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CHROMAN DERIVATIVES, MEDICAMENTS 
AND USE IN THERAPY 

CROSS REFERENCE 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 14/589,941, filed on Jan. 5, 2015, which is a 
continuation of U.S. application Ser. No. 13/891.975, filed 
May 10, 2013, now U.S. Pat. No. 8,957,109, issued Feb. 17, 
2015, which is a continuation of U.S. application Ser. No. 
13/415,697, filed Mar. 8, 2012, now U.S. Pat. No. 8,461,361, 
issued Jun. 11, 2013, which is a continuation of U.S. appli 
cation Ser. No. 13/231,794, filed Sep. 13, 2011, now U.S. Pat. 
No. 8,163,795, issued Apr. 24, 2012, which is a divisional 
patent application of U.S. application Ser. No. 1 1/230,505, 
filed Sep. 21, 2005 entitled “CHROMAN DERIVATIVES, 
MEDICAMENTS AND USE IN THERAPY, now U.S. Pat. 
No. 8,080,675, issued Dec. 20, 2011, which claims benefit of 
U.S. Provisional Application No. 60/611,299, entitled 
“COMPOUNDS filed on Sep. 21, 2004; of U.S. Provisional 
Application No. 60/676,934, entitled “CHROMAN 
DERIVED COMPOUNDS & FORMULATIONS 

THEREOF FOR USE IN THERAPY filed on May 3, 2005; 
of PCT application No. PCT/AU04/01619, entitled “COM 
BINATIONAL RADIOTHERAPY AND CHEMO 
THERAPY COMPOSITIONS AND METHODS filed On 
Nov. 19, 2004; of AU application 2004/906363, entitled 
“COMPOUNDS filed Nov. 5, 2004; and of JP application 
2004/315009 entitled “COMPOUNDS filed Oct. 29, 2004: 
all of which are herein incorporated by reference in their 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to certain novel chro 
man derivatives, compositions containing same, methods for 
their preparation and uses thereofas therapeutic agents par 
ticularly as anti-cancer and chemotherapeutic selective 
agents. 

BACKGROUND OF THE INVENTION 

0003. Over 700 different naturally occurring isoflavones 
are known some of which have biological properties with 
potential therapeutic benefit. 

0004 U.S. Pat. No. 5,726.202 generically discloses cer 
tain isoflavan compounds, particularly 3,4-diarylchroman 
and centchroman for the treatment of benign prostatic hyper 
trophy. 

0005 
pounds. 

WO 01/17986 also discloses certain isoflavan com 

SUMMARY OF THE INVENTION 

0006 Surprisingly, the present inventors have found a 
novel group of compounds of the general formula (I) which 
exhibit important therapeutic activities including strong anti 
cancer activity, chemotherapeutic selectivity and radiosensi 
tisation of cancers. 
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0007 Thus according to an aspect of the present invention 
there is provided a compound of the general formula (I): 

(I) 
Ro 

RO O 

N 
HR, 

21 21 R 

Rs- (-R. 

S 
R4 

wherein 
0008 R is hydrogen, alkyl, cycloalkyl or C(O)R-7, 
0009 R and R are independently hydrogen, hydroxy, 
alkoxy, alkyl, cycloalkyl, halo or OC(O)R, with the 
exception that R and R are not both hydrogen, 

I0010 R. RandR are independently hydrogen, hydroxy, 
alkoxy, alkyl, cycloalkyl, acyl, amino, Ca-alkylamino or 
di(C-alkyl)amino, OC(O)R, or ORs, 

I0011 R, is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or 
amino, and 

I0012 R is aryl such as phenyl orarylalkyl such as benzyl, 
and 

0013 R is hydrogen hydroxy, alkyl, alkoxy, cycloalkyl or 
halo, or a pharmaceutically acceptable salt or derivative 
thereof. 

0014. In a preferred embodiment of the present invention 
Ro is hydrogen. Accordingly, in another aspect of the inven 
tion there is provided a compound of the formula (I-a): 

(I-a) 
RO O 

N 
HR, 

21 21 R 
Rs.-- --Rs 

S 
R4 

wherein 
0015 R is hydrogen, alkyl, cycloalkyl or C(O)R-7, 
0016 R and R are independently hydrogen, hydroxy, 
alkoxy, halo or OC(O)R, with the exception that RandR 
are not both hydrogen, 

0017 R R5 and Rare independently hydrogen, hydroxy, 
alkoxy, alkyl, cycloalkyl, acyl, OC(O)R-7, amino, and 

0018 R, is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or 
amino. 

0019. According to another aspect of the present invention 
there is provided a process for the preparation of a compound 
of formula (I) comprising the step of reacting the keto group 
of a compound of the formula (II): 
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(II) 

or the analogue thereof including a Substituent which corre 
sponds to Ro, in compounds of formula (I) wherein 
0020 R, is alkyl or a protecting group Such as Si(R), 
0021 R, and Rs are independently hydrogen, alkoxy or 
OSi(R), with the exception that R and R are not both 
hydrogen, and 

0022 R is independently alkyl or aryl, 
with an arylating agent WM, 
wherein 

0023 
0024 
to form the intermediate tertiary alcohol of formula (III): 

W is an optionally substituted aryl radical, and 
M" is one or more counterions, preferably MgBr, 

(III) 

or protected derivative thereof or a salt thereof (or an ana 
logue thereof including a Substituent which corresponds to Ro 
in compounds of formula (I)) and which is dehydrated to form 
a compound of formula (IV): 

(IV) 

(or an analogue thereof including a substituent which corre 
sponds to R, in compounds of formula (I)) the double bond of 
which is Subsequently reduced, for example, by hydrogena 
tion and optionally deprotected to form a compound of for 
mula (I). 
0025. According to another aspect of the present invention 
there is provided a compound of the general formula (III), 
compositions containing same and uses thereof. 
0026. In another aspect, there is provided a compound of 
the general formula (IV), compositions containing same and 
uses thereof. 

0027 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 radiosen 
sitising or chemosensitising agent. 
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0028. 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 (I) or a pharmaceutically acceptable salt or derivative 
thereof optionally in association with a carrier and/or excipi 
ent. 

0029. According to another aspect of the present invention 
there is provided the use of one or more compounds of for 
mula (I) or a pharmaceutically acceptable salt or derivative 
thereof in the manufacture of a medicament for the treatment 
of a disease or disorder. 

0030. 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 (I) or a pharmaceutically 
acceptable salt or derivative thereof. 
0031. According to another aspect of the present invention 
there is provided a pharmaceutical composition which com 
prises one or more compounds of formula (I) or a pharma 
ceutically acceptable salt or derivative thereof in association 
with one or more pharmaceutical carriers, excipients, auxil 
iaries and/or diluents. 

0032. According to another aspect of the present invention 
there is provided a drink or food-stuff, which contains one or 
more compounds of formula (I) or a pharmaceutically accept 
able salt or derivative thereof. 

0033. These and other aspects of the invention will 
become evident from the description and claims which fol 
low, together with the accompanying drawings. 

INCORPORATION BY REFERENCE 

0034 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application was specifically and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
0036 FIG. 1A-1C represent a comparison of dehydroe 
quol (DHE graph FIG. 1A), 3-(4-hydroxyphenyl)-4-(4-meth 
oxyphenyl)chroman-7-ol (HMC compound 1 according to 
the invention graph FIG. 1B) and cisplatin (graph FIG. 1C) 
toxicity in neonatal foreskin fibroblasts. 
0037 FIG. 2 represents HMC efficacy in melanoma cells 
in comparison with cisplatin. 
0038 FIGS. 3A and 3B represent a pharmacokinetic pro 

file of free and total forms of HMC (FIG.3A) and DHE (FIG. 
3B) after p.o. (perioral) administration to BALB/c mice (50 
mg/kg). 
0039 FIG. 4 represents a comparison of the pharmacoki 
netic profile the HMC concentration in serum after i.v (intra 
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venously) and i.p. (intraperitoneally) administration of HMC 
formulated in 20% hydroxypropyl-beta-cyclodextrin at a 
dose of 50 mg/kg. 
0040 FIG.5 represents comparative meantumour volume 
data taken from nude mice bearing HPAC pancreatic cancer 
tumours treated with either i.p. dosed 20% HPBCD (vehicle 
control, qdx15) or HMC (100 mg/kg, qdx15). Data repre 
sented as meant-SEM, student's T-test, p<0.01. 
0041 FIG. 6 represents comparative mean terminal 
tumour mass data taken from nude mice bearing HPAC pan 
creatic cancer tumours treated with either i.p. dosed 20% 
HPBCD (vehicle control, qdx15) or HMC (100 mg/kg, 
qdx15). Data represented as mean-SEM, students T-test, 
p<0.01. 
0042 FIG. 7 represents comparative mean terminal 
tumour mass data taken from nude mice bearing HPAC pan 
creatic cancer tumours treated with either i.p. dosed 20% 
HPBCD (vehicle control, qdx15) or HMC (100 mg/kg, 
qdx15). Data represented as mean-SEM, students T-test, 
p<0.01. 
0043 FIGS. 8A and 8B represent a summary of apoptosis 
incidence in DHE and HMC treated melanoma cells over a 24 
(FIG. 8A) and 48 (FIG. 8B) hour period. 
0044 FIG.9 represents selective initiation of programmed 
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-5). 
004.5 FIG. 10A and FIG. 10B represent a 3D analysis of 
HMC-cisplatin synergy cytotoxicity data in the MM200 
melanoma cell line. HMC-cisplatin combinations were 
assessed using a 5-day combination protocol (FIG. 10 A), or 
a 24 hr HMC->anti-cancer sequence (FIG. 10 B). For each 
combination experiment HMC was assessed at 10, 5, 2 and 1 
uM. See Table 8 for raw data. 
0046 FIG. 11 represents the percentage inhibition of 
TNFC. in murine macrophages by compounds 6 and 7 of the 
invention. 
0047 FIG. 12 represents the Hn.m. r. spectrum of 3-(4- 
hydroxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol. 

DETAILED DESCRIPTION OF THE INVENTION 

0048. The present inventors have found that a class of 
isoflavan derivatives of the general formula (I) show surpris 
ing and unexpected biological and pharmaceutical properties. 
0049. The compounds of formula (I) of the invention are 
believed to have favourable toxicity profiles with normal cells 
and good bioavailability. Surprisingly the compounds of the 
invention exhibit anti-cancer activity, significantly better than 
or at least comparable to known cancer treatments. 
0050. 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. 
0051. The cancer cells that have been found to be respon 
sive to compounds of formula (I) are of epithelial origin (for 
example, prostate, ovarian, cervical, breast, gall-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 glioma cancer cells). It is highly unusual and 
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Surprising to find a related group of 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. 
0.052 Advantageously the compounds of formula (I) show 
cytotoxicity against cancer cells that are well recognised for 
being poorly sensitive to standard anti-cancer drugs. It is 
highly unusual and unexpected to find Such potent activity 
against cancers, for example, cholangiocarcinoma, pancre 
atic adenocarcinoma and melanoma. 

0053 Advantageously the compounds of formula (I) also 
unexpectedly display anability to 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-sensitive state. 

0054 Additionally the compounds of formula (I) are 
thought to possess chemo-sensitising activity, that is they 
increase the cytotoxicity of chemotherapeutic agents, espe 
cially to cancer cells, and/or convert cancerous cells from a 
state of chemo-resistance to a chemo-sensitive state. 

0055 Compounds of the invention may also provide 
chemo and/or radio-protective properties for non-cancerous 
cells. This has significant therapeutic implications because 
the traumatic side-effects of chemotherapy and radiotherapy 
are caused by the toxicity of the traditional treatments to 
non-cancerous cells. 

0056. The properties described above offer significant 
clinical advantages. 
0057 The radio and/or chemo-protective properties of the 
compounds of the invention may be employed to protect 
healthy individuals from the effects of radiation and/or 
chemical toxins, or lessen the effects of the same. 
0.058 Thus, the invention also provides the use of com 
pounds of formula (I) to treat patients with cancer by either 
reducing the rate of growth of Such tumours or by reducing 
the size of Such tumours through therapy with said com 
pounds alone, and/or in combination with each other, and/or 
in combination with other anti-cancer agents, and/or in com 
bination with radiotherapy. 
0059. 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 compounds of the invention may mean that lower 
doses can be employed in Such therapy which represents an 
important advance for cancer Sufferers. 
0060 Preferably Rs in compounds of formula (I) is in the 
3-position. 
0061. In another aspect of the invention R is C-alkyl, 
Such as methyl. 
0062 Preferably in compounds of formula (I-a): 
0063 R is hydrogen, C-alkyl or C(O)R7. 
0064 R and R are independently hydrogen, hydroxy, 
C-alkoxy, halo or OC(O)R-7, provided that RandR are 
not both hydrogen, 

0065 R. RandR are independently hydrogen, hydroxy, 
alkoxy, alkyl, cycloalkyl, acyl, OC(O)R-7, and 

0066 
or a pharmaceutically acceptable salt or derivative thereof. 

R, is C-alkyl, phenyl or benzyl, 
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0067 More preferably in compounds of formula (I-a): 
0068 R is hydrogen, methyl, ethyl, propyl, isopropyl or 
acetyl, 

0069 R and R are independently hydrogen, hydroxy, 
methoxy, ethoxy, propoxy, isopropoxy, bromo, chloro, 
fluoro or acetyloxy, with the exception that R and Rs are 
not both hydrogen, 

0070 R is hydrogen, hydroxy, methoxy, ethoxy, propoxy, 
isopropoxy or acetyloxy, and 

(0071 Rs and R are independently hydrogen, hydroxy, 
methoxy, ethoxy, propoxy, isopropoxy, acetyl, or acety 
loxy, 

or a pharmaceutically acceptable salt or derivative thereof. 
0072 Particular preferred compounds of formula (I-a) 
have the following substituents where: 
0073 
0074 R and R are independently hydrogen, hydroxy, 
methoxy, bromo or acetyloxy, with the exception that R. 
and R are not both hydrogen, 

R is hydrogen, methyl or acetyl, 

0075 Ra and R are independently hydrogen, hydroxy, 
methoxy or acetyloxy, and 

0076 Rs is hydrogen, 
or a pharmaceutically acceptable salt or derivative thereof. 
0077. The invention also extends to compounds of for 
mula (I-b): 

(I-b) 

wherein: 

0078 R represents hydrogen or C-alkyl, more prefer 
ably hydrogen or methyl, especially hydrogen. 

0079 R2 represents hydrogen, hydroxy or C-alkoxy 
Such as methoxy, ethoxy, propoxy, more preferably 
hydroxy or methoxy, especially hydroxy. 

0080 R represents hydrogen, hydroxy, C-alkoxy such 
as methoxy, ethoxy, propoxy, more preferably hydrogen or 
methoxy, especially hydrogen, with the proviso that R and 
R. do not both represent hydrogen, 

0081 R represents hydrogen, hydroxy, C-alkoxy Such 
as methoxy, ethoxy, propoxy, C-alkyl such as methyl, 
ethyl, propyl, isopropyl, especially hydrogen, hydroxy, 
methoxy or methyl particularly methoxy or hydroxy, 

0082 Rs represents hydrogen, C-alkoxy, especially 
hydrogen, methoxy, hydroxy, particularly hydrogen, 

or a pharmaceutically acceptable salt or derivative thereof. 

May 19, 2016 

I0083 Preferred compounds of the invention include those 
of the general formula (I-c): 

(I-c) 

wherein: 

I0084 R is hydrogen or C-C alkyl such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, secbutyl, tertiary butyl, 

I0085 R. is hydroxy or C-alkoxy such as methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secbu 
toxy, tertiary butoxy, and 

I0086 R is hydroxy or C-alkoxy such as methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secbu 
toxy, tertiary butoxy 

or a pharmaceutically acceptable salt or a derivative thereof. 
I0087 More preferably in compounds of formula (I-c) R is 
hydrogen or methyl, especially hydrogen. 
I0088 More preferably in compounds of formula (I-c) R is 
hydroxy or methoxy, especially hydroxy. 
I0089 More preferably in compounds of formula (I-c) R is 
hydroxy or methoxy, especially methoxy. 
0090. In an alternative aspect the invention provides com 
pounds of formula (I-d): 

(I-d) 

wherein: 

I0091 R is hydrogen, alkyl, cycloalkyl or C(O)R, and 
0092 R is hydroxy, alkoxy, alkyl, cycloalkyl, halo or 
OC(O)R 7, with the exception that R and R are not both 
hydrogen, 

0093 R is hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, 
acyl, amino, Ca-alkylamino or di(Ca-alkyl)amino or 
OC(O)R, and 

0094) R, is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or 
amino. 
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0095. In a further alternative aspect the invention provides 
compounds of formula (I-e): 

(I-e) 

wherein: 
0096 R is hydrogen, alkyl, cycloalkyl or C(O)R-7, and 
0097 R and R are independently hydrogen, hydroxy, 
alkoxy, alkyl, cycloalkyl, halo or OC(O)R 7, with the 
exception that R and R are not both hydrogen, 

0098 Preferably in compounds of formula (I-e) R. repre 
sents hydrogen or methyl, especially hydrogen. 
0099 Preferably in compounds of formula (I-e) R. repre 
sents hydroxy or C-C alkoxy such as methoxy. 
0100. In compounds of formula (I-e) preferably Rs repre 
sents hydrogen, hydroxy or methoxy, especially hydrogen. 
0101. In a further alternative aspect the invention provides 
compounds of formula (I-f): 

(I-f) 

wherein: 

0102 R is hydrogen, alkyl, cycloalkyl or C(O)R-7, and 
0103 R is hydroxy, alkoxy, alkyl, cycloalkyl, halo or 
OC(O)R, with the exception that R and R are not both 
hydrogen, 

0104 R is hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, 
acyl, amino, C-alkylamino or di(C-alkyl)amino, 
OC(O)R, or ORs, and 

0105 R, is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or 
amino, and 

01.06 
0107 Preferably in compounds of formula (I-f) R repre 
sents hydrogen or methyl, especially hydrogen. 
0108 Preferably in compounds of formula (I-f) R repre 
sents hydroxy or C-alkoxy such as methoxy, especially 
hydroxy. 

Rs is aryl Such as phenyl orarylalkyl such as benzyl. 
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0109 Preferably in compounds of formula (I-f) R repre 
sents hydrogen or C-alkoxy such as methoxy, especially 
hydrogen. 
0110 Preferably in compounds of formula (I-f) R is in the 
3-position. 
0111 Preferably in compounds of formula (I-f) R, rep 
resents amino, C-alkylamino or di(Ca-alkyl)amino, espe 
cially amino. 
O112 
include: 

0113 3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chro 
man-7-ol (HMC; Cpd. 1); 

0114 
2); 

0115 3-(4-hydroxyphenyl)-4-(3-methoxyphenyl)chro 
man-7-ol (Cpd. 3): 

0116 3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl) 
chroman-7-ol (Cpd. 4): 

0117 3-(4-hydroxyphenyl)-4-(4-methylphenyl))chro 
man-7-ol (Cpd. 5): 

0118 3-(4-methoxyphenyl)-4-(4-methoxyphenyl)-7- 
methoxychroman (Cpd. 6); 

0119 3-(4-hydroxyphenyl)-4-(2,6-dimethoxy-4-hydrox 
yphenyl)chroman-7-ol (Cpd. 7); 

0120 3-(4-hydroxyphenyl)-4-(2-hydroxyphenyl)chro 
man-7-ol (Cpd. 8): 

I0121 3-(4-hydroxyphenyl)-4-(3-acyl-2-hydroxy-4- 
methoxyphenyl)chroman-7-ol (Cpd. 9); 

0.122 3-(3-hydroxyphenyl)-4-(3-methoxyphenyl)chro 
man-7-ol (Cpd. 10); 

I0123 3-(4-hydroxyphenyl)-4-(4-hydroxyphenyl)chro 
man-7-ol (HHC; Cpd. 11); 

0.124 3-(4-bromophenyl)-4-(4-methoxyphenyl)chro 
man-7-ol (Cpd. 12); 

0.125 3-(4-hydroxyphenyl)-4-(3-methoxyphenyl)chro 
man-7-ol (Cpd. 13): 

0.126 3-(4-hydroxyphenyl)-4-(3-aminophenyl)chroman 
7-ol (Cpd. 14); 

I0127 3-(4-hydroxyphenyl)-4-(4-phenoxyphenyl)chro 
man-7-ol (Cpd. 15); 

I0128 3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl)-8- 
methylchroman-7-ol (Cpd. 16). 

Especially preferred compounds of formula (I) 

3-(4-hydroxyphenyl)-4-phenylchroman-7-ol (Cpd. 

(1) 
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-continued 

(2) 

(3) 

(4) 

(5) 

(6) 
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-continued 

(7) 

(8) 

(9) 

(10) 

(11) 
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-continued 
(12) 

HO 

Br c. 
OMe 

(13) 
HO 

OH c OMe 

(14) 
HO 

OH c. 
(15) 

HO 

OH se 
(16) 

Me 

HO 

OMe 

OMe c. 
OMe 

or a pharmaceutically acceptable salt thereof. 
0129. The compounds of formula (I) according to the 
invention include two chiral centres. The present invention 
includes all the enantiomers and diastereoisomers as well as 
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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. 
0.130. It will be clear to persons skilled in the art that the in 
compounds of formula (I) the aryl substituents on the hetero 
cyclic ring can be cis or trans relative to each other. Preferably 
in the compounds of formula (I) these substituents will be cis. 
I0131) A particularly preferred compound of the present 
invention is the cis-isomer of compound No. (1), HMC: 

HO O 

OH 

OMe 

or a pharmaceutically acceptable salt thereof. 
0.132. Likewise, particularly preferred compounds are 
compound Nos. (2) to (16) in the cis-conformation. 
I0133. The compounds of formulae (III) and (IV) are inter 
mediates as set out herein. Each corresponding isoflavan-4-ol 
and isoflavan-3-ene intermediate of compound Nos. (1) to 
(16) are also preferred compounds of the present invention. 
0.134 W in compounds of formula (III) and (IV) may, for 
example, represent the following radicals: 

(V-1) 

(V-2) 

(V-3) 
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-continued 
(V-4) 

R6 

Rs 

R4 

or a protected derivative thereof wherein R, R and R areas 
defined above for compounds of formula (I). 
0135 The term “isoflavone' as used herein is to be taken 
broadly to include as isoflavones, isoflavenes, isoflavans, 
isoflavanones, isoflavanols and the like. 
0136. The term “alkyl is taken to include straight chain 
and branched chain Saturated alkyl groups of 1 to 6 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobu 
tyl, secbutyl, tertiary butyl, penty1 and the like. The alkyl 
group more preferably contains preferably from 1 to 4 carbon 
atoms, especially methyl, ethyl, propyl or isopropyl. 
I0137 Cycloalkyl includes C. cycloalkyl such as cyclo 
propyl, cyclobutyl, cyclopenty1 and cyclohexyl. 
0.138. The alkyl group or cycloalkyl group may optionally 
be substituted by one or more of fluorine, chlorine, bromine, 
iodine, carboxyl, C-C-alkoxycarbonyl, C-C-alkcy 
lamino-carbonyl, di-(C-C-alkyl)-amino-carbonyl, 
hydroxyl, C-C-alkoxy, formyloxy, C-C-alkyl-carbony 
loxy, C-C-alkylthio, C-C-cycloalkyl or phenyl. 
0139 Preferably the alkyl group does not bear any sub 
stituents. 
0140. The term “aryl is taken to include phenyl, benzyl, 
biphenyl and naphthyl and may be optionally substituted by 
one or more C-C-alkyl, hydroxy, C-C-alkoxy, carbonyl, 
C-C-alkoxycarbonyl, C-C-alkylcarbonyloxy, nitro or 
halo. 
0141. The term “halo' is taken to include fluoro, chloro, 
bromo and iodo, preferably fluoro and chloro, more prefer 
ably fluor. Reference to for example “haloalkyl will include 
monohalogenated, dihalogenated and up to perhalogenated 
alkyl groups. Preferred haloalkyl groups are trifluommethyl 
and pentafluoroethyl. 
0142. 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 be known to those skilled in the art. The term “phar 
maceutically 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. Pharmaceutically acceptable 
anions are known to those of skill in the art, and include but 
are not limited to chloride, acetate, tosylate, citrate, bicarbon 
ate and carbonate. 
0143 Pharmaceutically acceptable salts include those 
formed from: acetic, ascorbic, aspartic, benzoic, benzenesul 
phonic, citric, cinnamic, ethaneSulphonic, fumaric, glutamic, 
glutaric, gluconic, hydrochloric, hydrobromic, lactic, maleic, 
malic, methaneSulphonic, naphthoic, hydroxynaphthoic, 
naphthalenesulphonic, naphthalenedisulphonic, naphthale 
neacrylic, oleic, oxalic, oxaloacetic, phosphoric, pyruvic, 
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p-toluenesulphonic, tartaric, trifluoroacetic, triphenylacetic, 
tricarballylic, salicylic, Sulphuric, Sulphamic, Sulphanilic and 
Succinic acid. 

0144. 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 activity itself and includes for example phos 
phate derivatives and sulphonate derivatives. Thus, deriva 
tives include Solvates, pharmaceutically active esters, pro 
drugs 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, phos 
phate, Sulfate, Sulfonate, and preferably are mono-, di- and 
per-acyl 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 cor 
responding hydroxy Substituted compounds. 
0145 Chemical functional group protection, deprotec 
tion, 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. 

0146 The protection of functional groups on the com 
pounds 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 
Synthesis, John Wiley & Sons, New York, 1981. 
0147 Hydroxyl protecting groups include but are not lim 
ited to carboxylic acid esters, eg acetate esters, aryl esters 
Such as benzoate, acetals/ketals such as acetonide and ben 
Zylidene, ethers such as o-benzyl and p-methoxy benzyl 
ether, tetrahydropyranyl ether and silyl ethers such as t-bu 
tyldimethylsilyl ether. 
0148 Protecting groups can be removed by, for example, 
acid or base catalysed hydrolysis or reduction, for example, 
hydrogenation. Sillyl ethers may require hydrogen fluoride or 
tetrabutylammonium fluoride to be cleaved. 
0149. It will be clear to persons skilled in the art of medici 
nal chemistry that compounds of formula (I) may be con 
Verted 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. Halo 
genating agents include compounds like NBS, hydrobromic 
acid, chlorine gas etc. It may be necessary during processes 
Such as halogenation to use protecting groups to protect other 
functionality in the molecule. 
0150 Phenolic type hydroxyls may not be readily convert 
ible 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 NaNO in the 
presence of HCl under reduced temperature conditions such 
as 0° C., to form the corresponding azide salt. Subsequent 
treatment with CuCl, CuBr, KI or HBF may be used to 
convert the azide into the required halo-compound. 
0151. A general process for preparing compounds of for 
mula (I) comprises the step of treating a compound of formula 
(IV): 
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(IV) 

wherein R. R. R. and Ware as defined above in relation to 
compounds of formula (II) with a reducing agent to provide a 
compounds of formula (I) or a protected derivative thereof. 
0152 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 
catalytic hydrogenation where a Suitable catalyst Such as 
palladium on carbon may be used. Other suitable hydride 
sources include sodium triacetoxyborohydride tetrabutyl 
ammonium triacetoxyborohydride and sodium cyanoborohy 
dride. 

0153. Preferably the double bond in compounds of for 
mula (IV) is reduced by hydrogenation. 
0154 Compounds of formula (IV) are prepared by dehy 
drating a compound of formula (III): 

(III) 
RO O 

HO W 

wherein R. R. R. and W are as defined above, in relation to 
compounds of formula (II) or a protected derivative thereof 
0155 Dehydration can, for example, be catalysed by acid, 
by base or facilitated by conversion of the tertiary alcohol into 
a better leaving group as would be known to those skilled in 
the art. 

0156 Preferably compounds of formula (III) are dehy 
drated, for example, by treatment with para-toluene Sul 
phonic acid. 
0157 Compounds of formula (III) may be prepared by 
treating compounds of formula (II): 

(II) 

wherein R. R. R. are as defined above for compounds of 
formula (II) or a protected derivative thereof with an arylating 
agent, for example, a compound of formula WM wherein 
W is an optionally substituted aryl radical and M is one or 
more counter ions, preferably MgBr". 
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0158. The arylating agent WM may be prepared by 
Grignard chemistry where the haloaryl compound (V): 

(V) 

or a protected derivative thereof wherein 
0159 R. Rs and Ra are independently hydrogen, alkoxy, 
alkyl, acyl, OC(O)R7, a protected hydroxy such as OSi 
(R) or protected amino such as trimethylsilylamino phe 
nyl halide, and 

(0160 
0.161 X is halo, preferably bromo, 

is reacted with a metal Such as magnesium to form the ary 
lating agent. 
(0162 
from: 

Ro is independently alkyl or aryl, and 

Preferably the haloaryl compound (V) is selected 

(V) 
X 

R6 

Rs 

R4 
(VR) 

X 

Rs R6 

R4 
(VC) 

X 

Rs R6 

R4 

wherein R, Rs. Rand Xareas defined above for compounds 
of formula (V). 
0163 Reaction of the arylating agent with the ketone of 
formula (II) provides access to the corresponding isoflavan 
4-ols (III), isoflav-3-enes (IV) and isoflavans (I) of the present 
invention. 

0164. Alternatively compounds of formula (III) may be 
prepared by reacting compounds of formula (II) with a com 
pound analogous to compounds of formula (V) wherein X 
represents any appropriate leaving group L which is lost in the 
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formation of the product by nucleophilic addition of the aryl 
moiety to a ketone by reactions well known by those skilled in 
the art. 

0.165 Preferably any free alcohols, esters or other such 
reactive groups in the keto compounds of formula (II) will be 
protected, for example, as t-butyldimethylsilyl ethers during 
the nucleophilic addition reaction. 
0166 Compounds of formula (II) can be prepared by 
reducing the eneone double bond in compounds of formula 
(VI): 

(VI) 

or a protected derivative thereof, wherein R. RandR areas 
defined above, for compounds of formula (II). 
0167 Suitable reducing agents are described above. Pref 
erably reduction of the carbon-carbon double bond can be 
effected, for example, by hydrogenation. 
0168 Access to compounds of general formula (VI) is 
available by general synthetic methods as set out in Scheme 1 
below and as described in published International application 
No. WO01/17986, the disclosure of which is incorporated 
herein by reference. A typical synthesis is depicted in Scheme 
I. 

Scheme 1 

RO OH 

-- 

HO 
N 
--Rs BF/EtO 

O -e- 

2 R, 70° C. 
RO OH 

MeSOCI 
N DMF 
HR, O 

21 R2 
RO O 

R3 
O 

R2 

(VI) 

0169. Access to the variatious 3-phenyl substituted chro 
mans is available by varying the Substitution pattern on the 
phenylacetic acid derived group. 
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0170 Access to the 4-phenyl substituted chromans is 
available by varying the Substitution pattern of the arylating 
agent (V). 
0171 Analogues of compounds employed in the pro 
cesses may be used which include a substituent which corre 
sponds to Ro as defined for compounds of formula (I). 
0172. As used herein, the terms “treatment”, “prophy 
laxis' 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, “treatment 
includes amelioration of the symptoms or severity of a par 
ticular condition or preventing or otherwise reducing the risk 
of developing a particular condition. 
0173 The amount of one or more compounds of formula 
(I) which is required in a therapeutic treatment according to 
the invention will depend upon a number of factors, which 
include the specific application, the nature of the particular 
compound used, the condition being treated, the mode of 
administration and the condition of the patient. 
0.174 Compounds of formula (I) may be administered in a 
manner and amount as is conventionally practised. See, for 
example, Goodman and Gilman, "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 
mg 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. 
0.175. It will be further understood that for any particular 
Subject, specific dosage regimens should be adjust over time 
according to the individual need and the professional judg 
ment of the person administering or Supervising the admin 
istration of the compositions. 
0176 Relatively 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. 
0177. The production of pharmaceutical compositions for 
the treatment of the therapeutic 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 veteri 
nary acceptable carriers and/or excipients as are well known 
in the art. 
0.178 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 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 up to 100% by weight of 
the active compound, preferably from 0.5% to 59% by weight 
of the active compound. 
0179. 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 
essentially of admixing the components, optionally including 
one or more accessory ingredients. The preferred concentra 
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tion 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. 
0180. The formulations of the invention include those suit 
able for oral, rectal, ocular, buccal (for example, Sublingual), 
parenteral (for example, Subcutaneous, intramuscular, intra 
dermal, or intravenous), transdermal administration includ 
ing mucosal administration via the nose, mouth, vagina or 
rectum, and as inhalants, although the most suitable route in 
any given 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. 
0181 Formulation suitable for oral administration may be 
presented in discrete units, such as capsules, Sachets, loz 
enges, or tablets, each containing a predetermined amount of 
the 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 association the active com 
pound and a suitable carrier (which may contain one or more 
accessory ingredients as noted above). 
0182. 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 ingredi 
entS. 

0183 Compressed tablets may be prepared by compress 
ing, 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 moulding, in a suitable 
machine, the powdered compound moistened with an inert 
liquid binder. 
0184 Formulations suitable for buccal (sublingual) 
administration include lozenges comprising the active com 
pound in a flavoured base, usually Sucrose and acacia or 
tragacanth; and pastilles comprising the compound in an inert 
base Such as gelatine and glycerin or Sucrose and acacia. 
0185. Formulations suitable for ocular administration 
include liquids, gels and creams comprising the active com 
pound in an ocularly acceptable carrier or diluent. 
0186 Compositions of the present invention suitable for 
parenteral administration conveniently comprise sterile aque 
ous preparations of the active compounds, which prepara 
tions 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 intradermal 
injection. 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 60% w/v of active compound 
and can be administered at a rate of 0.1 ml/minute/kg. 
0187. Formulations for infusion, for example, may be pre 
pared employing saline as the carrier and a solubilising agent 
such as C.-cyclodextrin or derivative thereof. Suitable cyclo 
dextrins include C-cyclodextrin, B-cyclodextrin, Y-cyclodex 
trin, dimethyl-3-cyclodextrin, 2-hydroxyethyl-f-cyclodex 
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trin, 2-hydroxypropyl-cyclodextrin, 3-hydroxypropyl-3- 
cyclodextrin and tri-methyl-f-cyclodextrin. More preferably 
the cyclodextrin is hydroxypropyl-3-cyclodextrin. Suitable 
derivatives of cyclodextrins include Captisol(R) a sulfobutyl 
ether derivative of cyclodextrin and analogues thereof as 
described in U.S. Pat. No. 5,134,127. 
0188 Formulations suitable for rectal administration are 
preferably presented as unit dose Suppositories. Formulations 
Suitable for vaginal administration are preferably presented 
as 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. 
0189 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 Vasoline, lanoline, poly 
ethylene glycols, alcohols, and combination of two or more 
thereof. The active compound is generally present at a con 
centration of from 0.1% to 5% w/w, more particularly from 
0.5% to 2% w/w. Examples of such compositions include 
cosmetic skin creams. 
0190. Formulations suitable for transdermal administra 
tion may be presented as discrete patches adapted to remain in 
intimate contact with the epidermis of the recipient for a 
prolonged period of time. Such patches suitably contain the 
active compound as an optionally buffered aqueous solution 
of for example, 0.1 M to 0.2M concentration with respect to 
the said active compound. See for example Brown, L., et al. 
(1998). 
(0191 Formulations suitable for transdermal administra 
tion may also be delivered by iontophoresis (see, for example, 
Panchagnula R, et al., 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. 
0.192 Formulations suitable for inhalation may be deliv 
ered as a spray composition in the form of a solution, Suspen 
sion or emulsion. The inhalation spray composition may fur 
ther comprise a pharmaceutically acceptable propellant Such 
as carbon dioxide or nitrous oxide or a hydrogen containing 
fluorocarbon such as 1,1,1,2-tetrafluoroethane, 1,1,1,2,3,3,3- 
heptafluoro-n-propane or mixtures thereof. 
0193 The active compounds may be provided in the form 
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 formula 
tions containing compounds of the invention can be readily 
prepared according to standard practices. 
0194 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, crustaceans and shell fish) and the like. 
0.195 The active compound or pharmaceutically accept 
able derivatives prodrugs or salts thereof can also be co 
administered with other active materials that do not impair the 
desired action, or with materials that supplement the desired 
action, Such as antibiotics, antifungals, anti-inflammatories, 
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orantiviral 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 
nicotinic acid; platelet aggregation inhibitors such as aspirin; 
antithrombotic agents such as coumadin, calcium channel 
blockers such as Verapamil, diltiazem, and nifedipine; angio 
tensin 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 
combination with nonsteriodal anti-inflammatories such as 
ibuprofen, indomethacin, aspirin, fenoprofen, mefenamic 
acid, flufenamic acid and Sulindac. The compounds can also 
be administered with corticosteroids oran anti-emetic Such as 
Zofrane(R). 
0196) Compounds of formula (I) seem to be particularly 
Suitable for co-administration with one or more anti-cancer 
drugs such as cisplatin, dehydroequol (DHE), taxol (pacli 
taxel), gemcitabine, doxorubicin, topotecanand/or camptoth 
ecin, especially cisplatin, dehydroequol (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 com 
pounds of the presently claimed invention, especially HMC 
(ie compound 1) seem to be chemosensitisers and increase the 
cytotoxicity of the one or more anticancer drug co-adminis 
tered therewith. This seems to be the case even though said 
anticancer drugs work through a variety of different mecha 
nisms, for example cisplatin is thought to work by interacting 
with nuclear DNA, taxol is thought to work by blocking cells 
in the G2/M phase of the cell cycle and prevent them forming 
normal mitotic apparatus, gemcitabine is thought to work by 
incorporating itself into the DNA of the cell, ultimately pre 
venting mitosis, doxorubicin is thought to be a topoisomerase 
II inhibitor thereby preventing DNA replication and tran 
Scription and topotecan is thought to be a topoisomerase I 
inhibitor. 
0.197 Interestingly, in some situations this increased cyto 
toxicity to cancerous cells is not associated with a corre 
sponding increase in toxicity to non-cancerous cells. 
0198 Whilst this observation has important implications 
for the treatment of many cancers, it is especially important to 
the treatment of cancers such as melanoma, which are 
extremely difficult to treat. 
0199 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 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 of the first or initial active agent to be current when the 
second of lateractive agent is administered, especially where 
a cumulative or synergistic effect is desired. 
0200. The invention also extends to a pack comprising the 
combination therapy. 
0201 Compounds for use in the preferred synthetic meth 
ods 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 standard methods known in the art. Suitable methods may 
be found in, for example, published international patent 
applications WO98/08503 and WO 00/49009, and references 
cited therein, which are incorporated herein in their entirety 
by reference. 
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0202 Compounds of the general formulae (II), (III) and 
(IV) described above are intermediates in the production of 
the active isoflavan compounds of formula (I). These inter 
mediates also represent further aspects of the present inven 
tion. 
0203 Whilst not wishing to be bound by theory the com 
pounds of the present invention are thought to regulate a wide 
variety of signal transduction processes within animal cells 
and that these signal transduction processes arc involved in a 
wide range of functions 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 unex 
pected benefit. 
0204 Thus it seems that the compounds of the present 
invention have activity as TNFC. inhibitors. It is hypothesised 
that TNFC. is part of a tightly regulated cytokine network, 
activating multiple signal transduction pathways and induc 
ing or Suppressing a wide variety of genes. TNFC. can provide 
a Survival signal for cancer cells and hence it has been referred 
to as a tumour promoting factor. As a central mediator of 
inflammation, TNFC. provides a molecular link between 
chronic inflammatory stimuli and the Subsequent develop 
ment 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 activ 
ity. Alternatively, these compounds may be used as chemo 
preventative agents. 
0205 The particular benefits of this invention lie in (a) the 
large range of signal transduction processes targeted by the 
compounds, (b) the fact that regulation of these various pro 
cesses includes both up-regulation of Some processes and 
down-regulation of others, and (c) that Such a broad and 
varied effect on signal transduction processes also is accom 
panied by an independent effect on a range of important 
enzymes that are fundamental to metabolism and steroido 
genesis. 
0206. The isoflavan compounds of the present invention 
exhibit good in vitro toxicity profiles against normal cells. 
The isoflavans have broad activity, markedly better than or at 
least comparable with dehydroequol. The isoflavans are 
highly active against cancer cells representative of leukaemia, 
glioma, prostate, ovarian, breast and lung cancer. The isofla 
van compounds show potent activity against melanoma and 
cholangiocarcinoma (gall bladder cancer) cell lines. Good 
activity was observed against colorectal cancer cells. 
0207 Radio-sensitisation in vivo may be tested for 
example employing human epidermoid Vulval 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 2.5 Gy/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 tumour growth delay. Tumour growth delay of ~6 
days can be expected using radiation alone. Tumour growth 
delay using orally dosed test compound can be determined 
separately. Evidence of test compound mediated radio-sensi 
tisation 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 com 
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pared to up to 10 days using either radiation or test compound 
monotherapy regimens is evidence of the radio-sensitisation 
properties of the compounds of the invention. 
0208 Radio-sensitisation in vitro may be tested, for 
example, employing clonogenic assays using human the 
human epidermoid Vulva carcinoma A431 cell line to mea 
Sure response to radiation alone or in combination with test 
compounds. A drug dose causing 10% 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 >20% toxicity 
to cells using chemoradiation therapy compared to 10% tox 
icity using the corresponding monotherapy regimens. 
0209. The compounds of the invention are useful in the 
treatment, prevention or amelioration of diseases associated 
with aberrant cell survival, aberrant cell proliferation, abnor 
mal cellular migration, abnormal angiogenesis, abnormal 
estrogen/androgen balance, dysfunctional or abnormal Ste 
roid genesis, degeneration including degenerative changes 
within blood vessel walls, inflammation, and immunological 
imbalance. 

0210. The invention is further illustrated by the following 
non-limiting Examples and accompanying drawings. 

EXAMPLES 

0211. 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-hydroxyphe 
nyl)-4-(4-methoxyphenyl)-chroman-7-ol and “HHC is used 
for compound No. 11, being 3-(4-hydroxyphenyl)-4-(4-hy 
droxyphenyl)-chroman-7-ol. 

1.0. Synthesis 

Example 1 

4,7-Diacetoxydatdzein 

0212 

HO O 

Ac2O, Py 
-e- 

O 
OH 

AcO O 

O 
OAc 

0213. A mixture of daidzein (2.0 g), acetic anhydride (10 
ml) and pyridine (2 ml) was heated at 105-110C for 1 h. 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 4.7- 
diacetoxydaidzein as colourless prisms (2.4g, 90%). 
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Example 2 

7-Acetoxy-3-(4-acetoxyphenyl)chroman-4-one 

0214 

AcO O 

H2, cat. 
-e- 

O 
OAc 

AcO O 

OAc 

0215 Palladium-on-charcoal (5%, 0.02 g) was added to a 
solution of 4,7-diacetoxydaidzein (0.50g, 1.5 mmol) in ethyl 
acetate (80 ml) and the mixture was stirred at room tempera 
ture under a hydrogen atmosphere for 72 h. The catalyst was 
removed by filtration through Celite and the resulting filtrate 
was evaporated in vacuo. The residue was recrystallised from 
ethanol to yield 7-acetoxy-3-(4-acetoxyphenyl)chroman-4- 
one (0.40 g, 80%) as colourless plates. 

Example 3 

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

0216 

AcO O 

Imidazole 
-e- 

OAc 
HO O 

O 
OH 

0217. Imidazole (0.63 g) was added to a suspension of 
4,7-diacetoxydihydrodaidzein (0.26g, 0.08 mmol) in abso 
lute 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 added to the residue. 
The mixture was left overnight under refrigeration and the 
resulting precipitate was filtered. The crude product was 
recrystallised from ethyl acetate/dichloromethane to yield 
7-hydroxy-3-(4-hydroxyphenyl)chroman-4-one (0.14 g. 
71%) as a white powder. 
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Example 4 

7-(tert-Butyldimethlysilyloxy)-3-(4-(tert-bu 
tyldimethlysilyloxy)phenyl)chroman-4-one 

0218 

HO O 

tBMSC 
-- 

Imidazole 

O O OH 

tBDMSO O 

O O OtBDMS 

0219 7-Hydroxy-3-(4-hydroxyphenyl)chroman-4-one 
42 g, imidazole 130 g, tert-butyldimethylsilyl chloride 127 g. 
and N,N-dimethylformamide (500 ml) were combined in a 2 
L round bottom flask and stirred under nitrogen at room 
temperature for 16 hours. The reaction was quenched with the 
addition of chilled HO (200 ml) with the reaction mix cooled 
in an ice bath. The resultant white solid was filtered and rinsed 

with water. Recrystallisation from ethanol afforded the prod 
uct as white fluffy crystals (35.7g). 

Example 5 

7-(tert-Butyldimethylsilyloxy)-3-(4-(tert-butyldim 
ethylsilyloxy)phenyl)-4-(4-methoxyphenyl)chroman 

4-ol 

0220 

MgBr 

14 
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-continued 

tBDMSO O 

OtBDMS 

MeO 

0221 7-(tert-Butyldimethylsilyloxy)-3-(4-(tert-bu 
tyldimethylsilyloxy)phenyl)-4-(4-methoxyl)enyl)chroman 
4-ol 25 g was weighed in a 2-neck round bottom flask, and 
flushed under nitrogen. Anhydrous THF 80 ml 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 bath. Commercial 4-rnethoxyphenylmagnesium bromide 
(0.5M solution in THF) 225 ml was added to the reaction mix 
dropwise over 10 minutes. The reaction was quenched by the 
dropwise addition of wet ether (50:50 H.O: diethyl ether) 
while still under nitrogen, with a white precipitate forming as 
increasing amounts of H2O was added. A further amount of 
HO was added to the reaction mix before extraction with 
diethyl ether. 
0222. The organic layers were combined and washed with 
water, brine, dried over anhydrous MgSO and solvent 
removed on rotovap 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. 

Example 6 

3-(4-Hydroxypbenyl)-4-(4-methoxyphenyl)-2H 
chromen-7-ol 

0223 

tBDMSO O 

O pTsOH He 

OtBDMS 

MeO 
HO O 

OH 

OMe 

0224 7-(tert-Butyldimethylsilyloxy)-3-(4-(tert-bu 
tyldimethylsilyloxy)phenyl)-4-(4-methoxyphenyl)chroman 
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4-ol (42 g), pTsOH (435 g), boiling chips and 2.5 L of ethanol 
were combined in a 2-neck 5 L round bottom flask with 
condenser attached. The reaction was heated at reflux for 3 
hours. The solvent was concentrated in vacuo to ~100 ml 
before being poured into chilled, stirred water (700 ml). The 
mixture was then extracted with ethyl acetate, the combined 
organic layers washed with water (3x2 L), brine (1x500 ml), 
dried over anhydrous magnesium Sulphate and filtered and 
solvent removed in vacuo to give red/brown oil. The oil was 
dissolved in methanol (~100 ml) and put in freezer overnight. 
0225. 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-Hydroxyphenyl)-4-(4-methoxyphenyl)-chro 
man-7-ol 

0226 

HO O 

O 21 
H2/Pd 
ethanol 

OH 

OMe 
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-continued 
HO O 

OH 

OMe 

0227 3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)-2H 
chromen-7-ol 25.5 g (70 mmoles), 10% Pd/Al2O3.95 g and 
200 ml of ethanol were combined in a 2-neck 500 ml round 

bottom flask. The reaction was hydrogenated at low pressure 
using standard conditions for 3 hours. The reaction was fil 
tered through Celite to remove the catalyst, rinsed through 
with ethanol (300 ml). The filtrate was concentrated to ~50 ml 
before being poured into chilled, stirred water (1.4 L). A pale 
orange precipitate formed which then formed a brown oil. 
The mixture was then extracted with diethyl ether, the com 
bined organic layers washed with water (3x1 L), brine (1x500 
ml), dried over anhydrous magnesium Sulphate and filtered. 
The solvent was removed in vacuo to give red/brown oil. The 
product was recrystallised from diethyl ether (~100 ml), to 
give brown solid which was rinsed with chilled diethyl ether 
to give off-white crystals 11.3 g. The 1H NMR spectrum and 
numbering scheme being shown below. 

H öppm Peak Shape JHz integrates Comments 

C2equatorial 4.14 Dd 10.98 1 

C2axial 4.35 Dd 1 Dd is overlapping 
C3 3.47 Ddd 1 

C4 4.2O Dd S.12 1 

C5 6.71 D 8.OS 1 

C6 6.36 Dd 2.56, 8.42 1 

C8 6.41 D 2.2O 1 

C9 3.71 S 3 

CT, C6' 6.61 D 2 Doublets overlapping for C2', 
C3', CS' 6.61 D 2 C3', C2", C3" 
C2", C6" 6.61 D 2 Total integration is 8 
C3", C5" 6.61 D 2 
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0228. In the above general methods, the structures may be 
optionally substituted or protected with appropriate substitu 
ents, 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 syn 
thetic chemist. Hydroxy groups can be readily alkylated 
(Mel/base), acylated (Ac2O/Py) or silylated (C1 SiR/base) 
and likewise deprotected by standard methods known in the 
art. 

Example 8 

3-(4-Hydroxyphenyl)-4-(4-hydroxyphenyl)-chro 
man-7-ol 

0229 3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chro 
man-7-ol (3.17 g) was transferred to a round bottom flaskand 
the flask was purged with nitrogen. 33 wt.% Hydrogen bro 
mide in acetic acid (13 ml) was added drop-wise to the flask 
and the contents were heated to reflux at 130° C. for 7 hours. 
The reaction mixture was placed in an ice bath and adjusted to 
pH 6 using sodium hydroxide solution (40% w/v). The mix 
ture was extracted with ethyl 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 in vacuo to yield a brown solid (2.89 g). 
The solid was dissolved in minimal ethyl acetate and purified 
by column chromatography (Silica 60H, 200-400 mesh using 
ethyl acetate:chloroform (40:60) eluant). 3-(4-hydroxyphe 
nyl)-4-(4-hydroxyphenyl)chroman-7-ol was obtained in 
~80% purity and was further purified by semi-preparative 
high performance liquid chromatography (HPLC). The "H 
n.m.r. is shown in FIG. 12. 

2.0. Materials and Methods 

2.1. Tissue Culture 

0230. The human pancreatic cancer cell line, HPAC 
(CRL-2119) was routinely cultured in 1:1 mixture DMEM 
(Dulbecco's Modified Eagle Medium Sigma) plus Ham's 
F12 (Sigma) medium containing HEPES (15 mM), insulin 
(0.002 mg/ml), transferrin (0.005 mg/ml), hydrocortisone, 
(40 ng/ml), epidermal growth factor (10 ng/ml). 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 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 New 
castle) and A2058 was obtained as a gift from Dr Peter Par 
sons (QIMR). Both were cultured in DMEM medium. 
0231. All cultures were supplemented with 10% FCS (fe 

tal calf serum CSL, Australia), penicillin (100 U/ml), strep 
tomycin (100 mg/ml), L-glutamine (2 mM) and Sodium bicar 
bonate (1.2 g/L), and cultured at 37° C. in a humidified 
atmosphere of 5% CO. All cell lines were purchased from 
ATCC (Maryland, USA) except where noted. 
0232. The normal cell line NFF (neonatal foreskin fibro 
blasts) was a gift from Dr. Peter Parsons (Queensland Insti 
tute of Medical Research). RK (rabbit kidney) cells were 
obtained from Miller Whalley (Macquarie University). Both 
cell lines were cultured in RPMI supplemented with 10% 
FCS (CSL, Australia), penicillin (100 U/ml), streptomycin 
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(100 mg/ml), L-glutamine (2 mM) and sodium bicarbonate 
(1.2 g/L), and cultured at 37°C. in a humidified atmosphere of 
5% CO. 

2.2. Proliferation Assays 
0233 IC50 values were determined for each cell line. 
Cells were seeded in 96-well plates at an appropriate cell 
density as determined from growth kinetics analysis and cul 
tured for 5 days in the absence and presence of the test 
compounds. Cell proliferation was assessed after the addition 
of 20 ul of 3-4.5 dimethylthiazol-2,5-diphenyl tetrazolium 
bromide (MTT, 2.5 mg/ml in PBS, Sigma) for 3-4 hrs at 37° 
C. according to manufacturer's instructions. IC50 values 
were calculated from semi-log plots of % of control prolif 
eration on the y-axis against log dose on the X-axis. 

2.3. DHE and HMC Pharmacokinetics Oral 

0234 HMC and DHE were prepared as homogenous sus 
pensions in 1% CMC (m:V, water). Both formulations were 
delivered orally by savage to female BALB/c mice at a dosage 
of 50 mg/kg. Three animals were allocated to each timepoint 
(15 min, 30 min, 1 hr, 4 hr and 24 hr). At each respective 
timepoint, animals were euthanased by cervical dislocation 
and blood collected. Free HMC was analysed by mass spec 
troscopy. 

2.4. HMC Pharmacokinetics—i.v. and i.p. 
0235 HMC was prepared as a solution in 20% hydrox 
ypropyl-beta-cyclodextrin (m:V, water). The formulation was 
delivered either orally by gavage or by i.p. injection to female 
BALB/c mice at a dosage of 50 mg/kg. Three animals were 
allocated to each timepoint (15 min, 30 min, 1 hr 4 hr and 24 
hr). At each respective timepoint, animals were euthanased by 
cervical dislocation and blood collected. Urine was also col 
lected and analysed for HMC. Free HMC was analysed by 
mass spectroscopy. 

2.5 Pilot In Vivo Efficacy Study HPAC Tumour Bearing 
Mice 

0236 Subconfluent (80%) 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 MatrigelTM (Becton Dick 
son) at a density of 3.7x10" cells per ml. Athymic nu/nu 
BALB/c mice were s.c. inoculated with 3.7x10 HPAC cells 
bi-laterally midway along the dorsal surface. For the HMC 
(n-3 perdosage regimen) and control groups (n=2), treatment 
commenced five days post inoculation to allow tumour for 
mation. HMC was formulated 20% HPBCD and delivered 
i.p. daily for 15 days. The control group received equivalent 
(weight: weight) i.p. doses of 20% HPBCD. Tumour mea 
Surements commenced on day 5 post inoculation (10x10 
mm) and were measured in 2 dimensions, 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 tumour inhi 
bition (treated/control, T/C). On sacrifice, liver, kidney, 
femur, stomach and colon tissue were fixed in buffered for 
malin, embedded in paraffin, sections cut and stained with 
H&E. Stained sections were then submitted to Rothwell con 
Sulting for histopathology analysis. Serum biochemistry was 
conducted on bloods taken from control, vehicle control and 
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HMC treatment groups. Serum analysis was conducted by 
Veterinary Clinical pathology (U. Syd). 

2.6 Three-D Model Analysis of Synergy 
0237 3-D model analysis of the cytotoxic interaction 
between drug A and drug Benables the representation of 
predicted inhibitory effect of two drugs in combination in 3 
dimensions to reveal actual regions of synergy orantagonism. 
The 3D synergy plots are based on a theory of “Theretical 
Additivity” (TA) as outlined by Kanzawa et al (Int. J. Cancer 
71, 311-319 (1997)). Theoretical Additivity was calculated 
from the cytotoxicities of drug A and drug B as monothera 
pies using the following formula which assumes the drugs are 
mutually exclusive inhibitors: 

(f)A + (f) - 2(f)A(f) TAt = 
(1) 1 - (fa)A (fa) 

Where: (f)=fraction of cells affected by drug A 
0238 (f), fraction of cells affected by drug B 
0239. The TA is calculated for each combination of drug 
concentrations and Subtracted from the observed experimen 
tal effect for each combination to give a measurement of 
synergistic action. A positive difference indicates that more 
cells arc 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 
0240 Dehydroequol (DHE) was less toxic to both NFF 
and rabbit kidney cells with IC50 values above 150 uM when 
compared to HMC (86 and 61 uM respectively) (Table 1 and 
FIG. 1). In a separate study, HHC was found to be non-toxic 
to both NFF and RK cells (see again Table 1). When com 
pared to cisplatin, a benchmark chemotherapeutic agent, the 
degree of toxicity exhibited by HMC and HHC is mild. 

TABLE 1. 

Relative toxicity of DHE, HMC, HHC and cisplatin against Neonatal 
foreskin fibroblasts (NFF) and rabbit kidney cells. 

Antineoplastic 
Tissue? cell Analogue (IC50 IM (IC50 iM) 

Type Designation DHE HMC HNC Cisplatin 

Fibroblast Neonatal >1SO 86.12 7.6 60.8 9.855 
Foreskin 
Fibroblasts 
(Human, 
NFF) 

Kidney Rabbit >150 61 - 4.3 >150 Not tested 
Kidney 

3.2. In Vitro Efficacy Against Cancer Cells 

0241. When compared to DHE IC50 values, HMC dem 
onstrated markedly superior activity (-5-10 fold greater) 
against the multi-drug resistant, p53 mt ovarian cancer cell 
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line (SKOV-3), the AR negative, p53 Mt prostate cancer cell 
line (PC3), both ER positive (p53 wt) and negative (p53 mt) 
breast cancer cell lines (MCF-7 and MDA-MB-468 respec 
tively), p53 Mt Glioma (HTB-138), p53 Mt pancreatic cancer 
(HPAC) and p53 Mt large cell lung cancer (Table 2). HMC 
exhibited anti-cancer activity comparable to that of DHE 
againstall other cell lines tested. (Table 1). Particular efficacy 
of HMC was noted against melanoma cells. (Table 2.1 and 
FIG. 2). This represents a substantial advantage over the prior 
art. 

0242. HMC was differentially active against 2 separate 
colorectal cell lines, with marked activity observed against 
HT-29 cells and somewhat less activity against HCT-15. It is 
noted that HT-29 and HCT-15 are COX-2 positive and defi 
cient respectively. When examined microscopically and com 
pared 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 uM Dehydroequol after 18 hr 
retained a relatively normal morphology, comparable with 
that of vehicle only treated cells. 

TABLE 2.1 

Comparison of Dehydroequol and HMC cytoxicity against cell lines 
representative of different malignancies. 

Antineoplastic 
Analogue (IC50 iM) (IC50 iM) 

Indication Designation DUE HMC Cisplatin 

Ovarian A2780 1.7 - 0.61 1.58 0.59 2.10 

CP70 1.69 O.62 1.21 O.29 10.30 

SKOV-3 21.83 4.65 2.26 S.40 

Prostate PC3 9.09 - 8.12 2.50 O.92 2.11 

LNCaP 4.83.8 4.52 >10 

DU145 5.9S 1.5 3.78 2.07 

Breast MCF-7 21.5 - 13.2 7.157 3.69 

MDA-MB- 7.9 3.5 1.1 - 0.35 O.S8 

468 

Glioma HTB-138 7.35 - 0.89 1.9 O.27 4230 

Pancreatic CRL-2119 56.62. 16.8 14.1 + 1.16 9.36 

Leukemic RPM1-8226 3.72 O.O8 NT NT 

CCRF-CEM 1.7 - 0.68 1.90 NT 

Lung NCI-EH23 8.75 7.2 3.75 2.5 NT 
NCI-EH460 10.638 2.23 O.15 22.29 

Colorectal HT-29 50.45 21.9 3.71.4 22.735 

HCT-15 244 12.57 37.833 129.939 

Melanoma MM200 2.90 O.703 8.3 O.7 

A2058 NT 1.20.65 5.73 2.3 

IGR-3 NT O.53 O.O2 NT 

0243 In further studies, the cytotoxicity of various com 
pounds described herein against various cell lines was deter 
mined. Compound 14-ene is the 3-ene chromene 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 correspond 
ing 14-ene and to compound 6 (Table 2.2). 
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TABLE 2.2 
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Chroman compounds 1, 2, 6, 11 and 14 and chrom-3-ene compound 14-ene 
cytoxicity against cell lines representative of different malignancies. 

Compound (IC50 IM) 

Indication Cell line HMC 1 2 6 HHC 11 14-ene 14 

Ovarian CP70 2.1 3 - 1.2 >100 1.1 - 0.9 >100 >100 
Prostate PC3 2.51 4.2, O.O2 11657 O.88 O.4 46.27 32.5.2.1 
Breast MDA-MEB-468 2.842 1.9 28.73.6 1 - 0.1 NT 56.6 
Glioma HTB-138 1.90.3 3.77 >100 O-520.1 8.2 - 10 53.5 - 14 
Pancreatic HPAC 28 - 0.9 24.4 + 12 >100 31.6 27 81.SS9 79 - S6 
Leukaemia CCRF-CEM 2 - 0.97 4.O2 92 81.6 O.6 O.O1 >100 73 S1.6 
NSC Lung NCI-E460 2.82 5.4 2.1 NT O.S. O.1 >100 65 
Colorectal HT-29 54 - 18 59.4 >100 2.5 + 1 97.530 45 - 4.7 
Melanoma MM200 1.07 - O.S 7.34 >100 O.6 O.3 S82.7 93 - 29 

3.3.1. HMC Pharmacokinetics Oral 

0244. When compared with the pharmacokinetic profile of 
orally dosed DHE, HMC administered via the same route and 
dosage (50 mg/kg), HMC exhibited a Cmax of 141 uM 
(achieved after 1 hr) compared to 511 uM for DHE (achieved 
after 15 min) (Table 3 and FIG. 3). Like DHE, HMC is also 
Subject to conjugation with low plasma concentrations of the 
free form of the molecule observed (1.3 uM after 30 min) 
(Table 3 and FIG. 3). This is less than half the maximum 
concentration of free dehydroequol achieved using the same 
dosage regimen (3.3 uM after 15 min) (FIG. 3). The ratio of 
free: total is greater for HMC when compared to DHE(0.92 vs 
0.64 respectively). 

TABLE 3.1 

Comparison of free and total plasma concentrations achieved in mice 
dosed with 50 mg/kg of either HMC or DHE D.O. 

HNC DHE 

Time Total Free Total Free 

O.25 724.4 O.38 O.04 S11S 99 3.30.13 
O.S 122 18.4 1.3 O2 357 82 2.90.05 
1 141 45.8 O.95 O.4 387 - 22.8 1.5 + 0.11 
4 33.9 12.7 O.19 O.O8 117.6 42 1.3 O.O7 
24 O O O.13 - 0.1 O.15 O.04 

3.3.2. HMC and HHC Pharmacokinetics Oral 

0245 Human patients 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 char 
acterise the plasma pharmacokinetics. The initial results give 
an oral half-life of 3.99 hours for HMC and 3.26 hours for 
HHC (Table 3.2). 

TABLE 3.2 

Comparison of plasma half-life concentrations achieved in humans dosed 
with 200 mg of either HMC or HHC 

C. (ng/mL) Tmax (h) 

HMC (1) 513 2.17 3.99 
HHC (11) 341 2.67 3.26 

Compound T112 (h) 

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

0246 When formulated in HPBCD and delivered i.v., 
extremely high levels of HMC were observed in the blood 
equating to 1 mM of drug. 15 min post administration (FIG. 
4). Elimination kinetics of i.v. delivered HMC were biphasic 
with HMC being rapidly excreted from blood at a rate of 
~1000 uM/hr in the first hr post administration. Assuming 
linear excretion, this rate slowed to 0.97 uM/hr in hours 1-4.hr 
post administration. When the same formulation was admin 
istered i.p., approximately 1 log less HMC was observed in 
plasma (131 uM by i.p. administration vs 1069 uM 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 uM/hr) thus resulting in 
a serum concentration some 4.5 fold higher at 1 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. (4.6 uM/hr by 
i.p. vs 0.97 uM/hr by i.v.). These data confirm that HMC is 
highly bioavailable in its free state when administered by i.v. 
ori.p. routes. In conjunction with oral PK data, these data also 
suggest that HMC is susceptible to rapid removal by GI 
detoxification enzymes. Large concentrations of free HMC 
were observed in urine over 0.5, 1 and 4 hr where collected 
(3.3 mM, 3.9 mM and 0.093 mM). 

TABLE 4 

Comparison of the pharmacokinetic profile of HMC in serum after 
i.v. and i.p. administration of HMC formulated in 20% hydroxypropyl 

beta cyclodextrin at a dose of 50 mg/kg). Inset shows HMC 
concentrations in serum. 

Serum HMC (IM 

Time (hr) iv ip 

O.25 1069.75 131.37 
O.SO 198.66 31.78 
1 3.98 18.74 
4 O.O7 O.15 
24 O.OS O.17 
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3.5. Pilot In Vivo Efficacy Study HPAC Tumour Bearing 
Mice 

0247 HMC when dosed daily, i.p. at 100 mg/kg signifi 
cantly retarded the proliferation of HPAC tumours over the 
treatment period when compared to vehicle control (FIG. 5). 
When the mean terminal tumour mass was assessed a signifi 
cant reduction in final tumour burden (% T/C=62) was also 
noted (FIG. 6). Importantly, no signs of toxicity were noted in 
animals dosed with HMC at 100 mg/kg daily for 15 days as 
determined by weight loss. Indeed animals treated with HMC 
appeared to thrive when compared to control (FIG. 7). Organs 
(liver, kidney, spleen, femur, stomach and colon) were col 
lected and Submitted for histopathological assessment by 
Bothwell consulting. A limited serum biochemistry analysis 
was also conducted. These data confirm that HMC demon 
strates antitumorigenic activity against HPAC tumours in 
V1VO. 

3.5.1. Histopathological Examination of HMC Treated 
Groups 

0248. Histopathological examination of haematoxylin 
and eosin-stained sections cut from formalin-fixed tissues 

from two series of experimental mice was made. The liver, 
kidney, stomach and colon were examined for evidence of 
toxic damage, the spleen and bone marrow 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 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 scores. 

TABLE 5 

HMC Toxicology 

Sample Description Necrosis Score 0-5 

4f04 & 1.8 Vehicle control O.S 
4f04 & 28 HMC 2 
4f04 & 4.5 2 
4f04 & 58 2 
4f04 & 1.11 No treatment control O.S 

3.5.1.1. Overview of Results 

0249 No evidence of toxicity or myelosuppression was 
detected in sections cut from the tissues of the drug-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 reac 
tive changes of the mesothelial cells, in some of the tissues 
examined. These changes are consistent with the intra-peri 
toneal injection of a mildly irritant material. 

0250 Significant necrosis of tumour tissue was not 
detected in control specimens 1/8 and 1/11. However, there 
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was considerable necrosis in the tumour sections from the 
drug-treated mice. 

3.5.1.2. Serum Biochemistry of HMC Treated Mice in 
Comparison to Control 

0251 Alkalines 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) however, ALT levels in 
vehicle control and HMC treated groups were much lower 
than no treatment control levels. 

TABLE 6 

Serum biochemistry of HMC treated mice in comparison to control 

Clinical marker (mice) 

ALP ALT Cre Urea 

Sample Group UL 1.8L, M mM 

Control 111 UL 13 7 9.92 

Vehicle control 1/8 152 441 26 9.81 

HMC treated 28 74 505 17 7.27 

(100 mg/kg) 48 111 482 8 8.11 

5.8 100 494 6 7.79 

Normal ranges) 86-246 84-143 15-6 6.3-8: 

for rat 

ALP: Alkaline phosphatase 
ALT: Alanine aminotransferase 

Cre: Creatinine 

3.6. HMCInduced Apoptosis in Melanoma Cells and Normal 
Fibroblasts 

3.6.1. Melanoma 

0252) HMC induced apoptosis in all TRAIL-sensitive and 
-resistant melanoma cells at concentrations down to 2 LM 
(-7-10% apoptosis) over 24 and 48 hrs of exposure (Table 7 
and FIG. 8A). At the clinically significant drug concentration 
of 4 the incidence of apoptotic cells after 24 hr exposure to 
HMC rose to 25% and 39% in TRAIL sensitive (MEL-RM) 
and TRAIL negative (IGR3) cell lines respectively (Table 7 
and FIG. 8A). The incidence of HMC induced apoptosis at 4 
uM after 24 hr exposure in the other cell lines was ~9%. In 
comparison, the incidence apoptosis in DHE-treated cells at a 
concentration of 4 uM after 24 hr exposure was 0-1%. Over 
48 hr at the same concentration of HMC (4 uM), the incidence 
of apoptosis rose to 21-42% in all cell lines examined (Table 
7 and FIG. 8B). DHE was the only other agent to induce 
moderate levels of apoptosis after 48 hr exposure at a con 
centration of 4 uM, but only in ME4405 (14%) and Mel-AT 
(15%) cell lines (Table 7 and FIG. 8B). 
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TABLE 7 

20 
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Summary of apoptosis incidence in DHE and HMC treated melanoma cells over 24 and 48 hr. 

Percent Apoptosis 

Drug TRAIL sensitive Trail-resistant Caspase 8-ve 

Concentration MEL-RM ME4405 IGR3 Mel-AT 

(IM) DHE HMC DHE HMC DHE HMC DHE HMC 

24hr Control O O O O O O O O 
exposure 1 O O O O O 8 O O 

2 O 8 2 8 O 11 3 6 
4 O 25 2 9 1 39 4 9 
8 2 39 6 11 3 41 8 23 

2O 5 38 11 19 4 32 10 24 
48 hr Control O O O O O O O O 
exposure 1 1 1.5 1 1.5 1 1 1.5 1 

2 1.5 8 3 8 1 9 5 7 
4 3 22 14 42 2 21 15 25 
8 10 38 40 2O 8 38 43 59 

2O 12 30 35 18 8 38 40 35 

3.6.2. Normal Fibroblasts 

0253 Studies were conducted on normal fibroblasts 
(MRC-5) and TRAIL-sensitive melanoma cells (ME4405 
and MEL-RM) using 8 uM of either DHE or HMC over 24 
and 48 hr of exposure (FIG. 9). These data demonstrate that 
HMC, and to a lesser extent DHE, induced marked levels of 
apoptosis in both melanoma cell lines over 24 and 48 hr. 
Importantly, while promoting programmed cell death in 
malignant cells, normal fibroblasts were shown to both HMC 
and DHE induced apoptosis at 8 uM drug over 24 and 48 hr of 
exposure. These data confirm that HMC is selectively cyto 
toxic to cancer cells. 

0254 The isoflavan compounds of the invention exhibit a 
Superior efficacy profile againstall cancers tested when com 
pared 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 compared 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. Significant serum con 
centrations 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 20% HPBCD and delivered i.p., 
exerts a moderate antitumorigenic activity against HPAC 
tumours in vivo. HMC when delivered at 100 mg/kg to 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 injection of a mildly irritant material. 
0255 HMC induced moderate-strong levels of apoptosis 
in TRAIL-resistant and TRAIL-sensitive melanoma cells 
after both 24 and 48 hrs of exposure. Normal fibroblast cells 
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 hrs of exposure. 
Normal fibroblast cells were resistant to apoptosis after 48 hr 
exposure. The ability of both HMC and DHE to induce apo 
ptosis in caspase negative cells Suggest that an operational 

extrinsic programmed cell death pathway is not essential for 
HMC and DHE mediated apoptosis. 
3.7 In Vitro HMC Synergistic Toxicity in Cancer Cells when 
Combined with Cisplatin, Paclitaxel and Gemcitabine, 
Camptothecin, Topotecan and Doxorubicin 
3.7.1. HMC Combination with Cisplatin Against the MM200 
Melanoma Cell Line. 

0256 HMC synergy with cisplatin was assessed either in 
combination over 5 days exposure or in sequence 
(HMC->cisplatin) against the MM200 melanoma cell line. It 
was difficult to assess for synergistic 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 toxicity was apparent using the 5-day combina 
tion protocol (FIG. 11). Evidence of synergy using the HMC 
cisplatin combination was further assessed using the HMC 
cisplatin sequence (24 hr 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 chemosensitised the 
MM200 cells to cisplatin by >1000 fold (Table 8). HMC 
induced chemosensitisation of MM200 cells to cisplatin was 
confirmed using 3D analysis of the data (FIG. 11B). These 
data demonstrate that HMC is able to chemosensitise cancer 
cells, in this case melanoma, to cisplatin. 

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 

TREATMENT (IC50 IIM 

Change HMC Change 
DRUG Combined Factor 24 hr first Factor 

cisplatin 8.82 6.32 
HMC 0.72 20.64 
HMC 10 IM 1.00E-06 HMC effect 1.28E-OS >1OOOO 
HMC5 M 1.OOE-06 HMC effect 2.71E-OS >1OOOO 
HMC 2 IM 1.OOE-06 HMC effect 1.OOE-06 -1OOOO 
HMC 1 M O.45 HMC effect 8.29 -1.31 
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3.7.2 HMC Combination with Gemcitabine Against the Mel 
RM Melanoma Cells. 

0257 HMC synergy with gemcitabine was assessed either 
in combination over 5 days exposure or in sequence 
(HMC->gemcitabine) against the Mel-RM melanoma cell 
line. It was difficult to assess for synergistic 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 synergistic toxicity 
against the Mel-RM cell line. Evidence of synergy using the 
HMC-gemcitabine combination was further assessed using 
the HMC->gemcitabine sequence (24 hr 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 concentrations of 2 and 1 uM markedly 
chemosensitised the Mel-RM cells to gemcitabine by >1000 
fold. HMC-induced chemosensitisation of Mel-RM cells to 
gemcitabine was confirmed using 3D analysis of the data. 
These data demonstrate that HMC is able to chemoses.nsitise 
cancer cells to gemcitabine. 

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. 

TREATMENT (IC50 iM) 

Change HMC Change 
DRUG Combined Factor 24 Hr first Factor 

HMC O.S1 27.79 
HMC 1 M 1.OOE-06 HMC effect 1.76E-O3 >1000 
HMC 2 IM 1.OOE-06 HMC effect 1.OOE-06 -1OOO 
Gemcitabine 3.88E-03 4.67E-O3 
HMC O.S1 27.79 

HMC 1 M 1.OOE-06 HMC effect 1.OOE-06 -1OOO 
HMC 2 IM 1.OOE-06 HMC effect 3.89E-OS >100 

3.7.3. HMC Combination with Paclitaxel Against the 4405 
Melanoma Cell Line. 

0258 HMC synergy with paclitaxel was assessed either in 
combination over 5 days exposure or in sequence 
(HMC->paclitaxel) against the 4405 melanoma cell line. It 
was difficult to assess for Synergistic 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 
synergistic toxicity against the 4405 cell line. Evidence of 
synergy using the HMC-paclitaxel combination was further 
assessed using the HMC->paclitaxel sequence (24 hr expo 
Sure 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 uM 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 chemosesn 
sitise cancer cells to paclitaxel. 
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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. 

TREATMENT (IC50 IIM 

Change HMC Change 
DRUG Combined Factor 24 hr first Factor 

HMC O.OO6 1.00 O.O3 -4.44 

1 M 
HMC 1.OOE-06 5964.400 O.O1 -1.035 

2M 
Paclitaxel 1.25E-07 5.84E-04 
HMC 1.26 55.50 
HMC 4.12E-09 30.36 5.31E-OS 11.00 

1 M 
HMC 3.91E-10 RHMC S.48E-09 106633.75 
2M effect 

3.7.4. HMC combination with topotecan against the MM200 
melanoma cell line. 

0259 HMC synergy with topotecan was assessed either in 
combination over 5 days exposure or in sequence 
(HMC->topotecan) against the MM200 melanoma cell line. 
It was difficult to assess for synergistic toxicity using a change 
in IC50 as a measure of synergy due to HMC toxicity as 
monotherapy (Table 8). 30 analysis of the data confirmed that 
the 5-day combination protocol did not elicit synergistic tox 
icity against the MM200 cell line. Evidence of synergy using 
the HMC-gemcitabine combination was further assessed 
using the HMC->topotecan 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 a concentration of 2 uM markedly 
chemosensitised the MM200 cells to topotecan by >1000 fold 
(Table 11). HMC-induced chemosensitisation of MM200 
cells to topotecan was confirmed using 3D analysis of the 
data. These data demonstrate that HMC is able to chemosesn 
sitise 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 uM HMC 
and between 1 and 0.1 uM topotecan. 

TABLE 11 

Comparative assessment of synergy between HMC and topotecan 
against the MM200 melanoma cell line. Average IC50 data for each 
agent when assessed as a monotherapy or in combination are shown. 

TREATMENT (IC50 IIM 

Change HMC Change 
DRUG Combined Factor 24 hr first Factor 

HMC O.115 -14.145 O.O09 9.304 
1 M 
HMC 1.OOE-06 HMC effect 7.8SE-OS >1000 
2M 
Topotecan O.09S 2.216 
HMC O.702 17.952 
HMC O.OOO HMC effect O.044 SO.656 
1 M 
HMC 1.OOE-06 HCM effect 1.OOE-06 -1OOOO 
2M 
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3.7.5. HMC Combination with Camptothecin Against the 
Mel-RM Melanoma Cell Line. 
0260 HMC synergy with doxorubicin was assessed either 
in combination over 5 days exposure or in sequence 
(HMC->doxorubicin) against the Mel-RM melanoma cell 
line. It was difficult to assess for synergistic toxicity using a 
change in IC50 as a measure of synergy due to HMC toxicity 
as monotherapy (Table 12). 3D analysis of the data confirmed 
that the 5-day combination protocol did not elicit synergistic 
toxicity against the Mel-RM cell line, indeed evidence of 
antagonism was noted. Evidence of synergy using the HMC 
doxorubicin combination was further assessed using the 
HMC->doxorubicin sequence protocol (24 hr 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 uM 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 doxorubicin against Mel-RM 
cells. These data demonstrate that HMC is able to chemosesn 
sitise cancer cells to paclitaxel. From the 3D analysis the 
optimum combination of HMC and camptothecin against the 
MM200 melanoma cell line would appear to be 2 uM HMC 
and between 1 and 0.1 uM doxorubicin. 

TABLE 12 

Comparative assessment of synergy between HMC and doxorubicin 
against the Mel-RM melanoma cell line. Average IC50 data for each 
agent when assessed as a monotherapy or in combination are shown. 

TREATMENT (IC50 IIM 

Change 
Change HMC Factor 

DRUG Combined Factor 24 hr first 

Doxorubicin O.19 O.100 
HMC O.S4 50.515 
HMC 1 M O40 -2.06 O.062 1.62 
HMC 2 IM O.18 HMC effect 8.16E-03 1222 

3.8 Inhibition of TNFC. in Murine Macrophages (RAW264.7) 
by Compounds 4, 6 & 7 
0261 The mouse macrophage cell line RAW264.7 was 
cultured in DMEM supplemented with FCS, 2 mM glutamine 
and 50U/ml penicillin/streptomycin. Subconfluent cells were 
detached from the flask by gentle scraping and 24-well plates 
seeded at 5x10 cells per well and allowed to adhere for 1 hr. 

22 
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Cells were treated with either test agent (in 0.025% DMSO) 
or vehicle alone, 1 hr prior to the addition of 50 ng/ml LPS. 
After incubation for 16 hrs, culture media was collected and 
stored at -80° C. for TNFC. measurement using an enzyme 
immunometric assay (Becton Dickinson). 
0262 Compound 6 and compound 7 of the present inven 
tion were tested and the results are shown in FIG. 12, which 
indicated that the compounds tested inhibit TNFC. in murine 
macrophages in a dose dependent manner over the concen 
tration ranges tested. The raw data for compounds 6, 7 and 
additionally compound 4 is shown in Table 13 below. 

TABLE 13 

Inhibition of TNFC. in murine macrophages by compounds 4, 6 and 7 

Concentration (IM) Compound 6 Compound 7 Compound 4 

10 -48.7 -26.2 -6.1 

1 -13.0 -25.4 -11.9 

O.1 -10.4 -1.4 -6.3 

O.OO1 1.O 19.2 -14.3 

O.O1 -11.3 

3.9Assessment of HHC as a Chemosensitiser 

0263. HHC was screened as chemosensitiser against a 
panel cell lines representative of a range cancer indications 
using a panel of cytotoxics commonly used in the treatment of 
cancer. It has emerged that HHC has an ability to strongly 
chemosensitise cancer cell lines from different pathologies to 
gemcitabine (ovarian, prostate, breast and pancreatic cancers, 
and glioma) (Table 14). Strong synergy has been noted using 
HHC:cisplatin against ovarian and prostate cancer, mild Syn 
ergy against colorectal cancer 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 cancer, and melanoma cell lines. 
Equivocal synergy data using the HHC:paclitaxel combina 
tion has been noted against ovarian cancer and glioma cell 
lines and there was 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 1.4 

Assessment of HHC as a chemosensitiser using a panel of cancer cell lines and standard cytotoxics 

Drug 

Cisplatin 

Gemcitabine 

Paclitaxel 

Carboplatin 
Dacarbazine 

Key: SSSSS = Synergy 
MS = moderate synergy 
no. = not observed 
= not tested 

Ovarian 

SSSSS 

Cancer Indication 

Prostate Breast Melanoma Glioma Pancreatic 
CP70 PC3 MDA-468 MM96L HTB-138 HPAC 

SSSSS SSSSS l.O. ll. O. 

SSSSS l.O. 

SSSSS SSSSS SSSSS SSSSS 
SSSSS 

ll. O. MS MS ll. O. 

l.O. 

l.O. 

SSSSS 
SSSSS 
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3.10. Efficacy of DHE, HMC and HHC Against Selected 
Melanoma Cell Lines. 

0264. In comparison with DHE, both HMC and HHC 
showed excellent anti-cancer activity against a range of mela 
noma cell lines. HHC was the most efficacious agent against 
all melanoma cell lines tested to date having sub 1 uMIC50 
values (Table 15). 
0265. The invention has been described herein, with ref 
erence to certain preferred embodiments, in order to enable 
the reader to practice the invention without undue experimen 
tation. 

TABLE 1.5 
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0269. Throughout this specification and the claims which 
follow, unless the context requires otherwise, the word “com 
prise', and variations such as "comprises' or “comprising. 
will be 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. 
0270. Those skilled in the art 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, 

Comparison of DHE, HMC and HHC efficacy against melanoma monotherapy 

Melanoma coining (IC58 IM 

Analogue MM2OO A2058 IgR3 RM 4405 MM96L SKMel28 

DHE 4.77 4 NT NT NT NT 4.76 4.40 
HMC 1.13 - O.S2 1.42O48 0.51- 0.08 1.4 - 1.6 1.46 - 0.18 1.31 O.38 0.68. O.16 
HHC O.66 O.28 O.34 O.20 O.39 O.28 OSO O2 O.O9 O-36 - 0.34 

4.0 Effect on Murine Macrophages (RAW264.7) 
Stimulated with LPS 

0266 The mouse macrophage cell line RAW264.7 was 
cultured in DMEM supplemented with foetal calf serum 
(FCS), 2 mM glutamine and 50U/ml penicillin/streptomycin. 
Subconfluent cells were detached from the flask by gentle 
scraping and 24-well plates seeded at 5x10 cells per well and 
allowed to adhere for 1 hr. Cells were then treated either test 
compound at a concentration of 10 LM (in 0.025% DMSO) or 
vehicle alone, and incubated for 1 hr. LPS 50 ng/ml (LPS 
Sigma-Aldrich) was then added. After incubation for 16 hrs, 
culture media was collected and stored at -80° C. for 
ecosanoid measurements using enzyme immunometric 
assays (PGE and TXB Cayman Chemical). 

TABLE 16 

Percentage change in eicosanoid synthesis after incubating test 
compound at 10 IM compared with incubation with vehicle alone. 
Positive values indicate enhanced synthesis; negative values indicate 
inhibition of synthesis and consequently suggest anti-inflammatory 

activity. 

Compound PGE, TXB 

1 -33.8 O 
2 -12.6 16 
6 -37.7 -16.4 

11 27.2 514 

0267. The invention has been described herein, with ref 
erence to certain preferred embodiments, in order to enable 
the reader to practice the invention without undue experimen 
tation. However, a person having ordinary skill in the art will 
readily recognise that many of the components and param 
eters 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 readers 
comprehension of this document, and should not be read as 
limiting the scope of the present invention. 
0268. The entire disclosures of all applications, patents 
and publications, cited herein, if any, are hereby incorporated 
by reference. 

features, compositions and compounds referred to or indi 
cated in this specification individually or collectively, and any 
and all combinations of any two or more of said steps or 
features. 
0271 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 com 
mon general knowledge in the field of endeavour. 
0272. While preferred embodiments of the present inven 
tion have been shown and described herein, it will be obvious 
to those skilled in the art that such embodiments are provided 
by way of example only. Numerous variations, changes, and 
substitutions will now occur to those skilled in the art without 
departing from the invention. It should be understood that 
various alternatives to the embodiments of the invention 
described herein may be employed in practicing the inven 
tion. It is intended that the following claims define the scope 
of the invention and that methods and structures within the 
Scope of these claims and their equivalents be covered 
thereby. 
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20. A method of treating cancer, the method comprising 

administering to a Subject in need thereof a compound of the 
formula (I-a): 

(I-a) 
RO O 

N 
HR, 

21 21 R2 
Rs.-- --Rs 

S 
R4 

wherein 
R is methyl: 
RandR are independently hydrogen, hydroxy, alkoxy, 

halo, or alkyl, with the exception that R and R are 
not both hydrogen; and 

R is hydroxy or alkoxy; and 
Rs and R are each independently hydrogen, 
or a pharmaceutically acceptable salt thereof. 

21. The method of claim 20, wherein R is hydroxy or 
methoxy. 

22. The method of claim 20, wherein R is hydrogen. 
23. The method of claim 20, wherein R is methoxy. 
24. The method of claim 20, wherein the cancer is of 

epithelial, mesenchymal, or neural origin. 
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25. The method of claim 24, wherein the cancer is ovarian 
cancer, breast cancer, pancreatic cancer, or melanoma. 

26. The method of claim 20, wherein administering the 
compound of formula (I-a) results in the cancer being sensi 
tized to one or more chemotherapeutic agent or radiotherapy, 
and the method further comprises administering to the Subject 
a chemotherapeutic agent or radiotherapy to which the cancer 
has been sensitized. 

27. The method of claim 26, wherein the chemotherapeutic 
agent is selected from the group consisting of cisplatin, car 
boplatin, paclitaxel, gemcitabine, doxorubicin, decarbazine, 
or topotecan. 

28. A method of sensitizing a cancer cell, the method 
comprising contacting the cancer cell with a compound of 
formula (I-a): 

(I-a) 

wherein 
R is methyl: 
RandR are independently hydrogen, hydroxy, alkoxy, 

halo, or alkyl, with the exception that R and R are 
not both hydrogen; 

R is hydroxy or alkoxy; and 
Rs and R are each independently hydrogen, 
or a pharmaceutically acceptable salt thereof. 

29. The method of claim 28, wherein R is hydroxy or 
methoxy. 

30. The method of claim 28, wherein R is hydrogen. 
31. The method of claim 28, wherein R is methoxy. 
32. The method of claim 28, wherein the cancer is of 

epithelial, mesenchymal, or neural origin. 
33. The method of claim 32, wherein the cancer is ovarian 

cancer, breast cancer, pancreatic cancer, or melanoma. 
34. The method of claim of 28, wherein the method of 

sensitizing comprises sensitizing the cancer cell to a chemo 
therapeutic agent to which, prior to the method of sensitizing, 
the cancer cell is not sensitive or is poorly sensitive. 

35. The method of claim 28, wherein the method of sensi 
tizing comprises sensitizing the cancer cell to radiotherapy to 
which, prior to the method of sensitizing, the cancer cell is not 
sensitive or is poorly sensitive. 
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