal transduction pathways and inducing or suppressing a wide
variety of genes. -MTh can provide a survival signal for cancer cells and hence it has been
refereed to as a tumour promoting factor. As a central mediator of inflammation,
'114Fprovides a molecular link between chronic inflammatory stimuli and the subsequent 15
development of malignant disease, Consequently its inhibition by the compounds of the
invention may provide one mechanism by which they exert anticancer and/or
anti-inflammatory activity. Alternatively, these compounds may be used as chernopreventative
agents. 20 The particular benefits of this invention lie in (a) the large range of signal
transduction processes targeted by the compounds, (b) the fact that reguiation of these
various processes includes both up-regulation of some processes and down-replation of
others, and (0) that such a broad and varied effect on signal transduction processes also is
accompanied by an independent effect on a range of important enzymes that are fundamental
to metabolism 25 and steroidogenesis. The isoflavan compounds of the present invention
exhibit good in vitro toxicity profiles against normal cells. The isoflavans have broad activity,
markedly bettcr than or at least comparable with dehydroequol. The isollavans are highly
active against cancer cells 30 representative of leukaemia, gnome, prostate, ovarian, breast
and lung cancer. The 
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Compounds of formula (I) may be adminístered in a manner and amount as is

oonventionally practised. See, for example, Goodman and Gilman, "The pharmacological

basis of therapeutics", 7th Edition, (i,985). The specífic dosage utilised will depend upon

the condition being treated, the state of the subject, the route of administration and other

well known factors as indicated above. In general, a daily dose per patient may be in the

range of 0.1 mg to 5 g; typically from 0.5 mg to 1 g; preferably from 50 mg to 200 mg.

T'he length-of dosing may.range ftom a single dose given once every day or two, to twice

or th'rice daily doses given over the course of from a week to many months to many years

as required, depending on the severity of the condition to be treated or alleviated.

It will be fi¡rther understood that for any particular subject, specific dosage regimens

should be adjust over time according to the individual need and the professional judgment

of the person administering or supervising the administration of the compositions.

Relativeþ short-term treatments with the active compounds can be used to cause

stabilisation or shrinkage or remission of cancers. Longer-term treatments can be

employed to prevent the development of cancers in high-risk patients.

The production of pharmaceutical compositions for the heatment of the therapeutic

indications herein described æe typically prepared by admixture of the compounds of the

invention (for convenience hereafter referred to as the "active compounds") \Àrith one or

more pharmaceatically or veterinary acceptable carriers and/or excipients as are well

known in the art.

The cartíer must, of course, be acoeptable in the sense of being compatible with any other

ingredients in the formulation and must not be deleterious to the subject. The carrier or

excipient may be a solid or a liquid, or both, and is preferably formulated with the

compound as a unit-dose, for example, a tablet, which may contain upto l00Yo by weight

of the active compound, preferably ftomD5Yoto 59% by weight of the active compound.

One or more active compounds may be incorporated in the formulations of the invention,

which may be prepared by any of the well known techniques of pharmacy consisting

10
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isofiavan compounds show potent activity against melanoma and cholanglocarcinoma (gall
bladder cancer) cell lines. Good activity was observed against colorectal cancer  WO
2006/032MPCLAU20051001436 - 32 - cells, Radio-sensitisation in vivo may be tested for
example employing human epidermoid valval carcinoma A431 tumours established on the
upper leg and subjected to several doses of local radiation (to the tumour bearing leg only), A
radiation treatment regimen of 250y1 day for 4 days will delay tumour growth, and the effect of
the radiation dose in combination with the test compound could be assessed by monitoring
tornmir growth delay. Tumour growth delay of-6 days can he expected using radiation alone.
Tumour growth delay using orally dosed test compound can be determined separately.
Evidence of to test compound mediated radio-sensitisation of A431 tumours is then
determined by measuring tumour growth delay using a regimen of orally dosed test compound
pre-treated animals followed by the standard radiation therapy regimen described above. A
mean growth delay of up to 30 days using the combination treatment compared to up to 10
days using either radiation or test compound monotherapy regimens is evidence of the radio
15 sensitisation properties of the compounds of the invention. Radio-sensitisation in vitro may
be tested, for example, employing clonogenie assays using human the human epidermoid
vulva carcinoma A431 cell line to measure response to radiation alone or in combination with
test compounds. A drug dose causing 10% toxicity 20 to the celis may be used in combination
with graded doses of radiation. The appropriate dose of compound would be determined by
cionogenic assay. Evidence of test compound mediated radio-sensitisation is shown by, for
example, a >20% toxicity to cells using chemoradiation therapy compared to 10% toxicity
using the corresponding monotherapy regimens. 25 The compounds of the invention are
useful in the treatment, prevention or amelioration of diseases associated with aberrant cell
survival, aberrant cell proliferation, abnormal cellular migration, abnormal angiogenesis,
abnormal estrogenlandrogen balance, dysfunctional or abnormal steroid genesis,
degeneration including degenerative changes within blood vessel 30 walls, inflammation, and
immunological imbalance.  
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essentially of admixing the components, optionally including one or more accessory

ingredients. The prefened concentration of active compound in the drug composition will

depend on absorption, distribution, inactivation, and excretion rates of the drug as well as

other factors known to those of skill in the art.

The formulations of the invention include those suitable for oral, rectal, ocular, bucoal (for

example, sublingual), parenteral (for example, suboutaneous, intramuscular, intradermal, or

intravenous), transdermal administration including mucosal administration via the nose,

mouth, vaginaor reotum, and as inhalants, although the most suitable route in any given

case will depend on the nature and severity of the oondition being treated and on the nature

of the particular active compound which is being used.

Formulation suitable for oral administration may be presented in discrete units, such as

capsules, sachets, lozenges, or tablets, each containing a predetermined amount of the

active compound; as a powder or gtanules; as a solution or a suspension in an aqueous or

non-aqueous liquid; oÍ as an oil-in-water or water-in-oil emulsion. Such formulations may

be prepared by any suitable method of pharmacy which includes the step of bringing into

association the active compound and a suitable carrier (which may contain one or more

accessory ingredients as noted above).

In general, the formulations of the invention are prepared by uniformly and intimately

admixing the active compound with a liquid or finely divided solid carrier, or both, and

then, if necessary, shaping the resulting mixture such as to form a unit dosage. For

example, a tablet may be prepared by compressing or moulding a powder or granules

containing the active compound, optionally with one or more other ingredients.

Compressed tablets may be prepared by compressing, in a suitable machine, the compound

of the free-flowing, suoh as a powder or granules optionally mixed with a binder, lubricant,

inert diluent, and/or surface active/dispersing agent(s). Moulded tablets may be made by

moulding, in a suitable machine, the powdered compound moistened with an inert liquid

binder.

l0
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WO 2006/03208613C11/4112005/001436 - 33 - accompanying drawings. Examples In the
Examples and accompanying drawings which follow the abbreviation "DHE" is used 5 for
dehydroequol, "I1MC" is used for compound No. 1, being 3-(4-hydroxypheny1)4-(4-
methoxypheriy1)-chroman-7-ol and "11.1-1C" is used for compound No. 11, being 3-(4-
irvdroxypheny1)-4-(4-hydroxyphenyl)chromart-7-01. 1.0. Synthesis 10 Example 1;
41,7-Diacetoxydaidzein    A mixture of daidzein (2.0 g), acetic anhydride (10 ml) and pyridine
(2 ml) was heated at 15 105-110 C for lb. After cooling the mixture to room temperature, it
was stirred for a further 30 min during which time the diacetate crystallised from solution. The
product was filtered, washed thoroughly with water and recrystallised from methanol to yield
4- diacetoxydMdzein as colourless prisms (14 g, 90%), 20 Example 2: 7-Aceto
3-(4-geetexyphenyl)ehroman-4-one    Palladium-on-charcoal (5%, 0.02g) was added to a
solution of 41,7-diacetoxydaidzein 
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Formulations suitable for buccal (sublíngual) administration include lozenges comprising

the active compound in a flavoured base, usually sucrose and acaciaor tragacanth; and

pastilles comprising the compound in an inert base such as gelatine and glycerin or sucrose

and acacia.

Formulations suitable for ocular administration include liquids, gels and creams

comprising the aotive compound in an ooularly acceptable carrier or diluent.

Compositions of the present invention suitable for parenteral administration conveniently

comprise sterile aqueous preparations of the aotive compounds, which preparations are

preferably isotonic wìth the blood of the intended reoipient. These preparations are

preferably administered intravenously, although administration may also be effected by

means of subcutaneous, íntramuscular, or intradermal injeotion. Such preparations may

conveniently be prepared by admixing the compound with water or a glycine buffer and

rendering the resulting solution sterile and isotonic with the blood. Injectable formulations

according to the invention generally contain from 0.1% to 60Yodv of active oompound

and can be adminístered at a rate of 0.1 ml/minuteikg.

Formulations for inñ¡sion, for example, may be prepared employing saline as the canier

and a solubilising agent such as a cyclodextrin or derivative thereof, Suitable

cyclodextrins include a-cyclodextrín, p-cyclodextrin, y-oyclodexhin, dimethyl-p-

cyclodextrin, 2-hydroxyethyl-B-cyclodextrin, 2-hydroxypropyl-cyclodexfrin, 3-

hydroxypropyl-B-cyclodextrin and tri-metþl-B-cyclodextrin. More preferably the

oyclodextrin is hydroxypropyl-p-cyclodextrin. Suitable derivatives of cyclodextrins

include Captísol@ a sulfobutyl ether derivative of cyclodextrin and analogues thereof as

described in US 5,734,127.

Formulations suitable for rectal administration are preferably presented as unit dose

suppositories. Formulations suitable for vaginal administration me preferably presented as

unit dose pessaries. These maybe prepared by admixin gthe active compound with one or

more conventional solid carriers, for example, cocoa butter, and then shaping the resulting

mixtu¡e.

t0
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15 (0,50g, 1.5 rinnol) in ethyl acetate (80 ml) and the mixture was stirred at mom temperature
under a hydrogen atmosphere for 72h. The catalyst was removed by filtration through Celite
and the resulting filtrate was evaporated In vacuo. The residue was recrystallised.  WO
20o6/032086PCT/AU2005/001436 '.34 - from ethanol to yield
7-acetoxy-3-(4-acetox.yphenyechroman-4-one (0,40g, 80%) as colourless plates. Example 3:
7-11ydroxy-3-(44tydroxyphertyl)chronsian-4-one 5    Imidnole (0,63g) was added to a
suspension of 4'57-diacetoxydihydrodaidzein (0.26g, 0,08 nunol) in absolute ethanol (5.0 ml)
and the mixture was refluxed for 45 min under argon. The solution was concentrated under
reduced pressure and distilled water (10 ml) was 10 added to the residue. The mixture was
left overnight under refrigeration and the resulting precipitate was filtered. The crude product
was recrystallized from ethyl acetate/dichloromethane to yield
7-hydroxy-3-(4-hydrox)phenyl)chroman-4-one (0.14g, 71%) as a white powder. 15 Example 4:
7-(ren-Buty/dimethlysilytoxy)-37(4-(ter(-butyltlimethlysilyloxy) phenyEchroman-4-oxie
7-1/ydroxy-3-(4-byt.iroxyphertyl)ehroman-4-one 42g, imidazole 130g, tett- 20
butyldiroothylsilyi chloride 127g, and N,N-dimetiviformainide (500m1) were combined in a 21,
round bottom flask and stirred under nitrogen at room temperature for 16 hours. The reaction
was quenched with the addition of chilled 1=110 (200m1) with the reaction mix cooled in an
ice bath. The resultant white solid was filtered and rinsed with water. Recrystallisation from
ethanol afforded the product as white fluffy crystals (35.7g), 
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Formulations or compositions suitable for topical administration to the skin preferably take

the form of an oinünent, cream, lotion, paste, gel, spray, aerosol, or oil. Caniers which

may be used include Vasoline,lanoline, polyethylene glycols, alcohols, and combination

of two or more thereof. The aotive compound is generally present at a concentration of

5 from 0.1%oto SYowlw,more particularly from 0.5% to2%o w/w. Examples of such

compositions include cosmetic skin creams.

Formulations suitable for transdermal administration may be presented as discrete patches

adapted to remain in intimate contact with the epidermis of the recipient for a prolonged

period of time. Suoh patches suitably contain the active oompound as an optionally

buffered aqueous solution of, for example, 0.1 M to 0,2 M concentration with respect to

the said active compound. See for example Brown, L., et al. (199S).

Formulations suitable for transdermal administration may also be delivered by

iontophoresis (see, for example, PanchagnulaR, et a1.,2000) and typically take the form of
an optionally buffered aqueous solution of the active compound. Suitable formulations

comprise citrate or Bis/Tris buffer (pH 6) or ethanol/water and contain from 0.1 M to 0,2

M active ingredient.

Formulations suitable for inhalation may be delivered as a spray composition in the form

of a solution, suspension or emulsion, The inhalation spray oomposition may flrrther

comprise a pharmaceutically acceptable propellant such as carbon dioxide or nitrous oxide

or a hydrogen containing fluorocarbon such as 7 ,l ,l ,Z-tetrafluoroeth ane, l,l ,L ,2,3,3 ,3-

hepafluoro-n-propane or mixtures thereof.

The active compounds may be provided in the form of food stufß, such as being added to,

admixed into, coated, combined or otherwise added to a food stuff. The term food stuff is

used in its widest possible sense and includes liquid formulations such as drinks including

dairy products and other foods, such as health bars, desserts, etc. Food formulations

containing compounds of the invention can be readily prepared according to standard

practices.

10
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WO 2006/032086PCFMU2005/00143fi - 35 - Example Sz
7-(iert-Butyldimethylsilyloxy)-3-(4-(tert-hiatyldimethylsilyloiry)phenyi)-4-
(4-niaethaxyphetryl)ehrornairi-4-al    Me( 7
-(tert-Butyldiniethylsilyloxy)-3-(4-(ten-butyldinicthylsilyloxy)phenyl)-4-0-
methoxyponyi)tornan-443125g was weighed in a 2-neek round bottom flask, and flushed
under nitrogen, Anhydrous THE 80m1 was added to the reaction vessel to give a clear slightly
yellow solution. A condenser was attached and the reaction vessel placed in. an ice 10 bath.
Commercial 4-methox.yphenylmagnesium bromide (0.5M solution ba '[11F) 225m1 was
added to the reaction mix dropwise over 10 minutes, The reaction was quenched by the
dropwise addition of wet ether (50:50 H2O: diethyl ether) while still under nitrogen, with a
white precipitate forming as increasing amounts of 1420 was added. A further amount of 1320
was added to the reaction mix before extraction with diethyl ether, 1 The organic layers 'were
combined and washed with water, brine, dried over anhydrous MgSO4 and solvent removed
on rottwap to give clear yellow oil which solidified overnight to give an off-white solid, The
crude product was used in the next step without purification. 20  WO
20061032086PCTIA152005/00{436 - 36 - Example 6: 3-(44Iydroxyphettyl)444
nethoxypheny1)-219--ehromen-7-01  
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Therapeutic methods, uses and compositions may be for administration to humans or other

animals, including mammals such as companion and domestic animals (such as dogs and

cats) and livestock animals (suoh as cattle, sheep, pigs and goats), birds (such as chickens,

turkeys, ducks), marine animals including those in the aquaculture setting (such as fish,

crustaceans and shell fish) and the like.

The aotive compound or pharmaceutically acceptable derivatives prodrugs or salts thereof

can also be co-administered with other aotive materials that do not impair the desired

action, or with materials that supplement the desired action, such as antibiotics,

antifimgals, antiinflammatories, or antiviral compounds. The active agent can comprise

two or more isoflavones or derivatives thereof in combination or synergistic mixture. The

active compounds can also be administered with lipid lowering agents such as probucol

and nicotinio acid; platelet aggregation inhibitors such as aspirin; antithrombotic agents

such as coumadin; calcium channel blockers such as verapamil, diltiazem, and nifedipine;

angiotensin converting enzyme (ACE) inhibitors such as captopril and enalapril, and B-

blockers such as propanolol, terbutalol, and labetalol. The compounds can also be

administered in oombination with nonsteriodal antiinflammatories suoh as ibuprofen,

indomethacin, aspirin, fenoprofen, mefenamic acid, flufenamic acid and sulindac, The

compounds can also be administered with corticosteroids or an anti-emetic suoh as

zofran@.

Compounds of formula (I) seem to be particulæly suitable for co-administration with one

or more anti-cancer drugs such as cisplatin, dehydroequol (DHE), taxol (paclitaxel),

gemcitabine, doxorubicin, topotecan and/or camptothecin, especially cisplatin,

deþdroequol (DHE), taxol. This may result in improved effects in the treatment, for

example in the form of synergistic effects, in comparison to when only one of the

medicaments is employed. Particularly the oompounds of the presently claimed invention,

especially HMC (ie compound l) seem to be chemosensitisers and increase the

cytotoxicity of the one or more anticanoer drug co-administered therewith. This seems to

be the case even though said anticancer drugs work through a variety of different

mechanisms, for example cisplatin is thought to work by interacting with nuclea¡ DNA,

taxol is thought to work by blocking cells in the G2tM phase of the cell cycle and prevent

10
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tBDIVISO.  riraOH ()H Ottrie  5
7-(ten-Butyldimethylsilyloxy)-3-(4-(tert-buty1dirnethylsilylox.y)pheny1)-4-(4-
methoxyphertypchrornanto! (42g) , pTs0H (435g), boiling chips and 2 51, of ethanol were
combined in a 2-neck 51, round bottom flask with condenser attached. The reaction was
heated at reflux for 3 hours. The solvent was concentrated in vanso to-100m1 before being
poured into chilled, stirred water (700m1). The mixture was then extracted with 10 ethyl
acetate, the combined organic layers washed with water (3 x 21,), brine (1 x 500m1), dried
over anhydrous magnesium sulphate and filtered and solvent removed in vanio to give red/
brown oil, The oil was dissolved in methanol (-100m1) and put in freezer overnight, 15 A white
precipitate had formed overnight, which was filtered off and rinsed with methanol. The filtrate
was concentrated in vacua to give a brown oil. Example 7: 3-(4-llydroxyphany1)-4-(4-taietlia
pheny1)-ehroman-7-ol  06/032056PCIA d3. U2005/001436 - 37 - flask. The reaction was
hydrogenated at low pressure using standard conditions for 3 hours. The reaction was filtered
through Celite to remove the catalyst, rinsed through with ethanol (300m1). The filtrate was
concentrated to -50m1 before being poured into chilled, stirred water (1.4L). A pale orange
precipitate formed which then formed a brown oil, The mixture was then extracted with diethyl
ether, the combined organic layers washed with water (3 x IL), brine (1 x 500m1), dried over
anhydrous magnesitun sulphate and -filtered: The solvent was removed in vacua to give red/
brown oil. The product was remystatlised from diethyl ether (-100m1), to give brown solid
which was rinsed with chilled diethyl ether to give off-white crystals I I.3g. The al NMR
spectrum and I 0 numbering scheme being shown below, 
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them forming normal mitotio apparatus, gemcitabine is thought to work by incorporating

itself into the DNA of the cell, ultimately preventing mitosis, doxorubicin is though to be a

topoisomerase II inhibitor thereby preventing DNA replication and transcription and

topotecan is thought to be a topoisomerase I inhibitor.

Interestingly, in some situations this increased cytotoxicity to canoerous cells is not

associated wilh a corresponding increase in toxicity to non-cancerous cells.

rWhilst this observation has important implications for the treatment of many cancers, it is

especially important to the heatment of cancers suoh as melanoma, which are extremely

difficult to heat.

The co-adminisüation may be simultaneous or sequential. Simultaneous administration

may be effected by the compounds being in the same unit dose, or in individual and

discrete rmit doses administered at the sarne or similar time. Sequential adminishation

may be in any order as required and typically will require an ongoing physiological effect

of the frrst or initial active agent to be current when the second or later active agent is

administered, especially where a cumulative or synergistic effect is desired.

10
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20 The invention also extends to a pack comprising the combination therapy.

Compounds for use in the preferred synthetic methods of the present invention may be

derived from any number of sources readily identifiable to a person skilled in the art. For

example, daidzein is readily available or can be synthesised by standæd methods known in

the art. Suitable methods may be found in, for example, published intemational patent

applications rWO 98/08503 and V/O 00/49009, and references cited therein, which are

incorporated herein in their entirety by reference.

Compounds of the general formulae (II), (III) and (IV) described above are intermediates

inthe production of the active isoflavan compounds of formula (I). These intermediates

also represent further aspects of the present invention.

25

30

S In e above general methods, the sfructures may be optionally substituted or protected 15
with appropriate substituents, or synthous or derivatives thereof The compounds may be
present as, for example, their salts, acetates, herayl or silyloxy derivatives as can be
determined by a skilled synthetic chemist. Hydroxy groups can be readily alkylated  WO
2006/032686PCT/AU20051001,136 - 38 - (Mel/base), acylated (AczO/Py) or silylated
(CA-SiRilbase) and likewise deproteeteci by standard methods known in the art. Example
83-(4-11ydroxypheny1)-4- 4-hydroxyphenyl)-ehronciari-7-el
3-(4-hydroxypheny1)-4-(4-triethoxypirenyl)chrornan-7-ol (3.17g) was transferred to a round
bottom flask and the flask was purged with nitrogen, 33 wt.% Hydrogen bromide in acetic 10
acid (13m1) was added drop-wise to the flask and the contents were heated to eflux at 130C
for 7 hours. The reaction mixture was placed in an ice bath and adjusted to pH 6 using sodium
hydroxide solution (40%wfv). The mixture was extracted with ethyl acetate and the ethyl
acetate layer was firrther washed with water and brine prior to drying over magnesium
sulphate. The mixture was filtered and the solvent was removed in vacua to 15 yield a brown
solid (2,89g), The solid was dissolved in minimal ethyl acetate and purified by column
chromatography (Silica 6011, 200-400mesh using ethyl acetate:ehloroform (40:60) eltaint).
3-(4-hydroxypheny1)-4-(4-hydroxyphenyi)chrortian-7-ol was obtained in -80% purity and was
further purified by semi-preparative high performance liquid chromatography (1-IPLC), The
11-1 mins, is shown in Fig. 12. 20 
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Whilst not wishing to be bound by theory the oompounds of the present invention are

thought to regulate a wide variety of signal transduction processes within animal cells and

that these signal transduotion processes are involved in a wide range of funotions that are

vital to the survival and fr¡notion of all animal oells. Therefore, these compounds have

btoad-ranging and important health benefits in animals including humans, and in particular

have the potential to prevent and heat important and common human diseases, disorders

and functions, which represents asubstantial unexpected beneJït,

Thus it seems that the compounds of the present invention have activity as TNFa

inhibitors, It Is hlpothesised that TNFo is part of a tightly regulated cytokine network,

activating multiple signal transduction pathways and induoing or suppressing a wide

variety ofgenes. TNFu can provide a survival signal for cancer cells and henoe it has been

referred to as a tumour promoting factor. As a sentral mediator of inflammation, TNFo

provides a molecular lir¡k between chronic inflammatory stimuli and the subsequent

development of malignant disease. Consequently its inhibition by the compounds of the

invention may provide one mechanism by which they exert anti-cancer and/or anti-

inflammatory activity. Alternatively, these compounds may be used as chemopreventative

agents.

The particular benefits of this invention lie in (a) the large range of signal transduction

processes tatgeted by the compounds, (b) the fact that regulation ofthese various processes

inoludes both up-regulation of some processes and down-regulation of others, and (c) that

such a broad and varied effect on signal transduction prooesses also is accompanied by an

independent effect on a range of important enzymes that are fundamental to metabolism

and steroidogenesis.

The isoflavan compounds of the present invention exhibit good in vitro toxicity profïles

against normal cells. The isoflavans have broad activþ, markedly better than or at least

comparable with dehydroequol, The isoflavans are highly active against cancer oells

representative of leukaemia, gliom4 prostate, ovarian, breast and lung cancer. The

isoflavan compounds show potent activity against melanoma and cholangiocarcinoma

(gall bladder cancer) cell lines. Good activity was observed against colorectal cancer

10
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2.0. Materials and Methods 2.1. Tissue culture The human pancreatic cancer cell line, HPAC
(CRL-2119) was routinely cultured in 1:1 mixture DMEM (Dulbeccois Modified Eagle Medium
Sigma) plus Ham's F12 (Sigma) 25 medium containing HEPES (15 infvf), insulin (0.002
ing/m1), transferrin (0.005 mg/m1), hydrocortisone, (40 rig/nil), epidermal growth factor (10
ng/m1). The ovarian cancer cell lines; CP70 was obtained as a gift from Dr. Gil Mor (Yale
University) and cultured in a 1:1 mixture DMEM plus Ham's F12 medium, and SKOV-3
(ovarian cancer cell line) was  WO 2006/032086PCTIAU2005.1001436 -39.. purchased from
ATCC and cultured in McCoys 5a medium, The breast cancer cell line MDA-MB-468 cultured
in Leibovitz's L-15 medium. The melanoma cell line MM200 Was obtained as a gift from Peter
Hersey (University of Newcastle) and A2058 was obtained as a gift from Dr Peter Parsons
(QIMR). Both were cultured in DMEM medium, All cultures were supplemented with 10% FCS
(fetal calf serum CSL, Australia), penicillin (100U/m1), streptomycin (100mg/m1), L.-glutamine
(2m1v1) and sodium bicarbonate (1.2 g/L), and cultured at 37C in a humidified atmosphere of
5% CO2. All cell lines were purchased from ATCC (Maryland, USA) except where noted. 10
The notmal cell line NEE' (neonatal foreskin fibroblasts) was a gift from Dr. Peter Parsons
(Queensland Institute of Medical Research), RK (rabbit kidney) cells were obtained from Miller
Whalley (Macquarie University). Both cell lines were cultured in RPMI supplemented with 10%
PCS (CSL, Australia), penicillin (1001.11m1), streptomycin 15 (100mg/m1), L-gititattairte
(2intiv1) and sodium bicarbonate (1.2 g/L), and cultured at 37C in a humidified atmosphere of
5% CO?: 2.2, Proliferation assays IC50 values were determined for each cell line. Cells were
seeded in 96-well plates at an 20 appropriate cell density as determined from growth kinetics
analysis and cultured for 5 days in the absence and presence of the test compounds. Cell
proliferation was assessed after the addition of 20 pl of 3-4,5 dinitethyltbiazol-2,5-diphenyl
tetrazolium bromide (MTT, 2.5inglini in PBS. Sigma) for 3-41fts at 37C according to
manufacturer's instructions. 1C250 values were calculated from semi-log plots of % of control
proliferation 25 an the y-axis against log dose on the x-axis. 
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cells.

Radio-sensitisation ínvivo may be tested for example employing human epidermoid vulval

carcinoma 4431 tumours established on the upper leg and subjected to several doses of

local radiation (to the tumour bearing leg only), A radiation treatment regimen of

2SGylday for 4 days will delay tumour grovrllh, and the effect of the radiation dose in

combinationwith the test oompound could be assessed by monitoringtumour growth

delay. Tumour growth delay of -6 days can be expected using radiation alone. Tumour

growth delay using orally dosed test compound oan be determined separately. Evidence of

test compound mediated radio-sensitisation of 443 t tumours is then determined by

measuring tumour growth delay using a regimen of orally dosed test compound pre-treated

animals followed by the standard radiation therapy regimen described above. A mean

growth delay of up to 30 days using the combination treatment compared to up to 10 days

using either radiation or test oompound monotherapy regimens is evidence of the radio-

sensitisation properties of the compounds of the invention.

Radio-sensitisation in vitro may be tested, for example, employing clonogenic assays using

human the human epidermoid vulva carcinoma 4431 cell line to measure response to

radiation alone or in combination with test compounds. A drug dose causingl}% toxicity

to the cells may be used in combination with graded doses of radiation. The appropriate

dose of compound would be determined by clonogenic assay. Evidence of test compound

mediated radio-sensitisation is shown by, for example, a>20Yo toxicity to cells using

ohemoradiation therapy compared to l0% toxicity using the corresponding monotherapy

regimens.

The compounds of the invention are useful in the treatment, prevention or amelioration of

diseases associated with abenant cell survival, aberrant cell proliferation, abnormal cellular

migration, abnormal angiogenesis, abnormal estrogen/androgen balance, dysfunctional or

abnormal steroid genesis, degeneration including degenerative changes within blood vessel

walls, infl ammation, and immunological imbalanoe,

The invention is flirther illushated by the following nonlimiting Examples and
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DIM and 1-174e1C Pharmagokineties - Oral HMC and DHE were prepared as homogenous
suspensions in 1% CIVIC (nuv, water), Both formulations were delivered orally by gavage to
female BALB/c mice at a dosage of 50 30 mg/kg. Three animals were allocated to each
timepoint (15 rnM, 30 min, llir, 4 hr and 24 hr). At each respective tirnepoint, animals were
euthana.sed by cervical dislocation and blood collected. Free HMC was analysed by mass
spectroscopy.  WO 2006/032086PCTI4U200510014 - 40 - 2.4. H.MC Pbarinacoldnetics - iv.
and l.p. HNC was prepared as a solution in 20% hydroxyptopyl-beta-cyclodextrin (my, water),
The formulation was delivered either orally by gavage or by i,p, injection to female BALM mice
at a dosage of 50 mg/kg Three animals were allocated to each tirnepoint (15 mm, 30 min, ihr,
4 hr and 24 hr). At each respective thrtepoint, animals were euthanased by cervical
dislocation and blood collected, Urine was also collected and analysed for ITMC, Free HMG
was analysed by mass spectroscopy. 10 2.5 Pilot in vivo efficacy study -IIPAC tumour hearing
mice Subcontinent (80%) flasks of HPAC, cells were trypsinised, washed in Hanks balanced
salt solution (Sigma), resuspended in dttbellco's minimal essential medium (Sigma) and an
equal volume of matrigelmi (Becton Dickson) at a density of 3.7 x 10' cellsper mi. Athyrnio
nutrai BALB/c mice were sm. inoculated with 3.7406E1:PAC cells hi-laterally 15 midway along
the dorsal surface. For the HMG (n-3 per dosage regimen) and control groups (a-2), treatment
commenced five days post inoculation to allow tumour formation, HMG was formulated 20%
HPBCD and delivered i.p, daily for 15 days. The control group received equivalent
(weight:weight) 4, doses of 20% FIPBCD. Tumour measurements commenced on day 5 post
inoculation (10 x10 nuns) and were measured in 2 dimensions, 20 length (a) and width (b),
using calipers. Tumor weight (W) was calculated by the formula W-ab2 /2, where a, is the
longer of the 2 measurements (Odwyer et al., 1994). Tumour proliferation curves were
analyzed with respect to maximal rumour inhibition (treated/control, TIC), On sacrifice, liver,
kidney, femur, stomach and colon tissue were fixed in buffered formalin, embedded in
paraffin, sections cut and stained with B&B. 25 Stained sections were then submitted to
Rothwell consulting for histopathology analysis. Serum biochemistry was conducted on bloods
taken from control, vehicle control and HMG treatment groups. Serum analysis was
conducted by Veterinary Clinical pathology (U. Syd).  WO 200614)3208(3ITT/A
U2005/001436 -41 - 
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accompanyin g drawings.

Examples

In the Examples and accompanying drawings which follow the abbreviation "DHE" is used

for dehydroequol, "HMC, is used for compound No, 1, being 3-(4-þdroxyphenyl)-4-(4-

methoxyphenyl)-ghroman-7-ol and rrFIHCrr is used for compound No. I l, being 3-(4-

þydroxyphenyl)-4-(4-þydrox¡phenyl)-ghroman- 7-ol.

1.0. Synthesis

l0 Example lz 4tr7-Diaceto:rydaidzein

PCT/4U2005100t436

Ac2O, Py AcO

OH

A mixture of daidzein (2.0 Ð, acetic anhydride (10 ml) and pyridine (2 ml) was heated at

15 105-l l0 C for th. After cooling the mixture to room temperature, it was stined for a

further 30 min during which time the diacetate crystallised from solution. The product was

filtered, washed thoroughly with water and recrystallised from methanol to yield 4',7-

diacetoxydaidzein as colourless prisms (2.4 9,90%).

20 Example 2: 7-Aceto:ry-3-(4-acetoxyphenyl)chroman-4-one

^""%":
Palladium-on-charcoal (5%,0.029) was added to a solution of 4',7-diacetoxydaidzein

25 (0.509, 1.5 mmol) in etþl acetate (80 ml) and the mixture was stirred at room temperahue

under a hydrogen atmosphere for 72h. The catalyst \4ras¡ removed by filtration through

Celite and the resulting filtate was evaporatedinvacuo. The residue was recrystallised

2,6 Three-D model analysis of synergy 3-D model analysis of the cytotoxic interaction
between drug A and drug B enables the representation of predicted inhibitory effect of two
drugs in combination in 3 dimensions to reveal actual regions of synergy or antagonism. The
3D synergy plots are based on a theory of "Theretical Additivity" (TA) as outlined by Kanzawa
et al (int. J, Cancer 71, 31 1-3 19 (1997)), Theoretical Additivity wtis calculated from the
cytotoxicities of drag A and drug B as monotherapies using the following formula which
assumes the drugs are mutually exclusive inhibitors: (fak  (chl 2(f0A  a)i3 10TN')- (fark(f0B
Wh.ere: (fa)A = fraction of cells affected by drug A (fa)s = fraction, of cells affected by drag B
15 The TA is calculated for each combination of drug concentrations and subtracted from the
observed experimental effect for each combination to give a measurement of synergistic
action. A positive difference indicates that more cells are affected by the drug combination
than would be expected in theory if the two drugs were administered together- hence
synergism A negative difference indicates that less cells were affected than theoretically 20
expected --- hence antagonism. 10. Results 3.1. Normal cell toxicity Dehydroequol (DHE) was
less toxic to both NFF and rabbit kidney cells with 1050 values 25 above 150 Ir.NI when
compared to HMC (86 and 61 tiNI respectively) (Table 1 and Figure  1), In a separate study,
HNC was found to be non-toxic to both NFF and. RK cells (see again Table 1). When
compared to cisplatin, a benchmark chemotherapeutic agent, the degree of toxicity exhibited
by fit1/24C and HI-IC is mild.  WO 2006;032086PCT1AU2005/001436 - 42 - Table 1. Relative
toxicity of DHE, HMG, HI-IC and cisplatin against Neonatal foreskin fibroblasts (NEE) and
rabbit kidney cells.  Ai 
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from ethanol to yield 7-acetoxy-3-(4-acetoxyphenyl)cluoman-4-one (0.409, 80%) as

colourless plates.

Example 3 : 7-Hydroxy-3-(4-hydroxyphenyl)chroman-4-one

Imidazole (0.639) was added to a suspension of 4',7-diacetoxydihydrodaidzein (0.269, 0.08

mmol) in absolute ethanol (5.0 ml) and the mixture was refluxed for 45 min under argon.

The solution was concentrated under reduced pressr¡re and distilled water (10 ml) was

l0 added to the residue. The mixture was left overnight under refrigeration and the resulting

precipitate was filtered. The crude product was recrystallised from ethyl

aoetate/dichloromethane to yield 7-hydroxy-3-(4-hydroxyphenyl)chroman-4-one (0.149,

7l%) as a white powder.

PCT/4U200st00t436

lmldazole

OAc

1 5 Example 4 t 7 -(terú-Butyldim ethlysilytoxy)-3 -(4-(tert-butytdimethtysitylory)

phenyl)chroman-4-one

HO

HO

7-Hydroxy-3 -(4-hydroxyphenyl)chroman-4-one 42g, imidazole 1309, t ert-

butyldimethylsilyl chloride 127g, and N,N-dimetþlformamide (500m1) were combined in

a 2L round bottom flask and stined under nitrogen at room temperature for l6 hours, The

reaction was quenched with tþ addition of chilled HzO (200m1) with the reaction mix

cooled in an ice bath. The resultant white solid was filtered and rinsed with water.

Recrystallisation from ethanol afforded the product as white fluffy crystals (35.7g).

tBMSCt IBDMSO
_>
lmidazole

OH

25

Desk,tioti ennatal Foreskin Fibmhlasts>150 (Human, NM Rabbit Kidney>150 ogue (IC.50
13M) 86.121- 7,6 6143   Antineoplastie 0050 r tissitel Typc        
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Example 51 7-(tert-ßutyldimethylsilytory)-3-(4-(tert-butyldimethylsilylory)phenyl)-4-

(4-methoxyphenyl)chroman-4-ol

7-(tert-Butyldimetþlsilyloxy)-3-(4-(tert-butyldimethylsilyloxy)phenyl)-4-(4-

methoxypenyl)chroman-4-ol25gwas weighedina}-neck round bottom flask, and flushed

under nitrogen, Anhydrous THF 80ml was added to the reaction vessel to give a olear

slightly yellow solution. A condenser was attached and the reaction vessel placed in an ice

bath. Commercial 4-methoxyphenylmagnesium bromide (0.5M solution in THF) 225m1

was added to the reaction mix dropwise over l0 minutes. The reaction \ryas quenched by

the dropwise addition of wet ether (50:50 H2O: diethyl ether) while still under nihogen,

with a white precipitate forming as increasing amounts of HzO was added. A further

amount of HzO was added to the reaction mix before extraction with diethyl ether.

The organic layers were combined and washed with water, brine, dried over anhydrous

MgSOa and solvent removed on rotovap to give clear yellow oil which solidified ovemight

to give an off-white solid. The crude product was used in the next step without

purification,

PCT/AU200s/001436

l0

l5

20

OTBDMS

604 >150  Cis Win 9.85 :E. 5 Not iested. Fibtohlast  .K due {,               3.2, in vitro efficacy
against cancer cells When compared to DHE IC50 values, 11MC demonstrated markedly
superior activity (510 fold greater) against the inulti-thug resistant, p53 nit ovarian cancer cell
line (SKOV-3), the AR negative, p53 Mt prostate cancer cell line (PC), both ER positive (g53
wt) and negative (p53 m1) breast cancer cell lines (MCF-7 and MBA-1\413468 respectively),
p53 Mt Glioma (HTB-I38), p53 Mt pancreatic cancer (1-1PAC) and p53 Mt large cell lung 
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Example 6: 3-(4-Hydroxyphenyl)-4-(4-methoxyphenyl)-2Il-chromen-7-ol

TBDMSO

OMe

7-(tert-Butyldimethylsilyloxy)-3-(4-(terl-butyldimethylsilyloxy)phenyl)-4-(4-

methoxyphenyl)chroman-4-ol (42Ð ,pTsOH (4359),boiling chips and 2.5L of ethanol

were combined in a}-neck5l, round bottom flask with condenser attached. The reaotion

was heated at reflux for 3 hours, The solvent was concentratedinvacuo to -100m1 before

being poured into chilled, stirred water (700m1). The mixture was then extracted with

ethyl acetate, the combined organic layers washed with water (3 x2L), brine (l x 500m1),

dried over anhydrous magnesium sulphate and filtered and solvent removed in vacuo to

give red/ brown oil. The oil was dissolved in methanol (-100m1) and put in freezer

overnight.

A white precipitate had formed overnight, which was filtered off and rinsed with methanol.

The filtrate was concentrated in vacuo to give a brown oil.

Example 7: 3-(4-Hydroxyphenyt)-4-(4rmethoxyphenyl)-chroman-7-ol

PCT/AU200s/001436

10

r5

20

3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)-2H-chromen-7'ol25,5g (70mmoles),l|Vo

Pd/AlzOl3.959 and 200m1of ethanol were combined in a2-neck 500m1round bottom

H2 /Pd

ethanol

10 cancer (Table 2), IiMC exhibited anticancer activity comparable to that of DHE against all
other cell lines tested (Table 1), Particular efficacy of HMO was noted against melanoma
cells. (Table 2.1 and Fig 2)i This represents a substantial advantage over the prior art. 15
HMC was differentially active against 2 separate colorectal cell lines, with mark.ed activity
observed against HT-29 cells and somewhat less activity against HC'-15. It is noted that
HT-29 and HCT-15 are COX-2 positive and deficient respectively. When examined
microscopically and compared to cells treated with vehicle only, HMG treated SKOV-3 cells
exhibited morphological changes consistent with cells undergoing apoptosis (cell 20
enlargement, granular appearance in cytosol and blebbling of plasma membrane). In contrast
SKOV-3 cells exposed to 1001AM Dehydroequol after 18 hr retained a relatively normal
morphology, comparable with that of vehicle only treated cells,  WO 2006/032686
PalA1120051001436  - 43 - Table 2.1, Comparison of Dehydreetpol and HMG eroxicity
against cell lines representative of different malignancies.    01.1145535S   3182.07
MCF421.51112349  NIDA4\113-4687.913.5 0,58 HTI3-138 7.35 SI 0,894230  
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flask. The reaction was hy&ogenated at low presswe using standard conditions for 3

hours. The reaction was frltered through Celite to remove the catalyst, rinsed through with

ethanol (300m1). The filtrate was concentrated to -50m1 before being poured into chilled,

stined water (1.4L). A pale orange precipitate formed which then formed a brown oil.

The mixture was then extracted with diethyl ether, the combined organio layers washed

with water (3 x lL), brine (1 x 500m1), dried over anhydrous magnesium sulphæe and

filtered; The solvent was-removed ìn vacuo to give red/ brown oil, The product was

recrystallised from diethyl ether (-100m1), to give brown solid which was rinsed with

chilled diethyl ether to give ofüwhíte crystals 11.3g. The lH NMR spectrum and

numbering scheme being shown below.10
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Ddd

6.4
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In the above general methods, the structures may be optionally substituted or protected

with appropriate substituents, or synthons or derivatives thereof. The compounds may be

present as, for example, their salts, acetates, benzyl or silyloxy derivatives as can be

determined by a skilled synthetic chemist. Hydroxy groups can be readily alkylated

JHz

3.7

Dd

10,98

6,6

D
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6.6
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Dd is overlappine
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2
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)oublets overlapping for C2t,C3t,C2x C3n

totol integration is I

2

CRL21l956.62 16,8iid. 1.16 L9.36  322 ,f: 0,08NTI. NT  1,7+ 0,68t.90NT ----, 8.75 1 7.2375
2,5NT 10.613,82.23 1 0.1522.29  50.45 23.93,7* 1.4217135  24,4 1237 ...31,833129.9139
2.9083 * 0.7  A2058NT 5.73 2,3  IGR3NT0.53 0.02NT  5 In further studies, the eytotoxicity of
various compounds descti bed herein against various cell lines was determined, Compound
14-ene is the 3-cue chrornene precursor to the correspondingly reduced chroman, compound
14, It was observed that compounds 1,2 and 11 show the best efficacy against most all
cancer cell lines. Compound 14 shows slightly better efficacy in general compared to its
contesponding 14-er3.e and to compound 6 10 (Table 2,2).  WO 2006;
032086PCT/Au200.(001436 1/1  Table 2.2. roman compounds 1, 2, 6, 11 and 14 and
chrom-3-ene compound 14-ene 
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(MeVbase), acylated (Ac2O/Py) or silylated (Cl-SiR3/base) and likewise deprotected by

standard methods known in the art.

Example 8: 3-(4-Ilydroxyphenyl)-a-(a-hydroryphenyl)-chroman-7-ol

3-(4-hydroxyphenyl)4-(4-methoxyphenyl)chroman-7-ol (3.179) was transferred to a round

bottom flask and the flask was purged with nitrogen. 33 $/t.% Hydrogen bromide in acetio

acid (l3ml) was added drop-wise to the flask and the contents were heated to reflux at

130oC for 7 hours. The reaction mixture was placed in an ice bath and adjusted to pH 6

using sodium hydroxide solution (40%wlv). The mixture was extacted with etþl acetate

and the ethyl acetate layer was further washed with water and brine prior to drying over

magnesium sulphate. The mixture was filtered and the solvent was removed irt vacuo to

yield a brown solid (2.89g). The solid was dissolved in minimal ethyl acetate and purified

by column chromatography (Silica 60[,200-400mesh using etþl acetate:chloroform

(40:60) eluant). 3-(4-hydroxyphenyt)-4-(4-hydroxyphenyl)chroman-7-ol was obtained in

-B1%puïity and was fi¡rther purified by semi-preparative high performance liquid

chromatogtaphy (HPLC). The rH n.m.r. is shown in Fig' 12.

2.0. Materials and Methods

2.1. TÍssue culture

The human pancreatic cancer cell line, HPAC (CRL-2119) was routinely cultrued in 1:l

mixture DMEM @ulbecco's Modified Eagte Medium Sigma) plus Ham's Fl2 (Sigma)

medium containing IIEPES (15 mM), insulin (0.002 mg/ml), bansfenin (0.005 mg/ml),

hydrocortisone, (40 nglml), epidermal growth factor (10 ngiml). The ovarian cancer cell

lines; CP70 was obtained as a gift from Dr. Gil Mor (Yale University) and cultured in a 1:l

mixture DMEM plus Ham's Fl2 medium, and SKOV-3 (ovarian canoer cell line) was

PCT/4U2005t001436

l0

HBr

--+AcOH

20

25

oyttatleity against cell lines representative of different malignancies. Cell lineCorn end IC 12
vriaeCr7112.1 ProstatePC.323 a: 1 4. a: 0.02 BreastI%thA4%th..468 2.8k 4,2 1.9  Gnome
IITR438 1,9 a 0,3 Pancreatic IIPAC 2.8 0.9 Leukaemia CCRF-CEM 2 -a= 0.97  NSC Lunt
'C141460 2.a2 Colorectal  HT-29 5,4  1. elanornaMIN12011L07 08 HMC Pharmacokineties -
oral When compared with the pharrnacokinetic profile of orally dosed DHE, HMC administered
via the same route and dosage (30 mg/kg), HMC exhibited a Cinax of 141 !.LM (achieved
after 1 hr) compared to 511 1.ityl for DHE (achieved after 15 min) (Table 3 and Figure 3). Like
DHE, HIVIC is also subject to conjugation with low plasma 10 concentrations of the free form
of the molecule observed (1,3 ntyl after 30 min) (Table 3 and Figure 3). This is less than half
the maximum concentration of free dehydroequol achieved using the same dosage regimen
(3.3 p1V1 after 15 min) (Figure 3). The ratio of free:total is greMer for HIYIC When compared
to DHE (0,92 vs 0.64 respectively), 3,3,2, HIY1C and HIM Pharrnatokineties - and Human
patients were orally dosed with 200 mg of either HMC or HEIC, For each challenged patient,
blood was taken over a 6 hour period and the results averaged to  WO
2006/032086PCl/AU2003/001436 - 45 - characterise the plasma pharrnacoldnetics. The initial
results give an oral half life of 3.99 hours for IIMC and 3,26 hours for HHC (Table 3.2). Table
3,2. Comparison of plasma half life concentrations achieved in humans dosed with 
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purchased from ATCC and cultured in McCoys 5a medium, The breast cancer cell line

MDA-MB-468 cultured in Leibovitz's L-15 medium. The melanoma cell line MM200

was obtained as a gift from Peter Hersey (University ofNewoastle) and 42058 was

obtained as a gift from Dr Peter Parsons (QIMR). Both were oultured in DMEM medium.

All cultures were supplemented with 10% FCS (fetal calf serum CSL, Australia), penioillin

(100U/ml), strep-tomycin (lO0mg/ml), L-glutamine (2mM) and sodium bicarbonate (1.2

!L), andcultured at37oC in a humidified atmosphere of 5% COz. All cell lines were

purchased from ATCC (Maryland, USA) except where noted.

The normal cell line NFF (neonatal foreskin fibroblasts) was a gift from Dr. Peter Parsons

(Queensland Institute of Medical Research). RK (rabbit kidney) cells were obtained from

Miller Whalley (Macquarie University). Both cell lines were sultured in RPMI

supplemented with 10% FCS (CSL, Australia), penicillin (100U/ml), streptomycin

(lO0mg/ml), L-glutamine (2mM) and sodium bicarbonate (1.2 glL), and cultured aI37"C

in a humidified atmosphere of 5Yo COz.

2.2. Proliferation assays

IC50 values were determined for each cell line. Cells rürers seeded in 96-well plates at an

appropriate cell density as determined ftom growth kinetics analysis and cultured for 5

days in the absence and presence of the test compounds. Cell proliferation \ryas assessed

after the addition of 20 pl of 3-4,5 dimetþlthiazol-2,5-diphenyl tetrazolium bromide

(MTT, Z.Smg/ml in PBS, Sigma) for 3-4hrs aL37"C according to manufacturer's

instructions. IC50 values were calculated from semiJog plots of % of control proliferation

on the y-axis against log dose on the x-arcis.

2.3. DHE and HMC Pharmacokinetics - Oral

HMC and DIIE were prepared as homogenous suspensions inlo/o CMC (m:v, water). Both

formulations were delivered orally by gavageto female BALB/c mice at a dosage of 50

mglkg. Three animals were allocated to each timepoint (15 min, 30 min, lhr, 4 hr and24

hr). At each respective timepoint, animals were euthanased by cervical dislooation and

blood collected. Free HMC was analysed by mass spectroscopy.

l0

PCT/4U2005100t436

15

20

25

200 mg of either HMC or HHC  1113.29  C (115132.173.99 HHC3.16  3.4, HMC
Pharmacokirietles -1.y. and j..p. When formulated in HPBCD and delivered i,v., extremely high
levels of HMC were 10 observed in the blood equating to 1 mM of drug, 15 tnin post
administration (Figure 4). Elimination kinetics of iv. delivered HMC were bipbasic with HMC
being rapidly excreted from blood at a rate of -1000 uMihr in the first hr post administration.
Assuming linear excretion, this rate slowed to 0.97 uhi/hr in hours 14 hr post administration,
When the same formulation was administered 1,p., approximately 1 log less IIMC was
observed 15 in plasma (1.31 pM by i.p, administration vs 1069 WV by i.v. administration) up to
1 hour post administration (Fig 4). Elimination kinetics by i.p. administration however, was
much slower during this period (112 p,M/hr) thus resulting in a serum concentration some 4,5
fold higher at 1 hr post administration (18.7 by 1.p. vs 3.98 by i.v.), Conversely, in hours 1- 4
post administration, elimination kinetics was faster after i.p, administration when 20 compared
to iv, (4.6 1.11/1Thr by i.p. vs 0.97 titvilltt by iv.), These data confirm that HMC is highly
bioavailable in its free state when administered by i.v. or lip. routes. In conjunction with oral
PK data, these data also suggest that HMC is susceptible to rapid removal by GI
detoxificatio.n enzymes. Large COnCeilthEtiODS of freellMC were observed in urine over 0.5,
1 and 41ir where collected (3.3 mtvi, 3.9 rnM and 0,093 rriM), 25
0061032086PC1/A1120051001436 - 46 - Table 4, Comparison of the pliamisicokinetic profile
of }WC in serum after i.v and 1.p administration of }MC formulated in 20% hydroxypropyl beta
eyclodextrin at a dose of 50 mg/kg. Inset shows HMC concentrations in serum. 5 3.5. Pilot in
vivo efficacy study - IIPAC tumour bearing mice MC when dosed daily, i.p, at 100 nag/kg
significantly retarded the proliferation of HPA.0 tumours over the treatment period when
compared to vehicle control (Figure5). When the mean terminal tumour mass was assessed a
significant reduction in final tumour burden (leTIC = 62) was also noted (Figure 6), importantly,
no signs of toxicity were noted a3 
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z.4,IdlMC Pharmacokinetics - i.v. and i.p.

HMC was prepared as a solutio n in 20Yo hydroxypropyl -beta-cyclodextrin (m :v, water).

The formulation was delivered either orally by gavage or by i.p. injection to female

BALB/g mice at a dosage of 50 mg/kg. Th¡ee animals were allocated to each timepoint (15

min, 30 min, thr, 4 hr and 24 hrr). At eaoh respeotive timepoint, animals were euthanased

þy o-eryical dislooatiol and blood collected. Uring was also collected and analysed for

HMC. Free HMC was analysed by mass speotroscopy.

2.5 Pilot in vivo efficacy study - HPAC tumour bearing mice

Subconfluent (8070) flasks of HPAC cells were trypsinised, washed in Hanks balanced salt

solution (Sigma), resuspended in dubellco's minimal essential medium (Sigma) and an

equal volume of matrigelru @ecton Dickson) at a density of 3.7 x lO7cells per ml.

Athymic nt¡/nu BALB/o mice were s.c. inoculated with 3Jx106 HpAC cells biJaterally

midway along the dorsal surface. For the HMC (n=3 per dosage regimen) and control

gxoups (r2),treatment commenced five days post inoculation to allow tumour formation.

HMC was formul a1ed2}o/o HPBCD and delivered i,p. daily for 15 days. The control group

received equivalent (weight:weight) i.p. doses of 20% HPBCD. Tumour measurements

commenced on day 5 post inoculation (10 x10 mm'¡ and were measured in 2 dimensions,

lengfh (a) and width (b), using calipers. Tumor weight (W) was caloulated by the formula

W:ab2 /2,wherea, is the longer of the 2 measurements (Odwyer et al., 1994). Tumour

proliferation curves were analyzed with respect to maximal ürmour inhibition

(treated/control, T/C). On sacrifice, liver, kidney, femur, stomach and colon tissue were

fixed in buffered formalin, embedded in paraffrn, sections cut and stained with H&E.

Stained sections were then submitted to Rothwell consulting for histopathology analysis.

Serum biochemistry was conducted on bloods taken from control, vehicle control and

HMC treatment groups. Serum analysis was conducted by Veterinary Clinical pathology

(u.syd).

10
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10 animals dosed with IIMC at 100 mg/kg daily for 15 days as determined by weight loss.
Indeed animals treated with HMG appeared to thrive when compared to control (Figure 7).
Organs (liver, kidney, spleen, femur, stomach and colon) were collected and submitted for
histopathological assessment by R.othavell consulting. A limited serum biochemistry analysis
was also conducted. These data confirm that HMG demonstrates antittimorigenic 15 activity
against HPAC tumours in vivo. 3,5,1. Histpathologieal exanaination of IIMC treated grasps
Histopathological examination of haetnatoxylin and eosin-stained sections cut from
formalin-fixed tissues from two series of experimental mice was made, The liver, kidney, 20
stomach and colon were examined for evidence of toxic damage, the spleen and bone
marrow for evidence of rnyelosuppression and the tumour for degree of necrosis. A score of
0-5 was allocated to each tumour specimen for the degree of necrosis present, a 0 score
representing, no necrosis and a score of 5, total necrosis. The sections were scored 'blind' on
two separate occasions and the final score given in the results is the mean of these two 25
scores.  WO 2006/032086PCT/AU20051001436 - 47 - Table S. HMG Toxicology 3.5.1.1.
Overview of results 5 No evidence of toxicity or myelosuppression was detected in sections
cut from the tissues of the drag-treated mice. However, in all the drug-treated mice there were
patchy mild/moderately severe chronic inflammatory changes affecting the serosa and
attached mesentery, as well as reactive changes of the inesothelial cells, in some of the
tissues examined. These changes are consistent with the intra-peritoneal injection of a mildly
10 irritant material. Significant necrosis of tumour tissue was not detected in control
specimens 1/8 and 1/11, However there was considerable necrosis in the tumour sections
from the drug-treated mice. 15 3.5.L2, Serum biochemistry of IIMC treated mice in
comparison to control Alakalines phosphatase (ALP), &mine transferase (ALT) and creatine
(Cre) were assessed in HIvIC treated vs control animals. ALP and Cre levels were similar to
control and fell within normal ranges (for rat) however, ALT levels in vehicle control and lilvIC
treated 20 groups were much lower than no treatment control levels.  WO
2006/032086PCTI4U2005/001436 
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2.6 Three-D model analysis of synergy

3-D model analysis of the cytotoxic interaction between drug A and drug B enables the

representation of predicted inhibitory effeot of two drugs in combination in 3 dimensions

to reveal actual regions of synergy or antagonism. The 3D synergy plots are based on a

theory of "Theretical Additivity" (TA) as outlined by Kanzawa et al (Int. J, Cancer 71,

3 1 1 -3 1 9 ( 1 997). Theoretical Additivity was calculated from the cytotoxicities of drug A

and drug B as monotherapies using the following formula which assumes the drugs are

mutually exclusive ínhibitors :

(fJ,q+(fJs-2(fJ,c(Ðs
t0

Where: (fr)n: fraction of cells affected by drug A

(fJs: fraction of cells affected by drug B

The TA is calculated for each combination of drug concentrations and subtracted from the

observed experimental effect for each combination to give a measurement of synergistic

action. A positive difference indicates that more cells are affected by the drug combination

than would be expected in theory if the two drugs were administered together - hence

synergism. A negative difference indicates that less cells were affected than theoretically

expected - hence antagonism,

3.0. Results

3.1. Normal cell toxicity

Dehydroequol (DHE) was less toxic to both NFF and rabbit kidney cells with IC50 values

above 150 prM when compared to HMC (86 and 61 pM respectively) (Table I and Figure

1). In a separate study, HHC was found to be non-toxic to both NFF and RK cells (see

again Table l). When compared to cisplatin, a benchmark chemotherapeutic agent, the

degree oftoxicity exhibited by HMC and HHC is mild.

PCT/4U20051001436
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TAlr¡ =
I - (fJe(fJs

25

- 48 - Table 6, Serum biochemistry of HIMC treated mice in comparison to control 10 16.
HIVIC induced apoptasis in melanoma cells and normal fibroblasts 3.6,1, Melanoma HMO
induced apoptosis in all TRAIL-sensitive and -resistant melanoma cells at concentrations
down to 2(tivi (-740% apoptosis) over 24 and 48 hrs of exposure (Table 7 15 and Figure 8A).
At the clinically significant drug concentration of 4 itly1, the incidence of apoptotic cells after
24 hr exposure to HMO rose to 25% and 39% in TRAIL sensitive (MEL-RM) and TRAIL
negative (IGR3) cell lines respectively (Table 7 and Figure 8A). The incidence of HMO
induced apeptosis. at 4 pLtvl after 24 hr exposure in the other cell lines was -9%. In
comparison, the incidence apoptosis in DHE- treated cells at a 20 concentratoin of 4 ttIM after
24 fir exposure was 0-1%. Over 48 hr at the same concentration of Envie (41.tiv1), the
incidence of apoptosis rose to 21-42% in all cell lines examined (Table 7 and Figure 8I3).
DHE was the only other agent to induce moderate levels of apoptosis after 48 hr exposure at
a concentration of 4p.M, hut only in ME4405 (14%) and Mel-AT (15%) cell lines (Table 7 and
Figure 813). 25  WO 2006/032086 Per6f9X2005/001436  - 49 - Table 7. Summary of apoptos
s incidence in DBE and HMC treated, mehmoma cells over 24 and 48 hr.    Trall-resistuat
Trait 
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Table 1. Relative toxicity of DHE, HMC, HHC and cisplatin againstNeonatal foreskin

fibroblasts (NFF) and rabbit kidney cells'

Neonatal Foreskin
Fibroblasts

3,2.In vítro elfrcacy against cancer cells

When compared to DHE IC50 values, HMC demonstrated markedly superior activity (-5-

10 fold greater) against the multi-drug resistant, p53 mt ovarian cancer cell line (SKOV-3)'

the AR negative, p53 Mt prostate cancer cell line (Pc3), both ER positive þ53 wt) and

negative þ53 mt) breast cancer cell lines (MCF-7 and MDA-MB-468 respectively), p53

Mt Glioma (HTB-138), p53 Mt panoreatic cancer (HPAC) and p53 Mt large cell lung

canceÎ (Table 2). HMC exhibited anti-cancer activity comparable to that of DHE against

all other cell lines tested (Table 1). Particular effrcacy of HMC was noted against

melanoma cells. (Table 2.1 and Fig 2). This represents a substantial advantage over the

prior art.

HMC was differentially active against 2 separate colorectal cell lines, with marked activity

observed against HT-zg cells and somewhat less aotivity against HCT-I5' It is noted that

HT-zgand HCT-I5 ale cOX-2 positive and deficient respectively. when examined

microscopically and compared to cells treated with vehicle only, HMC treated SKOV-3

cells exhibited morphological changes consistent with cells undergoing apoptosis (cell

enlargement, granular appearance in cytosol and blebbling of plasma membrane)' In

contrast sKov-3 cells exposed to 100 ¡r,M Dehydroequol after 18 hr retained a relatively

normal morphology, comparable with that of vehicle only treated cells'

PCT/4U2005 1001436
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Table 2.1. Compæison of Dehydroequol and HMC cytoxicity against cell lines

representative of different malignancies.

Indication

Ovarian

Designation

Prostate

/r2780

Breast

CPTO

SKOV-3

Glioma
Pancreatic

PC3

LNCaP

Leukemic

PCT/4U2005 1001436

Analogue (IC50 uM)

DU145

MDA-MB-468

DIIE

MCF-7

1.7 + 0,61

Lung

t.69 +0.62

HTB.I38

21.83 + 4.65

Colorectal

cRL-2r 19

9.09 + 8.12

RPMI-8226
CCRF.CEM

4.8 + 3.8

Melanoma

5.95 + 1.5

NCI-H23

21.5 + 13.2

HMC

NCI-H460

1.58 + 0.59

7.9 +3.5

l,2l +0,29

7.35 + 0.89

HT-29

In further studies, the cytotoxicity of various compounds described herein against various

cell lines was determined. Compound 14-ene is the 3-ene chromene preoursor to.the

correspondingly reduced chroman, compound 14, It was observed that compounds l, 2

and 11 show the best efficacy against most all cancer cell lines. Compound 14 shows

slightly better efficacy in general compared to its corresponding 14-ene and to compound 6

(Table2.2).

Antineoplastic
ûC50 uM)

HCT-I5

56.62+ 16.8

2.26

2,9+0,92

MM2OO

3.72+0,08

42058

1.7 + 0.68

4.52

Cisnlatin

tGR-3

8.75 +7.2

3.78

7.15 +7

10.6 + 3.8

1.1+ 0,35

2.10

50.45 +21.9

l0

10.30

1.9 +0.27

24.4 + 12.57

14.1 + 1.16

s.40

2,11

2.90

>10

NT

NT

3.75+2,5
1.90

2.0'l

NT

2.23 +0.15

3.69
0.s8

3.7 +t.4

42.30

37.8 + 33

9.36

0.7 + .03

1.2 + 0.65

NT

0.53 + 0.02

NT
NT

22.29

22.1+35
t299 +39
8.3 + 0.7

5.73 +2.3
NT

6  39    41    32 10 24  0 _"" ....... 0 0  1 
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Table 2.2. Chroman compounds 1,2,6, l1 and 14 and chrom-3-ene compound l4-ene

cytoxicity against cell lines representative of different malignancies.

Indication

Ovarian
Prostate
Breast
Glioma

Cell line

Pancreatic
l,crrl¡nerniø

cP70

NSC Lune

MDA-MB-468

Colorectal

PC3

Melanoma

IITB-138

IIMC 1

Comnound

CCRF.CEM
IIPAC

2.t

NCr-H460

2.5+l
2.8+4,2

3.3.1. HMC Pharmacokinetics - oral
'When compared with the pharmacokinetic profile of orally dosed DHE, HMC

administered via the same route and dosage (50 mglkg), HMC exhibited a Cmax of

l4l ¡¡M (achieved after t hr) compared to 511 pM for DHB (achieved after 15 min) (Table

3 and Figure 3). Like DHE, HMC is also subject to conjugation with low plasma

concentations of the free form of the molecule observed (1.3 pM after 30 min) (Table 3

and Figure 3). This is less than half the maximum concentration of free dehydroequol

achieved using the same dosage regimen (3.3 pM after 15 min) (Figure 3). The ratio of

free:total is gteater for HMC when compared to DHE (0'92 vs 0.64 resPectively).

Table 3.1. Comparison of free and total plasma concentrations achieved in mioe dosed

with 50 mg/kg of either HMC or DHE p'o'

IdT-29

1.9 + 0.3

PCT/AU2005 /001436

MM2OO

2

2.8 + 0.9

3+1.2
4.2+0.02

(Ic50 uM)

2+0.97
2.8+2

1.9

5.4 + 1.8

3.77

6

24.4+ l2

1.07 + 0,5

>100

10

119 + 57

zt.7 +3.6

4.02
5.4+2.1

HIIC 1I

>100

1.1 + 0.9

59,4

0.88 + 0.4

>100

92*.81.6

7.34

l+0.1
0.52 r 0.1

14-ene

NT
>100

31.6+27

>100

46.2+ 7

0.6 + 0.01

>100

0.5 + 0,1

NT
82+ l0

2.5+l

14'

81.5 + 59

>100

0.6 + 0.3

325 +2,1

>100

56.6

>100

53.5 +14

97.5 +30

79+56

58+2.7

'73 + 51.6

Time

65

45 + 4.7

0.25

93 +2.9

0.5
I
4

3,3,2. HMC and HHC Pharmacokinetics - oral

Humanpatients were orally dosed with 200 mg of either HMC or HHC. For each

challenged patient, blood was taken over a 6 hour period and the results averaged to

24

Total
72+ 4.4

HMC (uM)

122+18.4
141 + 45.8
33.9 + t2.7

0

0.38 + 0.04

Free

1.3 +0,2
0,95 +0,4

0.19 + 0.08
0

Total
511.5 + 99

DIIE (uM)

357 +82
387 +22.8
117.6 + 42
0.13 + 0.1

Free
3.3 + 0.13

2.9 + 0.05

1.5 + 0.11

1.3 + 0.07
0.15 + 0.04

L5 1  9 5 7   15 25     43 59    401.35   3.&2 e Normal fibroblasts Studies were conducted on
normal fibroblasts (MRC-5) and TRAIL-sensitive melanoma cells (ME4405 and MEL-KM)
using 8u..1M of either DHE orlINIC over 24 and 48 hr of exposure (Figure 9). These data
demonstrate that IIMC, and to a lesser extent DUE, 
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shæacterise the plasmapharmacokinetics. The initial results give an oral half life of 3.99

hours for HMC and3.26 hours for HHC (Table3.Z).

Table 3.2. Comparison of plasma half life concentrations achieved in humans dosed with

5 200 mg of either HMC or HHC

Comnound

3.4. HMC Pharmacokinetics - i.v. and i.p.

When formulated in HPBCD and delivered i.v., extemely high levels of HMC were

observed in the blood equating to I mM of drug, 15 min post administration (Figute 4).

Elimination kinetics of i.v. delivered HMC were biphasic with HMC being rapidly

excreted from blood at a rate of -1000 uM/tn in the first hr post administration. Assuming

linear excfetion, this rate slowed to 0.97 uM/hr in hours l-4 hr post administration. When

the same formulation was administered i.p., approximately I log less HMC was observed

in plasma (131 pM by i.p. administration vs 1069 pM by i.v. administration) up to I hour

post administration (Fig 4). Elimination kinetics by i.p. administration however, was much

slower during this period (112 pM/hr) thus resulting in a serum concentration some 4.5

fold higher at t hr post administration (18.7 by i.p. vs 3.98 by i.v.). Conversely, in hours 1'

4 post administration, elimination kinetics was faster after i.p. administration when

compared to i.v. (a.6 plvf/lr by i.p. vs 0.97 pM/hÌ by i.v.). These data confirm that HMC

is highly bioavailable in its free state when administered by i.v. or i.p' routes' In

conjunction with oral PK data these data also suggest that HMC is susceptible to rapid

removal by GI detoxification enzymes. Large conoentrations of free HMC were observed

in urine over 0.5, 1 and 4hr where oollected (3.3 mM, 3.9 mM and 0.093 mM).

HMC (1)

10

HHC (11)

PCT/4U2005 t001436

C-"" fns/ml.)

sl3
341

t5

T-n* (h)

2.17
2,67

tr¿ ft)
3.99
3.26

25

10 induced marked levels of apoptcisis in both mehmerna cell lines over 24 and 48hr,
importantly, while promoting programmed cell death in malignant cello, normal fibroblasts
were showm to both1-1MC and DIM induced apoptosis at 8 tM drug over 24 and 48 hr of
exposure. These data confirm that HrviC is selectively eytotoxic to cancer cells. 15 The
isoflavari compounds of the invention exhibit a superior efficacy profile against all cancers
tested when compared to DIIE. While HMC is marginally more toxic than DUE in NTT and RK.
cells, HMC is markedly less toxic than cisplatin. IINIC delivered orally in mice is less
bioavailable When compared to DHE but the ratio of free:total is greater. HPBCD-formulated
HINIC was markedly bioavailahle in its free form when delivered. i.v 20 and i.p. Significant
serum concentrations office I-INIC post delivery i.p. were some 18 fold above that of orally
delivered 1-IMC. it has been demonstrated that IIMC, formulated in  WO
2006/032086PCT/AU20051901436 - 50 - 20% HPBCD and delivered i,p., exerts a moderate
antitumorigenic activity against HPAC tumours in vivo. HMG when delivered at 100 rag/kg to
mice is not toxic to major organs as determined by histopathology however, in all the
drag-treated mice there were patchy mild/moderately severe chronic inflammatory changes
affecting the serosa and attached mesentery, as svell as reactive changes of the mesothelial
cells which are consistent with the intra-peritoneal injection of a mildly irritant material. HMC
induced moderate-strong levels of amitosis in TRAIL-resistant and TRAIL- sensitive
melanoma cells after both 24 and 48 bra of exposure. Normal fibroblast cells 10 were
resistant to apoptosis after 48 hrs exposure DHE induces mild-moderate levels of apoptosis in
TRAIL-resistant and TRAIL-sensitive melanoma cells after 48 Firs of exposure. Normal
fibroblast cells were resistant to apoptosis after 48 hr exposure. The ability of both HMG and
DUB to induce apoptosis in caspase negative cells suggest that an operational extrinsic
programmed cell death pathway is not essential for IIMC and DUE 15 mediated apoptosis,
3e7 In vitro HMC synergistic toxicity in cancer cells when combined with cisplatin, paclitaxel
and gemcitahine, camptothecim topotecan and doxorubiein 20 3,7.1, IIMC combination with
cisplatin against the MM200 melanoma cell line. HMG synergy with cisplatia was assessed
either in combination over 5 days exposure or in sequence (111v1Ccisplatin) against the
Mly1200 melanoma cell line. it was difficult to assess for synergisitic toxicity using a change in
IC50 as a measure of synergy due to IlivIC toxicity as monotherapy (Table 8). 3D analysis of
the data reveals that only additive 
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Table 4. Comparison of the pharmacokinetic profïle of HMC in serum after i.v and i.p

administration of HMC formulated in20% hydroxypropyl beta cyclodextrin at a dose of 50

mg/kg). Inset shows HMC concentrations in serum.

Time (hr)

3.5. Pilot ìtt vivo efficacy study - HPAC tumour bearing mice

HMC when dosed daily, i.p. at 100 mg/kg significantly retarded the proliferation of HPAC

tumours over the treatment period when compared to vehicle control (Figure5). When the

mean terminal fumour mass was assessed a significant reduction in final tumour burden

(%T/C = 62) was also noted (Figure 6), Importantly, no signs of toxicity were noted in

animals dosed with HMC at 100 mglkg daily for l5 days as determined by weight loss.

Indeed animals treated with HMC appeæed to th¡ive when compared to control (Figure 7).

Organs (liver, kidney, spleen, femur, stomach and colon) were collected and submitted for

histopathological assessment by Rothwell consulting. A limited serum biochemistry

analysis was also conducted. These data confirm that HMC demonstrates antitumorigenic

activþ against HPAC tumours invivo.

0.25
0.s0

I
4

Serum IIMC luM)

24

PCT/4U200st001436

10

tv
t069.75
198.66

3.98
0.07
0.0s

¡D

131.37
31.78

15

18.74
0.15

3.5.1. Histpathological examination of HMC treated groups

Histopathological examination of haematoxylin and eosin-stained sections cut from

formalin-fixed tissues from two series of experimental mice was made. The liver, kidney,

20 stomach and colon were examined for evidence of toxic damage, the spleen and bone

manow for evidence of myelosuppression and the tumour for degree of necrosis. A score

of 0-5 was allocated to each tumour specimen for the degree of necrosis present, a 0 score

representing, no neclosis and a score of 5, total necrosis. The sections were soored 'blind'
on two separate occasions and the final score given in the results is the mean of these two

25 scores.

0.17

25 toxicity was apparent using the 5-day combination protocol (Fig, 11). Evidence of synergy
using the HMC-cisplatin combination was further assessed using the HMG-) cisplatin
sequence (24hr exposure to each compound in sequence) against the melanoma cell line
1v1M200. Using change In IC50 to assess for synergy it was noted that HMC at
concentrations of 2 OA markedly chemosensitised the Is41\1200 cells to cisplatin by >1000 30
fold (Table 8), flivIC induced themosensitisation of MM200 cells to cisplatin was confiuned
using 3D analysis of the data (Fig. 11B), These data demonstrate that 'WC is able to
chernosensitise cancer cells, in this case melanoma, to cisplatin.  'WO
20061032056PCl/A132005/001436 - 51 - Table 8, Comparative assessment of synergy
between IIMC and the cisplatin against the Mel-RM melanoma cell line. Average IC50 data for
each agent when assessed as a monotherapy or hi combination are shown 17.2 HMC
combination with gemeitableie against the Mel-RM melanoma cells. HMC synetgy with
gerricitabine was assessed either in combination over 5 days exposure or in sequence
(141y1Cgetricitabin.e) against the Mel-RM melanoma cell line, It was 10 difficult to assess for
synergisitic toxicity using a change in IC50 as a measure of synergy due to HMC toxicity as
monotherapy (Table 9). 30 analysis oldie data reveals that 5-dry combination protocol did not
elicit synergisitic toxicity against the Mel-RM cell line. Evidence of synergy using the
Htyle-gemeitahine combination was further assessed using the HMC--3 gerxicitabine
sequence (2411r exposure to each compound in sequence) against 15 the melanoma cell fine
Mel-RM. Using change in. 1050 to assess for synergy it was noted that IIMC at concentrations
of 2 and 10/1 markedly chemosensitised the Mel-RM cells to gemcilabine by >1000 fold.
HMC-induced eliemosensitisation of Mel-RM cells to gen-tonal:nue was confirmed using 3D
analysis of the data. These data demonstrate that HMC is able to chemosesnsitise cancer
cells to gernottabine. 20  WO 20061032086PCTIALf 2005/001436 - 52 - Table 9, Comparative
assessment of synergy between 1-1M.0 and gemcitabine against the Mel-RM melanoma cell
line. Average IC50 data for each agent when assessed as a monotherapy or in combination
are shown,  
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3.5.1.1. Overview of results

No evidence of toxicity or myelosuppression was deteoted in sections cut from the tissues

of the drug-treated mice. However, in all the drug-treated mice there were patohy

mild/moderately severe chronic inflammatory changes affecting the serosa and attached

mesentery, as well as reactive changes of the mesothelial cells, in some of the tissues

examined. These changes are consistent with the intra-peritoneal injection of a mildly

initant material.

Significant necrosis of tumour tissue was not deteoted in control specimens l/8 and 1/l I '

However, there was considerable necrosis in the tumour sections from the drug-treated

mice.

3.5.1.2. Serum biochemistry of HMC treated mÍce in comparison to control

Alakalines phosphatase (ALP), alanine transferase (ALT) and creatine (Cre) were assessed

in HMC treated vs control animals. ALP and Cre levels were similar to control and fell

within normal ranges (for rat) horryever, ALT levels in vehicle control and HMC treated

groups were much lower than no treatment control levels.

-47 -

Table 5. HMC Toxicology

Descrlptlon

Vehicle control

PCT/4U20051001436

l0

No treatment oontrol

HMC

Necrosis Score 0-5

15

0.5
2

2

2

o5

20

., lITARIFNIIIC50 I)   DRUG Combined 'aange 24 hr Factor IC first Change Factor HMC0,51
27.79   ITMC 1 uM1.00E-06  ?HMC &Tee   



wo 2006/032086

Table 6. Serum biochemistry of HMC treated mice in comparison to control

Sample

vscntcte uonúot
(;onlrot

ALP: Alakallne phosphatase

ALT: Alenlne amlnotransferase
Gre: CrcallnlnE

3.6. HMC induced apoptosis in melanoma cells and normal fibroblasts

3.6.1. Melanoma

HMC induced apoptosis in all TRAll-sensitive and -resistant melanoma cells at

concenhations down to 2pM (77-l0o/o apoptosis) ovet 24 and 48 hrs of exposure (Table 7

and Figure 8A). At the clinioally significant drug concentration of 4 pM, the incidence of

apoptotio cells after 24 hr exposure to HMC rose to 25Yo and39% in TRAIL sensitive

(MEL-RM) and TRAIL negative (IGR3) cell lines respectively (Table 7 and Figure 8A).

The incidence of HMC induced apoptosis aI4 ¡tM after 24 hr exposure in the other cell

lines was -gYo.Incomparison, the incidence apoptosis in DHE- treated cells at a

concentratoin of 4 pM after 24 hr exposute was 0-l%- Over 48 hr at the same

concentration of HMC (4pM), the incidence of apoptosis rose to2l42o/oinall cell lines

examined (Table 7 and Figure 8B). DHE was the only other agent to ìnduce moderate

levels of apoptosis after 48 hr exposure at a concentration of 4pM, but only in ME4405

(14%) and Mel-AT (15%) cell lines (Table 7 and Figure 8B)'

HMC treated
(100 mg/kg!

10

-48-

Nofmat ranqest

Ofoup

t,'t 1

PCT/4U2005100t436

ata

ALT

15

olõ

utL
lo

ulllllGdt ttta¡Áef

162
/4

111

ALI

EO -.248 l_ ö.1 - 14U

l(ru

U'L

nlcel

441

5U5

20

46t

ure

4Y4

U¡Y¡ I fnM

26

tl

uroa

LO-Þ

I
E

é,v2
I A1

25

8.1 f
f,f9

bó-ð

1.76E-03  >1000  1C2 ulvl1.00E-06 ?ITN C effect  1.00.E-06 >1000 incita   3.88E-03 -""
4ffifcg.;    14MC   0.51   77.79   HMC 1 is 
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Table 7. Summary of apoptosis incidence in DHE and HMC treated melanoma cells over

24 and 48 hr.

Drug
Concentratlon

(uM)

0)r.b
s9
^å"

Control
1

MEL-RM

TRAIL sensitive

DHE

t
4

0

0).,
àa øDæ9
çËr

(¡,

I

0

HMC

PCT/AU2005/001436

20

Control

0

0

0

Percent Ä.oontosis

I

0

2

M84405
DI{E

2

5

I
25

4

0

0

79

I

I

0

20

IIMC

Trail-resistant

38

1.5

3.6,2. Normal fibroblasts

Studies were conduoted on normal fibroblasts MRC-5) and TRAll-sensitive melanoma

cells (ME4405 and MEL-RI\Ð using 8¡rM of either DHE or HMC over24 and 48 hr of

exposure (Figure 9). These data demonsfiate that HMC, and to a lesser extent DHE,

induced mæked levels of apoptosis in both melanoma cell lines ovet 24 and 48hr.

Importantly, while promoting programmed cell death in malignant cells, normal frbroblasts

were shorvn to both HMC and DHE induced apoptosis at 8 pM drug over 24 and 48 hr of

exposure. These data confirm that HMC is selectively cytotoxic to cancer cells.

The isoflavan compounds of the invention exhibit a superior efficacy profile against all

cancers tested when compa¡ed to DHE. While HMC is marginally more toxic than DHE in

NFF and RK cells, HMC is markedly less toxic than cisplatin. HMC delivered orally in

mice is less bioavailable when oompared to DHE but the ratio of free:total is greater.

HPBCD'formulated HMC was markedly bioavailable in its free form when delivered i.v

and i.p. Signifioant serum concentrations of free HMC post delivery i.p. were some 18 fold

above that of orally delivered HMC. It has been demonstrated that HMC, formulated in

2

0

J

2

0

1.5

t0

6

0

12

DHE

I

ll

8

IGR3

22

0

10

9

0

38

1

I

0

30

HMC

3

l9

Trail *ve /
Casnase 8 -ve

0

t4

0

I

0

40

1.5

3

8

35

DIrN
Met-AT

8

4

11

42

0

39

0

zo

4l

I

0

l5

fIMC

t8

32

I

3

2

4

0

0

I

I

t

0

10

I

9

6

2l

0

9

38

1.5

23

38

24

5

15

20

0

43

I

40

7
25

59
35

OOF 06 C dice   1.00E-06 >1000 HMG 2 eh 1.00E- 6 ?H MC ef ec  3.89E-05 >100  3.7,3,
11MC combination with paelitaxel against the 4405 melanoma cell line. ILMC synergy with
paclitaxel was assessed either in combination over 5 days exposure or in sequence
(HivICpaclitaxel) against the 4405 melanom.a cell line. It was difficult to assess for synersitic
toxicity using a change in IC-SO as a measure of synergy due to IIMC toxicity as
monotherapy (Table 10). A 30 fold reduction in IC50 was noted in the 10 combination
experiment when compared to the paclitaxel monotherapy. However, 3D analysis of the data
revealed that the 5-day combination protocol did not elicit synergisitic toxicity against the 4405
cell line. Evidence of synergy using the HMC-paclitaxel combination was further assessed
using the IIMC--) paclitaxel sequence (24hr exposure to each compound in sequence) against
the melanoma cell line 4405. Using change in IC-SO 15 to assess for synergy it was noted
that ITIVIC at concentrations of 2 ttM markedly chemosensitisod the 4405 cells to paclitaxel
by >1000 fold (Table 10), HMG-induced ehemosensitisation of NIM200 cells to paclitaxel was
confirmed using 3D analysis of the data. These data demonstrate that HMG is able to
chernosesnsitise cancer cells to pacitaxel. 20  
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11%IJPBCD and delivered i.p., exerts a moderate antitumorigenic activity against IIPAC

tumours invivo, HMC when delivered at 100 mglkgto mice is not toxic to major organs as

determined by histopathology however, in all the drug-treated mice there were patchy

mild/moderately severe chronic inflammatory changes affecting the serosa and attached

mesentery, as well as reactive changes of the mesothelial cells which are consistent with

the intra-peritoneal inj ection of a mildly initant material.

HMC induced moderate-strong levels of apoptosis in TRAll-resistant and TRAIL-

sensitive melanoma sells after both24 and 48 hrs of exposure. Normal fibroblast cells

were resistant to apoptosis aftet 48 hrs exposure DHE induces mild-moderate levels of

apoptosis in TRA[L-resistant and TRAll-sensitive melanoma cells after 48 hrs of

exposure. Normal fibroblast cells were resistant to apoptosis after 48 hr exposure. The

ability of both HMC and DIIE to induce apoptosis in caspase negative oells suggest that an

operational extrinsic progranìmed cell death pathway is not essential for HMC and DHE

mediated apoptosis.

3.7 ltt vítro|f[MC synergistic toxicity in cancer cells when combined with cisplatin'

paclitaxel and gemcitabine, camptothecin, topotecan and doxorubicin

3.2.1. HMC combination with cisplatin against the MMjlOO melanoma cell line.

HMC synergy with cisplatin was assessed either in combination over 5 days exposure or in

sequence ([IMC + oisplatin) against the MM200 melanoma oell line' It was diffrcult to

assess for synergisitic toxicity using a change in IC50 as a measure of synergy due to HMC

toxicity as monotherapy (Table 8). 3D analysis of the data reveals that only additive

toxicþ was apparent using the 5-day combination protocol (Fig. 1l). Evidence of synergy

using the HMC-cisplatin combination was further assessed using the HMC+ cisplatin

sequence (24hr exposure to each compound in sequence) against the melanoma cell line

MM200. Using change in IC50 to assess for synergy it was noted that HMC at

concentrations of 2 ¡"lM markedly ohemosensitised the MM200 cells to cisplatin by >1000

fold (Table S). HMC induced chemosensitisation of MM200 cells to cisplatin was

confirmed using 3D analysis of the data (Fig. l lB), These datademonstrate that HMC is

able to chemosensitise cancer cells, in this case melanoma" to cisplatin.

l0

PCT/4U200s t001436

20

25

30

WO 2006/032086PCUMF2005/001436 - 53 - Table 10. Comparative assessment of synergy
between IINIC and paclitaxel against the 4405 melanoma cell line. Average IC50 data for
each agent when assessed as a menotherapy or in combination are shown. 5 3,7.4, HIVIC
combination with toporecan against the MM200 melanoma cell line. HMC synergy with
topotecian was assessed either in combination over 5 days exposure or in sequence (HMG ->
Wpotecan) against the MM200 melanoma cell line. It was difficult to assess for synergisitic
toxicity using a change in 1050 as a measure of synergy due to 10 HMC toxicity as
monotherapy ([able 8). 3D analysis of the data confirmed that the 5-day combination protocol
did not elicit synergisitie toxicity against the M1v1200 cell line, Evidence of synergy using the
HIVIC-gerocitabine combination was further assessed using the }{MC-* topotecan sequence
(241ir exposure to each compound in sequence) against the melanoma cell line M.M200,
Using change in 1050 to assess for synergy it was noted that 15 `AMC at a concentration of 2
p.M markedly chemosensitised the MM200 cells to topotecan by >1000 fold (Table II),
HivIC-induced chemosensitisation of MM200 cells to topotecati was confirmed using 3D
analysis of the data. These data demonstrate that HMG is able to chemosesnsitise cancer
cells to topotecan. From the 3D analysis the optimum combination of ITMC and topotecan
against the MM200 melanoma cell line would appear to be 2 p,M HMC and between 1 and
0.11AM topotecan.  WO 2006/032086PC212A LINOS/001436 - 54 - Table 1.1, Comparative
assessment of synergy between HIviC and topotecan against the MIs4200 melanoma cell
line. Average 1050 data for for each agent when assessed as a rnonotherapy or b
combination are shown. 3973y HMG combination with canptothecin against the Mel-RAI
melanoma coil line. HIVIC synergy with doxorubicin was assessed either in combination over
5 days exposure or in sequence (1Thi1C doxornbicin) against the Mel-RM melanoma cell line.
It was difficult to assess for synergisitic toxicity using a change in 1050 as a measure of
synergy 10 due to HivIC toxicity as monotherapy (Table 12). 3D analysis of the data
confirmed that the 5-day combination protocol did not elicit synergisitic toxicity against the
Isdel-RM cell 
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Table 8. Comparative assessment of synergy between HMC and the cisplatin against the

Mel-RM melanoma cell line. Average IC50 data for each agent when assessed as a

monotherapy or in combination are shown

DRUG

cisnlatin

-51 -

HMC
HMC 10uM
HMC 5uM
HMC 2uM

Combined

HMC luM

PCT/4U20051001436

3,7.2HMC combination with gemcitabine against the Mel-RM melanoma cells.

HMC synefgy \ilith gemcitabine ruas assessed either in combination over 5 days exposwe

or in sequence (HMC -+ gemcitabine) against the Mel-RM melanoma cell line. It was

difficult to assess for synergisitic toxicity using a change in IC50 as a measure of synergy

due to HMC toxicity as monotherapy (Table 9). 3D analysis of the data reveals that 5-day

combination protocol did not elicit synergisitic toxicity against the Mel-RM cell line.

Evidence of synergy using the HMC-gemcitabine combination was further assessed using

the HMC+ gemcitabine sequence (24hr exposure to each oompound in sequence) against

the melanoma cell line Mel-RM. Using change in IC50 to assess for synergy it was noted

that HMC at concentrations of 2 and l¡^rM markedly chemosensitised the Mel-RM cells to

gemcitabine by >1000 fold. HMC-induced chemosensitisation of Mel-RM cells to

gemcitabine was oonfirmed using 3D analysis of the data. These data demonstrate that

HMC is able to chemosesnsitise cancer cells to gemcitabine.

8.82
0.72

1.008-06
1.008-06

Change
Fadtor '

l0

TREATMENT OC50 uM)

1.008-06
0.4s

HMC effect
HMC effect
HMC effeot

24hr

HMC effect

l5

6.32
20.64

HMC
first

1.28E-05

20

Change
Factor

2.71E.0s
1.00E-06

8.29

>10000
>10000
>10000

-1.31

line, indeed evidence of antagonism was noted. Evidence of synergy using
theITMCdoxonibicin combination was further assessed using thedoxorttbicin sequence
protocol (24hr exposure to each compound in sequence) against the melanoma cell line IS
Mel-RM. Using change in I050 to assess for synergy it was noted that HMC at a concentration
of 2 p14 chemosensitised the Mel-RM cells to camptothecin by ---12 fold (Table 12). 3D
analysis of the data, however, reveal a marked degree of synergy between HMC and
doxonthicin against Mel-RM cells. These data demonstrate that HMC is able to
chetnosestisitise cancer cells to paeltaxel. From the 3D analysis the optimum combination 20
of EINIC and camptothecin against the MM200 melanoma cell line would appear to be 2 iM
HMC and between 1 and 0.1t.tiVi doxotrubicin,  WO 2606/032086PCTIAU2095/00143G -55-
Table 11 Comparative assessment of synergy between F1MC and doxorubiein against the
Mel-RM melanoma cell line. Average 1050 data for each agent when assessed as a
monotherapy or in combination are shown,    3.8 Inhibition of TNTict in rourine macrophages
(RAW 264,7) by compounds 4, 6 & 7 The mouse macrophage cell line RAW 264.7 was
cultured in DMEM supplemented with PCS, 2mM glutamine and 501End
penicillin/streptomycin. Subconfluent cells were detached from the flask by gentle scraping
and 24-well plates seeded at 5 x 105 cells per 10 well and allowed to adhere for lhr. Cells
were. treated with either test agent (in 0.025% DMSO) or vehicle alone, ihr prior to the
addition of 50neral 1,PS. After incubation for 16 hrs, culture media was collected and stared at
-80C. for MFa measurement using an enzyme inummometric assay (Becton Dickinson), 15
Compound 6 and compound 7 of the present invention were tested and the results are shown
in Figure 12, which indicated that the compounds tested inhibit TNFet. in nimble macrophages
in a dose dependent manner over the concentration ranges tested.     The raw data for
compounds 6, 7 and additionally compound 4 is shown in Table 13 20 below,  WO 2006/0
32086PCT/AU 2005/001436 - 56 - 
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Table 9. Comparative assessment of synergy between HMC and gemcitabine against the

Mel-RM melanoma cell line. Average IC50 data for each agent when assessed as a

monotherapy or in combination are shown.

DRUG

HMC I uM
HMC

HMC 2 uM
Gemcitabine

Combined

HMC I uM
HMC

HMC 2 uM

0.s1

3.7.3, HMC combination with paclitaxel against the 4405 melanoma cell line.

HMC synergy with paclita:<el was assessed either in combination over 5 days exposure or

in sequence (HMC + paclitaxel) against the 4405 melanoma cell line. It was diffrcult to

assess for synergisitic toxicity using a change in IC50 as a measure of synergy due to HMC

toxicity as monotherapy (Table 10). A 30 fold reduction in IC50 was noted in the

combination experiment when compared to the paclitaxel monotherapy. However, 3D

analysis of the data revealed that the 5-day combination protocol did not elicit synergisitic

toxicity against the 4405 cell line. Evidence of synergy using the HMC-paclitaxel

combination was further assessed using the HMC+ paclitaxel sequence (24hr exposure to

each compound in sequence) against the melanoma cell line 4405. Using change in IC50

to assess for synergy it was noted that HMC at concentrations of 2 pM markedly

chemosensitised the 4405 cells to paclitaxel by >1000 fold (Table 10), HMC-induced

chemosensitisation of MM200 cells to paclitaxel was confirmed using 3D analysis of the

data. These data demonstrate that HMC is able to ohemosesnsitise cancer cells to

pacltaxel.

1.008-06
1.00E-06

PCT/4U20051001436

TREATMENT lIC50 uM)

3.88E-03

Change
X'actor

0.sl
1,00E-06

?HMC effect

1.00E-06

l0

?HMC effect

24hr

?HMC effect
?HMC effect

27.79

HMC
first

4.67E.03

15

27.t9

1.768-03
1.00E-06

Change
X'actor

1.00E-06

>1000

3.89E-05

20

>1000

>1000
>100

3,9 Assessment of IffiC as a chemosensitiser HHC was screened as chemosensitiser against
a panel cell lines representative of a range cancer indications using a panel of cytotoxios
commonly used in the treatment of cancer. It 5 has emerged that BBC has an ability to
strongly chemosensitise cancer cell lines from different pathologies to geracitabine (ovarian,
prostate, breast and pancreatic cancers, and &Ionia) (Table 14). Strong synergy has been
noted using TIFIC:cisplatin against ovarian and prostate cancer, mild synergy against
colorectal cancer cell lines and synergy was not observed in pancreatic cancer and glioma.
Moderate synergy has been noted using the 10 1-11-1C:paclitaxel combination against breast
and colorectal cancer, and melanoma cell lines, Equivocal synergy data using the
IITIC:paclitatiel combination has been noted against ovarian cancer and gliorna cell lines and
there was no evidence of synergy against prostate and pancreatic cancer cell lines, Data has
revealed that 1111C is able to strongly chernosensitise the lviM961, melanoma cell line to
eispiatin, carboplatin and decarbazine 15 (Table 7). Table 14, Assessment of INC as a
chernosensitiser using a panel of cancer cell lines and standard cytotoxics  Cancer Indication
Ovarian  Prostate Breast Melanoma Glioma Pancreatic CP70 PC3 MDA-468 MM961, HTE4-
138 
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Table 10. Comparative assessment of synergy between HMC and paclitaxel against the

4405 melanoma cell line. Average IC50 data for each agent when assessed as a

monotherapy or in combination are shown'

DRUG

HMC l uM
HMC 2 uM
Paclitaxel

Combined

HMC l uM
HMC

3.7.4. HMC combination with topotecan against the MM200 melanoma cell line'

HMC synergy with topotecan \ryas assessed either in combination over 5 days exposure or

in sequence (HMC + topotecan) against the MM200 melanoma cell line. It was diffrcult

to assess for synergisitic toxicity using a change in IC50 as a mea$re of synergy due to

HMC toxícity as monotherapy (Table s). 3D analysis of the data confirmed that the 5-day

combination protocol did not elioit synergisitic toxicity against the MM200 cell line'

Evidence of synergy using the HMC-gemcitabine combination was further assessed using

the HMC+ topotecan sequenoe (24hr exposure to each oompound in sequence) against the

melanoma cell line MM200. using change in IC50 to assess for synergy it was noted that

HMC at a concentration of 2 pM markedly chemosensitised the MM200 cells to topotecan

by >1000 fold (Table 1l). HMc-induced chemosensitisation of MM200 cells to topotecan

was confirmed using 3D analysis of the data. These data demonstrate that HMC is able to

chemosesnsitise cancer cells to topotecan. From the 3D analysis the optimum combination

of HMC and topotecan against the MM200 melanoma cell line would appear to be 2 pM

HMC and between 1 and 0.1 pM topotecan'

HMC 2 uM

0.006
1,008-06

PCT/4U2005 t001436

1.25E,-07

TREAT
Change
Í'actor

1.26

4.t2F.09
3.918-10

10

1.00
s964.400

24hr

?HMC effect
30.36

5.848-04

15

HMC
first

55.50

0.03
0.01

Change
Factor

5.318-05
5.488-09

-4,44
-1.035

I 1.00
106633.7s

b1PAC SSSSS 88885  SSSSS me.    SSSSS    11.0.  88555  SSSSS 1 88888   SSSSS :
SSSSS   
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Table 11. Comparative assessment of synergy between HMC and topotecan against the

MM200 melanoma cell line. Average IC50 data for for eaoh agent when assessed as a

monotherapy or in combination are shown.

DRUG

HMC 1uM
HMC 2 uM
Topotecan

Combined

HMC l uM
HMC

HMC 2 uM

3.7.5. HMC combination with camptothecin against the Mel-RM melanoma cell line.

HMC synergy with doxorubioin was assessed either in combination over 5 days exposure

or in sequence ([IMC -+ doxorubicin) against the Mel-RM melanoma cell line. It was

diffrcult to assess for synergisitic toxicity using a change in IC50 as a measure of synergy

due to HMC toxicþ as monotherapy (Table l2). 3D analysis of the data confirmed that

the 5-day combination protocol did not elicit synergisitic toxicity against the Mel-RM cell

line, indeed evidenoe of antagonism \ /as noted. Evidence of synergy using the HMC-

doxorubicin combination was further assessed using the HMC-+ doxorubicin sequence

protocol (24hr exposure to each compound in sequence) against the melanoma cell line

Mel-RM. Using change in IC50 to assess for synergy it was noted that HMC at a

concentration of 2 pM chemosensitised the Mel-RM cells to camptothecin by -12 fold

(Table l2). 3D analysis of the data, however, reveal a marked degree of synergy between

HMC and doxorubicin against Mel-RM cells. Thcse datademonstrate that HMC is able to

chemosesnsitise cancer cells to pacltaxel. From the 3D analysis the optimum combination

of HMC and camptothecin against the MM200 melanoma cell line would appear to be 2

pM HMC and between I and 0.1¡r,M doxorubicin.

0.1 15

PCT/4U2005 1001436

1.00E-06

TREATMT

0.095

Change
Factor

0.702

l0

0.000
1.00E-06

?HMC effect
14.t45.

INT lIC50 uM)

?HMC effect

24hr

?HCM effect

t5

HMC
first

2,216
17.9s2

0,009
7.85E-05

Change
X'actor

0.044

20

9,304

1.00E-06

>1000

s0.656
>10000

SSSSS    MS      n.o.    MS n.. MS    
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Table 12. Comparative assessment of synergy between HMC and doxorubicin against

Mel-RM melanoma cell line. Average IC50 data for each agent when assessed as a

monotherapy or in combination are shown.

DRUG

Doxorubicin
HMC

HMC I uM

3.S Inhibition of TMcr, in murine macrophages (RAW 264,7) by compounds 4, 6 &7

The mouse macrophage cell line RA$/ 264.7 was cultured in DMEM supplemented with

FCS, 2mM glutamine and 50U/ml penicillirVstreptomycin. Subconfluent cells were

detached from the flask by gentle scraping and} -we\l plates seeded at 5 x 105 cells per

. well and allowed to adhere for th¡. Cells were treated with either test agent (in 0'025%

DMSO) or vehicle alone, lhr prior to the addition of SOng/ml LPS, After incubation for 16

lus, culture media was collected and stored at -80oC for TNFa measurement using an

enzyme immunometric assay (Becton Dickinson).

Compound 6 and compound 7 of the present invention were tested and the results are

shown in Figure 12, which indicated that the compounds tested inhibit TNFa in murine

macrophages in a dose dependent manner over the concentration ranges tested.

HMC 2 uM

Combined

PCT/4U2005100t436

0,19

10

0.s4

TREATMENT OC50 uM)

0.40

Change
I'actor

0.18 ?HMC effect
-2.06

24hr

15

0.100
50.515

HMC
first

The raw data for compounds 6, 7 and additionally oompound 4 is shown in Table 13

20 below.

Table 13. Inhibition of TNFcr in murine macrophages by compounds 4,6 andT

Change
f,'actor

0.062
8.16E-03

t.62
12,22

Concentration (l¡,M)

10

1

0.1

0.001
0.01

Comoound 6

-48.7
-13.0
-10.4

Comnound 7

1.0

-26.2
-25.4
-7.4

Compound 4

19.2

-6.1

-11.9
-6,3
-t4.3
-1 1.3

21,0. il.O.   Carbtoplatin, Daearbazine     SSSSS SSS SS e       
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3.9 Assessment of HHC as a chemosensitiser

HHC was screened as chèmosensitiser against a panel cell lines representative of a range

cancer indioations using a panel of cytotoxics commonly used in the treatment of oancer. It

has emerged that HHC has an ability to strongly chemosensitise cancer cell lines fiom

different pathologies to gemcitabine (ovarian, prostate, breast and pancreatic cancers, and

glioma) (Table 14). Stong synergy has been noted using HHC:cisplatin against ovarian

and prostate cancer, mild synergy against colorectal oancer cell lines and synergy was not

observed in pancreatic cancer and glioma. Moderate synergy has been noted using the

HHC:paclitaxel combination against breast and colorectal cancet, and melanoma oell lines.

Equivocal synergy data using the HHC:paclitaxel combination has been noted against

ovarian cancer and glioma cell lines and there war¡ no evidence of synergy against prostate

and pancreatic cancer cell lines. Data has revealed that HHC is able to strongly

chemosensitise the MM96L melanoma cell line to cisplatin, carboplatin and decarbazine

(Table 7).

Table 14. Assessment of IIHC as a chemosensitiser using a panel of cancer cell lines and

standard oytotoxics

t0

-56-

PCT/4U200510014s6

15

Drug

Cisplatin

Ovarian

Gemcitabine

cP70
SSSSS

Paclitaxel

Prostate

SSSSS

Carboplatin

PC3

SSSSS

20

I)acarbazine

SSSSS

Cancer
Breast

n.o.

MDA-468

SSSSS

MS

Key: SSSSS
MS
n.o,

ndication
Melanoma

n.o.

SSSSS

MM96L
SSSSS

= Synergy
: moderate synergy
= not obseryed
= not tested

MS

Glioma
HTB-138

n.o.

n.o.

Pancreatic

SSSSS

HPAC

SSSSS

SSSSS

n.o.

SSSSS

MS

SSSSS

n.o.
n.o,

n.o.

20Key:88555 = Sy/WEgy MS= moderate synergy = not obseryed = not tested  WO
2006/032086PCI7AU 2005/001136 - 57 - 110. Efficacy of DILE, HAW and HfIC against
selected melanoma cell lines, In comparison with DHE, both 11MC and HHC showed
excellent anti-cancer activity against a range of melanoma cell lines, HHC was the most
efficacious agent against all melanoma cell lines tested to date having sub I utvl IC50 values
(Table 15). Table 15. Comparison of DHE, HMG and HFIC efficacy against melanoma
monotherapy  11s161.3x* mit Alm (IC6 141M00A2051316.13 RM MW61...
4,77*4NTNTNTNi476 1.13,*0.S2 1.42:M43 5 *11J1.4+1,6_ten ,1.1.66,6 0 ,2S034020j 0.0,50  
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3.10. Efficacy of DHE, HMC and HHC against selected melanoma cell lines.

In comparison with DHE, both HMC and HHC showed excellent anti-cancer activity

against a Ìange of melanoma cell lines. HHC was the most efficacious agent against all

melanoma cell lines tested to date having sub I pM IC50 values (Table 15).

Table 15. Comparison of D[IE, HMC and HHC efficacy againstmelanoma monotherapy

4.0 Effect on murine macrophages (RAW 264,7) stimulated with LPS

The mouse macrophage cell line RAW 264.7 was cultured in DMEM supplemented with

foetal calf serum (FCS), Zm}Ll glutamine and 50U/ml penicillin/streptomycin.

Subconfluent cells were detached from the flask by gentle scraping and 24'well plates

seeded at 5 x lOs cells per well and allowed to adhere for thr. Cells were then treated

either test compound at a concentration of lOplM (in0,025% DMSO) or vehicle alone, and

incubated for thr. LPS S0ng/ml (LPS -Sigma-Aldrich) was then added. After incubation

for 16hrs, culture media was collected and stored at -80oC for ecosanoid measurements

using enzyme immunometric assays (PGEz and TXBz - Cayman Chemical).

Table 16: Percentage change in eicosanoid synthesis after incubating test compound at

10pM compared with incubation with vehicle alone, Positive values indicate enhanced

synthesis; negative values indicate inhibition of synthesis and consequently suggest anti-

inflammatory activþ.

PCT/4U2005100t436

20

25

Compound

The invention has been described herein, with reference to certain prefened embodiments,

in order to enable the reader to practice the invention without undue experimentation.

I
2
6

PGEz
-33.8
-12.6
-37.7
27.2

TXBz
0
t6

-16.4
51.4

4A Effect on Fanzine macrophages (RAW 264,7) stimulated with LPS The mouse
macrophage cell line RAW 2643 was cultured in DivIEM supplemented with foetal calf serum
(FCS), 2rnM glutamine and 50U/ml penicillin/streptomycin. 15 Subcontinent cells were
detached from the flask by gentle scraping and 24-well plates seeded at 5 x 105 cells per well
and allowed to adhere for I in. Cells were then heated either test compound at a concentration
of liOulY1 (in 0.025% DMSO) or vehicle alone, and incubated for 1 hr. LPS 50neral (LPS
-Sigma-Aldrich) was then added, After incubation for 16hrs, culture media was collected and
stored at -80C for ecosanold measurements 20 using enzyme inununometric assays (PGE2
and TXE2 - Cayman Chemical), Table 6: Percentage change in eicosanoid synthesis after
incubating test compound at 10uM compared with incubation with vehicle alone. Positive
values indicate enhanced synthesis; negative values indicate inhibition of synthesis and.
consequently suggest anti- 25 inflammatory activity. ..   Compound  Peitz  T  I -318  2 -12.6 16
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However, a person having ordinary skill in the art will readily recognise that many of the

components and parameters may be varied or modified to a certain extent without

departing from the scope of the invention. Furthermore, titles, headings, or the like are

provided to enhance the reader's comprehension of this document, and should not be read

as limiting the scope of the present invention.

Theentire disclosures of all applications, patents and publications, cited herein, if any, are

hereby incorporated by reference.

Throughout this specification and the olaims which follow, unless the context requires

otherwise, the word "comprise", and variations suoh as "comprises" or "comprìsing", will

be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusíon ofany other integer or step or group ofintegers or steps.

Those skilled in the art will appreoiate that the invention described herein is susceptible to

variations and modifications other than those specifically described. It is to be understood

that the invention includes all such variations and modifications. The invention also

includes all of the steps, features, compositions and compounds refened to or indicated in

this specification individually or collectively, and any and all combinations of any two or

more of said steps or featwes.

The reference to any prior art in this specification is not, and should not be taken as, an

acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in the field of endeavour.

l0

PCT/4U2005 t00t436

15

20

25

6  -373 -16,4 11 27. 2 _.....""". ,,,.... 51.4   - 58 - However, a person having ordinary skill in the
art will readily recognise that many of the components and parameters may he varied or
modified to a certain extent without departing from the scope of the invention. Furthermore,
titles, headings, or the like me provided to enhance the reader's comprehension of this
document, and should not be read 5 as limiting the scope of the present invention. The entire
disclosures of all appiications, patents nrA publications, cited herein, if any, are hereby
incorporated by reference. 10 Throughout this specification and the claims which follow,
unless the conies.t requires otherwise, the word "comprise", and variations such as
"comprises" or "comprising", will he understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of any other integer or step or group of
integers or steps. 15 Those skilled in the ad will appreciate that the invention described herein
is susceptible to variations and modifications other than those specifically described. It is to be
understood that the invention includes all such variations and modifications. The invention
also includes all of the steps, features, compositions and compounds referred to or indicated
in this specification individually or collectively, and any and all combinations of any two or 20
more of said steps or features. The reference to any prior art in this specification is not, and
should not be taken as, an acknowledgment or any form of suggestion that that prior art forms
part of the common general knowledge in the field of endeavour. 
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61 Claims 1. A compound of the formula (I-a): wherein is hydrogen, R2and R3 are
independently hydrogen, hydroxy,haio or OC(0)R7, with the exception that R2 and R3 are not
both hydrogen, RA,RS and R6 are independently hydrogen, hydro:sy, C1.6-allcoxy,
C.I.6-alkyl, C3.5- cycloalkyl, Ct_6-acyl, OC(0)R7, amino, or ORs, R7is hydrogen, Cl-alkyl,
C.3_5-cycloalkyl, aryl, aryi-Cd.6-alkyl or mino, and Rnis phenyl or benzyl, or a
pharmaceutically acceptable salt thereof, 2. A compound of claim I wherein is hydrogen,
R2and R.3 are independently hydrogen, hydroxy, Ci ..ralkoxy, halo or OC(0)127, provided that
R2 and R3 are not both hydrogen, R.'R5 and T.Q. are independently hydrogen, hydro,
CE.6-alkOXy, C; -6-alkyl, C3-6- cycloalkyl,OC(0)R7, and ILis C.:1_4-alkyl, phenyl or benzyl, or
a pharmaceutically acceptable salt thereof. 



Claims

l. A compound of the formula (l-a):

6r

wherein

Rr is hydrogen,

Rz and R¡ are independently hydrogen, hydroxy, Cr-o-alkoxy, halo or OC(O)R7,

with the exception that Rz and R¡ are not both hydrogen,

R4, Rs and Rø are independently hydrogen, hydroxy, Cl-o-alkoxy, Cr-o-alkyl, C¡-o-

cycloalkyl, C¡-6-acll, OC(O)R7, amino, or ORs,

Rz is hydrogen, C¡-6-alkyl, C3-6-cycloalkyl, aryl, aryl-Cr-o-alkyl or amino, and

Re is phenyl or benzyl,

or a pharmaceutically acceptable salt thereof.

2. A compound of claim l, wherein

R¡ is hydrogen,

Rz and R¡ are independently hydrogen, hydroxy, C¡-a-alkoxy, halo or OC(O)R7,

provided that Rz and R¡ are not both hydrogen,

R4, Rs and R¡ are independently hydrogen, hydroxy, Ct-o-alkoxy, Clø-alkyl, C¡-o-

cycloalkyl, C r-o-acYl, OC(O)R7, and

Rz is Cr-+-alkyl, phenyl or benzyl,

or a pharmaceutically acceptable salt thereof.

R5
f'\
Y

Ra

R6

R3

R2

(l-a)

62 3.A compound of claim 2, wherein Ris hydrogen, R2and R3 are independently hydrogen,
hydroxy, methoxy, ethoxy, propoxy, isopropoxy, brorno, chloro, fluor or acetyloxy, with the
exception that R2 and R2 are not both hydrogen, R4is hydrogen, hydroxy, methoxy, ethoxy,
propoxy, isopropoxy or cetyloxy, and R5and R6 are independently hydrogen, hydroxy,
methoxy, ethox,y, propoxy, isopropoxy, acetyl, or acetyloxy, or a pharmaceutically acceptable
salt thereof. 4.A compound of claim 3, wherein Ris hydrogen, R2and Ra are independently
hydrogen, hydroxy, methoxy, bromo or acetyloxy, with the exception that R.2 and R3 are not
both hydrogen, R4and P1/4. are independently hydrogen, hydroxy, methoxy or acetyloxy, and
R5is hydrogen, or a pharmaceutically acceptable salt thereof 5.A compound of claim I
selected from: 3 -(4-hyd roxyph enyl)-4-(4-methoxyphe nyl)chrornan-To I;
3-(4-hydroxypheny1)-4-pbenylehroman-7-ol;
3-(4-hydroxypheny1)-4-(3-methoxyphenyl)clarontart-7-01;
3-(3,4-dirnethoxyphenyl)-4+1-rnethoxyphenyi)ehroinart-7-ol;
3-(4-hydroxypheny1)-4-(4-rnethylphenyt)chroman-7-ol;
3-(4-hydroxyphenyI)-4-(2,6-dirnethoxy-4-hydroxyphenyl)chrornan-7-ol;
3-(4-hydroxyphenyl)-4-(2-hydroxyphenyl)chroman-7-ol;
3-(4-hydroxypheny1)-4-(3-acyl-2-hydroxy-4-methoxyphenyOchroman-7-ol;
3-(3-hydroxypheny1)-4-(3-rnethoxyphenyOchroman-7-ol;
3-(4-hydroxypheny1)-4-(4-hydroxyphenyOchroman-7-ol;
3-(4-brornopheny1)-4-(4-methoxyphenyOchroman-7-ol;
3-(4-hydroxypheny1)-4-(3-methoxyphenypehroman-7-ol;
3-(4-hydroxypheny1)-4-(3-aminophenyl)ehroman-7-o1; and
3-(4-hydroxypheny0-4-(4-phenoxyphenyl)claroman-7-ol. 
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Rr

Rz
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A compound of claim 2, wherein

is hydrogen,

and R¡ are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,

isopropoxy, bromo, chloro, fluoro or acetyloxy, with the exception that Rz and

R3 are not both hydrogen,

is hydrogen, hydroxy, methoxy, ethoxy, propoxy, isopropoxy or acetyloxy,

and & are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,

&
and

Rs

isopropoxy, acetyl, or acetyloxy,

or a pharmaceutically acceptable salt thereof.

4.

R¡

Rz

A compound of claim 3, wherein

is hydrogen,

and R¡ are independently hydrogen, hydroxy, methoxy, bromo or acetyloxy,

with the exception that R2 and R¡ are not both hydrogen,

and Rr are independently hydrogen, hydroxy, methoxy or acetyloxy, and

is hydrogen,

&
Rs

or a pharmaceutically acceptable salt thereof.

5. A compound of claim I selected from:

3 -(4-hydroxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol ;

3 -(4-hydroxyphenyl)-4-phenylchrom an-7 -ol:

3 -(4-hydroxyphenyl)-4-(3 -methoxyphenyl)chroman-7-ol ;

3 -(3,4-dim ethoxyphenyl)-4-(4-methoxyphenyl)chroman-7-o I ;

3 -(4-hydroxyphenyl)-4-(4-methylphenyl)chrom an-7 -ol

3 -(4-hydroxyphenyl)-4-(2,6-dimethoxy-4-hydroxyphenyl)chroman-7-ol ;

3 -(4-hydroxyphenyl)-4-(2-hydroxyphenyl)chroman-7-o I ;

3-(4-hydroxyphenyl)-4-(3-acyl-2-hydroxy-4-methoxyphenyl)chroman-7-ol;

3 -(3 -hyd roxyphenyl)-4-(3 -m ethoxyphenyl)chroman-7-ol ;

3 -(4-hyd roxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol ;

3 -(4-bromophenyl)-4-(4-methoxyphenyl)chroman-7-ol ;

3 -(4-hydroxyphenyl)-4-(3 -methoxyphenyl)chroman-7-ol;

3-(4-hydroxyphenyl)-4-(3-am inophenyl)chroman-7-ol ; and

3 -(4-hydroxyphenyl)-4-(4-phenoxyphenyl)chroman-7-o l.

6.3 6,A. compound according to claim 5 selected from:
3-(4-hydroxyptienyl)-4-(4-inethoxyptienyl)chrornan-7-ol; and
3-(443ydroxyptierty1)-444-hydroxyphenyl)aroinan-7-ol. 7.A process for the preparation of a
compound of formula (1.-a) according to any one of claims 1 to 6 comprising the step of
reacting the el-keto group of a compound of the formula (11):  wherein R,is alkyl or Si(IR10).3)
R2and 1(3 are independently hydrogen, C,..6-akoxy, halo or 08i(Ri0)3, with the exception that
R2 and R3 are not both hydtogen, and Riois independently CI.6-alkyl or aryl, with a
nucleophilic arylating agent Wite, wherein \i'l-is optionally substituted aryl, and keis one or
more counter ions, to form the intermediate tertiary alcohol  or a salt thereof, wherein W is
optionally substituted aryl, and which intermediate tertiary alcohol (ill) is dehydrated to form a
compound of formula (IV):  
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6. A compound according to claim 5 selected from:

3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol ; and

3 -(4-hydroxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol.

7. A process for the preparation of a compound of formula (l-a) according to any

one of claims I to 6 comprising the step of reacting the 4-keto group of a compound

of the formula (lI):

wherein

Rr is alkylor Si(Rro)¡,

Rz and R¡ are independently hydrogen, C¡-6-alkoxy, halo or OSi(Rro)¡, with the

exception that Rz and R¡ are not both hydrogen, and

Rro is independently C15-alkyl or aryl,

with a nucleophilic arylating agent W-M*,

wherein

W- is optionally substituted aryl, and

M* is one or more counter ions,

to form the intermediate tertiary alcohol (lll):

iR3
(II)

or a salt thereof, wherein W is optionally substituted aryl, and which intermediate

tertiary alcohol (lll) is dehydrated to form a compound of formula (lV):

+R3
(ilr)

64    which compound of formula UV) is subsequently hydrogenated and optionally
deprotected to form a compound of formula (I).  8. A process of claim 7, wherein 4' is [MgBrt.
9. Use of one or more compounds of formula (I-a) as defined in any one of claims Ito 6, or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the
treatment of cancer or a tumour mass.  10. Use of claim 9, wherein the medicament
radiosensitises or ehemosensitises the cancer or tumour mass, and wherein the medicament
is for use in a patient undergoing radiotherapy or chemotherapy.  11. Use of claim 10, wherein
the medicament chemosensitises the cancer or tumour mass to an agent selected from the
group consisting of: cisplatin, dehydroequoi, paciitaxel, gemeitabine, doxorubicin, topotecan
and camptothecin.  12. Use of any one of claims 9 to 11, wherein the cancer or tumour mass
is of epithelial origin, of mesenchymal origin or of neural origin.  13. Use of claim 12, wherein
the cancer or tumour mass of epithelial origin is selected from prostate, ovarian, cervical,
breast, gall-bladder, pancreatic, colorectal, renal and non-small cell lung cancer..  14. Use of
claim 12, wherein the cancer or tumour mass of mesenchyrnal origin is selected from
melanoma, mesothelioma and sarcoma cancer.  65 15.Use of claim 12, wherein the cancer or
tumour mass of neural origin is gliorna cancer.       A pharmaceutical composition which
comprises one or more compounds of formula (1-a) as defined in any one of claims 1 to 6, or
a pharmaceutically acceptable salt thereof in association with one or more pharmaceutical
carriers, excipients, auxiliaries and/or diluents. 17,A pharmaceutical composition according to
claim 16 which further comprises an additional chemotherapeutic agent. 18.A drink or
food-stuff, which contains one or more compounds of formula (14) 
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which compound of formula (lV) is subsequently hydrogenated and optionally

deprotected to form a compound of formula (l).

8. A process of claim 7, wherein M* is ¡MgBr1*.
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9. Use of one or more compounds of formula (l-a) as defined in any one of

claims I to 6, or a pharmaceutically acceptable salt thereof in the manufacture of a

medicament for the treatment of cancer or a tumour mass.

10. Use of claim 9, wherein the medicament radiosensitises or chemosensitises the

cancer or tumour mass, and wherein the medicament is for use in a patient undergoing

rad iotherapy or chemotherapy.

I l. Use of claim 10, wherein the medicament chemosensitises the cancer or

tumour mass to an agent selected from the group consisting of: cisplatin,

dehydroequol, paclitaxel, gemcitabine, doxorubicin, topotecan and camptothecin.

12. Use of any one of claims 9 to I l, wherein the cancer or tumour mass is of

epithelial origin, of mesenchymal origin or of neural origin.

13. Use of claim 12, wherein the cancer or tumour mass of epithelial origin is

selected from prostate, ovarian, cervical, breast, gall-bladder, pancreatic, colorectal,

renal and non-small cell lung cancer..

14. Use of claim 12, wherein the cancer or tumour mass of mesenchymal origin is

selected from melanoma, mesothelioma and sarcoma cancer.

(IV)

as defined in any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof. 
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15. Use of claim 12, wherein the cancer or tumour mass of neural origin is glioma

cancer.

16. A pharmaceuticalcomposition which comprises one or more compounds of

formula (l-a) as defrned in any one of claims I to 6, or a pharmaceutically acceptable

salt thereof in association with one or more pharmaceutical carriers, excipients,

auxiliaries and/or diluents.

17 . A pharmaceutical composition according to claim l6 which further comprises

an additional chemotherapeutic agent.

18. A drink or food-stuff, which contains one or more compounds of formula (I-a)

as defined in any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof.


