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

10 biological properties with potential therapeutic benefit.

US 5,726,202 generically discloses certain isoflavan compounds, particularly 3,4- -
diarylchroman and centchroman for the treatment of benign prostatic hypertrophy.

15 WO 01/17986 also discloses certain isoflavan compounds.

Summary of the Invention
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

20 activity, chemotherapeutic selectivity and radiosensitisation of cancers.

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

general formula (I):
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25 wherein

SUBSTITUTE SHEET (RULE 26) RO/AU



Rlis hydrogen, alkyl, eycloalkyl or C(0)R7, R2and R3 are independently hydrogen, hydroxy,
alkoxy, alkyl, cyeloalkyisdagdo or OC(0)R7, with the exception that R2 and R3-aia bk heiise
hydrogen, 1{4,Rs and 1{6 are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,
amino, Ci.4-alkylamino or di(C1.4-alkyl)amino, OC(0)R7 or OR, 1{7is hydrogen, alkyl,
cycloalkyl, aryl, atylalkyl or amino, and Ris aryl such aszphenyl or arylalkyl such as benzyl,
and R9is hydrogen hydroxy, alkyl, alkoxy, cycloalkyl or halo, or a pharmaceutically acceptable
salt or derivative thereqf 10 In a pr {ge red nﬁé?dim t.of the present invention R[err] is
hydrogen. Accor&'ngly,‘?ﬂ‘%Bﬁ?@’raj }S[e‘éft' PR liﬂf/§|<§2}%7’there is provided a compound of the
formula (I-a): 15Ryhereini RYsdeyddepedenikyhydyaiealkytinx @Ry, RikghdRBalkegl, halo or
independendy hydrogeBC ox%itﬁll&%&cgﬁégnoq&%(%}[glﬁ]s, é%tnom& ié)&lthat R2 and
rogen

[err] are not both hydrogen, e|7f] are independently hy , hydmxy, aikoxy, alkyl,
cycloalkyl, acyl, RaOC(ByRTd Banrroingderefeeiily hydrogron naikgxye gtiestkplla Ay ey porl.
amino. Accorgling to angihes, asResiAbiNaIsEaR0!] IVMRMYARIHAC BORINR\ier g process for
the Ry is hydrogen, alkyl, cycloalky), aryl, arylalkyl or amino, and

Rg - isarylsuch as phenyl or arylalkyl such as.benzyl, and

Ro is hydrogen hydroxy, alkyl, alkoxy, cycloalkyl or halo,

or a pharmaceutically acceptable salt or derivative thereof.

10
In a preferred embodiment of the present invention R is hydrogen. Accordingly, in
another aspect of the invention there is provided a compound of the formula (I-a):
R4O 0]
I-a
X (I-a)
l P R3
~ 3 o R
R — [
5 '\.\I) 6
R4
15 wherein

Ry is hydrogen, alkyl, cycloalkyl or C(O)Rj,
Ry and Rj are independently hydrogen, hydroxy, alkoxy, halo or OC(O)R7, with the
exception that R, and R3 are not both hydrogen,
R4,  Rsand Rg are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,
20 OC(O)R7, amino, and
Ry is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino.

According to another aspect of the present invention there is provided a process for the
25 preparation of a compound of formula (T) comprising the step of reacting the keto group of

a compound of the formula (II):



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

n

or the analogue thereof including a-substituent which corresponds to Rg in.compounds of
5 formula (I)
wherein
R;,  isalkyl or a protecting group such as Si(Rj0)3,
Rz and Rj are independently hydrogen, alkoxy or OSi(R;0)3, with the exception that R,
and R; are not both hydrogen, and
10 Rjp isindependently alkyl or aryl,
with an arylating agent WM",
wherein
W~ is an optionally substituted aryl radical, and
M'  is one or more counter ions, preferably [MgBr]",

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

10}

or protected derivative thereof or a salt thereof (or an analogue thereof including a
20 substituent which corresponds to Rg in compounds of formula (I)) and which is dehydrated

to form a compound of formula (IV):



WO 2006/032086PCT/AU2005/001436 - 4 - (IV) W[err] (or an analogue thereof including a
substituent whigly squg@sieends to R9 in compounds of formula (1)) the douklehona@oyish is
subsequently reduced, for example, by hydrogenation and optionally deprotectecl to form a
compound of formula (1). 5 According to another aspect of the present invention there is
provided a compound of the general formula WO, compasitions containing same and uses
thereof.  In another aspect, there is provided a compound of the general formula (1V),
compositions 10 containing same gpd uses.thergpf. Thus, according to another aspect of the
present invention there is provided the 6 ofj¢ comound of formula (1) in therapy,
particularly chemotherapy and/or as a raglig
According to another aspect of the presentinvention thire i prayided a method for the
treatment, prevention or amelioration of a diseasgyor disordey, which comprises administering
to a subject one or more compounds of the formula (1) or & phaffaaceutically acceptable salt

or derivative theregf gpsipinsie m&&&maﬁemgvmﬁsﬁa{aﬁm&%&@é&m&%kﬁﬁ%ﬂmﬁ& of

another aspect of the esent |nvent|on there is_provided the use of one or more compounds

of formula (1) or a BW&‘F ALY danplshandiabrdichisrhssansnts icsds fRrrerpiaEcture of

a medicament forhikdgeaiioanindoptiinsiaséeprotisriierfoh Aceaisbugitoranatorr @spect of -
the present inyention there is provided an agent for the treatment, prophylaxis or amelioration
of a disease or disorder which agent comprises one or more compounds of formula (1) or a
phamiacentically Aceeidiable satthsr derbohalthepecentt invDti200B/032080RE 1 2ADRPOSLOL the

{436 According IoaelhRIASRATI A RAERGR IONERHAPHAR &3 AIQMRE.R Pharmaceuitical
composition which comprises one or more compounds formula (1) or a pharmaceutically
acceptable salt, or derivative thereof in association with one or more pharmaceutical 5

carriers, excipienia,sauttitiosipsodtténs dif#eiiided a compound of the general formula (IV), compositions

10 containing same and uses thereof.

Thus, according to another aspect of the present invention there is provided the use of a
compound of formula (I) in therapy, particularly chemotherapy and/or as a radiosensitising
or chemosensitising agent.

15
According to another aspect of the present invention there is provided a method for the
treatment, prevention or amelioration of a disease or disorder, which comprises
administering to a subject one or more compounds of the formula (I) or a pharmaceutically
acceptable salt or derivative thereof optionally in association with a carrier and/or

20 excipient.

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

25
According to another aspect of the present invention there is provided an agent for the
treatment, prophylaxis or amelioration of a disease or disorder which agent comprises one
or more compounds of formula (I) or a pharmaceutically acceptable salt or derivative
thereof,



According to another aspectofthe present invention there is provided a drink or food-stuff,
which containsyaneyeygsese compounds of formula (1) or a pharmaceuticapy-pacepiamgssalt
or derivative thereof. 10 These and other aspects of the invention will become evident from
the description and claims which follow, together with t_hg_accompanying drawings. Brief
Description of the Figures 15 Fig. 1 represents a compdrison of dehydroequol (DHE graph A),
3-(44iydroxypheny0-4- (4-methoxyphenyl)chromain-7-ol (14MC compound 1 according to the
invention graph B) and cisplatin (graph C) toxicity in neonatal foreskin fibroblasts. Fig, 2
represents 1Th4C efficacy in melanoma cells in comparison with cisplatin. Fig, 3 represents a

phammeokinetic profitding fremether wspeciorihe oresevt mymtiandheres PE)Vided Aqbpp3acstes!

administration to L6 SR IGRiERQIRGHEDs ofd9r thbRPEBRPRIMAs GPTARANRAM) Of Higharmaceutically
phannacokinetic profile the HMC concentration in 25 serum after iN gntrave%uslxzearﬁg )

(intraperitoneally persaintistFalion Sty e thetrRf R RSPS90 R B P FABY BRI S o dextrin
at a dose of 50 maierd ikchiepieasilistempivadiadarsan tumour volume data taken from
made mice bearing HPAC pancreatic cancer tumours treated with either i.p dosed 20%
HPBCD (vehicle 30 control, qdx15) or IIMC (100 mg/kg, qdx15), Data represented as mean
SEW, student's TAtestding G0notivO2e06/03e08eRE TNt ionlboeisermilied rfsiesanfeod-stuff,

comparative meagyteiminAliBAME RS SRR AR frRmiNde ise RealisautRA acceptable

pancreatic cancer tumours treated with either i.p dosed 20% HPBCD (vehicle control, qdx15)
or HMG (100 nigitat gdletisytipatheredresented as mean SEM* studefit's T-test,p <0,01. Fig. 7
represents cggnparative mean terminal tumour mass data taken from nude mice

bearing-H-PAC pancreatic-cancer tumours treated with, eitherl %:HP, vehi
control, qdx15) owfﬁﬁ%waftag xiieslfvﬁrgfgnrév;{)Trle%seé:%{%%e%ﬁ;&rﬁggé;@ﬁghﬁgﬁ%gg%%@
T-test, p <001. FiglaBnewhidefulioasiegrtharyish sivopresipiise SE8MEHE and IIMC treated
melanoma cells over a 24 and a hour period. Fig. 9 represents selective initiation of
programmed cell death in HMC and DHE treated 15 malignant melanoma cells (Mel-P,M and
Me4405). The saBidefdseription 9fohpREBHIS8 MAC and exposure times do not induce

apoptosis in mrmggbEfepﬂ@aﬁ&s(M&ﬁ;ﬁﬁd&geﬂ&n@af@ﬁsfmqmmWﬁmqﬂmwm—*
synergy eytotoxicjty data in the 200 mela ell line, HiylC-ej ' inat|

were assessed ué%ﬁ’ﬁ%ﬁ%ﬁ%%ﬁ%%ﬁ ﬁ’%%é;oﬁo(ﬁ’é) TE{X)%CS?@ gﬁ?ﬁwgﬁé {Pifiph B)
anti-cancer sequendei@platih@dEApbFO) teaichicombimatid foeosisisyiberttl #4$WIC was assessed at

10, 5, 2 and 1 tIM. See Table 8 for raw data.  Fig. 11 represents the percentage inhibition of

TNFotin rnurine macrophanes by 25 compounds 6 and? of the invention. | | \
Fig. 2 represents HMC efficacy in melanoma cells in comparison with cisplatin.

20
Fig. 3 represents a pharmacokinetic profile of free and total forms of HMC (A) and DHE
(B) after p.o (peri oral) administration to BALB/c mice (50 mg/kg).

Fig. 4 represents a comparison of the pharmacokinetic profile the HMC concentration in
25  serum after i.v (intravenously) and i.p (intraperitoneally) administration of HMC

formulated in 20% hydroxypropyl-beta-cyclodextrin at a dose of 50 mg/kg.

Fig. 5 represents comparative mean tumour volume data taken from nude mice bearing
HPAC pancreatic cancer tumours treated with either i.p dosed 20% HPBCD (vehicle

30 control, gdx15) or HMC (100 mg/kg, qdx15). Data represented as mean + SEM*,
student’s T-test, p < 0.01.



Fig, 12 represents the /Il n,Til.F. spectrum of 3-14-hydroxyphenyl)-4-(4-
hydroxyphenyredragsanadsel. WO 2006/032086PCT/A132005/001436 Detailpd B asgsiptisn of
the Invention The present inventors have found that a class of leoflavart derivatives of the
general formula (1) show surprising and unexpected biological and pharmaceutical properties.
The compounds of formula (1) of the invention are belieed to have favourable toxicity profiles
with nomml cells and good bacavailability. Surprisingly the compounds of the inverdiortexhibit
anticancer activity, si nificantl%/better than or at least comparable to iéno n cancer treatments.
10 The compounkiee TEPRUAE FOREP S RERP AP AL R SR P8 SRR SR cor
cells of human andazinigial AfigimdBsstacmeecelisourismatany itk kithibat o kspkal 200a IGPRED

pohaviour which WSL Ay T N e e T b MRS e St

cancer cells that $fadenBedrdgund tb0be responsive to compounds of formula (1) are of
epithelial origin (for example, prostate, ovarian, cervical, breast, nall-bladder, pancreatic,
colorectal, renal, and non-small lung cancer cells), of mesenchymal origin (for example,

melanoma, mesdiif i PRI FRISCORBARL (K MSSR Lameinal o BYd s gk troff et anice
glioana cancer ceds)ing ISENghiynsRtsealacs fiptisingadedintitcitiated draidpo¥2IPBCD

compounds that display such potent cyt IGi ainst c s, but with low toxici
against non-canc%?%gécgﬂgﬂf;%%l?iﬁﬁ gg@ &8 xi?é'm ?%5‘?8%"1?.‘?{‘? uacghmggﬂé@@g{r’
selectivity is hightyudentsuBltestcpun@Rpected. Advantageously the compounds of formula (1)

show cytoto 'B:ity against cancer cells that 25 are well recognised for being poorly sensitive to
standard anti-cancer drugs. It as highly unusual and unexpected to find such potent activity

against cancers, ¥ég Sampiente BoAEIeatAreResipasidetdraB Bt ElhEu s alsd melanoma
melanoma, Advagiageriisly 4ha £asRarpassaf formula (1) also unexpectedly display an ability
to 30 radio-sensitise cancer cells, by which it is meant that these compounds either lower the
amount of gamma-irradiation that is required to kill the cells, or they convert cancer cells from
a state of radio-r@Sis@rupectemssdéotive inHtrtionsifipeo giMEnidQ6 1l (B2AS6 ACIVIA DB D044 86
Additionally iz CﬁQ? %ﬁ(}ﬁei’in%’”l‘ﬁéﬂs(@/%ﬁ%b%%%‘i SR Qﬁﬁp&%éﬁ%{?&%ﬁ‘ﬂﬁé éﬁ&‘t
is they increase the cytoioxicity of chemot erapeutic agents, especially to cancer cells, and/or
convert canceroUs\Elrfrerneswrationes dhapidndusistappieds i harmalJdnehlowsiRC-5).
Compounds of the invention may also provide chemo andlor radio-protective properties for
non-cancerous cells. This has significant th_eratpeutic implications because the traumatic

side-elects of chdifoflerREsPtAaH SRabMSIR§ A CAEISRI SRS RN BHEM SRl MM200

melanoma cell line. HMC-cisplatin combinations were assessed using a 5-day

20 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 pM, See Table 8 for raw

data.

Fig. 11 represents the percentage inhibition of TNFo in murine macrophages by

25 compounds 6 and 7 of the invention.

Fig. 12 represents the 'H n.m.r. spectrum of 3-(4-hydroxyphenyl)-4-(4-
hydroxyphenyl)chroman-7-ol.



10 treatments to non-cancerous cells. The properties described above offer significant clinical

advantages. s Apegiaarg/or ellen-to-protective properties of the compo

invention may be i5 employed to protect healthly individuals from the eff%c?g?‘rg%sig%m“%
and/or chemical toxins, or lessen the effects of the same. Thus, the invention also provides
the use of compounds of fotula (1) to treat patients with/cancer by either reducing the rate of
growth of such tumours or by reducing the size of 20 such tumours through therapy with said

compounds alone, and/or in combination with each other, and/or in combination with other
anti-cancer agen%e,tﬁﬁlﬁﬂ&ﬁ?f'é‘!}ﬂ?d\r‘?iﬁ%ﬁm ?‘a?&'iotherapy. The use of compounds of the

present inventiormaétbrsaloheatdrs beva natichatherlags of ssofaesdeibed vtsfdhnesrestuce
the adverse S'def?ﬁ?ﬁéi@%ﬁ%éﬂﬁ?%%@é%ﬂﬁn%&w&M&S&é&?%ﬁ%ﬂ&ﬁh&@%ﬁr&aﬁhﬁncer

treatments_. The use of cdmpoun e Invention may mean that lower doses can be
employed in such therapy which represents an important advance for cancer sufferers. 30

F;lre;e:ablyRFé% in ng@334 %ﬁﬁd@fohmﬂﬂiﬁa (}g]b) isthhdmeResition bbliaratidiaas facofitieoxicity
invention Is C1.4-alkyl, such as methyl. ., 20061032086PC.T/A 3
Preferably in corfpSHRYIt mm?ﬂﬁeggéﬁ%‘?ﬁ%‘ﬁ%&e1‘?@%4%%?%?@(%%%%?&%%% %f.;?h%
are |ndeg)err:dr?nélmmdf@geﬂﬁhydiwn&tdeﬁmymﬂfmml@m; SprovidébaiaoRpariers
are not both hydrogen, R4.1 ar&% 6 arc independently hydrogen, hydroxy, alkoxy, alkyl
cycloalkyi, acyl, &71‘%%?%&?8%5?5 %Tﬁ'yl, phenyl or benzyl, ’
10 The compounds of formula (I) are cytostatic and cytotoxic against a broad range of cancer
cells of human and animal origin. By cancer cells, it is meant cells that display malignant
characteristics and which are distinguished from non-cancer cells by unregulated growth

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

.15 The cancer cells that have been found to be responsive to compounds of formula (I) are of
epithelial origin (for example, prostate, ovarian, cervical, breast, 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 surprising to find a related group of

20 compounds that display such potent cytotoxicity against cancer cells, but with low toxicity
against non-cancer cells such as keratinocytes derived from human foreskin. Such cancer

cell selectivity is highly unusual and unexpected.

Advantageously the compounds of formula (I) show cytotoxicity against cancer cells that
25  are well recognised for being poorly sénsitive to standard anti-cancer drugs. It is highly
unusual and unexpected to find such potent activity against cancers, for example,

cholangiocarcinoma, pancreatic adenocarcinoma and melanoma.

Advantageously the compounds of formula (I) also unexpectedly display an ability to
30 radio-sensitise cancer cells, by which it is meant that these compounds either lower the
amount of gamma-irradiation that is required to kill the cells, or they convert cancer cells

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



or a pharmaceutically acceptable salt or derivative thereof, More preferably in compounds of

formula (I-a): isshyskq@apregnethyl, ethyl, propyl, isopropyl or acetyl, R2and {R3/ak005/001436
independently hydrogen, hydroxy, rnethoxy, ethoxy, propoxy, iscpropoxy, bran, ohloro, fluoro
or acetyloxy, with the exception that R, and 1(3 are not Qoth hydrogen, 1(4is hydrogen,
hydroxy, metboxy, ethoxy, propoxy, isopropoxy or acetyfoxy, and R5and 1(4 are
independently hydrogen, hydroxy, methoxy, etboxy, .propoxy, isopropoxy, acetyl, or
acetyloxy, or a pharmaceutically acceptable salt or derivative thereof 20 Particular preferred
compounds of formula (I-a) have the following substiments where: Ris hydrogen methyl or

acetyl, R.2and R3\&bti chelepryawpdesy dernpiaOuarehotsbk o BRsafes B&ﬁwlm the

exception that It3 a%mlﬂ,&%}ﬁﬁsnﬁémmeawﬂm%taﬁxaﬁmmo@sa@émmmIysbydaﬂgea

hydroxy, methoxy or acetyloxy, and R5is h dro arm ce acc ab e salt or
derivative thereof “¥17&" %@nﬁ{’) cﬁl%‘(’)’%%e gef ﬁﬁ&gﬂ%ﬁé‘ 8PS lilbzﬁ ’{?\é SSSRIRONS 2Rlieo-

20061032086P CEtALitR@GHR01436

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

10 treatments to non-cancerous cells.
The properties described above offer significant clinical advantages.

The radio and/or chemo-protective properties of the compounds of the invention may be
15 employed to protect healthly individuals from the effects of radiation and/or chemical

toxins, or lessen the effects of the same.

Thus, the invention also provides the use of compounds of formula (I) to treat patients with
cancer by either reducing the rate of growth of such tumours or by reducing the size of

20  such tumours through therapy with said compounds alone, and/or in combination with each
other, and/or in combination with other anti-cancer agents, and/or in combination with

radiotherapy.

The use of compounds of the present invention either alone or in combination therapy as
25  described above may reduce the adverse side-effects often experienced by patients when

treated with standard anti-cancer treatments, The use of compounds of the invention may

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

advance for cancer sufferers.
30 Preferably R; in compounds of formula (I) is in the 3-position.

In another aspect of the invention Ry is C;.4-alkyl, such as methyl.



- 10 - wherein: represents hydrogen or Cl.6-alkyl, more preferably hydrogen or methyl,

especially hydrggenodddsegyesents hydrogen, hydroxy or C-alkoxy such aspiaeieoyseshaxsy.
propoxy, more preferably hydroxy or inethoxy, especially hydroxy, R3represents hydrogen,

hydroxy, C .6-alkoxy such as methoxy, ethoxy, propoxy, gnore preferably hydrogen or
methoxy, especially hydrogen, with the proviso that R2 and R3 do not both represent
hydrogen, 10 R.,4represents hydrogen, hydroxy, C.1.6-alkoxy such as rnethoxy, etlioxy,
propoxy, Ci..6- alkyl such as methyl, ethyl, propyl, isopropyl, especially hydrogen, hydroxy,
methoxy or methyl particularly methoxy or hydroxy; represents hydrogen, C1:6-alkoxy,
C3.6-alky1, espedi B AV B RaEdbRy Bl abarticularly hydrogen, )5. or a
pharmaceutically ReceptigibirlsaiénCigriviative tenegf Preferred compounds of the invention

include those of trke genergll Or?é‘%l& \é\rllgerzlt(l)Oﬁ' 320%%?(&;[)@1%20_%{/0014%? ig &m@n or
Cl-Ca' aikyl such a& mefiy1; &y Bropyt, jeopropyIeBuy . isobut segf)%t);'l, terliary by,
R2is hydroxy ér Q.6-alkpxgviledas Raetiioky arthiotdothluplosgerisopropoxy, butoxy, isobutoxy,
secbutoxy, tertiary, butoxy, ﬁﬂq{(, are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl,
OC(O)Ry, and
Ry is C14-alkyl, phenyl or benzyl,

or a pharmaceutically acceptable salt or derivative thereof.

10
More preferably in compounds of formula (I-a):
R; is hydrogen, methyl, ethyl, propyl, isopropyl or acetyl,
R, and Rj are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,
isopropoxy, bromo, chloro, fluoro or acetyloxy, with the exception that R, and R3
15 are not both hydrogen,
R4 is hydrogen, hydroxy, methoxy, ethoxy, propoxy, isopropoxy or acetyloxy, and
Rs and Re are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,
isopropoxy, acetyl, or acetyloxy,
or a pharmaceutically acceptable salt or derivative thereof.
20

Particular preferred compounds of formula (I-a) have the following substituents where:
R, is hydrogen, methyl or acetyl,
R, and Rj are independently hydrogen, hydroxy, methoxy, bromo or acetyloxy, with
the exception that R; and R3 are not both hydrogen,
25 Ry and R are independently hydrogen, hydroxy, methoxy or acetyloxy, and
Rs is hydrogen, ‘

or a pharmaceutically acceptable salt or derivative thereof.

The invention also extends to compounds of formula (I-b):
30



5 R.is hydroxy or C.!.6-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, seckboeyetBEHgY butoxy or a_phamiacenticalty acceptale_salt Ry desisatiyss
thereof More preferably in compounds of formula (1-c) R1 is hydrogen or methyl, especially
10 hydrogen, More preferably in compounds of formula_(I-c) R2 is hydroxy or methexy,
especially hydmxy. 15 More preferably in compounds'o* ormula (I-c) RI is hydroxy or
methoxy, especially methoxy. In an alternative aspect the invention provides compounds of
formula (Id): 20. wherein: Rlis hygr en, alkyl, alcloalkyl or C(0)R2, and R3is hydroxy,
alkoxy, alkyl, cycloalkyl, halo or O t%g ythe exception that R2 and R3 are not both
hydrogen, 25 R4is hydrogen, hydroxy, aikyl,jcycloalkyl, l, amine(lq,'b4-alltylamino or
tii(e_.4-alkyl)arnino or OC(0)R7, and 6032086 PCYALTI20051001136 R7is

wherein:

R, represents hydrogen or Ci.¢-alkyl, more preferably hydrogen or methyl, especially
hydrogen.

5 R represents hydrogen, hydroxy or Cj.¢-alkoxy such as methoxy, ethoxy, propoxy,

more preferably hydroxy or methoxy, especially hydroxy.

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

10 R4 represents hydrogen, hydroxy, Ci.¢-alkoxy such as methoxy, ethoxy, propoxy, Ci.¢-
alkyl such as methyl, ethyl, propyl, isopropyl, especially hydrogen, hydroxy,
methoxy or methyl particularly methoxy or hydroxy,

Rs represents hydrogen, Ci.¢-alkoxy, Cy.s-alkyl, especially hydrogen, methoxy,
hydroxy, particularly hydrogen,

15 or a pharmaceutically acceptable salt or derivative thereof.
Preferred compounds of the invention include those of the general formula (I-c):

R.0

(I-c)

20 wherein:



wherein is hydrogen, alkyl, cycloalkyl or C(0)R7, ard R2and R3 are independently hydrogen,
hydroxy, alk.oxyoaltglesggéoalicy/, h&c or OC(0)R.7, with the exception thgiRA ssidsRei1 e
not both hydrogen, Preferably in compounds of formula (I-e) Ri represents hydrogen or
methyl, especially hydrogen. Preferably in compounds of f0|(| .12) R2 represents hydroxy or
Ci-C,; alkoxy such as methoxy. In compounds of formdail ('he) preferably R3 represents
hydrogen, hydroxy or methoxy, especially hydrogen 20 In a farther alternative aspect the

vention provides ompourﬁgga %;glr%mﬁéyé ﬁgc}ggsolg%&sg(%%?%g& %&)%?t)lp% ]b qmlo%ﬁtyl,

wherein R.,is hydr

5

10

15

20

25

gen,a
secbutyl, tertiary butyl,

R, is hydroxy or Ci.¢-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, secbutoxy, tertiary butoxy, and

R4 is hydroxy or C,.-alkoxy such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, secbutoxy, tertiary butoxy

or a pharmaceutically acceptable salt or a derivative thereof.

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

hydrogen.

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

hydroxy.

More preferably in compounds of formula (I-c) R4 is hydroxy or methoxy, especially

methoxy.
In an alternative aspect the invention provides compounds of formula (I-d):

R40

(I-d)

wherein:

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

R3 is hydroxy, alkoxy, alkyl, cycloalkyl, halo or OC(O)R;, with the exception that R,
and Rj are not both hydrogen,

Ry is hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl, amino, Cj4-alkylamino or
di(Cy4-alkyl)amino or OC(O)R7, and



R3is hydroxy, alkoxy, alkyl, cycloalkyl, halo or OC(0)R7 ,with the exception that R, and R3 are
not both hydrogawdsdisoygirogen, hydroxy, alkoxy, alk:yl, eyeloalkyl, aeMe;1ABalklaa3no
or di(C3.4-alkypaminci, OC(0)R7 or ORs, and is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or
amino, and is aryl such as phenyl or arylalkyl such as benzyl. Preferably in compounds of
formula (14) R.3 represents hydrogen or methyl, espec'izl%y’ hydrogen. Preferably in
compounds of formula (1-1) R2 represents hydroxy or Cwralkoxy such as 15 metlioxy,
especially hydrox¥{ Prefesr Jgegom%?lﬁn%%ﬁ{(é?tg%l-t @ﬁ(ﬁ?{%ﬁﬁ%s hydrogen or
Cii6-alkoxy such as methoxy, & pécially X/ rogen. 'Bréfer y In compounds of fautmlais in
the 3-position. Preferably in compounds of formula (Id) Rya represents amino,
C1"4-alkylamino qf, iffrinédr MLARRANG KSRRCIANAEN RR iR FeRsstatMsveisHadqampounds
of loom-ilia (1) include: 3-(4-hydroxyphenyl)-444-mothoxyplienyl)eliraman-7-0iCpd, 1);
3-(4-hydroxypheny1l)-4-phonylchromari-7-cil (Cpd, 2); - 14 -
3-(4-hydroxypheny1)-4-(3-methoxyR{izqyi)es -7-01 (Cpd. 3);

. 5); (I-e)
' F((alpd. 6); 5

3-(4-methoxypheny1)-4-(4-rnedioxyphonyi)-7-met oxychro
man-7-61(Cpd. 7);

3-(4-hydroxypheny1)-4-(2,6-dimethoxy-4-hydroxyphertyh

3-(4-broznopheny1)-4-(4-3nethexyphenypoliroman-7
3-(4-hydroxypheny1)-4-(3-metboxypilenyl)chrornan- (€
3-(4-hydroxypﬁenyl)-4-(3-arninophertypehroman-7-61( pd, 14);

3-(4-hydfoxyphenybp#igd-phenoxyphenypehroman-7-e1 (Cpd 15);

3-(3,4-dimethoxypfieny Lk fiy{donaiha e BriviliSraetiatyoman-7-61 (Cpd 16). 15
Ry and Ry are independently hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, halo or
OC(O)R7, with the exception that R; and R; are not both hydrogen,
10 :
Preferably in compounds of formula (I-e) R, represents hydrogen or methyl, especially

hydrogen.

Preferably in compounds of formula (I-e) R, represents hydroxy or C;-Cg alkoxy such as

15 methoxy.

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

especially hydrogen.

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



OMe 20 WO 2006/032086PCT/A U2005/001436 - 16 - or a pharmaceutically acceptable
salt thereof TheyeoimpResEs of formula ( according to the invention include gy Qlbisad 6RA%ES-
The present invention includes all the eria.ntioniers and diastereoisomers as well as mixtures
thereof in any proportions. The invention also extends to isolated enantiomers or pairs of
enantiomers. Methods of separating enantiomers and dldstereoisorners are well known to
person skilled in the art. It will X clear to persons skilled in the art that the in compounds of
formula (1) the aryl substituents on &h@ heterocycl& ring can be cis or tram relative to each
other. Preferably in the compounds bT Topr af these substituents will be cis.

particularly preferred compound of the pfesentinvention is the cis-isomer of Fgmpound 15 No,
(1), IMC: or a pharmaceutically acceptabte~ RN eW|se partlcd arly preferred
compounds are compound Nos. (2) to (16) in the

wherein .
R, is hydrogen, alkyl, cycloalkyl or C(O)R7, and
R3 is hydroxy, alkoxy, alkyl, cycloalkyl, halo or OC(O)R7, with the exception that R,
9 and R; are not both hydrogen,
R4 is hydrogen, hydroxy, alkoxy, alkyl, cycloalkyl, acyl, amino, C;.4-alkylamino or
di(C1.4-alkyl)amino, OC(O)R7 or ORg, and '
Ry is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl or amino, and
Rg is aryl such as phenyl or arylalkyl such as benzyl.
10
Preferably in compounds of formula (I-f) R represents hydrogen or methyl, especially

hydrogen.

Preferably in compounds of formula (I-f) R; represents hydroxy or Cj.s-alkoxy such as

15 methoxy, especially hydroxy.

Preferably in compounds of formula (I-f) R; represents hydrogen or C;.¢-alkoxy such as

methoxy, especially hydrogen.
20  Preferably in compounds of formula (I-f) R; is in the 3-position.

Preferably in compounds of formula (I-f) Rs, represents amino, Cj4-alkylamino or di(C,.4-

alkyl)amino, especially amino.

25 Especially preferred compounds of formula (I) include:
3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol (HMC; Cpd. 1);
3-(4-hydroxyphenyl)-4-phenylchroman-7-ol (Cpd. 2);



WO 2006102086PCF/A U205/001436 - 17 - The compounds of formulae (Ill) and (1V) are
intermediates ggafogMidogsein, Each corresponding iscflawart-4-01 and ispfgvab=aidesss
intermediate of compoundNos. (1) to (16) are also preferred compounds of the present
invention, W in compounds of formula are and (1V) mayafgr example, represent the following

radicals: 20 or a protected derivative thereof wherein R4, R5 and 116 are as defined above

for compounds of formula (I). The tenm "isoilayouc" as used herein is to be taken broadly to
include as sollavopes ;iseflavenes jspfiavans, isoll ISE glsqnd the like. The
term "alkyl" is taken?fioﬂli%%c\@ s%%%ht h}g?lerrl gn %%Be%%gﬂgjﬁgsgt ated alkyl groups of | to
6 carbon atoms, stréh&dimeiyRhestDotdpynatepropsybakyerganue) Crdutity|, tertiary
but;gl; pentyl and tqumgl drbRe ngq?mm?qﬁa@@ﬁg%%m%pwﬂgj’ably from | to 4
carbon atoms, especially methyl, ethyl, propyl or isopropyl. 30 W '
2006/032086PCDD*A@%gglébﬁ}iPE@E?'iéE'ﬂqﬁ %&R}‘Fi}’rﬂ% 'W&P&iéﬁgﬂ&lr‘@%&?%% optionally
be substituted by B+(é¢-bydrcyeladijlicsHiR 6 alilnethex bidpirexypheng])clarhmaiyd7-ol (Cpd. 7);
CI-C.4-allcoxycarho, -alkylamin |, cli-(Cl-C4-glkyh-amino-carbonyl, hydroxyl,
Ct-C4-alkoxy, fon%y%ﬂy,‘%gﬁlg %ﬁﬁgg&%%@y?‘ghﬁgg%?h%?@r-acrg?’cycloaikyI or
phenyl. Preferab3tielaamyrbapyiotsneybediydrmrsdbesthexaherndebiemaaryiol Cededh: to
include phenyl, bengyhRirixgpntansiaenhitbansths cBFoHBHWJ@ﬂW. §ijiuted by one or
more Cre,t-alkyl, hjydr 3(?/1 Cr-B%ra kexy, car on@%q]Cr%yralkoxycarbon greralk¥l arloonyloxy,
nitro or halo. -(4-hydroxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol ( ; Cpd. 1(:5‘;

10  3-(4-bromophenyl)-4-(4-methoxyphenyl)chroman-7-ol (Cpd. 12);
3-(4-hydroxyphenyl)-4-(3-methoxyphenyl)chroman-7-ol (Cpd. 13);
3-(4-hydroxyphenyl)-4-(3-aminophenyl)chroman-7-ol (Cpd. 14);
3-(4-hydroxyphenyl)-4-(4-phenoxyphenyl)chroman-7-ol (Cpd 15);
3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl)-8-methylchroman-7-ol (Cpd 16).

15

20



The term "halo" is taken to include fluor, chloro, bromo and ludo, prethrabiy fluor and chloro,
more preferablyiupisReigience to for example "haloalkyl” will include 15 ipenqliglaggtiaiad,
dihalogenated and up to perhalogenated alkyl groups. Preferred haloalkyl groups are
trifluoromethyl and pentafluoroethyl. The compounds of tgwe invention include all salts, such as
. . . oo -15+. . .
acid addition salts, anionic salts and zwitterionic salts, and in particular include
pharmaceutically acceptable salts as would 20 be known to those skilled in the art. The term
"pharmaceutically acceptahle salt” refers to an organic or iggfganic_mot

charge and that can be adml association with a phar @
as a counter-cation or counteranio L sait, Pharmaceutically accep
aceuticallPdcceptable anions gf

ed to chloride, acetate, tosylate te, bicarbonate and
carbonate. Pharmaceutically acceptable salts include those formed from: acetic, ascorbic,
aspattic, benzoic, benzenesulphoni&ecitric, cinnamic, ethanestilphonic,qDW?naric, gluta:nic,
giutarie, 30 &conic, hydrochloric, hydrobromic, lactic, maleic, male, inethanesuiphonle,
naphthol, hydroxynaplath@i » irtedi i
naphthaleneacrylic, oleic, oxg aceric, phosphoric, pyruv esulphonic, tartaric,
trilluoroacetic, WO 2006103288 ) € appatylic, séﬁ)cylic,
sulphuric, suiphamie, sulphapjli¢ an
derivative" or "procirug" refers to 3
to the recipient is capable of provi
metabolite, or that exhibits activity itelf and includes for example phosphate derivatives and
sulphonate derivatives. Thus, derivafives include solvates, pharmaceutically active esters,
.prodmgs or the like, This also includes derivatives with physiologically cleavable teaving
groups that can be cleav@d in4Q vi@a_ to provide the compodds efihePyvention or their active

agent, for example,
atians are®nown

own*fo tHA¥%e of skill

acid, The term "phg ‘ 3
& of fiie acth ¢ compoundthagupon adnfiftistration

moiety. The leaving groups e aeyl, phosphate, sulfate e, raid prefer 9/
are mono-, di- and per-aoyi oXy-suh ted®pmpoddhds, where OR morgof the pendant
hydroxy groups are protectedib, 4 8preferably an acetyl graup. cally acyloxy
substituted compounds of the in dn are re W cleavable to the 1@- ponding hydroxy
substituted 15 compoundsM&kerr unctional group protection, de-ptetecygn, synthons and.

E dlled in the art may be used where appropriate to aid in the
synthesis of the compounds of the present invention, and their starting materials. The
protection of functional groups on the compounds and derivatives of the present invention can

esas d8scribed in T, W,
ic|&thesis, John Wiley & .@ ew York, 1981, Hyglsoxyl
protecting groups include but™a iy o carbidxylic acid estefs, glate esters, aryl
esters such as benzoate, acetalstkgtais Suchlas acetonide and benzyljd
o-benzyl and p-methoxy benzyl tetrahydrBPyranyi ether and si
t-butyldimethyl silyl ether,

OH OMe

10



WO 2006/032086PCTIAU2005/001436 - 20 - tetrabutylammor.hira
fluoride to be gieayRdokbygyl be clear to persons skilled in the art of medicigairchegustiothat
compounds of formula (I) may be converted into other compounds of formula (T), for example,
where a 5 compound of formula (I) bears one or more | 6d_roxyl substituents then one or more
of these substituents can be converted in to a halo substituent such as bromo, chloro ox iodo
by treating the alcohol with a halogenating agent. Halogenatinz agents include compounds

corresponding azide salt. Subsequent treatment with CuCl, CuBr or HBF4 n?gnﬁ be used to
convert the nide into the required halg-cdmpound. A general procéSg-for preparing
compounds of formula (I) comprises tp of treating a compoungd,gf formula (1V): 20
wherein RE, R2, R3 and W are as definéd above in relation to compounds of formula (H) with
a reducing agent épgyshatitiecantiontiycicnelsabldauinterddf.or a protected derivative thereof.
Reducing agents are well known to persons skilled in the art and can include hydride sources

like borohydrides and alkali metal borohydrides, but would include hydrogen in WO
2006/032086 P C TThe gropsiadsiaffigromla (1) according to the invention include two chiral centres. The

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

thereof in any proportions. The invention also extends to isolated enantiomers or pairs of
enantiomers. Methods of separating enantiomers and diastereoisomers are well known to

person skilled in the art.

10 It will be clear to persons skilled in the art that the in compounds of formula (I) the aryl
substituents on the heterocyclic ring can be cis or trans relative to each other. Preferably

in the compounds of formula (I) these substituents will be cis.

A particularly preferred compound of the present invention is the cis-isomer of compound
15 No. (1), HMC:

or a pharmaceutically acceptable salt thereof.

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

conformation.



catalytic hydrogenation where a suitable catalyst such as palladium on carbon may be used.
Other suitablepydigeleosaigeces include sodium Iriacetoxyborohydride tetrabgiyh8piiR05iwe
triacetoxyborolaythide and sodium cyanoborohydride. 5 Preferably the double bond in
compounds of formula (IV) is reduced by hydrogenatlon Compounds of formula (1V) are
prepared by dehydrating a compound of formula (I11): R 6 10 wherein Rt, R2, R3 and W are as
defined above, in relation to compounds of formula (II) or a protected derivative thereof,
Dehydration can, for example, be catalysed by acid, by base or facilitated by conversion of 15
the tertiary alcohol into a better leaving group as would be known to those skilled in the art
Preferably compdinedempdondadé fitiare dENyodLid0 aferiezemepiatebystsesmdwatsivitiEach
purl-toluene sulp ohlatlely) f. HW!@ I

compounds of folrér?]%%ﬁ(&f&ilélo WO 21‘10%%%33%228086PC%%%@%%%@%%Z%EW%%?R/%%SQ o
thereof with an a 9/ g fesied warmpnands o6 thp STRsenbiTemwHam WINK' wherein W- is an
optionally sulgstituted aryl radical and IVe. is one ore more counter ions, preferably fivigBrl4.

5 The arylating agent WM+ m ar iard chemistr hal
com pound (V): go\(?r a ProfEdE %ya%%\%\ (ﬁ&f’@{gf% or examgle represent the P?{meg

radicals:
LA VT anansn
10 Rg
(V1) (V-2)
R5 Rs Rﬁ
R4 R4
RS RS Rs
(V-3) (V-4)
Rs
R4 R4

20 or aprotected derivative thereof wherein R4, Rs and R are as defined above for

compounds of formula (I).

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

isoflavenes, isoflavans, isoflavanones, isoflavanols and the like.

25
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, isobutyl,
secbutyl, tertiary butyl, pentyl and the like. The alkyl group more preferably contains
preferably from 1 to 4 carbon atoms, especially methyl, ethyl, propyl or isopropyl.

30

Cycloalkyl includes Ci.s cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl.



10 R4,11.4 and R6 are independently hydrogen, alk.oxy, alkyl, acy OC(0)R7, a protected

hydroxy such gsgQ&iklss4fd)3 or protected amino such as trimethylsilyiaminpdangeimdosebfas
and R10is independently alkyl or aryl, and Xis halo, preferably Moine, 15 is reacted with a
metal such as magnesium to form the aryiating agent. Rreferably the haloaryl compound (V) is
selected from: min R4, R3, it and X are as defined above for compounds of formaia (V). -
23 Reaction of the arylating agent with the ketone of formula (I) provides access to the
corresponding isoflavan-4-ols (HI), isoflav-3-enes (IV) and isofiavans (I) of the present
invention. Alternativer[#ﬁcompounds of farmula (ll1) may be prepared by reacting compoun?s of

formula (11) with al@SEELHARRHIGEI0R ! E5PHR M IR LRl A AR BioRe i s
any appropriate |€mivig gblofide, Wwhoetire, lodine taebbas)atjary-afkbeypatauet, [0} 104 elke Rintlico-
addition of the aryl moiety to y reactions well known, by those skilled in the art.
Preferably any fréég{gl?élg#(ﬁlg,(eelété‘éﬁgvf% er ghcc%?gfdt}ll\ye ra)r(g?jp(é 1%%&@(&’3%3%‘3‘& h?é%ﬁ-
formula (1) will belsybierchedyforye karfplalkakhic (yidirmpetoplky Lrephesrsl during the
n.uoleophilic addition. reaction, 15 Compounds of formula (n) can be prepared by reducing
the eneone double bond in compounds of formula (VI): FI2 = or a protected derivative thereof,

wherein R;, R2 ahtf e bhethsalien s2opadseeneb Pos Ebniptitast formula (11).

The term "aryl" is taken to include phenyl, benzyl, biphenyl and naphthyl and may be
10  optionally substituted by one or more C;-C4-alkyl, hydroxy, C,-C4-alkoxy, carbonyl, C;-
Cs-alkoxycarbonyl, C;-Cy-alkylcarbonyloxy, nitro or halo.

The term "halo" is taken to include fluoro, chloro, bromo and iodo, preferably fluoro and
chloro, more preferably fluoro. Reference to for example "haloalkyl" will include

15 monohalogenated, dihalogenated and up to perhalogenated alkyl groups. Preferred
haloalkyl groups are trifluoromethyl and pentafluoroethyl.

The compounds of the invention include all salts, such as acid addition salts, anionic salts
and zwitterionic salts, and in particular include pharmaceutically acceptable salts as would

20  be known to those skilled in the art. The term "pharmaceutically acceptable salt" refers to
an organic or inorganic moiety that carries a charge and that can be administered in
association with a pharmaceutical agent, for example, as a counter-cation or counter-anion
in a salt. Pharmaceutically acceptable cations are known to those of skilled in the art, and
include but are not limited to sodium, potassium, calcium, zinc and quaternary amine.

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

are not limited to chloride, acetate, tosylate, citrate, bicarbonate and carbonate.

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

benzoic, benzenesulphonic, citric, cinnamic, ethanesulphonic, fumaric, glutamic, glutaric,
30 gluconic, hydrochloric, hydrobromic, lactic, maleic, malic, methanesulphonic, naphthoic,

hydroxynaphthoic, naphthalenesulphonic, naphthalenedisulphonic, naphthaleneacrylic,

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



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

double bond cgphgelfesigd, for example, by hydrogenation, 25 Access tGe/Rpais8d5:195s
general kbrmula (VI) is available by general synthetic methods as set out in Scheme | below

and as described in published International application No. W001/17986, the disclosure of
which is incorporated herein by reference. A typical syrfiesis is depicted in Scheme I. V/0
2006/032086PCTIAL12005/001436 }3,10TALM} T" Bic'ziEt20 70C  Scheme 1 Access to

the variations 3-phenyl substituted &romans js availaple hy varying the sybstitution pattern on
the plienylacetic H&B%@WE@Q?&?&%@ZE&S?\’G%% ﬁh‘éﬁ?ﬁl%ﬂﬁ‘eﬁ’ ?Bmﬁﬁﬁaﬁ%‘imfﬁble

by varying the susditution pattern of the aryiating agent (V).  Analogues of compounds
employed in the processes may be used which include a 10 substituent which corresponds to

R9 as defined for compounds of formula (I). As used herein, the terms "treatment”,
"prophylaxis" or "‘Prevesntitiarsemiisriiorcenieblp deatiating' w uebngidefed inaKderivotsddst
context. In pagticylan e K oHRARER o 8RiRREACGERSHE e SR BILABRYMAb iBdkRAted

until total recovery. Accordingly, 15 "treatment” includes ameligration of the symptoms or
severity of a partfgCOHARTEr Srevatih GosrHd gt ARl the RN B RSIbLIE S
particular conditiafid fristiden Cotreixamphephosplone dampbdrsdadfulphiondi @rivhitless Tagsired in

a therapeutic treat/mut.according to, the invention will end upon a number of.f rs igh
cluce 20 the s S B S B S PRI s
being treated, thénrledbs derawtivedsuizhiphysiot giealbn plditiehl o fediingiews that can be cleaved in

10  vivo to provide the compounds of the invention or their active moiety. The leaving groups
may include acyl, phosphate, sulfate, sulfonate, and preferably are mono-, di- and per-acyl
oxy-substituted compounds, where one or more of the pendant hydroxy groups are
protected by an acyl group, preferably an acetyl group. Typically acyloxy substituted
compounds of the invention are readily cleavable to the corresponding hydroxy substituted

15 compounds.

Chemical functional group protection, deprotection, synthons and other techniques known
to those skilled in the art may be used where appropriate to aid in the synthesis of the
compounds of the present invention, and their starting materials.

20
The protection of functional groups on the compounds and derivatives of the present
invention can be carried out by well established methods in the art, for example as
described in T, W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons,
New York, 1981.

25
Hydroxyl protecting groups include but are not limited to carboxylic acid esters, eg acetate
esters, aryl esters such as benzoate, acetals/ketals such as acetonide and benzylidene, ethers
such as o-benzyl and p-methoxy benzyl ether, tetrahydropyranyl ether and silyl ethers such
as r-butyldimethyl siiyl ether.

30
Protecting groups can be removed by, for example, acid or base catalysed hydrolysis or

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



WO 2006/032086PCI/4U2005/001436 25- Compounds of formula (I) may be administered in a
manner and af@psphassigonventionally practised. See, for example, Googgralyand faiiman.
The pharmacological basis of therapeutics”, 7th Edition, (1985). The specific dosage utilised
will depend upon the condition being treated, the state_cgrfothe subject, the route of
administration and other well known factors as indicated above. In general, a daily dose per
patient may be in the range of 0,1 mg to 5 g; typically from 0.5 ing to 1 g; preferably from 50
mg to 200 mg. Therdgmaieharsinomayad angeddeag e single dose given once every day or
two, to twice or thrice daily doses given over the course of from a week to many months to
many years as required, depending on the severity of the condition to be treated. or alleviated.
10 It will be furthelt wiltibestioactdhatdonsaniiipaitichdairiseiiedicspechttninsaye: wgipwngssifould
be adjust over timg, gsoifing i9 e Indiidual need and e professionaliudament g e .
person administering or per?;ismg he administration of the compositions. RelE Rie‘ivye a
short-term treatmesmpewnd oféoamtia(Ddregrs onglercaerbeydeed eubstitventtdlitisason more of
shrinkage or remig3ian afsBARGR! Sark-O0OSH AR HE R MEAESEBRR R MRICYSEHSHBI NRRS HiSodo

development of cancers in high-risk patients. The production of pharmaceutical compositions

for the treatment BY {FeHR&HAPARRI il rdlienratieRs it sEiRsguating Arealifysiefmrampgpnds

admixture of the ¢ NBSNHBdestfuenio\welitjohl¢itteqain\wnigneeay e aadiesHigianratt R @sHe such
"active compounds") with one ar mare pharmaceutically or veterinaiy acceptable carders
andlor oxciplonts BB TATE BAr i A SoLPh el HE i CorLe, B e el
in the sense Bf being compatible with any other ingredients in the formulation and must not be
deleterious to thep?féi?b?ﬁtty}@%ﬁﬁ %%ﬁ&%%%%mﬁy O el tBrtﬁe'L‘MQslyp%&lBHhﬁSQefﬁ

preferably formulated with the compound’as a unit-doSe, for example, a tablet, which may
contain up to 100 HPWS Ghittseimen sitadmiogenmeseasr DR Bisdesitrdbekraspweight
of the active compaitipslindtn¥y G 206644 1330 8o 61K A0 AN edroprbie S5baRtiRiMefing

admixing the companents,. onti lly including one ore accessqry ingredients. The
preferred concen rgt%lré] &lac%%’\%? ?6#1&3%3%%%1 e %%Lég?%%aﬁbfﬁ |oe§ \%/m é?)tgrr?oc %rhdltmns such as
absorption, distrifG€oty, fome vationssaoutimgcaeide salatdaiofetiverd tugpiasm eliithCotlie Ciattdlg or
nown Lo those ol e AThedpaHAons LI NGOIR AR dR laese sutante fo
oral, rectal, ocular, buccal (tor examp?e, sub mgua?), parenteral (Tor exampPe, subcutaneous,
intramuscular, intradermal, or intravenous), transdennal administration including naueosal
administration VigAlBe B8RS erdbaY fdr YAYAME CHRTHIJIADE B RARIG B RO WGP NPSking 2
suitable route in any given 10 case will depend on the nature and severity of the condition
being treated and AR SISPE B HL Particular active compound which is being used.
Formulation Zuitable for oral administration may be presented in discrete units, such as
capsules, sachets, lozenges, or iqblgs, each cojaining a predetermined amount of the 15
active compound; as a powder or gran
non-aqueous liquid; or as an oil-in-wate
prepared by any suitable method of phar

ter:i;n oil emulsion. Such for tions may be
fcy wiich i usastep of bringing into

Ra
wherein Ry, Ry, R3 and W are as defined above in relation to compounds of formula (II)

with a reducing agent to provide a compounds of formula (I) or a protected derivative
25 thereof.

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

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



association th.e active compound and a suitable carrier (which may contain one or more
accessory ingregienis/asdigted above). 20 In general, the formulations of therYB LA A%
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 prepaféd by compressing or moulding a
powder or granules 25 containing the active compound, optionally with one or more other

powder o' 12 W with one !
et LRt oBle AR, %&5@@%@%&9&&9@%&'%ﬁoéﬁigarﬁ@g@%%gbg%ﬁeggnged.

compound of the free-flowin as a powder or granules opt
lubricant, inert di|L@hﬁraw&b?ﬁéwﬁﬁ%saa%ﬁa@pmmuag@ﬁmwmmmmgww gyamonium
made by 30 mouléiagettk sostblyaleinnachinguiheyaryseesegisaenpound moistened with an inert
liquid binder, WO 20061032086PCTIA1120051001436 - 27 - Foiraulations suitable for buccal
(sublingual) administration include lozenges comprising the active compound in a flavoured
base, usually Sucirstemhly dvabiabde agdaanthp@amd pefilesle i) iistaduted ephydesgedatioan
inert base such as gelatine and glycerin or sucrose and acacia, 5 Formulations suitable for
ocular administration include liquids, gels and creams comprising the active compound in an
ocularly acceptabfePEmeieds Pgﬁlﬂmﬁi? ddme sisoasdbyriciidistng incennowmd wiaprendy (111):
parenteral administration conveniently 10 comprise sterile aqueous preparations of the active
compounds, which preparations are qreferably isatonic with the blood of the intended

e

recipient] These preparations are pr1 erabty agministered intravenously, although
q utaneous, intramuscular, or intracierma!

administration may also be effected by
PreparedBy admixing the ol?npound with

solufign Bterile and isotonic with the
blood. Injectable formulations according to the invention g r Iy, contain from 0,1% to 60%
wlit of active gompound and can be administered at a rate of 0.1 milminuterkg. Formulations

for infusion, for example, may be prepared employing saline as the carrier 20 and a

solubilising agentwgkimB a RydtodediWhaor aetifiatidetiberdofteBtitalitecenriodelstofinailadd) or
a-cycludextrin, 13;evclodextiny /ey gRps¥trin, dirnethyl-Pcyclodexbin,
2-hydroxyetbyl43-cyclodextrin, 2-hydroxypropyl-cyetodextrin, 3- hydroxypropyl-D-cyclodextrin
and tri-metlay1-0-cyclodextrin. More preferably the cyclodextrin is
bydroxypropyl-p-cysiggaxtincabuitabie.dprly st ves obaysiodaktn saach da MiemdtbBlecdnversion of

sullobutyl ether derivatjve of cyclodextsjn and analogues thereaqf as described in US|
154,157, Foim TS NS TSR & AR TR AL o5 & RS i P SRl e
dose suppositoriest. Formulations suitable for vaginal administration are preferably presented
as

Preferably compounds of formula (I1I) are dehydrated, for example, by treatment with
para-toluene sulphonic acid.
20

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

4y

25 wherein Ry, Ry, Rj are as defined above for compounds of formula (II) or a protected



30 unit dose pessaries. These may be prepared by admixing the active compound with one or
more conventiqpghsgdigssagiers, for example, cocoa butter, and. then shapipg, iiesessdiing
mixture. WO 200610320MPC17.4112005/001436 - 28 - Formulations or compositions
suitable for topical administration to the skin preferably take the form of an ointment, cream,
lotion, paste, gel, spray, aerosol, or oil. Carriers which T8ay be used include Vaseline, lanoline.
polyethylene glycols, alcohols, and combination of two or more thereof. The active compound
is generally preseqt at a concengration of 5 from 0.1% to 5% wiw, more particularly from 0.5%
to 2% wiv,r. Exant5leg Y S HEr RbMPORHASHS B R B REATERiA CHBRRE S ATt HSM
suitable for transcidireial Wd i inisipdtioallnapdeupessniadias sidvEts pasaemata@iatdoions,
remain in intimat%lc%?&%%ﬁﬁ%kf epidetwis of the recipient for a prolonged 10 period of time.
Such patches suitably contairt the active compound as an optionally buffered aqueous
solution of, for example, 0.1 M to 0,2 M concentration with respect to the said active
compound. Sge fonexamaie BF@HYWM%@K&% Lr&p&m@maiémk? ipndransdenuall
administration m%y also he delivered by 15 iontophoresis (see, for example, Panchagnula R.,
et at, 2000) and tyfﬁ’&%‘f the form of an optionally buffered agueous solution of the active
compound. Suitable formulations comprise citrate of Bis/Tris buffer (pH ti) or ethanol/water
and contain from 0.1 M to 0.2 NI active ingredie%ormulaﬁons suitable for inhalation may
be delivered as a spray composition in the form g¥a s@jution, suspension or emulsion. The
inhalation spray composition may further coﬁbﬁe\\;)ﬁﬁﬂaceutiéﬁy acceptable propellant
such as carbon dioxide or nitrous oxide or a hydroggn containing fluorocarbon such as
1,1,1,2-tetrafitioroethane, 1,1,1,2,3,3,3- heptailuoroF(}.-propane or mixtures thereof. 25 The
active compounds may be provided in the fomi of food stuffs, such as being added to,
admixed into, coated, combined or otherwise added to a food stuff, The term food stuff is used
in its widest possikle meteedderinaive @s:tgfidiasinulations such as drinks including dairy
products and other foods, such as health bar sserts, etc. Food formulati 0 containin
com pounds%@th&hveﬁ?o%mga & lr%%’g ﬁ?c%@ iﬁ%‘?}%@&?ﬁﬁﬂ’éﬁg S ah%pgrld%?r’gé icad pﬁt&&eg
2006/032086PC17AU2b051@01485 asZ0Si(Rigs ap eriectad tnigs susessdricieibiigbdining phayy!
be for administration to pymangPr 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 Sdndsraadaatiy picsl er Bk marine animals including those in the
aquaculture setting (sudhtasofigheferably bromo,

15  isreacted with a metal such as magnesium to form the arylating agent.

Preferably the haloaryl compound (V) is selected from:

X X X

Rg Rs Re

Re (Va) Re Re (Vi) Vo)
R4 R4 R4

wherein R4, Rs, Rg and X are as defined above for compounds of formula (V).

20



5 crustaceans and shell fish) and the like. The active compound or phatmaceutically
acceptable dekp@gtiyepiggdrugs or salts thereof can also be co-adnainisteggeriihopsfagisagtive
materials that do not impair the desired action, or with materials that supplement the desired
action, such as antibiotics, antifungals, antiinflammatories, or antiviral compounds. The active
agent can comprise two or more isollayoues or derivatives thereof in combination or
synergistic mixture, The active compounds can also be administered with lipid lowering

gistic compounds nistered
nihrombotic gL Lok T Ll L PR R R e AR dey e

ckers as verapamil,
diltiazern, and nifé@igspeontma igpidexasitrole (Bt sflavrZyenes (NORphilespasUE RABeqapieRril
and ertalapril, andpl3antgckers such as propanolol, terbutalol, and labetala The compounds
can also be administered in combination with tionsteriodal antiinflaminatories such as
ibuprofen, indotnethacin, aspirin, fenoprofen, mefenarnic acid, flufenamic acid and sulindae,

The compounds calteatstivety adimpoisiésed fathuiofliDastgrbidsepand Bnteastiag caobunds 20
Zofranalt. ComponpiuR IS AR bR RRNG A SIRbI: RoLsaadT iskalgn win
one or more anti-cancer drugs such as cisplatin, Tichydroe uoP?f) S) taxol*(pactitaxel),
genwitabirie, doxdeiisigsnisteipotepeapaaie londagrgenthboitiabsis deshilly thisformiatiaeribiegeednst by
(D1-1E), taxol, Thﬁ&é@}!}ﬁ%%ﬁdﬁii{ﬂBEQH@Q&%S%&}WJQ%E@@&W%JQ&&W%WE? figep of
synergistic effects, in comparison, to when only one of the medicaments is employed.
Particularly the ccf‘;lﬂﬂﬁﬁﬁ’d dfhe presently claimed invention, especially IrliviC (le compound
1) seem to béchemosensitisers and increase the cytotoxicity of the one or more anticancer
drug co-administeied ereuiny Thik. Se5Me 10,20 06 e, g5, SYer oo, sald anleansen, of
drugs work througha varn%ﬁ% ditferent mec anisms, for example ngsrl)l%tln is t ougchm'g Work
by interacting witffaroliedHIDWIN beirusitestedo faytexeonplor Rsoybbipldiingjtodsidyirethessolumagpivgse of
the cell cycle and prav&iHiWd RRQFORE086Pa/A112005100T 436 - 30 - them forming normal
mitotic apparatus, gerncitabine is thought to work by incotporating itself into the DNA of the

cell, ultimately preventing mitosis, doxorubicin is though to be a topoisomerase 11 inhibitor
thereby preventingdaigburpligatanuandllreasesipieparedbytesdatesathéscHrong HbidlbBoad in
topoisomerase | ig(i;ri]rklaitoourl.l A%@rﬁ)stira%i/(,‘)%some situations this increased cytotoxicity to
cancerous cells is NOt associated with'a orresponding increase in toxicity to non-cancerous
cells, Whilst this observation has important implications for the treatment of many cancers, it
is 10 especially important to the trggtment o ers such as melanoma, which are extremely
neous or sequential, Simultaneous
administration may be effected by the cagpo 2ing inthe same unit dogenor in individual
and 15 discrete unit doses administered at fne or im?Ta_Li e. Sequential administration
may be in any order as required and. typically wi ine dngoing physiological effect

Ra

or a protected derivative thereof, wherein R, Ry and Rj are as defined above, for

20 compounds of formula (II).

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

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

25  Access to compounds of general formula (VI) is available by general synthetic methods as
set out in Scheme 1 below and as described in published International application No.
WO001/17986, the disclosure of which is incorporated herein by reference. A typical

synthesis is depicted in Scheme 1.



of the first or initial active agent to be current when the second or later active agent is
administered, gpg8igiiyydiere a cumulative or synergistic effect is desirede@f) AtHGo¥AREON
also extends to a pack comprising the combination therapy, Compounds for use in the
preferred synthetic methods of the present invention may pe derived from any number of
sources readily identifiable to a person skilled in the art. For example, daicizein is readily
available or can be synthesised by standard methods known in 25 the art. Suitable methods
may be found in, for e o- ublisiped international patent applications WO 98/08503 and
WO 00/49009, and referencg ed the;eirﬁfd/vhich are incorporated rejgifdn their entirety by
reference, Compounds of the.general formulag (ID); (Mhand (IV) deseribed-above are
intennedates 30 in the production of the activegsollaka _rﬁboundsm%rmula (). These
intermediates also represent further aspects of the preSent ffvention. WO
20061032086PCT/A1.12005,1001436 Whilst not wishing to he bound by theory the
compounds of the present invention are thought to regulate a. wide variety of signal
transduction procégsis within @himal cells and that these sigq@l transduggion processes.are
involved in a wide rang @ i

snctions that are vitaMé)StBeC?urvwa @ on of all a in?al

i |
cells. Therefore, these compoyptds-havrayd

broadianglﬁg_a.nd impogtant health benefits in
animals including humans, angyin p tig;'ﬁave thgpotential to preventland {teatimpgrtant
and common human diseases, disordéfs arith functions, which represen% a substanti
unexpected benefit. Thus it seems that the compounds of the present invention have activity
as TNiFcc 10 irthibitors. It is hypothesised that MIR( is part of a tightly regulated cytokine
network, activating multiple signal transduction gatfansy$ and inducing or suppressing a wide
variety of genes. -MTh can provide a survival signal for cancer cells and hence it has been
refereed to as a tumour promoting factor. As a central mediator of inflammation,
'114Fprovides a rdiessakartliekdsistivae A-pheopi substitied atooyrstisislivenidtled 3 wbsdugithet 15
development of MalgRARLAISHAIR ofr ARSAMSRLYHLS I IR RY e compounds of the
invention may provide one mechanism by which they exert anticancer and/or
anti-inflammatory activity. Alternatively, these compounds may be used as chernopreventative
agents. 20 The paktictatobknefiibeniIRibifivesdiohrifdAs(R)aieldBIgBy angt@tigGabdtitution pattern
transduction processes taf ented b ttré(é compounds, (b) the fact that reguiation of these
various processes NS b(ﬁﬁgup- ulation of some processes and down-replation of
others, and (0) that such a broad and varied effect on signal transduction processes also is

accompanied by %%@%Q@Bﬁ@&%ﬁ&&ﬁfs%ﬁ@?@&%%@é@é@ éﬂgyfygﬁ&s%m%@ﬁq&aﬂﬁéwe”ta'

to metabolism 25 and steroidogenesis. The isoflavan compounds of the present invention
exhibit good H vitPBORHRER) hérhesagrannsts:iv faas defiacd s romarans palemrsdl activity,

markedly bettcr than or at least comparable with dehydroequol. The isollavans are highly
s SR e R N I PR
the like are to be considered in their broadest context. In particular, the term "treatment”

does not necessarily imply that an animal is treated until total recovery. Accordingly,
15 "treatment" includes amelioration of the symptoms or severity of a particular condition or

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

The amount of one or more compounds of formula (I) which is required in a therapeutic
treatment according to the invention will depend upon a number of factors, which include
20 the specific application, the nature of the particular compound used, the condition being

treated, the mode of administration and the condition of the patient.



isofiavan compounds show potent activity against melanoma and cholanglocarcinoma (gall
bladder cancerygelhdiARsede00d activity was observed against colorectal capeeluY¥§3001436
2006/032MPCLAU20051001436 - 32 - cells, Radio-sensitisation in vivo may be tested for
example employing human epidermoid valval carcinoma A431 tumours established on the
upper leg and subjected to several doses of local radiafién (to the tumour bearing leg only), A
radiation treatment regimen of 250y1 day for 4 days will delay tumour growth, and the effect of
the radiation dose in combination with the test compound could be assessed by monitoring

tornmir growth detaPPURIS OF HrowiA Gemsy desdmpistest i arsaeee adamgdsiton alone.
Tumour growth dedayeutivigliy pibyctiesde déesforerupgiadGeatnie dederiningd "Ttpataighcological

Evidence of to tegt ¢co und medjated i0-sensitisation of A43.1 tumours is th
determined by mggaséﬂ?lng%r&%egﬁg ngg%tﬁ%%?é’y (zg%kga réa'gS Ren o %sraaﬁfyug’([)lgeeadv%ﬁs%%%er%dp%Iﬂl%nd

pre-treated animas ¢onditied bejnghisesteshdhe stetaidilonstibigetptheagitisent atbrinitiediatbuvbother
mean growth delgeeipiio R0 HaYS HaiRaN gL OB aLIRmraaime ﬁbwﬁéliﬁéﬁ%%ﬁﬂ 2 %he
ence o

days using either radiation or test compound monotherapy regimens is évi e radio
15 sensitisation FrOBERIds IP&HE E@iﬁwaﬂ&péfmrﬂq%ﬁmfmbﬁ; peatstie howsRion i ofPdEay
be tested, for exarhplenginpidyiig: clapagait Eransosiagicmigdgivtaniie dumanyepitesoitvice
vulva carcinoma pdad el ing o measuerespanse (ovadialion glone,or in combipation wih
test compounds. A rug dose cau 91188/% toxicﬂy ) tfo & ediis ma;r/nﬂeyuse in Combinagon
with graded dosess sfquittidtidapedingappioméacdpodéhefcondipontecbavivedtt b erabitatanided by
cionogenic ggsay. Evidence of test compound mediated radio-sensitisation is shown by, for
example, a >20% toxicity to cells using chemoradiation therapy compared to 10% toxicity

using the corresgbRERs SRSt HBASINPRIIHAINE a0 PRHIC ISR RIBISRbSRsFHie dAtAgs tBsimraS
useful in the treatineid, RI&Yyastinraneodipfoahdisans@mpaaaciaiat s pibfahRiaTLeeMent

survival, aberrang {:lﬁ_llll3 gggslggra tliT(l)n q etr)glormalllcelIular r}rﬁigr%tiqni,s bnorgﬁ gnglo&eﬁesis,
abnormal estrogenlandrogen afgin e, &;Psrfﬁrﬁ:%ﬁg\gor e a&%’?m ehesls,  ons.
degeneration including degenerative changes within blood vessel 30 walls, inflammation, and
immunologiga| '%ﬂogﬁ'short-term treatments with the active compounds can be used to cause

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

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

The production of pharmaceutical compositions for the treatment of the therapeutic

20 indications herein described are typically prepared by admixture of the compounds of the
invention (for convenience hereafter referred to as the "active compounds") with one or
more pharmaceutically or veterinary acceptable carriers and/or excipients as are well
known in the art.

25 The carrier must, of course, be acceptable in the sense of being compatible with any other
ingredients in the formulation and must not be deleterious to the subject. The carrier or
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.

30
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



WO 2006/03208613C11/4112005/001436 - 33 - accompanying drawings. Examples In the
Examples and gecsygsramgng drawings which follow the abbreviation "DHB g AGa- 069436
dehydroequol, "I1MC" is used for compound No. 1, being 3-(4-hydroxypheny1)4-(4-
methoxypheriyl)-chroman-7-ol and "11.1-1C" is used fgj compound No. 11, being 3-(4-
irvdroxypheny1)-4-(4-hydroxyphenyl)chromart-7-01. 1.1 .%'ynthesis 10 Example 1;
41,7-Diacetoxydaidzein A mixture of daidzein (2.0 g), acetic anhydride (10 ml) and pyridine
(2 mi) was heated a1 03¢ b HiGiAR R OEE ARG R R ISR BN ASBRA I G !

was stirred for a further 30 min during which time the diacetate crystallised from solution, The
product was filteré&egrofigiedirmpetiemng arassriatipaAfacti ceamesndin M IsB sABPRs idgvill

4-(diacet0xydl\r/]ldz&jpeﬁ§ &OLbISESH) A Eidnd ind0fo)tidh, Exdsmpleidn faleethe drug as well as
3-(4-geetexyphenyl)ehroman-4-one  Palladium-pn-charcoal (5%, 0.02g) was added to a
solution of 41,7-dé%%rt rk'%%‘fﬁ’ fo tose of Skil 1n the ax

5

The formulations of the invention include those suitable for oral, rectal, ocular, buccal (for
example, sublingual), parenteral (for example, subcutaneous, intramuscular, intradermal, or
intravenous), transdermal administration including mucosal administration via the nose,
mouth, vagina or rectum, and as inhalants, although the most suitable route in any given

10 case will depend on the nature and severity of the condition being treated and on the nature

of the particular active compound which is being used.

Formulation suitable for oral administration may be presented in discrete units, such as
capsules, sachets, lozenges, or tablets, each containing a predetermined amount of the

15 active compound; as épowder 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 compound and a suitable carrier (which may contain one or more
accessory ingredients as noted above).

20
In general, the formulations of the invention are prepared by uniformly and intimately
admixing the active compound with a liquid or finely divided solid carrier, or both, and
then, if necessary, shaping the resulting mixture such as to form a unit dosage. For
example, a tablet may be prepared by compressing or moulding a powder or granules

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

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

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

inert diluent, and/or surface active/dispersing agent(s). Moulded tablets may be made by
30 moulding, in a suitable machine, the powdered compound moistened with an inert liquid

binder,



15 (0,50g, 1.5 rinnol) in ethyl acetate (80 ml) and the mixture was stirred at mom temperature

under a hydrogen Rtgespsere for 72h. The catalyst was removed by filtratigithiesighdzglite
and the resulting filtrate was evaporated In vacuo. The residue was recrystallised. WO

2006/032086PCT/AU2005/001436 '.34 - from ethanol tq yield
7-acetoxy-3-(4-acetox.yphenyechroman-4-one (0,409, 80%) as colourless plates. Example 3:
7-11ydroxy-3-(44tydroxyphertyl)chronsian-4-one 5 Imidnole (0,63g) was added to a

suspension of 4'5¢diggetaxydivdiodaigzel in_absqlute.ethanol (5.0 ml
and the mixture wa{)s refluxed folr 45 min und%ré%lrgg%%?%rl gdgzl){ﬁﬁi%%w\?vnag@gﬁ%}aorﬁn guunder lhg

reduced pressuret3eFtvsrsaPREé in 2 Glapurddas. aguly sierese enttreacition trabasnehyer
left overnight undgistafeigeatiasiandhengstaing MecRitale Was flteiesind BeigNda RO ose

was recrystallized from ethyl acetate/dichloromethane to yield
7-hydroxy-3-(4-hya§ro§<3?‘)%%nyl)chroman-4-one (0.149, 71%) as a white powder. 15 Example 4:
7-(ren-Buty/difnethlysilytoxy)-37(4-(ter(-butyltlimethlysilyloxy) phenyEchroman-4-oxie
7-1/ydroxy-3-(4-byt.i Nehr -4- Tpe]] ett- 20
butyldiroothylsiIy%ﬁgg%%ﬁéag%%@ﬁ%%ﬁé%%ﬁﬁaéggfg%?lr%%% %I%C%nr% hed in a 21,
round bottom flastOBRIsing e artbiecameyad i aoorm!ashn peserishicforrtiervodikiemhe reaction
was quenched with the addition of chilled 1=110 (200m1) with the reaction mix cooled in an
ice bath. The resyltant white sgji@ was filtered gnd rinsed with water. Recrystallisation from

ethanol afforded %mﬁﬁ?&bo&sé’ ﬁﬁéefﬁf‘f‘r;‘/’c‘f%f’oﬂé‘t%‘?‘?gfﬁr parenteral administration conveniently

10 comprise sterile aqueous preparations of the active compounds, which preparations are
preferably isotonic with the blood of the intended recipient. These preparations are
preferably administered intravenously, although administration may also be effected by
means of subcutaneous, intramuscular, or intradermal injection. Such preparations may
conveniently be prepared by admixing the compound with water or a glycine buffer and

15  rendering the resulting solution sterile and isotonic with the blood. Injectable formulations
according to the invention generally contain from 0.1% to 60% w/v of active compound

and can be administered at a rate of 0.1 ml/minute/kg.

Formulations for infusion, for example, may be prepared employing saline as the carrier

20 and a solubilising agent such as a cyclodextrin or derivative thereof,  Suitable
cyclodextrins include a-cyclodextrin, B-cyclodextrin, y-cyclodextrin, dimethyl-B-
cyclodextrin,  2-hydroxyethyl-B-cyclodextrin,  2-hydroxypropyl-cyclodextrin,  3-
hydroxypropyl-B-cyclodextrin and tri-methyl-B-cyclodextrin.  More preferably the
cyclodextrin is hydroxypropyl-B-cyclodextrin.  Suitable derivatives of cyclodextrins

25 include Captisol® a sulfobutyl ether derivative of cyclodextrin and analogues thereof as
described in US 5,134,127.

Formulations suitable for rectal administration are preferably presented as unit dose

suppositories. Formulations suitable for vaginal administration are preferably presented as
30 unit dose pessaries. These may be prepared by admixing the active compound with one or

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

mixture,



WO 2006/032086PCFMU2005/00143fi - 35 - Example Sz
7-(iert-Butyldimeshlsilydgogs)-3-(4-(tert-hiatyldimethylsilyloiry)phenyi)-4-  pcT/AU2005/001436
(4-niaethaxyphetryl)ehrornairi-4-al  Me( 7
-(tert-ButyIdiniethylsiIyloxy)-3-(4-(ten-butyldinicthylsiIylgégé)phenyl)-4-0-
methoxyponyi)tornan-443125g was weighed in a 2-neek round bottom flask, and flushed
under nitrogen, Anhydrous THE 80m1 was added to the reaction vessel to give a clear slightly

yellow solution. ArpRdeRsas wasAPaghess e iiedrastion ¥easalplacR e hakice iR B8 take
_ P

Commercial 4-methox.yphenylmagnesium bromide (0 solution ba '[11F) 225m1 was

added to the reactSi MG ASRAREREG, S AP i $25FeFb ABTRYn AfRas JurirRihdasyem avhich
dropwise additionmefyvietuetdendo@ePakbling, tiathiectosrotivhiie: $ijlcuRdgicshRISN yitibivation

white precipitate fg{@ﬁgrans{ incgleasi mOL#]tS of 1420 was addﬁd. A furthttar amount af 1320

was added to the Teaction mix b& (e)(r)g' extracion cv(\)/m?%ﬁtelﬁﬁs/lgg eéar, )flpfﬁsgnéfagéln%nl%e)?g%l%eore

combined andwaprdWitHiniitew/ vrine e pat alatysimdsistiviis @Markksohentfentbved
on rottwap to giveglea-¥Riunoiich=aldiiadQyaEnight to give an off-white solid, The

crude product was used in the next step without purification. 20 WO
20061032086PCTIA152005/00{436 - 36 - Example 6: 3-(44lydroxyphettyl)444
nethoxyphenyl)-Zbinsibtiomrenitétdd for transdermal administration may be presented as discrete patches

adapted to remain in intimate contact with the epidermis of the recipient for a prolonged
10  period of time. Such patches suitably contain the active compound as an optionally
buffered aqueous solution of, for example, 0.1 M to 0.2 M concentration with respect to

the said active compound. See for example Brown, L., et al. (1998).

Formulations suitable for transdermal administration may also be delivered by

15 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.

20 Formulations suitable for inhalation may be delivered as a spray composition in the form
of a solution, suspension or emulsion. The inhalation spray composition may further
comprise a 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,

25
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 formulations

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

practices.



tBDIVISO. riraOH ()H Ottrie 5

7-(ten-Butyldinyaiylsbisngy) -3-(4-(tert-buty 1dirnethylsilylox.y)pheny1)-4-(4pc1/au2005/001436
methoxyphertypchrornanto! (42g) , pTsOH (435g), boiling chips and 2 51, of ethanol were

combined in a 2-neck 51, round bottom flask with condenser attached. The reaction was
heated at reflux for 3 hours. The solvent was concentrat€d in vanso to-100m1 before being
poured into chilled, stirred water (700m1). The mixture was then extracted with 10 ethyl

acetate, the comhined or anic Jayers Was ed with ater Zrtl% 1 X 500 .
over anhytrous R R P TR AP E 0% i U T ARG e Bt
brown oil, The oihmamb;ssdhchdglmmﬂmbmmmd iplddnmazenmm@hb, dsxldgwdrite
precipitate had fqrmed ayerugbt éﬂﬂﬁ%ﬁ}s Yéﬁaufﬂﬁ&ﬁe‘,)ﬁa i§§ %ﬁ&@%ﬁ%ﬁc&%@t élfilletFE%s

was concentrated in’vacua to give a brown oil. Example droxypha

pheny1)-ehromafkssis: G’G‘R‘fﬁb@%ﬁﬂ)&"@ﬁlw@@m&l@%ﬂt ?aqﬂagﬂt%éﬂ%%&ﬂﬁiﬁ}vw@Sh

hydrogenated at dpwtressuiel dpindiskyag@reeqanditions for 3 hours. The reaction was filtered
through Celite to remove the catalyst, rinsed through with ethanol (300m1). The filtrate was

concentrated to -50m1 before being poured into chilled, stirred water (1.4L). A pale orange

precipitate formethwhativéltemponmbor atarowceviicallyacniptabie dadvtheonsextdomobnsshdietegt.

ether, the combingg aqgg@e'&'qx&qﬁlwaﬁﬁ%ﬂtwmmsﬁ%%ur alm?é&asﬁ nhgﬁsﬂra’a/ef
vacu

anhydrous magnesitun sulphate and -filtered: The solvent was removed in a to give red/

brown oil. The prisdi9e: waEitemaistiairdbet sumplameniyhe desirgdiastinm pueh ghatilisiiessolid
which was rifsedivittinghil et sietbieiheleto Gixg i fankitgreiRial Thé. 3divERgak bM Bomprise

spectrum and | O numberlng scheme bein shown Eelov%(
two or moresoflavones or de vat1ves 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;

15 angiotensin converting enzyme (ACE) inhibitors such as captopril and enalapril, and p-
blockers such as propanolo], terbutalol, and labetalol. The compounds can also be
administered in combination with nonsteriodal antiinflammatories such as ibuprofen,
indomethacin, aspirin, fenoprofen, mefenamic acid, flufenamic acid and sulindac. The
compounds can also be administered with corticosteroids or an anti-emetic such as

20 zofran®.

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 (paclitaxel),
gemcitabine, doxorubicin, topotecan and/or camptothecin, especially cisplatin,

25 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 compounds 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-administered therewith. This seems to

30 be the case even though said anticancer drugs work through a variety of different
mechanisms, for example cisplatin is thought to work by interacting with nuclear DNA,

taxol is thought to work by blocking cells in the G2/M phase of the cell cycle and prevent



S In e above general methods, the sfructures may be optionally substituted or protected 15

with appropriatgGulsiissesgs, or synthous or derivatives thereof The comppgfdssoaobR3s
present as, for example, their salts, acetates, herayl or silyloxy derivatives as can be

determined by a skilled synthetic chemist. Hydroxy groups can be readily alkylated WO
2006/032686PCT/AU20051001,136 - 38 - (Mel/base), acylated (AczO/Py) or silylated
(CA-SiRilbase) and likewise deproteeteci by standard methods known in the art. Example

83-(4-11ydroxypheaylidnifis M ro Ry A SREARC @ éBbine is thought to work by incorporating
3-(4-hydroxyphenyl1 @4-tnetk}§)xyp|renyl chrarnan-7-ol (3.17g) was transferred to a roun

- d
bottom flask and tHEFHLR WO GEbAET-itEsy EvrdrEresieAB SRR Dovsh e
acid (13m1) was agdedasepetisatibitbetikaskyarehintimoDIEAtseplRieiieaid drinseflpi ot shd0C
for 7 hours. The rgaction mixture was,placed in an ice path.and adjusted to pH 6 using sodium
hydroxide solutior% ?Xé%%anw%;{.ﬁ?%}wn%x%fale%%gésgr)?ﬁ?g?ep n\!/hvll 1{Eér'fhyl acetate and the ethyl
acetate layer was firrther washed with water and brine prior to drying over magnesium

sulphate. The mixjue wasjilteredrRnehinGaoMaNhYaR L disyastiadeda yigldiaRrown

solid (2,89g), The solid was dissolved in minimal ethyl acetate and purified by column
chromatography ESTREXEE 1 MrornueRpenie sieh ety F RS . BRTTRIGPHUGIEEED) eltaint).
3-(4-hydroxypheny1)-4-(4-hydroxyphenyi)chrortian-7-ol was obtained in -80% purity and was
further purified byl preRarale e R SRS SHis R GBI L GRS i
11-1 mins, is shown In Fig. 9’6

10  especially important to the treatment of cancers such as melanoma, which are extremely

difficult to treat.

The co-administration may be simultaneous or sequential. Simultaneous administration
may be effected by the compounds being in the same unit dose, or in individual and

15  discrete unit doses administered at the same or similar time. Sequential administration
may be in any order as required and typically will require an ongoing physiological effect
of the first or initial active agent to be current when the second or later active agent is

administered, especially where a cumulative or synergistic effect is desired.
20 The invention also extends to a pack comprising the combination therapy.

Compounds for use in the preferred synthetic methods of the present invention may be
derived from any number of sources readily identifiable to a person skilled in the art. For
example, daidzein is readily available or can be synthesised by standard methods known in
25 the art. Suitable methods may be found in, for example, published international patent
applications WO 98/08503 and WO 00/49009, and references cited therein, which are

incorporated herein in their entirety by reference.

Compounds of the general formulae (II), (II) and (IV) described above are intermediates
30 in the production of the active isoflavan compounds of formula (). These intermediates

also represent further aspects of the present invention.



2.0. Materials and Methods 2.1. Tissue culture The human pancreatic cancer cell line, HPAC
(CRL-2119) waggastiingbegeultured in 1:1 mixture DMEM (Dulbeccois Modifieg/EagieMedism
Sigma) plus Ham's F12 (Sigma) 25 medium containing HEPES (15 infvf), insulin (0.002
ing/m1), transferrin (0.005 mg/m1), hydrocortisone, (40 rig/nil), epidermal growth factor (10
ng/m1l). The ovarian cancer cell lines; CP70 was obtaintdas 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 c%l*n‘\e’# as WOt 21())0 /03208 PCTrIsAUZOOS. %%fl{@? -39..e'€furchased from
ATCC and cultured i’ 8\@3%1’3% medium. eaberoéﬁ PESHRRPYAS RA L RSB BN EBI R Rfred
in Leibovitz's L-1thougtidoregietencladoasdate biisigndl M260usas pircised wiglangififranePetad

ersey (UniversityatieysasitRand AR uazohicinesaa ;A i Tbt befalFae

(QIMR). Both were culture DMEM medium, AT cultures were supp 10% Faées
(fetal calf serum ®8Y tothesanayalrdiémeticrodiaianimat b rversiorodhserserpewylshatine

(2m1vl) anlcli Sﬂ?ﬁtﬁﬁ@i@ﬂgﬁ@'ﬁi@hifﬂﬁﬁhﬂhm seﬁ@mdnamﬁl ; SE] maq&mgiﬂiﬁﬂﬂ@,taﬂasa%smgetar
5% CO2. All cell lines were purchased from ATCC (Maryland, USA) except where noted.

The notmal cel 1 NEEP B PSSR HETB LA R Shb e SpHrs
(Queensland Instindtdupttides)ivdidRespasehly RidbEabii kidnpyitedbsnaire obtained from Miller
Whalley (Macquarie University). Both cell lines were cultured in RPMI supplemented with 10%

PCS (CSL, Australia), penicillin (1001.11m1), streptomycin 15 (100mg/m1), L-gititgtt_airte
(2intivl) and sodilitHsbiéatesariatbat thegAompeithéu afr &tk apreFmtinadntiendifyd Aghvépsrddifa

5% CO?: 2.3oProfifesatian ﬁsga»(g;p&ﬁéaiy&itma WRiigdS B e ﬁ@ﬁ@??%ﬁ@!e@n@yt S MeRRRk,

seeded in 96-well plates at an 2 appr$riate cell density as determined from growth kinetics

analysis and cultBE¥eiBres MY tHealpEarduciing pritente BriHadedredthpoBRssiepp wide
proliferation was astepst geatie NS aclditpovife20sphotd-ddhdifvteindibielrl aadbheipberyls been
tetrazolium bromidg (MTT, 2.5inglini in PBS..Si for, 3-41fts at 37C. according to .

manufacturer's ir{gfﬁ‘f‘gﬁ&ﬁfﬁ%;&%‘b%‘,ra rgglc\f\tllent%gf%?crlna‘%é f(r’grﬁ%réerpnei- ca)%)rpf%)ftiérr;ck!)ilfa bt c?flgghtTr%I @
proliferation 25 aprefisies axisialgaiiast kiakdoswesn thleronixisflammatory stimuli and the subsequent

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

invention may provide one mechanism by which they exert anti-cancer and/or anti-
inflammatory activity. Alternatively, these compounds may be used as chemopreventative

agents.

20 The particular benefits of this invention lie in (a) the large range of signal transduction
processes targeted by the compounds, (b) the fact that regulation of these various processes
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 accompanied by an
independent effect on a range of important enzymes that are fundamental to metabolism

25 and steroidogenesis.

The isoflavan compounds of the present invention exhibit good in vitro toxicity profiles
against normal cells. The isoflavans have broad activity, markedly better than or at least
comparable with dehydroequol. The isoflavans are highly active against cancer cells

30 representative of leukaemia, glioma, prostate, ovarian, breast and lung cancer. The
isoflavan compounds show potent activity against melanoma and cholangiocarcinoma

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



DIM and 1-174e1C Pharmagokineties - Oral HMC and DHE were prepared as homogenous
suspensions inglJadedicodnuv, water), Both formulations were delivered ogglly i8R B840
female BALB/c mice at a dosage of 50 30 mg/kg. Three animals were allocated to each
timepoint (15 rnM, 30 min, llir, 4 hr and 24 hr). At each rgspective tirnepoint, animals were
euthana.sed by cervical dislocation and blood collected.: Eree HMC was analysed by mass
spectroscopy. WO 2006/032086PCTI4U200510014 - 40 - 2.4. H.MC Pbarinacoldnetics - iv.
and l.p. HNC was p pared as a solution in 20% hydroxyptopyl-beta-cyclodextrin (my, water),
The formulation was delivered either orally by gavage or by i,p, injection to female BALM mice
at a dosage of 50 mg/kg Three animals were allocated to each tirnepoint (15 mm, 30 min, ihr,

4 hr and 24 hr). ARgeaehdRSRERIHEAAZARITLERIERA TSI HIRANASHH PV ERAY GRermoid vulval
dislocation and blood, collected, Urine was also collected and analysed for ITMC, Free HMG

was analysed by ﬁ?fgggoggfeéf}&é%gurf@sgagl% R e SR8 P Ll I SISAE BaRSE AR
mice SubconttherbB0%aidtrskGoothERACyrdalisivgdeg tilpsinisedianashedniait spfmdmdanced
salt solution (Sig resuspended in ditbellco's minimal essential medi Sigma) and an
caial volume of RN A G DRt B o 1 S0 abes MMy chacth
nutrai BALB/c micemiznetism with shddesteanitho8iupeibp e ssell dnimardierinetamminge diong

the dorsal surfacgyelg! thentdMGrowd Haafleﬁa@agﬁ@m@&?&%wﬁéﬂm&ﬁ%wrm&m
q

commenced five days post inoculation to allow tumour formation, HMG, was formulated 20%
HPBCD and delivEidh felauiyingrorglidpsedise! comporytonn tedeivaringd s
(weight:weight) 4tslosaamiudanddiRBGRiJvensitsmeastreheiisonsinhetadiamiry bypost
inoculation (10 x10 nuns) and were measured in 2 dimensio length (a) and width (b

(i calipors, TUREP AN, G0 e e TRt e SR et il pighreatea
longer of the 2 meakmbsifdlngqOuviye stendird 18820 therepy [sgitiferatéorribadabe veefemean

analyzed with respechinseaxima) writpawmémg%@ﬁ%ﬁﬁéw&mzoﬁ%égﬁwéﬁﬁm@relays

kidney, femur, stomach and colon tissue were fixed in buffered formalin, embedde

paraffin, sections ¥Rt AR SEBOPBOSHS MAPLBETHHI RPN T dderrrRidhpradio-

Rothwell congultiggnfaisaisinpeipeiagyoanrlysifpSadsofmechemirny was conducted on bloods
taken from control, vehicle control and HMG treatment groups. Serum analysis was

conducted by Veterinary Clinical pathology (U. Syd). WO 200614)3208(3ITT/A

U2005/001436 -4Radio-sensitisation in vitro may be tested, for example, employing clonogenic assays using

y. Evidence of

human the human epidermoid vulva carcinoma A431 cell line to measure response to
radiation alone or in combination with test compounds. A drug dose causing 10% toxicity
20 to the 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% toxicity using the corresponding monotherapy
regimens.
25
The compounds of the invention are useful in the treatment, prevention or amelioration of
diseases associated with aberrant cell survival, aberrant cell proliferation, abnormal cellular
migration, abnormal angiogenesis, abnormal estrogen/androgen balance, dysfunctional or
abnormal steroid genesis, degeneration including degenerative changes within blood vessel

30 walls, inflammation, and immunological imbalance.

The invention is further illustrated by the following non-limiting Examples and



2,6 Three-D model analysis of synergy 3-D model analysis of the cytotoxic interaction
between drug Avandediiishgs enables the representation of predicted inhibitegyrefieshobdyyss
drugs in combination in 3 dimensions to reveal actual regions of synergy or antagonism. The
3D synergy plots are based on a theory of "Theretical Additivity" (TA) as outlined by Kanzawa
et al (int. J, Cancer 71, 31 1-3 19 (1997)), Theoretical Additivity wtis calculated from the
cytotoxicities of drag A and drug B as monotherapies using the following formula which
assumes the dru%&fﬁﬂ%ﬁ'ﬁfﬁm sive inhibitors: (fak (chl 2(fOA a)i3 10TN')- (fark(fOB
Wh.ere: (fa)A = fraction of cells affected by drug A (fa)s = fraction, of cells affected by drag B
15 The TA is calculated for each combination of drug concentrations and subtracted from the
observed experimegiadpgéiect for each combination to give a measurement of synergistic
action. A positive difference indicates that more cglls.are affected b {Re % ug combjnation.
than would be ex;l)gérté%ggf% ﬁlﬁggegr?/nl IRERNG T 3?16155({% v%}régg(‘i%rgll%ﬁls?fglr%% oeg% hregrv-l??leor?céﬁ&lg ifsed

synergism A rfegdtivdeliiffzoeqad,ididaitss tisad fos saepiemdNe afideiog IHArhHdeoEiuall))2B(4-
expected --- he”%&ﬂ&g?ﬁ{yﬁgb-ékﬂoﬁﬁ?ﬁllﬁ and Nl Gell RXig RehydrpaquetiiHt) was

less toxic to both NFF and rabbit kidney cells with 1050 values 25 above 150 Ir.NI when
compared to HMEYEEaRbeY itk e shemaadokigure 1), In a separate study,

HNC was found to be non-toxic to both NFF and. RK cells (see again Table 1). When
compared to cisplﬁgl,ga bﬁnchmark chemotherapeutic agent, the degree of toxicity exhibited
by fit1/24C and HITE YRS SWo 2006:032086PCT1AU2005/001436 - 42 - Table 1. Relative
toxicity of DHIR, HRA@mplle [C 4itiRisgittnydajdredt Neonatal foreskin fibroblasts (NEE) and

rabbit kidney cells. Al
HR O O] Acz0, Py AcO

1.2
OH

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

15 105-110 C for 1h. 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 (2.4 g, 90%).

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

AcO

Palladium-on-charcoal (5%, 0.02g) was added to a solution of 4',7-diacetoxydaidzein
25 (0.50g, 1.5 mmol) in ethyl acetate (80 ml) and the mixture was stirred at room temperature
under a hydrogen atmosphere for 72h. The catalyst was removed by filtration through

Celite and the resulting filtrate was evaporated in vacuo. The residue was recrystallised



Desk,tioti ennatal Foreskin Fibmhlasts>150 (Human, NM Rabbit Kidney>150 ogue (IC.50
13M) 86.121- #6ddhsAgtineoplastie 0050 r tissitel Typc PCT/AU2005/001436
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-34 -

from ethanol to yield 7-acetoxy-3-(4-acetoxyphenyl)chroman-4-one (0.40g, 80%) as

colourless plates.

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

AO Imidazole

e P

OAc OH

Imidazole (0.63g) was added to a suspension of 4',7-diacetoxydihydrodaidzein (0.26g, 0.08
mmol) in absolute ethanol (5.0 ml) and the mixture was refluxed for 45 min under argon.
The solution was concentrated under reduced 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 (0.14g,

71%) as a white powder.

Example 4: 7-(tert-Butyldimethlysilyloxy)-3-(4-(terz-butyldimethlysilyloxy)

phenyl)chroman-4-one
HO tBMSCI tBDMSO
—_—
Imidazole
OH OtBDMS

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

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



604 >150 Cis Win 9.85 :E. 5 Not iested. Fibtohlast .K due {, 3.2, in vitro efficacy

against cancengglsodiaessgompared to DHE IC50 values, 11MC demonstiied markesise
superior activity (510 fold greater) against the inulti-thug resistant, p53 nit ovarian cancer cell

line (SKOV-3), the AR negative, p53 Mt prostate cancer, g;ll line (PC), both ER positive (g53

wt) and negative (p53 m1l) breast cancer cell lines (MClé

and MBA-1\413468 respectively),

p53 Mt Glioma (HTB-138), p53 Mt pancreatic cancer (1-1PAC) and p53 Mt large cell lung

10

15

20

Example 5: 7-(fert-Butyldimethylsilyloxy)-3-(4-(tert-butyldimethylsilyloxy)phenyl)-4-
(4-methoxyphenyl)chroman-4-ol

MgBr

OMe  (BDMSO Q 0
on ()
OtBDMS D QIEDNS

MeO

7-(tert-Butyldimethylsilyloxy)-3-(4-(tert-butyldimethylsilyloxy)phenyl)-4-(4-
methoxypenyl)chroman-4-ol 25g was weighed in a 2-neck round bottom flask, and flushed
under nitrogen. Anhydrous THF 80ml 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-methoxyphenylmagnesium bromide (0.5M solution in THF) 225ml]
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 H,O was added. A further

amount of H,O was added to the reaction mix before extraction with diethyl ether.

The organic layers were combined and washed with water, brine, dried over anhydrous
MgS0, and solvent removed on rotovap to give clear yellow oil which solidified overnight
to givé an off-white solid. The crude product was used in the next step without

purification,



10 cancer (Table 2), liIMC exhibited anticancer activity comparable to that of DHE against all
other cell lines {ggtads(dade 1), Particular efficacy of HMO was noted agaipstinelangisse
cells. (Table 2.1 and Fig 2)i This represents a substantial advantage over the prior art. 15
HMC was differentially active against 2 separate colore tg\l cell lines, with mark.ed activity
observed against HT-29 cells and somewhat less activity against HC'-15. It is noted that
HT-29 and HCT-15 are COX-2 positive and deficient respectively. When examined
microscopically a?éj co red 1o igh yehi |G KOV-3 cells
exhibited morpho o’é?én m@t?a%@ﬁn@%@%mEcgzpléﬁg)éé}?gﬂ%wggt@cﬁsﬁ%i@%{
enlargement, granular appearance in cytosol and blebbling of plasma membrane). In contrast
SKOV-3 cells exposed tgaA8dA

vehicle only treated-cells, WCV
2. Iy2omparison of Dehydreetpol a

MeO

5  7-(tert-Butyldimethylsilyloxy)-3-(4-(tert-butyldimethylsilyloxy)phenyl)-4-(4-
methoxyphenyl)chroman-4-ol (42g) , pTsOH (435g), boiling chips and 2.5L of ethanol
were combined in a 2-neck 5L round bottom flask with condenser attached. The reaction
was heated at reflux for 3 hours. The solvent was concentrated in vacuo to ~100ml before
being poured into chilled, stirred water (700ml). The mixture was then extracted with

10 ethyl acetate, the combined organic layers washed with water (3 x 2L), brine (1 x 500ml),
dried over anhydrous magnesium sulphate and filtered and solvent removed in vacuo to
give red/ brown oil. The oil was dissolved in methanol (~100ml) and put in freezer

overnight.

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

The filtrate was concentrated in vacuo to give a brown oil.
Example 7: 3-(4-Hydroxyphenyl)-4-(4-methoxyphenyl)-chroman-7-ol

HO

20

3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)-2H-chromen-7-ol 25,5g (70mmoles), 10%
Pd/Al,03 3.95g and 200ml of ethanol were combined in a 2-neck 500ml round bottom



CRL211956.62 16,8iid. 1.16 L9.36 322 ,f: 0,08NTI. NT 1,7+ 0,68t.90NT ----, 8.75 1 7.2375

2,5NT 10.613,82e2k/853862.29 50.45 23.93,7* 1.4217135 24,4 1237 ...36833%63/043%
2.9083 * 0.7 A2058NT 5.73 2,3 IGR3NTO0.53 0.02NT 5 In further studies, the eytotoxicity of

various compounds descti bed herein against various cell lines was determined, Compound
14-ene is the 3-cue chrornene precursor to the correspdidingly reduced chroman, compound
14, It was observed that compounds 1,2 and 11 show the best efficacy against most all
cancer cell lines. Compound 14 shows slightly better efficacy in general compared to its

contesponding 14%¥8. & AR eB MpbYsers et Ablevorssss\irsppgandard conditions for 3
032086 P CT/Au2(ouiS0 Th3beaétiod alkefiictedantaupk aRljfiotntinby 2 tHe, chlaBsy dxbatirough with

chrom-3-ene co me%?a%@ij(}(%x%%‘? The filtrate was concentrated to ~50ml before being poured into chilled,
stirred water (1.4L). A pale orange precipitate formed which then formed a brown oil.

5  The mixture was then extracted with diethyl ether, the combined organic layers washed
with water (3 x 1L), brine (1 x 500ml), 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 (~100ml), to give brown solid which was rinsed with
chilled diethyl ether to give off-white crystals 11.3g. The 1H NMR spectrum and

10 numbering scheme being shown below.

HO._; s -O
3]
OH
g
OMe
H O ppm | 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 4.20 Dd 5.12 1

Cs 6.71 D 8.05 1

Cé6 6.36 Dd 2,56, 842 1

C8 6.41 D 2.20 1

Cc9 3.71 S - 3
c2’,Cé’ 6.61 D - 2 Doublets overlapping for C2',C3',C2" C3"
C3’,C5’ 6.61 D - 2 Total integration is 8
C2», C6” 6.61 D - 2
C3”, C5” 6.61 D - 2

In the above general methods, the structures may be optionally substituted or protected
15  with appropriate substituents, or synthons or derivatives thereof. The compounds may be
present as, for example, their salts, acetates, benzyl or silyloxy derivatives as can be

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



oyttatleity against cell lines representative of different malignancies. Cell lineCorn end IC 12
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oral When compared with the pharrnacokinetic profile of orally dosed DHE, HMC administered
vifa thtls r?z;me route and dosage (30 mg/kg), HMC exhibited a Cinax of 141 !.LM (achieved
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of the molecule obigedastinféti®ésjnafteriBthedr) (Table 3 and Figure 3). This is less than half
'Egesmaximufr? concentration of free dehydroequol achieved using the same dosage regimen

.3 plV1 after 15 min) (Figure 3). The ratio of free:tota| is greMer for HIYIC When compared
to DHE (0,92 vs Cﬁéﬂ‘?@iﬁ)@tﬁ\f@ ,‘?,%’f?é?‘#ﬁ%h"a‘ﬂz?‘fﬁKﬂ’&ﬁi&FﬂY&ﬁﬁ?ﬁ?e‘ﬁ%‘é'\ny]d Humgn
patients were ®rally dosed with 200 mg of either HMC or HEIC, For each challenged patient,
blood was taken over a 6 houf,geriod and the results averaged to yy/O
2006/032086PCI/AU2003/001436]- 45 - characterise the plasma phar
results give an oral half life of 3.99-\gUrs ‘
3,2. Comparison of plasma half life conc

bldnétics. The initial
l A4S, and 3,26 hours for HHE abte 3R,
achieved in humans dosed wit
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3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol (3.17g) was transferred to a round
bottom flask and the flask was purged with nitrogen. 33 wt.% Hydrogen bromide in acetic
10  acid (13ml) 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 mixture 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
15 yield a brown solid (2.89g). The solid was dissolved in minimal ethyl acetate and purified
by column chromatography (Silica 60H, 200-400mesh using ethyl acetate:chloroform
(40:60) eluant). 3-(4-hydroxyphenyl)-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.
20
2.0. Materials and Methods
2.1, Tissue culture
The human pancreatic cancer cell line, HPAC (CRL-2119) was routinely cultured in 1:1
mixture DMEM (Dulbecco's Modified Eagle Medium Sigma) plus Ham’s F12 (Sigma)
25 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 culturedina 1:1
mixture DMEM plus Ham’s F12 medium, and SKOV-3 (ovarian cancer cell line) was



200 mg of either HMC or HHC 1113.29 C (115132.173.99 HHC3.16 3.4, HMC
Pharmacokirietes 2doyosass)..p- When formulated in HPBCD and deliveredpigdya@stigm@lsbhigh
levels of HMC were 10 observed in the blood equating to 1 mM of drug, 15 tnin post
administration (Figure 4). Elimination kinetics of iv. delivgred HMC were bipbasic with HMC
being rapidly excreted from blood at a rate of -1000 uMihr in the first hr post administration.
Assuming linear excretion, this rate slowed to 0.97 uhi/hr in hours 14 hr post administration,

When the same f E&%Wﬁ‘%%é@ UG GHRG e B l\ﬁ@@S%'fQ%@Bﬁﬂn'O@H@%?eW&ﬂ@é}Scell line

observed 15 in plasma (1.31 p, administration vs 1069 WV by i.v. admlnlstratlon) udo to

1 hour post admlr%ﬂénW( éﬂ)l@ﬁ%&ﬁ&?‘mﬁétk’sl %WFﬁuﬁﬂrﬁPﬁéﬂﬂWﬁd\ﬂé
much slower duringn§tystagetoss 6Lz Bov{ hv@téhpréraey‘ngdﬁlwwmawmﬂepmmmssme 4,5

fold higher at 1 hr post adminis t|o ‘él Converse QW
post administratio#,’tgll r?gt‘i‘cﬁﬁ %&&ﬁé@%ﬁ‘%@@% rr¥|}})1i|§ Fgﬁgﬁ]u\fv e%% compare
to iv, (4.6 1.1191Thr by i.p. vs O. 97 titvilltt by iv.), These data confirm that HMC is highly

bioavailable in its ¥, fiales WORS, m&a@mﬁw b¥% PEURFEANGE dhi @mcnqwm Yeicillin
PK data, these data also suggestt HMC Is susceptible to ragld removal

detoxificatio.n enz@ﬁ%ﬂ%rﬁ@ﬁ@ﬂ@&ﬂ@ﬂ@@@&ﬁmﬁe B%%F\?QH‘% I?JFFHEOG@E?((I) 3

1 and 41ir where galleatRch(F3tyi3 P8 #Mhansif3kd¥bhed of 5% CO,. All cell lines were
0061032086PC1/A1120051001436 - 46 - Table 4 Comparisqn of the pllam|3|cok|net|c profile

of WC in serum &isshayeddeps o A ihepdanh B M@‘?B%‘ﬁ &d9%%0% hydroxypropyl beta

eyclodextrin apa dose of 50 mg/kg. Inset shows HMC concentrations in serum. 5 3.5. Pilot in

e StUdélr (?I Ifig\(;:)rc? geral%lon of%rﬁl%gl Hredh IH%IO%Sr??qu %X’a %O}IQBP%(&QPMSOHS

significantly retarde umours over t eatm nt period when

compared to vehi¢@ueenstrol(Higimts)f WerdicatiReserseln tdikninahhiirdneyhesdls wers gbtainedsiom
significant reductigg g Hfyghiid (ymaﬁuaﬂewﬂﬁy&y) 6B) s ARt (igdaaFREmportantly,

no signs of toxicity were note
supplemented with 10% FCS (CSL, Australia), penicillin (100U/ml), streptomycin
15 (100mg/ml), L-glutamine (2mM) and sodium bicarbonate (1.2 g/L), and cultured at 37°C

in a humidified atmosphere of 5% COs.

2.2. Proliferation assays

IC50 values were determined for each cell line. Cells were seeded in 96-well plates at an’
20 appropriate cell density as determined from growth kinetics analysis and cultured for 5

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

after the addition of 20 ul of 3-4,5 dimethylthiazol-2,5-diphenyl tetrazolium bromide

(MTT, 2.5mg/ml in PBS, Sigma) for 3-4hrs at 37°C according to manufacturer’s

instructions. IC50 values were calculated from semi-log plots of % of control proliferation

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

2.3. DHE and HMC Pharmacokinetics - Oral
HMC and DHE were prepared as homogenous suspensions in 1% CMC (m:v, water). Both
formulations were delivered orally by gavage to female BALB/c mice at a dosage of 50

30 mg/kg. Three animals were allocated to each timepoint (15 min, 30 min, 1hr, 4 hr and 24
hr). At each respective timepoint, animals were euthanased by cervical dislocation and

blood collected. Free HMC was analysed by mass spectroscopy.



10 animals dosed with IIMC at 100 mg/kg daily for 15 days as determined by weight loss.

Indeed animalsxicegiggyids HMG appeared to thrive when compared to copdrok (RigsiR14}¢
Organs (liver, kidney, spleen, femur, stomach and colon) were collected and submitted for

histopathological assessment by R.othavell consulting. fbljmited serum biochemistry analysis
was also conducted. These data confirm that HMG demonstrates antittimorigenic 15 activity
against HPAC tumours in vivo. 3,5,1. Histpathologieal exanaination of IIMC treated grasps
Histopathological examination of haetnatoxylin and eosin-stained sections cut from
formalin-fixed tissues from two series of experimental mice was made, The liver, kidney, 20
stomach and colchdvEM e Bhmimasabinstigtenie arddllc damage, the spleen and bone

marrow for eVideW@WW&'&%&P&QE%J&&%@&D@%&WMMW@BMM& @nscavaral.
0-5 was allocated to eachuiumour spe imegtgoyhe (1 E)ee of necrobsisl reseqt a0
e i

cor
representing, no NEErHSRE ﬂﬁ’%‘gﬁ%?gﬁg%e, RAPh¥a osre. BN aRE &L ion V\}neecsl:%%}%ge ‘Bﬁ]r?d' on
two separate SccBAGBamtbdhe fidmhgeofs¢imerkin Thesesitialisitre alecatedfttrach tmsmint (15

scores. WO 2006/ 032@8@ EEA%%§%%§3ﬁt'eﬁ%h'rJ@Q&%@:t%i&?é}ﬁm&gW@réeﬁtﬂxmased

. 1 A o
Overview of resuIP% g’ 0 evidence o oXIcity ‘Oor myelosuppression was detected in sections

cut from the tissuby efriiralatistpentiatcendriteodisalivstadr, Hrian was alinpelissted andasatvsrd fere -

patchy mild/modeyaigly praam®ehiRigNlnmaion shanassopifecting the serosa and
attached mesentery, as well as reactive changes of the inesothelial cells, in some of the

tissues examined. These changes are consistent with the intra-peritoneal injection of a mildly
10 irritant materiad. Siafinaviveeffiosty shidyroHPAIS henveas bexrikeganied in control

specimens 1/8 ang [ biONRYS tﬁfere % dRaRle %ﬂﬁﬂé&%&%ﬂﬂ%ﬁ%ﬂ%&a salt
from the drug-trea ‘é%ﬁ?n“%‘ée“%vg é/&gr)L S léseorﬁlﬁnﬁéggﬁeﬁm%sgtry IMC treated mice in

comparison to contlotigiRigmas ishespndad sedubeboo’s minkngheisratisd pdivm
(Cre) were assesa&ﬂ“&yﬁ@&;%%am&ﬁg@mjg&%) AlFuanshideIgveinerr sémiar to

control and fell within normal ranges (for rat) however, ALT levels in vehicle caontrol and lilvIC

treated 20 groupsAlaraimuRuBAdBaniptFERtRcRPedRESMEDSIS < \WAIPAC cells bi-laterally
2006/ 032086BCTHU@Q}Q§/<QM§§MSM surface. For the HMC (n=3 per dosage regimen) and control

groups (n=2), treatment commenced five days post inoculation to allow tumour formation.
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 measurements
commenced on day 5 post inoculation (10 x10 mm?) and were measured in 2 dimensions,

20 length (a) and width (b), using calipers. Tumor weight (W) was calculated by the formula
W=ab2 /2, where a, is the longer of the 2 measurements (Odwyer et al., 1994). Tumour
proliferation curves were analyzed with respect to maximal tumour inhibition
(treated/control, T/C). On sactifice, liver, kidney, femur, stomach and colon tissue were
fixed in buffered formalin, embedded in paraffin, sections cut and stained with H&E.

25  Stained sections were then submitted to Rothwell consulting for histopathology analysis.
Serum biochemistry was conducted on bloods taken from control, vehicle control and

HMC treatment groups. Serum analysis was conducted by Veterinary Clinical pathology
(U. Syd).



- 48 - Table 6, Serum biochemistry of HIMC treated mice in comparison to control 10 16.
HIVIC inducedvggopégsisdss melanoma cells and normal fibroblasts 3.6,1, Melprosaes biYiGs
induced apoptosis in all TRAIL-sensitive and -resistant melanoma cells at concentrations
down to 2(tivi (-740% apoptosis) over 24 and 48 hrs of gxposure (Table 7 15 and Figure 8A).
At the clinically significant drug concentration of 4 itlyl, the incidence of apoptotic cells after
24 hr exposure to HMO rose to 25% and 39% in TRAIL sensitive (MEL-RM) and TRAIL

negative (IGR3) cel lines.LpSneatvehissaE sy gy Figure 8A). The incidence of HMO
induced apeptoaz.ﬁt 4 @Ltvl fter 24 hr exposure in the other cell lines was -9%. In

comparison, the iIncoBREE ARSAE T BRI ISHRUARbs s TBAAAISHE Braabifs dier

24 fir exposure wapstitatiovef gBdictad thisldamesffociceftivativngs icsoritidtisiv iy Jthignensions
incidence of apoRptosis.r 21-A2% jn all cell lines examined ( ble7and§|):i ure 813).
DHE was the o cer e Feie A b ALy o A B B O A R M on s

a concentration ofteprxpihtherecs Midinds’(14%) sxrrrtinad by Kesosyeds fhdet (X 4bstecor dad
Figure 813). 25 \WQ_2096/033086nBGEHAK RMARHAL 430 cal darchaRie fheXyR0BR0HRE APARIDR

s incidence in DBE and HMC treated, mehmoma cells over 24 and 48 hr. ~ Trall-resistuat
Trait and d1_'ug B as monotherapies using the following formula which assumes the drugs are

mutually exclusive inhibitors:
(DA + (f)s - 2(f)a(fo)s
1 - (f)alf)s

Where: (fy)a = fraction of cells affected by drug A
(fa)s = fraction of cells affected by drug B

10 TA(]) =

15 The TA is calculated for each combination of drug concentrations and subtracted from the
observed experimental effect for each combination to give a measurement of synergistic
action. A positive difference indicates that more cells are affected by the drug combination
than would be expected in theory if the two drugs were administered together — hence
synergism. A negative difference indicates that less cells were affected than theoretically

20 expected — hence antagonism.

3.0. Results

3.1. Normal cell toxicity

Dehydroequol (DHE) was less toxic to both NFF and rabbit kidney cells with IC50 values
25 above 150 pM when compared to HMC (86 and 61 pM respectively) (Table 1 and Figure

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

again Table 1). When compared to cisplatin, a benchmark chemotherapeutic agent, the

degree of toxicity exhibited by HMC and HHC is mild.
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Table 1. Relative toxicity of DHE, HMC, HHC and cisplatin against Neonatal foreskin
fibroblasts (NFF) and rabbit kidney cells.

Tis;uefcell Designation Analogue (ICS0 ul) Algl(?‘;g l::]?;)“c
ype DHE HMC HHC Cisplatin
Neonatal Foreskin
Fibroblast Fibroblasts >150 86.12£ 7.6 60.8 9085+5
(Human, NFF)
Kidney .| Rabbit Kidney >150 61+4.3 >150 Not tested

3.2. In vitro efficacy against cancer cells
When compared to DHE IC50 values, HMC demonstrated markedly superior activity (~5-
10 fold greater) against the multi-drug resistant, p53 mt ovarian cancer cell line (SKOV-3),
" the AR negative, p53 Mt prostate cancer cell line (PC3), both ER positive (p53 wt) and
negative (p53 mt) breast cancer cell lines (MCF-7 and MDA-MB-468 respectively), 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 against
all 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.

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 deficient respectively. When examined
microscopically and compared to cells treated with vehicle only, HMC treated SKOV-3
cells exhibited morphological changes consistent with cells undergoing apoptosis (cell
enlargement, granular appearance in cytosol and blebBling of plasma membrane). In
contrast SKOV-3 cells exposed to 100 uM Dehydroequol after 18 hr retained a relatively

normal morphology, comparable with that of vehicle only treated cells.
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Table 2.1. Comparison of Dehydroequol and HMC cytoxicity against cell lines

representative of different malignancies.

Antineoplastic
Indication Designation Qnalogne (CSOImNE) (ACs50 ll)xM)
DHE HMC Cisplatin
A2780 1.7+ 0.61 1.58 % 0.59 2.10
Ovarian CP70 1.69 % 0.62 1.21 £ 0.29 10.30
SKOV-3 21.83 +4.65 2.26 5.40
. PC3 9.09 +8.12 29+092 | 2.11
Prostate LNCaP 48+3.8 4.52 >10
DU145 595%+1.5 3.78 2.07
Breast MCF-7 21.5£13.2 7.15+7 3.69
MDA-MB-468 7.9+3.5 1.1£0.35 0.58
Glioma HTB-138 7.35+0.89 1.9+ 0.27 42.30
Pancreatic CRL-2119 56.62 = 16.8 14.1+1.16 9.36
Leukemic RPMI-8226 3.72+0.08 NT NT
CCRF-CEM 1.7+ 0.68 1.90 NT
Lung NCI-H23 8.75£7.2 3.75+2.5 NT
NCI-H460 10.6+ 3.8 2.23%0.15 22.29
Colorectal HT-29 50.45+21.9 3714 22.7+35
HCT-15 244 +12.57 37.8+33 129.9 + 39
MM200 2.90 0.7+ .03 8.3x0.7
Melanoma A2058 NT 1.2 £+ 0.65 573+2.3
IGR-3 NT 0.53 £0.02 NT

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

cell lines was determined. 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 corresponding 14-ene and to compound 6

(Table 2.2).




L51 957 1525 4359 401.35 3.&2 e Normal fibroblasts Studies were conducted on
no_rmal fibroblasts A0RG) and TRAIL-sensitive melanoma cells (ME4405patigh WigdsAtdYise
using 8u..1M of either DHE orlINIC over 24 and 48 hr of exposure (Figure 9). These data
demonstrate that IIMC, and to a lesser extent DUE, 44

Table 2.2. Chroman compounds 1, 2, 6, 11 and 14 and chrom-3-ene compound 14-ene

cytoxicity against cell lines representative of different malignancies.

Indication Cell line Compound (IC50 uM) _

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 25+1 [42+0.02] 11657 |0.88+0.4] 46.2+ 7 |32.5%2.1
Breast MDA-MB-468| 2.8 + 4.2 1.9 28.7+£3.6] 1+0.1 NT 56.6
Glioma HTB-138 |1.9+03 377 >100 [0.52+£0.1] 82+10 |53.5+14
Pancreatic | . HPAC 28+09244x12] >100 |31.6+27|81.5+59]| 79+ 56
Leukaemia | CCRF-CEM | 2 %+ 0.97 4.02 192+£81.610.6:0.01] >100 }|73+51.6
NSC Lung | NCI-H460 | 2.8+2 |54+2.1 NT 05+0.1] >100 65
Colorectal HT-29 54+£1.8 59.4 >100 2.5+1 |97.5+30] 45+£4.7
Melanoma MM200 [1.07+0.5| 7.34 >100 |0.6+03|58%£2.7|93+£29

5 3.3.1. HMC Pharmacokinetics - oral

When compared with the pharmacokinetic profile of orally dosed DHE, HMC

administered via the same route and dosage (50 mg/kg), HMC exhibited a Cmax of
141pM (achieved after 1 hr) compared to 511 pM for DHE (achieved after 15 min) (Table
3 and Figure 3). Like DHE, HMC is also subject to conjugation with low plasma

10

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

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

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

free:total is greater for HMC when compared to DHE (0.92 vs 0.64 respectively).

15

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

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

Time

HMC (uM)

DHE (uM)

Total

Free

Total

Free

0.25

72+4.4

0.38+0.04

511.5+£99

3.3+0.13

0.5

122+ 18.4

1.3+0.2

357+£82

2.9+ 0.05

1

141+ 45.8

0.95 0.4

387+22.8

1.5+0.11

33.9+12.7

0.19 +£0.08

117.6 £ 42

1.3+ 0.07

24

0

0

0.13£0.1

0.15£0.04

3.3.2. HMC and HHC Pharmacokinetics - oral
Human patients were orally dosed with 200 mg of either HMC or HHC. For each

20

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




10 induced marked levels of apoptcisis in both mehmerna cell lines over 24 and 48hr,
importantly, wiile premeigg programmed cell death in malignant cello, nowoal fikeblagise
were showm to both1-1MC and DIM induced apoptosis at 8 tM drug over 24 and 48 hr of
exposure. These data confirm that HrviC is selectively 2 totoxic to cancer cells. 15 The
isoflavari compounds of the invention exhibit a superior efficacy profile against all cancers
tested when compared to DIIE. While HMC is marginally more toxic than DUE in NTT and RK.
cells, HMC is markedly loos tg)é&%%g%'ﬂbk%?ﬁ%@mnmgc PRINGHEE o5l dREURS /A IRBlife of 3.99

bioavailable When comparedt e ratio of free:total is greater. HPBCD-formulated
HINIC was markbaiystfiodiMiaand hatshres forAehedefvered. i.v 20 and i.p. Significant
serum concentrations office I-INIC post delivery i.p. were some 18 fold above that of orally
delivered 1-IMC. it has been demanstr e%tha IMC, formulated in WO .. 4 with
20061032085 C 1D LSBT DBEDE HEAEES TR ENVERSa oy oG i bpmans doged wi

elivered 1,p., exerts a moderate
antitumorigenjc activity against HPAC tumaoésrip sfedahetMBIG/heHdElivered at 100 rag/kg to

mice is not toxic to major ofgans-as-tetern i.tpd by-hist pa;i',uuiu H ’Weveﬁ’/ziﬂm)a" g
drag-treated mice there wefepate ) ever%’éi‘.7.un|ix] im’iaugr torythanges
affecting the serosa and atElae.h S»;Eﬁ‘jm yira§ ﬁ/e}i s Teagiye ﬁi ||g§b§.&gne mepothelial

Ba

cells which are consistent Wth-tHetrtra-pefitoneatinjectton-otamitdtyirritartmmaterial. HMC
induced moderate-strong levels of amitosis in TRAIL-resistant and TRAIL- sensitive
melanoma cells after both 24 and 48 bra of exposure. Normal fibroblast cells 10 were

resistant to aIOOpg?g»i%rﬁ%n@%ﬁq@gﬂg{ﬁg% mild-moderate levels of apoptosis in

TRAIL-resistant and L-sensitive melanoma cells after 48 Firs of exposure.

al
fibroblast cells waVaeeSiswreirs pHBRGR antefelis e divpoStrem e Uittt %nd
DUB to indugg ap@piRsis e sRAE-HeARES callv srdanst hafiepospainlitssdtid (Figare 4).

programmed cell death pathway. is not essential f C and DUE 1 late is,
3e7 In vitro HMC@&}H@@RQH jeseghiicetured ‘é’ﬁrf%%ﬁ e &%ﬂrﬁﬁgg ae?f)r?,?gﬁ(g?gxell
and gemcitahine egartpidibectivddpoteatroériiofo xdidtisink2dishn porvadesnibrietoN SWHRINE
cisplatin against fuc MMZORMEIRA RSl o SMR AR BN ANAR ARARID O en

either in combination over 5 ddys exposure or in sequence (111v1Ccisplatin) against the

Mly1200 melanorha sehiifemhloiien shredmibisiesddrorsyperihic kdarityudnG Ferige s
IC50 as a myasupg ghswnqiay (NPUpfviGrinieibv vy eossaesyiT adlaiEbiRbanaeis bour
the data reveals that only additive o ) . o
post administration (Fig 4). Elimination kinetics by i.p. administration however, was much
slower during this period (112 pM/hr) thus resulting in a serum concentration some 4.5
fold higher at 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
20 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. or i.p. routes. In
conjunction with oral PK data, these data also suggest that HMC is susceptible to rapid
removal by GI detoxification enzymes. Large concentrations of free HMC were observed
in urine over 0.5, 1 and 4hr where collected (3.3 mM, 3.9 mM and 0.093 mM).

2>



25 toxicity was apparent using the 5-day combination protocol (Fig, 11). Evidence of synergy
using the HMGgxaispi@tinneenbination was further assessed using the HMGp)gigRiaias/oo1436
sequence (24hr exposure to each compound in sequence) against the melanoma cell line
1viM200. Using change In IC50 to assess for synergy_ijyvas noted that HMC at
concentrations of 2 OA markedly chemosensitised the 1s41\1200 cells to cisplatin by >1000 30
fold (Table 8), fliviC induced themosensitisation of MM200 cells to cisplatin was confiuned

Uﬁing 3D analysis of B dﬁ@&ﬁ&;ﬁ&&fﬁbﬁ%ﬁﬁ&l@ﬁéﬁ%f&ﬁ%ﬁ&ﬂg@/ﬁ $SBRIGHS i.v and ip
chernosensitise cancer. cells, in e anom cisplatin. )
2006 1032056PCI7£T§5§3§%3%§1§§§"?$§6% ‘é‘@ﬁiﬁ%ﬁ?é°£¥%@%‘§%??ﬁ“§?ﬁ gt@gylose of 50
between IIMC and the cisplatin ageigiégihdnivée sivMsrHdMAhameoedkiine irsenage 1C50 data for
each agent when assessed as p’rum ' “ own 17.2 HMC
combination with gemeitableie pdEims{line uci-RW meta petts: VIC synetgy with
gerricitabine was assessed eitHeriryggmbi IdLi(fbl6§-\7§l 5 'ayalg:ﬁwbun: or in sequence
(141ylCgetricitabin.e) against {he jghyRM [melqpgpgga cqiiing, gvas-10 difficult to assess for
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are shown,

Indeed animals treated with HMC appeared to thrive when compared to control (Figure .
Organs (liver, kidney, spleen, femur, stomach and colon) were collected and submitted for
histopathological assessment by Rothwell consulting, A limited serum biochemistry

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

15 activity against HPAC tumours in vivo.

3.5.1. Histpathological examination of HMC treated groups

Histopathological examination of haematoxylin and eosin-stained sections cut from
formalin-fixed tissues from two series of experimental mice was made. The liver, kidney,

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

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 ﬁ_nal score given in the results is the mean of these two

25 scores.
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Table 5. HMC Toxicology

Sample Description Necrosis Score 0-5
4/04 & 1/8 Vehicle control 0.5
4/04 & 2/8 2
4/04 & 4/8 HMC 2
4/04 & 5/8 2
4/04 & 111 No treatment control 0.5

3.5.1.1. Overview of results

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 reactive changes of the mesothelial cells, in some of the tissues
examined. These changes are consistent with the intra-peritoneal injection of a mildly

irritant material.

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

mice.

3.5.1.2. Serum biochemistry of HMC treated mice in comparison to control
Alakalines phosphatase (ALP), alanine transferase (ALT) and creatine (Cre) were assessed
in HMC treated vs control animals. ALP and Cre levels were similar to control and fell
within normal ranges (for rat) however, ALT levels in vehicle control and HMC treated

groups were much lower than no treatment control levels.
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Table 6. Serum biochemistry of HMC treated mice in comparison to control

Clinilcal inarker (mice)

Sample Group ALP ALT Cre Urea

UiL Uil uivi mivi

Coniroi 111 118 713 7 6.92
Vechicie Controi 118 1562 441 26 0.81
HMC treated 2 (& Ff‘:’f 17 L
(100 mglkg) L i L 5 LA

o/t 100 494 8 (.79
Wormai ranges) - - T 86-246 - | B4-143 15-6 53-8

* for rat
ALP: Alakaline phosphatase
ALT: Alanine aminotransferase
Cre: Creatinine

3.6. HMC induced apoptosis in melanoma cells and normal fibroblasts

3.6.1. Melanoma
HMC induced apoptosis in all TRAIL-sensitive and —resistant melanoma cells at

concentrations down to 2uM (~7-10% apoptosis) over 24 and 48 hrs of exposure (Table 7
and Figure 8A). At the clinically significant drug concentration of 4 uM, 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 Figure 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
concentratoin of 4 uM after 24 hr exposure was 0-1%. Over 48 hr at the same
concentration of HMC (4uM), the incidence of apoptosis rose to 21-42 % in all cell lines
examined (Table 7 and Figure 8B). DHE was the only other agent to induce moderate
levels of apoptosis after 48 hr exposure at a concentration of 4uM, but only in ME4405
(14%) and Mel-AT (15%) cell lines (Table 7 and Figure 8B).
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3.6.2. Normal fibroblasts
Studies were conducted on normal fibroblasts (MRC-5) and TRAIL-sensitive melanoma
cells (ME4405 and MEL-RM) using 8uM of either DHE or HMC over 24 and 48 hr of
exposure (Figure 9). These data demonstrate that HMC, and to a lesser extent DHE,

10 induced marked levels of apoptosis in both melanoma cell lines over 24 and 48hr.
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 cytotoxic to cancer cells.

15 The isoflavan compounds of the invention exhibit a superior efficacy profile against all
cancers tested when compared 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

20 and i.p. Significant serum concentrations of free HMC post delivery i.p. were some 18 fold
above that of orally delivered HMC. 1t has been demonstrated that HMC, formulated in
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3.7 In vitro HMC synergistic toxicity in cancer cells when combined with cisplatin,

paclitaxel and gemcitabine, camptothecin, topotecan and doxorubicin

20 3.7.1. HMC combination with cisplatin against the MM200 melanoma cell line.
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 synergisitic toxicity using a change in IC50 as a measure of synergy due to HMC
toxicity as monotherapy (Table 8). 3D analysis of the data reveals that only additive

25  toxicity was apparent using the 5-day combination protocol (Fig. 11). Evidence of synergy
using the HMC-cisplatin combination was further assessed using the HMC— cisplatin
sequence (24hr exposure to each compound in sequence) against the melanoma cell line
MM?200. Using change in ICS50 to assess for synergy it was noted that HMC at
concentrations of 2 pM markedly chemosensitised the MM200 cells to cisplatin by >1000

30 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.
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HMC synetgy 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

10  difficult to assess for synergisitic toxicity using a change in IC50 as a measure of synergy
due to HMC toxicity as monotherapy (Table 9). 3D analysis of the data reveals that 5-day
combination protocol did not elicit synergisitic toxicity against the Mel-RM cell line.
Evidence of synergy using the HMC-gemcitabine combination was further assessed using
the HMC— gemcitabine sequence (24hr exposure to each compound in sequence) against

15 the melanoma cell line Mel-RM. Using change in IC50 to assess for synergy it was noted
that HMC at concentrations of 2 and 1uM 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 chemosesnsitise cancer cells to gemcitabine.

20



3,9 Assessment of IffiC as a chemosensitiser HHC was screened as chemosensitiser against
a panel cell linaggepresensative of a range cancer indications using a panepof AYisi06:36
commonly used in the treatment of cancer. It 5 has emerged that BBC has an ability to
strongly chemosensitise cancer cell lines from different gathologies to geracitabine (ovarian,
prostate, breast and pancreatic cancers, and &lonia) (Table 14). Strong synergy has been
noted using TIFIC:cisplatin against ovarian and prostate cancer, mild synergy against

colorectal cancer Ceiioes @RdpayRixswWasRat GRSRAYSHTRPERCHRITCGaNeRIcARGHHINMRst the

Moderate synergy h d usm e 10 1-11- cllta el combination against hreast
and colorectal cance Eﬁm L%{ﬂ nm%sAl‘—fa o?g ﬁﬂ/e&‘éﬁaﬁ@hﬁ Pjiassesschasia

[ITIC:paclitatiel combmatlon has been nmmlmg@mst mmmbumanneressfhd\ghorna cell lines and

there was no evidenge-of Synergy goullbt prostate ancreatic ercelHines Batathas
I 0 M

revealed that 1111Clis aﬁ? destr qt:“e-ft-ﬁcj'.“ WS (‘Il?é angmee Re-t6

eispiatin, carboplatin a ecarbaxlﬁmﬂ:bn(ﬂédble 7 ﬁlfe 14, A3¢dssmen AS

chernosensitiser usifg= tof-¢anc \Ic.. fihes an

Ovarian Prostate Bregst fAgReT e SHgng P ;}Tﬁﬁ?@‘gf%n_') PT3 MDA ?%ﬁ\/@g‘
138 HMC 2uM | 1.00E-06 | ?HMC effect . 1.00E-06 | >1000
Gemcitabine | 3.88E-03 -- 4.67E-03 -- --
HMC 0.51 - 27.79 - =
HMC 1 wM 1,00E-06 | ?HMC effect - 1.00E-06 >1000
HMC 2 uM 1.00E-06 | ?HMC effect - 3.89E-05 >100

5 3.7.3. HMC combination with paclitaxel against the 4405 melanoma cell line.

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 synergisitic toxicity using a change in IC50 as a measure of synergy due to HMC
toxicity as monotherapy (Table 10). A 30 fold reduction in IC50 was noted in the

10  combination experiment when compared to the paclitaxel monotherapy. However, 3D
analysis of the data revealed that the 5-day combination protocol did not elicit synergisitic
toxicity against the 4405 cell line. Evidence of synergy using the HMC-paclitaxel
combination was further assessed using the HMC— paclitaxel sequence (24hr exposure to
each compound in sequence) against the melanoma cell line 4405. Using change in IC50

15  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 chemosesnsitise cancer cells to
pacltaxel.

20
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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 uM)
DRUG . Change HMC Change
Combined Factor 24 i first Factor
"HMC 1 uM 0.006 1.00 - - 0.03 -4.44
HMC2uM | 1.00E-06 5964.400 -- 0.01 -1.035
Paclitaxel 1.25E-07 -- 5.84E-04 - --
HMC 1.26 -- 55.50 -- -
HMC 1uM | 4.12E-09 30.36 - 5.31E-05 11.00
HMC2uM | 3.91E-10 HMC effect - 5.48E-09 | 106633.75

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

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 synergisitic toxicity using a change in 1C50 as a measure of synergy due fo
HMC toxicity as monotherapy (Table 8). 3D analysis of the data confirmed that the 5-day
combination protocol did not elicit synergisitic toxicity 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 pM 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
chemosesnsitise cancer cells to topotecan. From the 3D analysis the optimum combination
of HMC and topotecan against the MM200 melanoma cell line would appear to be 2 pM
HMC and between 1 and 0.1 pM topotecan.
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Table 11. Comparative assessment of synergy between HMC and topotecan against the

MM200 melanoma cell line. Average IC50 data for for each agent when assessed as a

monotherapy or in combination are shown.

TREATMENT (IC50 uM)
DRUG . Change HMC Change
Cobincd Factor &R first Factor

HMC 1 uM. 0.115 -14.145. - 0.009 - 9.304- -
HMC 2 uM 1.00E-06 ?HMC effect -- 7.85E-05 >1000
Topotecan 0.095 -- 2.216 - -

HMC 0.702 - 17.952 -- -
HMC 1 uM 0.000 THMC effect -- 0.044 50.656
HMC 2 uM 1.00E-06 THCM effect - 1.00E-06 | >10000

3.7.5. HMC combination with camptothecin against the Mel-RM melanoma cell line.
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 synergisitic 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 synergisitic 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 (24hr exposure to each compound in sequence) against the melanoma cell line
Mel-RM. Using change in IC50 to assess for synergy it was noted that HMC at a
concentration of 2 pM chemosensitised the Mel-RM cells to camptothecin by ~12 fold
(Table 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
chemosesnsitise cancer cells to pacltaxel. From the 3D analysis the optimum combination
of HMC and camptothecin against the MM200 melanoma cell line would appear to be 2
puM HMC and between 1 and 0.1uM doxorubicin.,
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monotherapy or in combination are shown.

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

TREATMENT (IC50 uM)
DRUG . Change HMC Change
Combined Factor Sl first Factor
Doxorubicin 0.19 - - 0.100 - --
HMC 0.54 -- 50.515 - --
HMC 1 uM 0.40 -2.06 - 0.062 1.62
HMC 2 uM 0.18 THMC effect -- 8.16E-03 12,22

3.8 Inhibition of TNFa in murine macrophages (RAW 264.7) by compounds 4, 6 & 7

The mouse macrophage cell line RAW 264.7 was cultured in DMEM supplemented with
FCS, 2mM glutamine and 50U/ml penicillin/streptomycin. Subconfluent cells were
detached from the flask by gentle scraping and 24-well plates seeded at 5 x 10° cells per

“well and allowed to adhere for lhr. Cells were treated with either test agent (in 0.025%

DMSO) or vehicle alone, 1hr prior to the addition of 50ng/ml LPS, After incubation for 16
hrs, culture media was collected and stored at -80°C for TNFo, measurement using an

enzyme immunometric assay (Becton Dickinson).
Compound 6 and compound 7 of the present invention were tested and the results are
shown in Figure 12, which indicated that the compounds tested inhibit TNFo in murine

macrophages in a dose dependent manner over the concentration ranges tested.

The raw data for compounds 6, 7 and additionally compound 4 is shown in Table 13

below.

Table 13. Inhibition of TNFo. in murine macrophages by compounds 4, 6 and 7

Concentration (pM) |Compound 6| Compound 7 | Compound 4
10 -48.7 -26.2 -6.1
1 -13.0 -25.4 -11.9
0.1 -10.4 -14 -6.3
0.001 1.0 19.2 -14.3
0.01 - - -11.3
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3.9 Assessment of HHC as a chemosensitiser

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 synergy 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 combination 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 14. Assessment of HHC as a chemosensitiser using a panel of cancer cell lines and

standard cytotoxics
Cancer Indication
Drug Ovarian | Prostate Breast Melanoma | Glioma Pancreatic
CP70 PC3 MDA-468 | MM96L | HTB-138 HPAC
SSSSS SSSSS - SSSSS n.o. n.o.
Cisplatin - SSSSS - - n.o. -
SSSSS SSSSS SSSSS - SSSSS SSSSS
Gemcitabine - - - - SSSSS -
n.o. n.o. MS - MS n.o.
Paclitaxel MS - - - n.o. -
- - - - n.o. -
Carboplatin - - - SSSSS - -
Dacarbazine - - - SSSSS - -
Key: SSSSS = Synergy
MS = moderate synergy
n.o. =not observed

- = not tested




4A Effect on Fanzine macrophages (RAW 264,7) stimulated with LPS The mouse
macrophage cellding RAM2643 was cultured in DivVIEM supplemented withdegiab&albeasgm
(FCS), 2rnM glutamine and 50U/ml penicillin/streptomycin. 15 Subcontinent cells were
detached from the flask by gentle scraping and 24-well plates seeded at 5 x 105 cells per well
and allowed to adhere for I in. Cells were then heated either test compound at a concentration
of lioulY1 (in 0.025% DMSO) or vehicle alone, and incubated for 1 hr. LPS 50neral (LPS

-Sigma-Aldrich) waghenRadedr Hile!, BIMOIHNHAICLANR-CHikRMEHMIRAT calfaigd and
stored at -80C for ecosanold measurements 20 u;gg enz’]yme inununometric assays (PGE2

and TXE2 - Caymdrf GHRATTAL ) Bl s el i Wedietrelingi auyAAeE akEy
incubating test congpimsialrarghQifivhlewppared] witksiridHicatantd o bitiecllonaginsiiiast all

values indicate ermglgggrg rgtheswtbsqe iatl(\{ete tﬁllul%sg Isr‘]l?b?at& ﬂl}]éBltl n of(ﬁngt s and.

consequently suggest antl- In amma ory ac Wil 0 pound 2-12.6 16
5

Table 15. Comparison of DHE, HMC and HHC efficacy against melanoma monotherapy

Melanoma cell line (IC50 M)

“Analogue |~ MIM200 A2058 IgR3 RIV 4405 MIM96L SKMel28
DHE 43744 NT NT NT NT 4.76 4.40
HMC 1134052 | 1424048 | 051008 1.4£16 1.46 £0.18 | 1.31 £0.38 | 0.68 £0.16
HHC 0.66 0,28 0.34 0.20 0394028 0.50 0.2:+0.09 | 036034

10
4.0 Effect on murine macrophages (RAW 264.7) stimulated with LPS

The mouse macrophage cell line RAW 264.7 was cultured in DMEM supplemented with
foetal calf serum (FCS), 2mM glutamine and 50U/ml penicillin/streptomycin.

15 Subconfluent cells were detached from the flask by gentle scraping and 24-well plates
seeded at 5 x 10° cells per well and allowed to adhere for 1hr. Cells were then treated
either test compound at a concentration of 10uM (in 0.025% DMSO) or vehicle alone, and
incubated for 1hr. LPS 50ng/ml (LPS -Sigma-Aldrich) was then added. After incubation
for 16hrs, culture media was collected and stored at -80°C for ecosanoid measurements

20 using enzyme immunometric assays (PGE; and TXB; - Cayman Chemical).

Table 16: Percentage change in eicosanoid synthesis after incubating test compound at
10pM compared with incubation with vehicle alone. Positive values indicate enhanced
synthesis; negative values indicate inhibition of synthesis and consequently suggest anti-

25 inflammatory activity.

Compound PGE, TXB,
1 -33.8 0
2 -12.6 16
6 -37.7 -16.4
11 27.2 51.4

The invention has been described herein, with reference to certain preferred embodiments,

in order to enable the reader to practice the invention without undue experimentation.



6 -373-16,41127.2 ..."". ,,....51.4 -58 - However, a person having ordinary skill in the

art will readily reepgoigsitigt many of the components and parameters may&eAgsies@iase
modified to a certain extent without departing from the scope of the invention. Furthermore,

titles, headings, or the like me provided to enhance the gader's comprehension of this
document, and should not be read 5 as limiting the scope of the present invention. The entire
disclosures of all appiications, patents nrA publications, cited herein, if any, are hereby

incorporated by refgrence. al&xbﬁ%m%]%ﬁﬁia@%ﬁﬁiﬁﬁqﬂear@aﬂl%ﬁigimm@'ahteuﬂamy of the

unless the conies.t requires otherwise, the word "comprise”, and variations such as
"comprises" or "cSRTBPRIARS ANINTERTRIET SBB G YA Ot dRom GHATL EsBtTERRSE or
step or group of infggens Ofr 666 B btbpReiftihe pxchippnai-vniRetiiRICcYeiddigsiep the titeLpeof
integers or steps. 15 Those skilled in the gd will appreciate that the invention described. herein
is susceptible to v%lﬁéﬂ%ﬂs oa?%%%edﬁiﬁ%ﬁeﬁgﬁ%sg&n%ﬁ%i’gﬁsf %g'}eq;suﬁeé)lﬁ%%lﬁ% eé::(silﬂg)éd .?toltsb?or%ag
understood thét thes limiingdheinaipel efthdl meshntianeniorss and modifications. The invention
also includes all of the steps, features, compositions and compounds referred to or indicated
in this specification individually or collectively, and any and all combinations of any two or 20

more of said stepd bt fatitefisclageesofald apklicrions cadmirend anklispienscaiftshhri i ibany, are
should not be takegrasy alapkreuBdeResicer any form of suggestion that that prior art forms
part of the common general knowledge in the field of endeavour.
10  Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, 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.

15 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, features, compositions and compounds referred to or indicated in
this specification individually or collectively, and any and all combinations of any two or

20 more of said steps or features.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common
general knowledge in the field of endeavour.

25



25 WO 20W1/0320116PCTIA1.12005/001436 - 59 - Selected Reference Articles
Constantinou oNMabigfssdiusband A, 2003 Phenoxodiol, a novel isoflavaierderivadivi«ze
inhibits dixnethylbertz[alantliracene (DMBA)-indueed manamary earcinogenesis in female
Sprague-Dawley rats. Eur J Cancer, 39, 1012-8. Cons_tggt_inou Al, Husband A. 2002
Phenoxodiol (2114-benzopyran-7-0,1,3-(4- bydroxyphenyl)), a novel isoflayone derivative,
inhibits DNA topoisomerase H by stabilizing the cleavable complex, Anticancer Res, 22,
2581-5. 10 GamiyeledRd KiderEnctiARRelbs,, Drew, 5., Drogermiller, C., Caner, C,, Walker, C,,
Brown, DM., Vedas, MA,. 2003 Phenoxodiol, a derivative of plant flavanoids, shows potent
anti-tumour and gﬂ"t%’-%‘[é%&‘é i M%Fbﬁi&@ﬁ‘%%&% rredidinenagadicheepvel lseflawneleiptive,
Mang, X, D, 2001inHibits nislathytbenzllsméiraciaclMBa)betadapiasisr i daatusenig eNemale
Cancer, 1, 142459, Kanis{ g:’&%ts!?ﬁlhf 91396{39%?-%:’ Hanczamk, B., Shahabi, S., Flick,
e [

M., Brown, D.M and Mor, G. 2003 Phenci(odiol-an’iscifivone analogue- induces apoptosis in
chernoresistaht ovarian cancer cells, Oneogene, ;22, 2611-20. 20 O'Dwyer PJ, Moyer ID,

Stiffness NI, HardsgetaBndi £y 3uksbrd lamitorioRiawnean. Lyl agg Anlikimenagtivity and
biochemical effects.of a idi(i lin glyejnam (NSC 303812) alone and in combination with
cisplatin in vivo. %}fﬂﬁe B2 Soyegsonlavone st 1ot Vs B D A deeisamergsdIlsie of a
proteolysis-inducitayitzitgrtiP tRinldachexiiein duceshby Réupransgemnoma (0361), Br S
Cancer. 80,1734-7. Bellisiirii, F. L., S. Gallina, et al. (2001). "Tumor necrosis factor-alpha and
cardiovascular diseases." Italian Heart Journal: Official Journal of the Italian Federation of

Cardiology, 5b 2(&mbisgdR., XigoP..dibrcrelDRWN., BogEmRBRniROG3) Wallen G, Brown,

necrosis factor ajphig; vepsiantia iesgehinb kogitner anyafisolie S di a0 SaE QRS AR
565-73. Nalcata F. Hunter N, Mason K, Fan Z, Aug KK, Miles L. 2004 C225 antiepidennal

growth 5 factor r¥BRtHPEHEBGATEGRNRITdRaRpLS M%‘i‘)@%é"@ﬁéﬁ?&radiotherapy. Int
Radiat Oncol Blot Phys. 59(4):1163-73,

Hersey, P and Zhang, X. D. 2001 How melanoma cells evade Trail-induced apoptosis.
15 Nature reviews, Cancer, 1, 142-150.

Kamsteeg, M., Rutherford, T., Sapi, E., Hanczaruk, B., Shahabi, S., Flick, M., Brown, D.M
and Mor, G. 2003 Phenoxodiol-an isoflvone analogue- induces apoptosis in chemo-
resistant ovarian cancer cells. Oncogene, ;22, 2611-20.

20
O'Dwyer PJ, Moyer JD, Suffness M, Harrison SD Jr, Cysyk R, Hamilton TC, Plowman J.
1994 Antitumor activity and biochemical effects of aphidicolin glycinate (NSC 303812)

alone and in combination with cisplatin in vivo. Cancer Res. 54, 724-9

25  Todorov PT, Field WN, Tisdale MJ 1999 Role of a proteolysis-inducing factor (PIF) in
cachexia induced by a human melanoma (G361). Br J Cancer. 80,1734-7.

Bellisarii, F. L., S. Gallina, et al. (2001). "Tumor necrosis factor-alpha and cardiovascular

diseases." Italian Heart Journal: Official Journal of the Italian Federation of Cardiology,
30  2(6): 408-17.



61 Claims 1. A compound of the formula (I-a): wherein is hydrogen, R2and R3 are

independently Wydia@rrdgydroxy,haio or OC(0)R7, with the exception thatpz/goshi2R3@kgsNOt
both hydrogen, RA,RS and R6 are independently hydrogen, hydro:sy, C1.6-allcoxy,

C.l.6-alkyl, C3.5- cycloalkyl, Ct_6-acyl, OC(0)R7, amin_osoo_r ORs, R7is hydrogen, Cl-alkyl,
C.3_5-cycloalkyl, aryl, aryi-Cd.6-alkyl or mino, and Rnis phenyl or benzyl, or a
pharmaceutically acceptable salt thereof, 2. A compound of claim | wherein is hydrogen,

R2and R.3 are inggpendentiynysrpe, Mﬁmngz@dm@iﬁ%&uh%&éﬁ%@)%%a%%%ﬁfi’aihat
R2 and R3 are not both hydrogen, R.'R5 and T.Q. are mde&;endently r%drogen, hydro,

CE.6-alkOXy, C; ‘B55hdr Bathcrapy firlif S 7 Laresidace! 4% 38y 3phenyl or benzyl, or

a pharmaceutically acceptable salt thereof. B
Nakata E, Hunter N, Mason K, Fan Z, Ang KK, Milas L. 2004 C225 antiepidermal growth
5 factor receptor antibody enhances the efficacy of docetaxel chemoradiotherapy. Int J
Radiat Oncol Biol Phys. 59(4):1163-73.



62 3.A compound of claim 2, wherein Ris hydrogen, R2and R3 are independently hydrogen,
hydroxy, methoxy, ethoxy, propoxy, isopropoxy, btorno, chloro, fluor or acetyloxy, with the
exception that R2 and R2 are not both hydrogen, R4is hydrogen, hydroxy, methoxy, ethoxy,
propoxy, isopropoxy or cetyloxy, and R5and R6 are independently hydrogen, hydroxy,
methoxy, ethGxympropoxy, isopropoxy, acetyl, or acetyloxy, or a pharmaceutically acceptable
salt thereof. 4.A compound of claim 3, wherein Ris hydrogen, R2and Ra are independently
hydrogen, hydroxy, methoxy, bromo or acetyloxy, with the exception that R.2 and R3 are not
both hydrogeh, R4ahdormrenngrefihgdpenidetkig)hydrogen, hydroxy, methoxy or acetyloxy, and
R5is hydrogen, or a pharmaceutically acceptable salt thereof 5.A compound of claim |
selected from: 3 -(4-hyd roxyph enyl) 4 (4 methoxyphe nyl)chrornan-To I,
3-(4-hydroxyphenyl)-4-pbe
3- (4 hydroxyphenyl) -4- (3 methoX yI)cIa ontart-7-01;

(I-a)

3-(3-hydroxypheny1)-4-(3-rnethoxyphenyOchroman-7-ol;
3-(4-hydroxypheny1)-4-(4- hydroxyphenyO@Hroman 7-ol,
3-(4-brornophgpydi)r4-(4-methoxyphenyOchroman-7-ol;

3-(4-hydroxypheny1)-4-(3-methoxyphenypehroman-7-ol;
3-(4-hydroxypheny1} W%éog?‘ﬂmophenyl)ehroman 7-01; and

3-(4-hydroxyphenyQudt (- pleendogypidentyy) bjarogeankydobxy, C.s-alkoxy, halo or OC(O)Rs,
with the exception that R, and Rj are not both hydrogen,
Rs,  Rsand Rg are independently hydrogen, hydroxy, Cis-alkoxy, Ci.¢-alkyl, Cs.6-
cycloalkyl, C;¢-acyl, OC(O)R7, amino, or ORg,
R; is hydrogen, C,¢-alkyl, Cs¢-cycloalkyl, aryl, aryl-C,.¢-alkyl or amino, and
Rs is phenyl or benzyl,

or a pharmaceutically acceptable salt thereof.

2, A compound of claim 1, wherein

R, is hydrogen,

R; and R; are independently hydrogen, hydroxy, C;.s-alkoxy, halo or OC(O)R,
provided that R, and Rj are not both hydrogen,

Rs,  Rsand Rg are independently hydrogen, hydroxy, Ci¢-alkoxy, Ci.s-alkyl, Cs.6-
cycloalkyl, Cy¢-acyl, OC(O)R,, and

R, is Cy4-alkyl, phenyl or benzyl,

or a pharmaceutically acceptable salt thereof.



6.3 6,A. compound according to claim 5 selected from:
3-(4-hydroxyptienyl)-4-(4-inethoxyptienyl)chrorna627-ol; and

3-(443ydroxyptiertyl)-444-h gro phenyg{ roinan-7-ol. 7.A process for the preparation of a
compound of§1)’ormu C@"_lg{j‘é ¢ réﬁiﬁ'l% ﬁff%ﬂe of claims 1 to 6 comprising the step of
reacting the dl4ketoigtodpogém compound of the formula (11): wherein R,is alkyl or Si(IR10).3)

R2and 1(3 arﬁzindeg&p egltmmg,g%gn%lg%rn% gxp(%ﬁe@#% ;/?ﬁe%d i%}ﬁo)\lyi,t r&gﬁgaception that

R2 and R3 are not both hydtoge s indepe Cl.6- lkyl or aryl, wi
nucleophilic arylatin§oRgreEwREghebkariflusre phosriilpsubstb isrsshtiandreRs 8w or
more counter ions, @, fpEmdhintearagiate tertiary alcohol or a salt thereof, wherein W is

optionally substituted aryl, and which intermediate tertiary alcohol gill IS dehgdr ted to form a
compound of rmuls. ogen, hydroxy, methoxy, ethoxy, propoxy, isopropoxy or acetyloxy,

and
Rs and R¢ are independently hydrogen, hydroxy, methoxy, ethoxy, propoxy,
isopropoxy, acetyl, or acetyloxy,

or a pharmaceutically acceptable salt thereof.

4. A compound of claim 3, wherein

R, is hydrogen,

R, and Rj are independently hydrogen, hydroxy, methoxy, bromo or acetyloxy,
with the exception that R, and R; are not both hydrogen,

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

Rs is hydrogen,

or a pharmaceutically acceptable salt thereof.

55 A compound of claim 1 selected from:
3-(4-hydroxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-phenylchroman-7-ol;
3-(4-hydroxyphenyl)-4-(3-methoxyphenyl)chroman-7-ol;
3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(4-methylphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(2,6-dimethoxy-4-hydroxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(2-hydroxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(3-acyl-2-hydroxy-4-methoxyphenyl)chroman-7-ol;
3-(3-hydroxyphenyl)-4-(3-methoxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(4-hydroxyphenyl)chroman-7-ol;
3-(4-bromophenyl)-4-(4-methoxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(3-methoxyphenyl)chroman-7-ol;
3-(4-hydroxyphenyl)-4-(3-aminophenyl)chroman-7-ol; and
3-(4-hydroxyphenyl)-4-(4-phenoxyphenyl)chroman-7-ol.



64 which compound of formula UV) is subsequently hydrogenated and optionally
deprotected to form a compound of formula (1). &3A process of claim 7, wherein 4' is [MgBrt.
9. Use of one or more compounds of formula (I-a) as defined in any one of claims Ito 6, or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the
treatment of éancerfot@aipymadiscadig idclkisesoktlaid Sonvherein the medicament
radiosensitis<§§(5)rhe(ri1emo enﬁ}t_ii_ 5 the,cancer or.tumour mags and wherein the medicament

- 4 i .
lF]%xryaPp)?n rl)g emot erapy. 11. Use of claim 10, wherein

is for use in a patlgntr(ﬂxﬁae?a)(l) ng ra |§
the medicamérit-dhdrusassitisds(they duraehaomiigiouramasy.to an agent selected from the
group consisting of: cisplatin, dehydroequoi, paciitaxel, gemeitabine, doxorubicin, topotecan
and camptothecin. 12. Use of any one of claims 9 to 11, wherein the cancer or tumour mass
is of epithelial origir* SF RSN MEEPBITHRT 6f BFABRPAPSAGHI ™2 (e BFUILIRS 2 Wherein
the cancer orhuadukimasdseb epithekialotigines caiected item-prasiaiep ovarampoendical,
breast, gall-b!)q.qlgee . pancr tic, colorectal, renal and non-small cell lung cancer.. 14. Use of
claim 12, wherein the cancer or tumour mass of mesenchyrnal origin is selected from
melanoma, mesothelioma and sarcoma cancer. 65 15.Use of claim 12, wherein the cancer or

tumour mass of neural origiRi®gliorna . A pharmaceutical composition which
comprises one or more compound (1-a) as defined in any one of claims 1 to 6, or
a pharmaceutically acceptable sa in_assocjation with one or ripre pharmaceutical
carriers, excipients, auxiliaries and/or di \hn}@ceutical composition according to

claim 16 which further comprises an additignal chemoth raﬁeutic agent. 18.A drink or
food-stuff, which contains one or more compounds of fornitda (14)

wherein

R, is alkyl or Si(Ryo)3,

R, and Rj are independently hydrogen, C;.¢-alkoxy, halo or OSi(R|0)3, with the
exception that R, and R; are not both hydrogen, and

Rio  is independently Ci¢-alkyl or aryl,

with a nucleophilic arylating agent WM,

wherein

\\'A is optionally substituted aryl, and

M* is one or more counter ions,

to form the intermediate tertiary alcohol (III):

R0

(1)

or a salt thereof, wherein W is optionally substituted aryl, and which intermediate

tertiary alcohol (II) is dehydrated to form a compound of formula (IV):



as defined in any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof.
64

(1v)

which compound of formula (IV) is subsequently hydrogenated and optionally

deprotected to form a compound of formula (I).

8. A process of claim 7, wherein M" is [MgBr]".

9. Use of one or more compounds of formula (I-a) as defined in any one of
claims 1 to 6, or a pharmaceutically acceptable salt thereof in the manufacture of a

medicament for the treatment of cancer or a tumour mass.

10. Use of claim 9, wherein the medicament radiosensitises or chemosensitises the
cancer or tumour mass, and wherein the medicament is for use in a patient undergoing

radiotherapy or chemotherapy.

11. Use of claim 10, wherein the medicament chemosensitises the cancer or
tumour mass to an agent selected from the group consisting of: cisplatin,

dehydroequol, paclitaxel, gemcitabine, doxorubicin, topotecan and camptothecin.

12, Use of any one of claims 9 to 11, wherein the cancer or tumour mass is of

epithelial origin, of mesenchymal origin or of neural origin.

13.  Use of claim 12, wherein the cancer or tumour mass of epithelial origin is
selected from prostate, ovarian, cervical, breast, gall-bladder, pancreatic, colorectal,

renal and non-small cell lung cancer..

14. Use of claim 12, wherein the cancer or tumour mass of mesenchymal origin is

selected from melanoma, mesothelioma and sarcoma cancer.



65

15.  Use of claim 12, wherein the cancer or tumour mass of neural origin is glioma

cancer.

16. A pharmaceutical composition which comprises one or more compounds of
formula (I-a) as defined in any one of claims 1 to 6, or a pharmaceutically acceptable
salt thereof in association with one or more pharmaceutical carriers, excipients,

auxiliaries and/or diluents.

17. A pharmaceutical composition according to claim 16 which further comprises

an additional chemotherapeutic agent.

18. A drink or food-stuff, which contains one or more compounds of formula (I-a)

as defined in any one of claims 1 to 6 or a pharmaceutically acceptable salt thereof.



