| SOFLAVONO D DI MERS Field of the Invention The present
i nvention generally relates to novel dineric conpounds
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conmpounds are based on the dinerisation of
3- phenyl chroman (i soflavonoid) ring systens. The
present invention further relates to the synthesis of
the dineric isoflavonoid conmpouhds, comnpositions
contai ning sanme and their use as therapeutic agents.
In particular, the dineric conpounds of the present
invention are useful in the treatnent and prevention
of a range of inportant human di sease i ncl uding
cancers, inflammat or yISDEDAGONOIBUDIMERS e di sorders,
cardi ovascul ar disorders, and di sorders associ ated
W th estrogen receptor activation. Background of the
I nvention Naturally-occurring plant isoflavones are
known to possess a w de range of fundanental
bFigldbefi tha Inednitiont s on hunman ceIIs i ncl udi ng
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c@ysiflaverropd)yang axstams. t Jhe presenddnesntion fughes relates da tn synthesis of the
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vaso-rel axants, agonrsm estrogen re ors,
juhsﬂapwtfoeagemsan'iﬁi @artmﬁlar hther dimpeio sempoinds bfrte p&bérﬁ 1nvent10n are
oIo |calﬂ¥Ifects of aturaIIy occurrin
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bi ochanin A glycitein, coumestrol, daidzin, gl ycitin

adigordens |as9¢omted%decﬂtﬂog¢n feotRioeadtivhtien.been expressed in
t he bi ol ogical properties of dinmeric forms of
i sof l avonoi ds. Geni stei n-based di ners have been

r Biéigr6and 6f IR Iavedtjina- r educt ase

Naturally-occurring plant isoflavones are known to possess a wide range of fundamental
biological effects on human cells including anti-oxidation and the up-regulation and down-
regulation of a wide variety of enzymes and signal transduction mechanisms. Mitotic
arrest and cytotoxicity of human cancer cells, increased capillary permeability, increased
cellular adhesion, increased response of vascular smooth muscle cells to vaso-relaxants,
and agonism of estrogen receptors, are just a few examples of the responses of animal cells
to the biological effects of naturally-occurring isoflavonoids. Some common naturally
occurring isoflavones are daidzein, genistein, formononetin, biochanin A, glycitein,

coumestrol, daidzin, glycitin and genistin.

Recently, interest has been expressed in the biological properties of dimeric forms of
isoflavonoids.  Genistein-based dimers have been reported to be 5-alpha-reductase
inhibitors useful for the treatment of prostatomegaly [JP 95-224944]. In one form, the
dimer results from the joining by a single C-C bond of the 3' position of the genistein
pendent phenyl group to the 6 position of the benzopyran ring of the second genistein

molecule as follows;



i nhibitors useful for the treatnent of prostatonegaly
[JP 95-224944]. In one form the dinmer results from
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the geni stein pendent phenyl group to the 6 position
of the benzopyran ring of the second genistein

nol ecul e as foll ows: These di neric conpounds can be
generally referred to as bis-(3-"6)-isofl avones
following fromtheir positions of attachnent. O her
conmpounds descri bed are based on geni stein and/or

dai dzei n based diners of the sane generic ring
structure. Another dinmer is based on a

bi s~(2-"2)-i 486 \og a |inker
bet ween the two shown bel ow,
however no bi ol 0§i£% A NQV 2 IEL enefit

[
Miuti kai nen | and ®RihallCa K, \SQyA
Bi s-1sofl avones, J O g. Chem, 2900, 65, 2305]
Recently, a further class of dineric isoflavonoid

compounds, was di scovered exhj biting strong bindi .
afhese fiericompeppdscan bs generally: esfersrdsto g &m@mé)—mgqugs following
rﬁ?([[;g tggﬁggsﬁm{ss bP th??g)(ll}ﬁ‘l%l’lt a %e‘f'éoﬁﬂo%ﬁ)gd%zgﬁ%gérg f)reggd on genlsteln
czmﬁﬁulaxdlzhasba@bdcmmdﬁrtydhmm@en&sc fing sowdtubel ow: Al | of

these prior art dinmeric isoflavonoid conmpounds are
constructed by the joining of two isoflavonoid ring
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| east alternative active agents for the treatnent,

prophyl axi s, anelloratlﬂg def ence agai nst and/ or

prevention of various d|se. z ,nd @ sorders. A
requi renment accordingly exi g ew gener ati on

OMe

Recently, a further class of dimeric isoflavonoid compounds was discovered exhibiting
strong binding affinity for both estrogen receptors and hence showing remarkable
physiological activity [W002/070502]. The lead dimeric compound was a bis-(4—6)-

isoflavonoid compound based on dehydroequol as set out below:
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anel i orati on and prophyl axis of disease. Summary of
the I nvention Surprisingly, for the first tine, the
present inventors have synthesised a new cl ass of

di meric nol ecul es based on isofBavonoi d conmpounds
joined by two (2) carbon-carbon single bonds. The
skeleton is based on a naphtho[l, 2-g] chrysene
structure followi ngHogomAhis ¢®4-"4) and (2'-"3)
joining of two 3-phenyl} i ng systens as
depicted in generic Strﬂ!ii Al bel qw. Dashed |ines
represent the two G C bonds I

of the correspondi ng nongne
A" The nunbering system gi Vg
| - di oxo-12a- phenyl - (I H, 12H)
6b, 6¢, 12a, 16b-t et r ahydr onap 2-g] chrysene
(Structure A') is used througiout specification
for consistency. The dineric of the present
i nvention show prom se in their pot ¢ J5:
physi ol ogically active agents and in>ygartoeul ar their
ability to exhibit binding affinity for the estrogen
receptors. Cell line studies have al so highlighted the

rEIrer kRl ricieh ARRKE ARFIRTortid tdthyols hitCoflbtFRAddChy the joining of two
i sof |l avonoi d conpounds of the present invention ds

dreffayoneidaed strecturge by < siligle cavhmecanbn howh dribyda umber or bridging
A50ls sensitisers, radiosensitisators,

antirn Tammatory agents and in cardi ovascul ar

appl i cations including vasodilation. Thus according to

a first aspect of the present invention there is )
prespite gy considergblgaesearch and accumulated knowledge in relation to isoflavones

and derivatives thereof, the full ambit of therapeutically useful isoflavonoid compounds

orothe 2, |

and their activities is yet to be realised. Moreover, there is a continual need for new,
improved or at least alternative active agents for the treatment, prophylaxis, amelioration,

defence against and/or prevention of various diseases and disorders.

A requirement accordingly exists for new generation compounds that exhibit physiological
properties important to the health and well-being of animals, particularly humans, and to
find new methods which exploit these properties for the treatment, amelioration and

prophylaxis of disease.

Summary of the Invention

Surprisingly, for the first time, the present inventors have synthesised a new class of
dimeric molecules based on isoflavonoid compounds joined by two (2) carbon-carbon
single bonds. The skeleton is based on a naphtho[1,2-g]chrysene structure following from
bis (4—4) and (2'—3) joining of two 3-phenylchroman ring systems as depicted in generic
Structure A below. Dashed lines represent the two C-C bonds formed during dimerisation

of the corresponding monomers.



the general fornula (1):wherein R, R2, R3, R4, R5, R

, R7 and R8 are independently hydrogen, hydroxy, OR9,
WO@ZNP680OC( O) R9, OSi (Ri0)3, C(O Rn CO2Ri 2, al Rg1/AU2006/000395

hal oal kyl, cycl oal kyl, aryl, arylal kyl, thiol,

al kyl t hi o, am no, al kyl am no, dial kyl am no, nitro,

cyano or halo, RO is alkyl, haloal kyl, aryl, arylal kyl

or alkylaryl, RO is independendlty hydrogen, alkyl or

aryl, Ri is hydrogen alkyl, aryl, arylalkyl or an

amno acid, R 2 is hydrogen, alkyl, haloal kyl, aryl or

arylalkyl, and Xis O NRi 2 or S, preferably C)zmhlch

conmpounds_+ms %

phar maceu

a second

formula (
a conpoun
R4, R5,

la (11): wherein
are i ndependent bk
hydr oxy, OR9, OC(O R9, OSi(Rio)
CQ2Ri 2, al kyl, hal oal kyl, cycl oal kyl, 4ryl, aryl al kyl,

thiol, al kyéfrn'tﬁﬁe m no, al kyl am no, di al l@ﬁl,m%oA.

nitro, cyano or o, RO is alkyl, haloal Ky aryl
arylalkyl or alkylaryl, Rioisi ndependent 'y hydr ogen

| or, ar IS h dro en al Kk . arylal
o s aterrs EY (PEFodR eyl | A g deiheny-(1FL 128D
aatyde, Da, l%ytbt%ﬂyﬂlronaphtho[l,2-g]chrysene (Structure A") is used throughout this

5 specification for consistency.

The dimeric molecules of the present invention show promise in their potential use as
physiologically active agents and in particular their ability to exhibit binding affinity for
the estrogen receptors. Cell line studies have also highlighted the remarkable and
10 unexpected utility of the dimeric isoflavonoid compounds of the present invention as
chemotherapeutic agents.w The compounds also find use as chemosensitisers,
radjosensitisators, antiinflammatory agents and in cardiovascular applications including

vasodilation.

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

the general formula (I):

)




Ri 3 is hydrogen, RO, C(OR9, Si(R O3, alkylsulfonyl
or benzenesulfonyl, andXis O NR2 or S, preferably

wW@00st09®R1 conmpounds may be optional |y substit uPE€TIATR008/000395
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pharmaceutically acceptable salt thereof, with a

coupling agent. In a preferred enbodi nent, the pendent

phenyl ring of the 3-phenyl chroman structure is

el ectron donating and there is %t |east one ortho

hydrogen atomto facilitate formation of the (2'->3)

bond during dinerisation. The group ORj 3 is preferably
avheeeivi Nng group sel ected from hal ogens such as d, Br

or |, hydroxy, alkylsul fonyl oxy groups such as

fhsy| dtoe Rarfth, Rsi Rd, RorandRsandapdndentlyobydrogen, hydroxy, ORo, OC(O)H,

e 0y SR PSS OB e Mg ytoali, ary,anylati,

ni t r o-thiehstkiyltttos dmipey) awmhé,miéﬂmno?ﬁﬁh%va&r&%81%
jgfh as acetoxy or benzoyl oxy and aryl oxy groups suc
ben §kgk haloplkyb peyilragyletkyhon alkylaryhspect of t he
sent ;. j j i.ded a nethod for the
Itq{rlgat %ﬁd@%@%p%%@?ée%ﬁlﬁgﬁ%% lr ation of a disease
vhi ch istkydrogeni aikylyatek anidkglitepnainissadiai stering a

erapeutjcally eftectjve apount of one or nore
ﬁpod%ﬁ%dr%enﬁ %I#%Lﬁlaloeikyf%vqgr ayiglisdiandaccording to a
four t Bs BSRRGS o1, prdteraBly@gENt i nvention there is

t

provi ded the use of one or nore conpounds of fornula
Which gomheundsrméa deuopgioodllya suestitwedrenta plermabantically acceptable salt
tﬂae?a;fmant of di sease. According to a fifth aspect of
the present invention there is provided the use of one
or nore conmpounds of forrmula (1) as an
anti-inflammatory agent, cardiovascul ar agent,
Neetoahetsond aspgshe!l thermsesseinyentionathersris provided a method for the

Eof’éﬂa&?i%ﬂstjftai &Sthpound of formula (I) which method includes the step of reacting a

compound of the formula (II):

wherein

Ry, R2, R3, R4, Rs, Rg, Ry and Rg are independently hydrogen, hydroxy, ORg, OC(O)H,
OC(O)Ry, OSi(Rig)3, C(O)R11, COzR 2, alkyl, haloalkyl, cycloalkyl, aryl, arylalkyl,
thiol, alkylthio, amino, alkylamino, dialkylamino, nitro, cyano or halo,

Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,

Rio  isindependently hydrogen, alkyl or aryl,

Ry is hydrogen alkyl, aryl, arylalkyl or an amino acid,

Riz  is hydrogen, alkyl, haloalkyl, aryl or arylalkyl,

Riz  is hydrogen, Ry, C(O)Ry, Si(R10)3, alkylsulfonyl or benzenesulfonyl, and



The inflammtory disorders include inflamuatory bowel
di sease, ulcerative colitis, ulcerative proctitis,
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al so useful for the treatnent of pain associated with
inflammation. In a preferred enbodi nent, thetreatnent
of the inflamatory disorders is absent cardi ovascul ar
side effects, cardioprotective-@&nd/or is gut
protective. According to a sixth aspect of the present
invention there is provided the use of a thronboxane
synt hage), Ny, B §0pre e%bli pe manufacture of a nedi canent
for the treatment' of in l"ammat i on, including pain
awhich i comgunds maynpd eptieally rsubfiteted rarbd phamneactutivallyeseteptable salt
H%m%ggdioprotective and/or gut protective. According
to a deventh aspect of the present invention there is
pril e deghliig apgmnt for the treatment, prophylaxis or
anel i oration of a disease which agent conprises one or
nore conpounds of fornmula (l1). In a preferred

i ' h .
SHEACTE 53008 RS M58h e B o poman s

elentttoln. dofatiny aihdhtheteisain l@isgbiidotisdBEdrogdn 4to@ 1or B5iERite formation of
invention there is provided a pharmaceutica

cig 13 ibend dmingdiswHpiofes one or nore conpounds of

formula (1) in association with one or nore

phar maceuti cal carriers and/ or excipients. According

tTheagroum OR  a spmreferably heaviigegenp sélosed fiogNhdlbgS suéh as Cl, Br or J,
r?lvi ded_.a drjnk or food-stuff, which contains one or

X0 rﬁ%ﬂﬂ’é nBloxy ofTRPS: Speh) as smesylale Ayd: Hiflporemethancsulfonyloxy,
as sk tol ola [ ' Vi
A Poatoroty KB EaRRas BkHRL, ARSI REG) bPAnGpitonyloxy and
cuineevbstitited benzepesulfomyloxy, acglorymprdups apsh by acomdtyastt badgoyloxy and
sai,d cells or tuggur with an isofl avonoi d di ner of

FBYIRRY gropps such,ps bEnZyloNydi ment , the chenot her apeut i c

agent is a growh receptor inhibitor or death receptor

According to a third aspect of the present invention there is provided a method for the
treatment, prophylaxis or amelioration of a disease which method includes the step of
administering a therapeutically effective amount of one or more compounds of formula (I)

to a subject.

According to a fourth aspect of the present invention there is provided the use of one or
more compounds of formula (I) in the manufacture of a medicament for the treatment of

disease.

According to a fifth aspect of the present invention there is provided the use of one or more
compounds of formula (I) as an anti-inflammatory agent, cardiovascular agent,

chemotherapeutic agent, chemosensitiser or radiosensitiser.

The inflammatory disorders include inflammatory bowel disease, ulcerative colitis,
ulcerative proctitis, distal colitis and Crohn's disease. The compounds are also useful for

the treatment of pain associated with inflammation. In a preferred embodiment, the



stimulator. According to an eleventh tenth aspect of
the present invention there is provided a nethod of
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cells or a tunmour to radi otherapy by contacting said
cells or tumour with an isoflavonoi d conpound of
formula (1) as set outbelow. In another enbodi nent,
the patient is subjected to both-chenotherapy and

radi otherapy in their treatment regime. According to a
twel fth aspect of the present invention there is

pivhéeied of MRS hRdafimAs9t ehdokdis ajsh %sfﬂimﬁﬁfdl&\%ﬁéul&r Ule  effects,

chenot herapy or radi othéerapy, preferably che
Ardieprotestivhend/ords gutproteaidve: cel | or a tunour nass
with an isoflavonoid dinmer of.formula (1). Throughout
this specification and the clainms which follow unless

tAnc&oahng auta sigiaspst WINBE Vrent ﬁl'ik%n’ﬁ@ﬁ Qhelﬁquﬁﬂo§ﬁed the use of a
\?{FT variations such as "conprises" or "conprising

omboFang sthase wﬂ@lﬁmufﬁbﬂs@ maywifacher ofiagnedi¢anaent ffort the treatment of
1Hﬁﬁﬁ§1€1}1&{ 1ﬁ5199¥1§ apna% Q%cﬁ{eﬁi' \;}ﬁﬁgﬁﬁﬁnﬁg St € fefgr%%lgpt?lgftreatment is

t he exclusion o I'nt €ger
|qathguo‘®cmemdécp$utﬁmt@mvE)escrl pt i on of the Figures
Fig. 1 shows the effect of Cpd. 1 on PGE2 synthesis in
human nonocytes incubated with LPS. Fig. 2 shows the

eAdcefdingdio &£BEventh Qsﬁbeacﬁ'zth§ }SstE}ﬁsih%dtlﬁg?w@@s g@%ﬁta‘isagent for the

i ncubated with LPS. shows
dreatnxme, erpnbyexis @ruameﬂmrmnn redreodigeass whiclubgdre cowiptiSes one or more

s§ﬁ‘?ﬁ@‘ of%o%ﬂﬁ%@%t he effect of Cpd. 2 on TXB2

esl’s nonocytes i ncubated with LPS.

In a preferred embodiment the disease is cancer, a tumour or the unwanted proliferation or

upregulation of cellular growth.

According to an eighth aspect of the present invention there is provided a pharmaceutical
composition which comprises one or more compounds of formula (I) in association with

one or more pharmaceutical carriers and/or excipients.

According to a ninth aspect of the present invention there is provided a drink or food-stuff,

which contains one or more compounds of formula (I).

According to a tenth aspect of the present invention there is provided a method of
increasing or restoring the sensitivity of cancer cells or a tumour to chemotherapy by
contacting said cells or tumour with an isoflavonoid dimer of formula (). In an

embodiment, the chemotherapeutic agent is a growth receptor inhibitor or death receptor

stimulator.

According to an eleventh tenth aspect of the present invention there is provided a method
of increasing or restoring the sensitivity of cancer cells or a tumour to radiotherapy by

contacting said cells or tumour with an isoflavonoid compound of formula (I) as set out



Fig. 5 shows the effect of Cpd. 1 on TNFa synthesis in
human nonocytes incubated with LPS.Fig. 6 shows the
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i ncubated with LPS. Fig. 7 shows the activity of Cpd.
1 in nmurine macrophages (RAW 264.7) stinulated with
LPS. Fig. 8 shows the activity of Cpd. 2 in nurine
macr ophages (RAW 264.7) stinulaged with LPS. Fig. 9
shows the effect of Cpd. 2 on the aortic contractility
i nduced by noradrenaline. Fig. 10 shows the

S f dy 2 ' H
(BIBHT B ol RilboRlmeft” ol g8ty 7€ ThbBRUTE B0 Kipotherapy and
Qadlot}%r@)dn(ﬂmirirém'ememgim.l st B and C are 24 hour

forward (Cpd. 2 first) and reverse (Gentitabine first)
sequences respectively. Fig. 11 shows HT-29

Eg?éog&iﬁn:%tg!q% tﬁ%ﬁhsasbéﬁa&feﬂlleSﬁgééﬁf‘tu?\f%h{l%n %ér@ d?@)ﬁjowged a method of

nine seria
Gemotsctindi me rcfmrfrcuemr atcclbnsfrqnn bb@rhothbnapy om/arraidlom)era@md preferably
nces 12 sh t he syner

Lﬁﬁ}eg@ esé I?,)CIB) Qteaffél]}g Ele tHamEr OL, i VB linf.i%x G &n isoflavonoid

HIH%QOfﬁﬁhgkqgﬁal) cells. Plot A depicts the
conmbi nation of Cpd. 2 and Paclitaxel, whilst B and C

are 24 hour forward (Cpd. 2 first) and reverse

( %\?}\’Llélhﬁ %18 Ecciﬁ} tﬁ)%q nﬁlgsclglﬁsscgrg ch\Z/fSLIX‘{v, Ehl%ﬁ gt% dc%ltext requires

e sy n Fgreric e

nmhexarisé B&C‘&Vbﬁdaﬁcefnpﬁﬁe"l;lﬁffd véiatiohs kaitesyt 'Rbinpeieds" or "Bb@prising"”, will
QPﬁde cts the COI‘I‘EI na ion of Cpd,. 2 and Paclitaxel
ISgpoghig iplyytae me %moffaoﬁ%é HtqEehar stop gr@tlly objftegers or steps

r ‘@df %6:?1@16 cRagkibh %i( Eﬂsy 5thélslh‘? Fe?ﬂ‘%ﬁ"%r oﬁ%ﬁg&g&%@ E)Y steps.

hows th ynergls Ic effect
m\/land 2 mMV) and Doxirubicin on HT-

Brief Description of the Figures

Fig. 1 shows the effect of Cpd. 1 on PGE; synthesis in human monocytes incubated with
LPS.

Fig. 2 shows the effect of Cpd. 2 on PGE, synthesis in human monocytes incubated with
LPS.

Fig. 3 shows the effect of Cpd. 1 on TXB, synthesis in human monocytes incubated with
LPS.

Fig. 4 shows the effect of Cpd. 2 on TXB, synthesis in human monocytes incubated with
LPS.

Fig. 5 shows the effect of Cpd. 1 on TNFa synthesis in human monocytes incubated with
LPS.



29 (Colorectal) cells. Plot A depicts the conbination
of Cpd. 2 and Doxirubicin, whilst Band C are 24 hour

wo coosarss( Cpd. 2 first) and reverse (Doxirubi cPeI/AU®E)00395
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sequences respectively. Fig. 15 shows the synergistic
effect of Cpd. 2 (at 1 mMMand 2 m\V) and Doxirubicin on
HCT-15 (Col orectal) cells. Plot A depicts the

conbi nation of Cpd. 2 and Doxif@bicin, whilst B and C
are 24 hour forward (Cpd. 2 first) and reverse
(Doxirubicin first) sequences respectively. Fig. 16

S f . : : :
R Bk T BT B GO ont TRRE e i b 9P monceytes peubated with
efP®ct of Cpd. 1 and Cpd. 2 (both at 10 mM) on the
inhibition of T cell proliferation followi ng 24 hrs
pre-incubation. Fig. 18 shows a conpari son of body
vmgghtsh&b@ﬂ%cﬁﬁw ervCpe. 1 iPmadnd ﬂia%ﬁcfpﬁ&%e% NRAW 68 stimulated with
8&?@ 2 (at 50 ng/kg/day) or vehicle. Detail ed

ription of the Invention The present inventors
have found that a class of isoflavonoid diners of the
general formula (1) shows surprising and unexpected
birig) ®ghaved thendtipipponepeu ircaliripé aperfdphges (RREV 264.7) stimulated with
%gﬁﬁounds of formula (1) of the invention are believed
t ave favourable toxicity profiles wwth normal cells
and good bioavailability. Surprisingly the conpounds
of the invention exhibit anti-cancer activity
skigr? $hioverthe yifnd of Epdt hamtheracetc doatrattility implacabbendradrenaline.
known cancer treatnents. The conpounds of formula (1)
are cytostatic and cytotoxi c against a broad range of
CHIBCEU sRGW¢ SheobyrBtbT@t @Rt JRICT. 204dIGBmcibik@BRIPAC (Pancreatic)
cells, it is meant cells that display malignant
cIeHp-adlard depiets thn gomhinghorapfecnd.sf andy Giewlesabine, ovhilst B and C are 24

- I unregul at ed .gr owt nd behavi our..
WA RERBRLICHS! o el DGR O b B e IR ey
successfully treated. The cancer cells that have been
found to be responsive to conpounds of fornula (I% are
dfig. 11 shows HT-29 (Colorectal) cells treated sequentially with Cpd. 2 (at 5 uM and 10
uM) and nine serially diluted Gemcitabine concentrations in both the forward (A) and

reverse (B) sequences.

Fig. 12 shows the synergistic effect of Cpd. 2 (at 1 pM and 2 pM) and Paclitaxel on HT-29
(Colorectal) cells. Plot A depicts the combination of Cpd. 2 and Paclitaxel, whilst B and C

are 24 hour forward (Cpd. 2 first) and reverse (Paclitaxel first) sequences respectively.

Fig. 13 shows the synergistic effect of Cpd. 2 (at 1 uM and 2 uM) and Paclitaxel on HCT-
15 (Colorectal) cells. Plot A depicts the combination of Cpd. 2 and Paclitaxel, whilst B
and C are 24 hour forward (Cpd. 2 first) and reverse (Paclitaxel first) sequences

respectively.

Fig. 14 shows the synergistic effect of Cpd. 2 (at 1 uM and 2 pM) and Doxirubicin on HT-
29 (Colorectal) cells. Plot A depicts the combination of Cpd. 2 and Doxirubicin, whilst B



epithelial origin (for exanple, prostate, ovarian,
cervical, breast, gall-bladder, pancreatic,

waeloeigwBral , renal, and non-small | ung cancer PBEI/AE2006/000395
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of neural origin (for exanple gliom cancer cells) and

of mesenchymal origin (for exanple, nelanoms,

nmesot hel i oma and sarcoma cancer cells). It is highly

unusual and surprising to find 1@ +elated group of

conmpounds that display such potent cytotoxicity

agai nst cancer cells, but with |ower toxicity against

NS fi '

A S R R
uiesagtivelsind unexpect ed. Advant ageously the conpounds

of formula (1) show cytotoxic activity agai nst cancer

cells that are well recognised for being poorly

SEigs il § ish@ws ehesdynnebaitid Tt of @PEL? (&r LM ahd 21 $MYiagh ! Doxirubicin on
unusual and unexpected to find such potent activity

adGilnkt (Glenesia ccellan ddetsA dupécts theeermilinatidnsel $pdyv2 ded Doxirubicin,
t.he; f { t,i.ent
P S SRPON o A R o BRI R sequences

siespectivelpur s or by reduci ng the size of such tunours
through therapy with said conpounds al one, and/or in
conbi nation wth each other, and/or in conbination

ik N1 OdHaRs tROE firect BRERA. lﬁ'gg[‘(%?Mg%qﬁ@fngiﬂﬁi@?m @%; %Ig)gltﬁration.

wi Th radiotherapy. The onpoun 0
i nvention either alone or in conbination therapy as

OrBel BEere s el The B S bAdho i dDatpe e mibition of T cll
Soralfeidn 3ol dwiaana eis predasumALS. The use of conpounds
of the invention may nean that | ower doses can be

enpl oyed in such therapy which represents an i nportant

L 0di Vi it h. . The di ic. . . .
ety LM ON I RoH i P RS TR Appration of cither
ré&pdateak S0ompiighiagy drovehidd.| avonoi d conpounds and

derivatives thereof. The terns "i sofl avone" or
"i sof | avonoi d"

Detailed Description of the Invention
The present inventors have found that a class of isoflavonoid dimers of the general formula

(I) shows surprising and unexpected biological and pharmaceutical properties.

The compounds of formula (I) of the invention are believed to have favourable toxicity
profiles with normal cells and good bioavailability. Surprisingly the compounds of the
invention exhibit anti-cancer activity significantly better than or at least comparable to

known cancer treatments.

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.



as used herein are to be taken broadly to include
ring-fused chroman or benzopyran nol ecul es having a

w@enwdortesphenyl group fromthe 3-position of tPEI/AYL@R/000395
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ring. Thus, the classes of conpounds generally
referred to as isofl avones, isofl avenes,

i sof | avans, i sof | avanones, isoflavanols and the |ike
are generically referred to hergi-n either as

i sof | avones, isofl avone derivatives or isofl avonoi ds.
The di neric nol ecul es of the present invention

CORPEAneEr ce t}?ﬁ%&@é‘bé&ﬁ%ﬁw {o H%kt%%?tsﬂvg k) b&tﬂpé@%gtgﬁomula (I) are of

NDNOMEr S. positions on the pyran ri

[ qnﬂlleha,lmnguml (ﬁcm nmmpls puostate nkmhnt hemrwgh hieersecgall-bladder pancreatic,
attach |a a carb car bon bo he secaqnd

|‘E‘H?<r§§ saltdhléorzsmaﬁl}% ??Hceﬁnceﬂ%e E@ﬁu@ prigin,dergyample glioma

ObRUE éﬁllsﬁ%ﬁd ratnmendh?ntah%ném B8 ickhr@PleO theldMonfY rn?c@othehoma and
ring of the second isoflavonoi d nononer. That 1iIs,

W@EPSC@TCCI gellpr eBdathighly amusuah qodostirphisisg mqalfmdaandelated group of

R il L T R

afogictty aBnibteidrechndém@dlls Guet he Gibtobsastf derfved BfoRs @lfnan foreskin. Such
|nvent|on are depi cted by the general fornula (la):

virereicsllse e?téVlWya highbhumisuatpnd ugepgrtedR2. R3 and R4

are i ndependently hydrogen, hydroxy, OR9, OC(OR,

oS (R1IO) 3, C1-6- alkyl, aryl, aryl-G -6-alkyl or
hAdmntagEcudl%theRbn@ndnﬁSofdbﬂnmla dEmhMmﬁdtwlhydi\d@e@amst cancer cells

h%% ar&lxgelgqgwgl%do ).fl% leplnga@g @insglvg t9y$tancj<ar(i antl cancer drugs. It is
fﬁlgllﬂz(?mﬁ:é‘uaﬁalﬁi ek p&teBloVindshoR palekVdctivap P‘?&ﬁﬁ@%@&ncers.
on t n ﬁheny

e substltutlon pattern of the pen
group, the 2'-position mght also correctly be
referred to as the 6'-position.Rio is independently
G -6-al kyl ;
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
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
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 individuals with cancer.

The dimeric molecules of the present invention are structurally related to monomeric
isoflavonoid compounds and derivatives thereof. The terms "isoflavone" or "isoflavonoid"
as used herein are to be taken broadly to include ring-fused chroman or benzopyran
molecules having a pendent phenyl group from the 3-position of the pyran ring. Thus, the

classes of compounds generally referred to as isoflavones, isoflavenes, isoflavans,



or a pharmaceutically acceptable salt thereof; nore
preferably they have the foll ow ng substituents

wob@cesRi i s hydrogen, R2, R3 and R4 are PCT/AU2006/000395
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i ndependent |y hydrogen, hydroxy, OR, OC(OR,
OSi(Rio)3, C-4- alkyl or halo, R5, R, R7 and R8 are
i ndependent |y hydrogen, hydroxy, OR9, OC(O) R9,
OSi(Ri0)3, Cl- 4-alkyl or halej2R is G _4-al kyl or
aryl-C 1-4-alkyl, and R10 is independently nethyl,
ethyl or -butyl, still nore preferably they have the
S
S HOBES b W ok Y 90 1B cter o
ds(fayRss, iveflimdne denmtivemor isofbmnoias R6, R? and R8 are
i ndependent |y hydrogen, hydroxy, OR9, OC(O R9, nethyl,
ethyl or brono, and RO is nethyl, ethyl, propyl,
I'BRepdigiylc @blcbBZ Wf, thor
salt thereof. More th@ pr%eg{]gi;vg@?(gg% %e?’é@?%g.fﬁoﬁw]a?oon linkages
d?lnt%tmrmmonom%t i 4ipesitiens onethe byyraih aflngenfa ibath isoflavonoid

hy(f%egsngll bﬁ‘%ﬁ%xy, &55 fe@f% E‘Sﬂ B I(agg«’]? je?lg_%g f%g{lrywpd The second

dinkygde, Jﬂﬁ%'Z'—pbﬁﬁﬁﬁ#o&y khe B&RAUSYhenyll-BYEY bf 0RO &WHomer to the 3-
or benzy and R7 are independently hydrogen

Wam@wn tbmyra@@(ng) ¢he rse@d(lﬁbﬂéﬂ))@old Fmonosndny drhag & the methods of
hyd Mi2&snt %entlgr;( p1)0v1de s1mo§e (R and (c)izreét access to the unique 12a-phenyl

naphtho[1,2-g]chrysene ring system of generic Structure A from above.

Preferred dimeric molecules of the present invention are depicted by the general formula

(Ta):

(Ia)

wherein

R; is hydrogen or C,¢-alkyl,

R2,  Rj and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rs, OSi(Ri0)3, Ci.6-
alkyl, aryl, aryl-C;.¢-alkyl or halo,

Rs, R, R7 and Rg are independently hydrogen, hydroxy, ORg, OC(O)Ry, OSi(Ry0)3, C;.
¢-alkyl, aryl, aryl-C;.¢-alkyl or halo, :

Rg is Cy.-alkyl, fluoro-C,¢-alkyl or aryl-C-alkyl, and

* Depending on the substitution pattern of the pendant phenyl group, the 2'-position might also correctly be
referred to as the 6'-position.



RO is nethyl, ethyl, propyl, isopropyl, sec-butyl,
t-butyl, phenyl or benzyl, and R o is independently

woreaokiphoeset hyl or t-butyl; nost preferably theRChrave006/000395
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the followi ng substituents wherein R2, R3, R, and R8
are independently hydrogen, hydroxy, OR9, OC(O R9 or
met hyl, R4 and R7 are independently hydroxy, OR9 or
OC(O R9, R6 is hydrogen R8 is-Hgdrogen hydroxy, OR9,
OC(OR9 or nmethyl, and R9 is nethyl or benzyl. Still
nore preferably R4 is nmethoxy; R3 and R4 are nethoxy;

amg/ orig Bﬁleb&d&‘ﬁﬂﬁ@},_&aﬂ@ﬁt preferably the novel dineric
conmpounds of formula | are: 4,9-D hydroxy-

101 aphagnasitieatly acaspabl@salt theredfs met hoxyphenyl ) - 2,
11- di oxo-

(I H, 12H) - 6b, 6C, 12a, 16b-t et rahydr onapht ho[ |, 2- g] chrysen

emrt)prefeRbi theehaithe follodvif SibRLERY Wheredd- (3
' 4" -di met hoxyphenyl)-2, 11-di oxo- (1H, 12H)-6b, 6c,
g, 18BY4regtahydr onapht ho [ 1, 2-g] chrysene (1-Ac)

9- Diy ! - g et - 1 3 .
i COCREIERS srey B St e A0S, Qo QPR OSiRik, Cir
1H, 12Hjkyblor Balp, 12a, 16b-t et rahydr onapht ho|

2- hpyse 2). 4,9-Di acet oxy- 14, 15-di net hoxy- )
Bon ( Fo R 0 Rn bl indimenainty fodrosen. hidimon PRozOCLAIRs, OSIRig)s, Cr.
di oxo-4(a11g3}rl,o}.ggﬁ)’- 6b, 6¢c, 12a, 16b-tetrahydronapht ho[

1,2-g]chrysene (2-Ac) Conpounds 1 and 2 and acet oxy
der i vas Cveslkyl gxarpln@-2allgl, inkr eof are depicted by the

fpll ow ng structura 0 | ae: R=H (2) R=H,
(Ri“-) Ac)® lﬁ%gpe’&gel‘(tgf_l}ggéhy{?eﬁhﬁgr% Y%ional preferred
conmpounds were prepared by the same nethods with the

anal ogous
still more preferably they have the following substituents wherein

Ry is hydrogen,

Rz, R; and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rg, methyl, ethyl or
bromo,

Rs,  Re, Ry and Ry are independently hydrogen, hydroxy, ORg, OC(O)Ro, methyl, ethyl
or bromo, and

Ry is methyl, ethyl, propyl, isopropyl or benzyl,

or a pharmaceutically acceptable salt thereof.

More highly preferred dimeric molecules of the present invention are depicted by the

general formula (Ib):

(Ib)




starting materials. Data was consistent with the
products obtained. The conpounds are naned as foll ows:

wad2@60hdegdr oxy- 14- net hoxy- 12a-(4' - met hoxypheP@T/AU2006/000395
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11-di oxo-( 1H, 12H)- 6b, 6¢c, 12a, 16b-tetrahydronaphtho

[1,2-g]chrysene (3) 4,9-D acetoxy- 14-nethoxy-

12a- (4' - met hoxyphenyl )-2, 11-di oxo-(l H, 12H)- 6b, 6c,
12a, 16b-tetrahydronaphtho[l -24g]chrysene (3-Ac)

4, 9- D hydroxy- 14-net hoxy- 12a-(4'-nmethoxyphenyl)-3

, 10-di met hyl -2, 11-di oxo- (1H, 12H)-6b, 6¢c, 12a,

16b-t et rahydronaphtho [1, 2-g] chrysene (4)

4, 9-Di acet oxy- 14-met hoxy- _

Rra- (4o Ret trskip mmd)ep?dmbd hn@ggm, -lﬁfdroﬁdz; @Ryx ®C(O)Ry, OSi(Rio)s,
1H 1 b ,JL2a, . 16b-tetra apht ho

L1 o Sy B oo isoBpeyE S GBS, ERRR TPyt or benzyt

Ra- (4nd mdfﬁnuéﬂmwt%ﬂ@dr&g@n, YRSy bﬁ%k(gé@mg%@gia{m)%

1H 12H) - 6b, 6¢, 12a, 16b-tetrahydrona
[Re. 2- & byirggeanbydrayy, HRy, OCAOMRS m@smﬁw>3,

a- (4= - -di | - 11- di ox0-
R oy RSk SR A5 schradil e TSR prevl 67 Ry, ang
Rlo g] dhingeender(tb-Aethfl, 8thil tytdupydy- | 5- met hoxy- 12a- (3
" -met hoxyphenyl )-2, 11-di oxo-(l H 12H)- 6b, 6¢c, 12a,
16b-t et rahydronaphtho [ 1, 2-g] chrysene (6)

ndit PreRGHBIP )ﬂi/'_el'g hhve ffﬁttﬁﬁwfngjsgﬁs't{t&e'n’cmﬁag?ﬁy phenyl) -2,

11-di oxo- (" 1H512H) - 6Db, 6C, 124,

Rab- t BsrRhpad Bmamﬁndﬂj{ehdqnﬂggﬂydmgﬁﬁ,dwdrd)@; BARY, @CAD)Ry or methyl,
- Tri_hydr oxy.- ,12a- - roxyphe -

~fo- dﬁﬁégﬁﬁﬁ%%epﬂ@e&‘i%éf%%%fﬁz% B%Jéé)l’g% 12a,

1Qb- t ¥ yalygghonapht ho [ 1, 2-g] chrysene (7) 4,9,

15-Tri acet oxy- 12a-(3' -acet oxyphenyl)-3

Rg0- disfstdgenydoxy dPBrdXC(QDRy vpmethyblsndc, 12a,

b-t tho [1,2-g]chrysene (7-Ac) The term
iglkyﬁb£?§¥ﬁ%ﬁgﬁ 0 nmean both straight chain and
branched chai n al kyl groups such

Still more preferably Ry is methoxy; Rs and R4 are methoxy; and/or Rg is methyl.

Most preferably the novel dimeric compounds of formula I are:
4,9-Dihydroxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-2,11-dioxo-

(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (1)
4,9-Diacetoxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-2,11-dioxo-

(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[ 1,2-g]chrysene (1-Ac)

4,9-Dihydroxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-3,10-dimethyl-2,11-
dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (2)

4,9-Diacetoxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-3,10-dimethyl-2,11-
dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (2-Ac)

Compounds 1 and 2 and acetoxy derivatives 1-Ac and 2-Ac thereof are depicted by the

following structural formulae:



as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
secbutyl, tertiary butyl, and the Iike. The al kyl

w@e@ip9tsas 1 to 10 carbon atons, preferably frpOT/AUR@®6H00395
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carbon atons, nore preferable from1 to 4 carbon
atons, still nore preferably nethyl, ethyl propyl,

i sopropyl or t-butyl. The al kyl group may optionally
be substituted by one or nore-df-fluorine, chlorine,
brom ne, iodine, carboxyl, G -C4-al koxycarbonyl,

C] - &4- al kyl am no-carbonyl, di-(CG-C

4- al kyl) -am no- car bonyl, hydroxyl, G -C4-gkkoxy,

forgglooxy, G -4A-al kyl car bonyl oxy, CH’O
-C

C3- yN or phenyl. The term

to incl D and naght hyl and may

substi tuted by '?QE Cl- C4-al kyl , hyd OMe
g-c- alkoxy, C-¢4- alkoxycarbonyl

Ref erence to for ~
nonohal ogenat ed, _ﬂ haI@@bnated and up to OMe
per hal ogenat ed AW' | groups. Preferred hanaIkyIMeO
groups are trifluoronethyl and pentafl uoroethyl. The
conpounds of (t)he Rewention include all salts@)sud=Aas
aci d addi ti ori’-8ell Rs,Acani onic salts and zwitt &AdrReAc
salts, and in particular include pharmaceutically
acceptable salts as would be known to those skilled in
the art. The term "pharmaceutically acceptable salt”
rg%f z@ an organi ¢ or. inorganic noiety that carries
meeieled cIBPPURES Sk ATeprsAdy the saws seqthedsowith the analogous
Vgtérﬁn@nﬁ'i@'faﬁ@cﬁ%' WA YRRt Wil thE é?dﬁ%' ﬁ 'oftain€. The compounds are
counter-cation or counter-anion in .
Rharedas delidvesal | y accept abl e cations are known to those
of skilled in the art, and include but are not limted
to sodium potassium calcium zinc and quaternary

am ne.4 SiNkyRGeAH1 4 ﬁféltﬂo\kyal%fmtﬁbﬂhsxﬁmeﬁgz DA S4B R H, 1 OH)-

those of skill 7in the art, and incl t "are not

| Gbsfic 12, 116b-t©ﬁﬂlﬂdr@6phth@[ét?ag]@hry5@®)(8ht e, citrate,
bi car QP@ Yifeeh xy— qrrngﬁ?lg)%tfﬁ2a-(4’-methoxyphenyl)—2,l 1-dioxo-(1H,12H)-
6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (3-Ac)

4,9-Dihydroxy-14-methoxy-12a~(4'-methoxyphenyl)-3,10-dimethyl-2,11-dioxo-
(1H,12H)-6b,6c¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (4)

4,9-Diacetoxy-14-methoxy-12a-(4'-methoxyphenyl)-3,10-dimethyl-2,11-dioxo-
(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[ 1,2-g]chrysene (4-Ac)

4,9,14-Trihydroxy-12a-(4'-hydroxyphenyl)-3,10-dimethyl-2,11-dioxo-(1H,12H)-
6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (5)

4,9,14-Triacetoxy-12a-(4'-acetoxyphenyl)-3,10-dimethyl-2,11-dioxo-(1H,12H)-
6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (5-Ac)



Phar maceutical ly acceptable salts include those forned
from acetic, ascorbic, aspartic, benzoic,

whewseressul phonic, citric, cinnamc, ethanesul ptiIDAUR)06/000395
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fumaric, glutamc, glutaric, gluconic, hydrochloric,
hydrobrom c, lactic, maleic, malic, methanesul phonic,
napht hoi ¢, hydroxynapht hoi ¢, napht hal enesul phoni c,
napht hal enedi sul phoni ¢, napht haleeneacrylic, oleic,
oxal i ¢, oxal oacetic, phosphoric, pyruvic,

p- toluenesulphonic tartaric, trifluoroacetic,

L PhemYlIfghiosy. 1ohhaALRA diaég &etlfb%g%%ﬁgb‘?zr}]g-ﬁ{ogrgﬂﬁH?I’ZH)-

suI ham ¢ ccini ¢

@lhéc ﬂr%a;hﬁhietrahy@ormphﬂxo(hblgwdﬂene/m)l ve" or "prodrug"

refers eriyative of th ve (o]0 d. .t hat
upon a@hlo[?ﬁagﬁt?’gf i‘i“elﬂli)xtyf#@a c‘inﬁ‘i ﬁ)fpheg}l;[iggpﬂb‘ih@x%fm 12H)-

p X arent conpound
B e e LDy T sel T and

i ncl udes for exanpl e phosphate derivatives and

S0l vat b S RERANBhGI RGBSR b 07 BB gt G- 11 1280
t big6d,1 X1 6bTi&tr§hﬁ1r§1€aphﬂ1©PU2iﬁg§iclﬂﬁ”ehé/@t)l ves with

phy3|olo i cally cleavable |'eaving groups that can
cl eave®dila-Triaggtoxy-13pdd ragatoxyibes, ]Lﬂ'ldlléfle(ﬂ?}’ltzh]el leXO (1H,12H)-

ATy gl Bt IR S0 2 L0

preferably are nono-, di- and per-acyl oxysubstituted
one or of the, pendant hydroxy

n e
Sf@%%ﬁnaﬁ%% Ibtaken Eymggn both seyiehthginand 1Fh ghapn 41 groups such
a r X t d S
of iy BN, prOSPL SR R FoBUTE st (GRIROMRNS and the like.
cbhe ekkpb gmupghdsyld taox§ calbbatatcbmls guiefeoabho dirods 1 tSyﬁmhIésn sitoms, more

crAm L B, *NEd o s AR e G el K Bogeyt. sopropy

t fet-Baner Eﬂhe fadiey T Prau cf( kda)y: JftRBEIS balsibdiButed by one. or more of fluorine,
i sof | avan-4-ols or derivatives thereof are readi

ofhleninea iremize, Jedinelacatbeiybe @d@r@ékqmmhom}ﬂ Qn&aalgylammo carbonyl,

ST ABbEEIRh " B TAPOT o TRovilgen Ol

RessbarytdxyPCy-Oatalliylthiv) €;r&f gichatle s oﬁpheﬁgil t her ei n, V\:hl ch
di scl osures are incorporated herein by reference al so
provi de usef ul

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

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

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



synthetic nethods for the production of isofiavones,
i sof | avan-4-ols and rel ated i sofl avonoi d conpounds as

WO b@6sr®mBt i Nng nononers. A representative generBCT/AU2006/000395
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synthesis is set out in Schenme 1 below. R1-CH2SO2CI

DMF Schenme 1 Access to various substitution patterns

around both the benzopyran ring and the pendant phenyl

ring of the isflavan-4-ols is-rigde possible by

sel ecting correspondi ngly substituted R 5-R8-phenols

and Ra-R‘phenyl acetic acid starting materials. The

rdm Brgadifel b5 HorSihic GRALH 609V, ini i
P L TIERiC By P, BirCOR AR hnd 1R cap b pdppinistered in
r assediativmswitls a wharnthcbatidehagent, tfor ¢xangde, sk ial doantet-natidneor counter-anion
art. The,reductjon reacti.on i.s successfull erforpmed

oty Teagpaceyti Gty achP Al cations ataon OgeRRt skHlct e the art and

pincieas &at afe HntdRaed 1o ToEuRE poRsiaM! IchRfnh, Nzihd@nd@ duaternary amine.
wll be aware that other standard net hods ‘of

P haymageuiipallycieeppisble iapions layedknsyeniat those efskilbin the art, and include but
r [ . ed as. appropri at.e.
R R R R S0 SRl RLAP Il B Gingiey ] genbonate
materials for the synthesis of the dineric nol ecul es

the invention. Dinerisation to yield the ) . )
%ﬁ%ﬁ@ﬁ?éﬁ%%ﬁ%@@ﬁ@ltﬂ drglyda thess Tornedofiomniagetia, yascorbic, aspartic,
RRLEAE MBS zE ik shidRoRE CSRRC GinRhmB %Mééuﬂﬂ{oqﬁh}ﬁ%ﬁﬁd %'ﬂ.ltal%‘lic, glutaric,
reagent. A representative general synthesi$ 1s set” ol
i gluSwie tydochivrionhy dBobremse, Jadict nealidic, winslié, mgethanebalphonic, naphthoic,

oS hdicy abhipleasRisTioBR: aprorialeeatiFheR co| wphipalencacrylic,
(d1&ief bxavic Sn@nRketi) RO pHHEA G ASi ﬁ%ﬂﬂhélﬂplﬁﬁqﬂ:? !talr’ta?i@,d’[riﬂuoroacetic,

carbocation at the 4-position of "'the chroman ring on
ttiehewiasatic, wicraballylic Ralieylion sidplewnic, selphdmoieghiiphanilic and succinic acid.
pronote a second carbocation at the 3-position of this

second chroman ring,

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

the active compound that upon administration to the recipient is capable of providing
directly or indirectly, the parent compound or metabolite, or that exhibits activity itself and
includes for example phosphate derivatives and sulphonate derivatives. Thus, derivatives
include solvates, pharmaceutically active esters, prodrugs or the like. This also includes
derivatives with physiologically cleavable leaving groups that can be cleaved in vivo to
provide the compounds of the invention or their active moiety. The leaving groups may
include acyl, phosphate, sulfate, sulfonate, and preferably are mono-, di- and per-acyl oxy-
substituted compounds, where one or more of the pendant hydroxy groups 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 compounds.

Synthesis of the isoflavonoid dimers of the present invention conveniently begins with

monomeric isoflavan-4-ols of the general formula (II):



which is then quenched by the 2° (or 6') position of
the electron-rich pendent phenyl group. Further

wOo e@ocggegenent t hen affords the resultant di nePCT/AU2006/000395
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i sof | avonoi d conmpounds of the invention. The el ectron

rich phenyl group is preferably a 4- or 2-substituted,

2,4- or 3,4- disubstituted or 2,3,4- or

3,4,5-trisubstituted phenyl grqgp having one or nore

el ectron donati ng groups. The 3, 4-di substituted

el ectron rich conpounds are nore preferred.ln a

preferred enbodi nent, RPe coupling agent of choice is

phosphor us pent oxi[%e, = th@ug the skilled person wll

under stand that o e~ 'ahd reagents may be

enpl oyed as appropri g oth-'Q§uitabI )synthetic

met hods i ncl ude FRg &t i on coupling of

two i sofl avonoi ds. Typ'ﬁg Crafts reaction

conditions are obtained™w agentRy such as

al um nium chl oride, boron trifluoride or simlar Lews

acid catalysts. The coupling reaction is not limted

[Thebe kel Soahdan-4-YREorC M Nativ @ herddittard¥adilyCoBiMiRable by standard

ot her reaction conditions that can generate a

"rEQgeHBEa e i5 bt pds RubdishedsIntdipational, pateitoapptitations WO 98/08503,

I I nic ter simlar, - .

PRSP I st Do PR R g iS5 hg R PLaL Dot references cited

loereiing iverish ﬁ@ﬂbmsﬂwr 'ﬁ’lgeﬂfDOffd‘cD?hgﬁﬁl by keiﬁlgnceﬁ also provide useful
er manganat e, phosphorous pent oxi de as noted above or

(%Yﬁtg?t“bxmaé‘f’?lsvegé oﬁr’ﬁo@ﬁdjélcﬁ‘h‘y off depflpworspp| isgBavanrf-else and related

I ' [ of j [ ‘o

Fa PR cOmpbRIsHTRE bR ROHNESSD A FolsSAPE kel synthesis i

wetraut irofchesrepkebelowr es t o anbi ent, however is it is

generally found that | ower reaction tenperatures

pronote better yields and cl eaner reaction m xtures.

The readlgi ons are conveniently perfornmed at -78C by
wayrpf dcet g/ dry ice baths. Solvents suitakde for

use 1IN g met hods of the i nBMYENO shode pte 'y
be lig at wery |low tenperature, gnd INncC

l o ori nated sol vagf s, THFaand aceto Ry
sol vent Ryf cH@ice~Ns /i(c Pro ane. |Rghasybed
found that a high slibstyate to sol vent Rs O

DMF

H,/Pd-C

EtOH

Scheme 1

Access to various substitution patterns around both the benzopyran ring and the pendant



ratio is preferred, and the optimal DCM substrate
ratio is about 4:1 for the favoured bi nol ecul ar

waledogaio®mBi on/ cycl i sation reactions. Chem cal fROTAU2008/000395
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group protection, deprotection, synthons and ot her
techni ques known to those skilled in the art may be
used where appropriate to aid in the synthesis of the
conpounds of the present inventloen, and their starting
materials. The protection of functional groups on the
conpounds and derivatives of the present invention can

SR | g . .
Tl SR Pl s lRe EbueFndihdly subsitured
G solpehanelsorgdRoeR Spimniyb sicatic dalinst¥itingyméteSals, TNeWing cyclisation

80 0L so b RS Tal BB B Soa il i
@dctdrs aflWdul@ YeCkiovit &) thsse DRNTQALL thed Rt al 'Flﬁé‘ ®ddkfon reaction is
such as _acetoni de and benzylidene, ethers such as

Sueressiylly H?Fé?meﬁéylﬁbﬁé‘cb@hg@lﬂlueﬁwein, ant a¢ahmhiy dolopytriartlyd presence of
Zi?rﬁlg{g.eﬁ‘.ndl“ ! % LofLRAES i3 lﬂﬁeh gvgﬂl?g%%%%}é?%{] )(l)%hgflslta%ldard methods of

Protecting groups ca _
eXagtion, cytisations hixirs geraeib hiydcrebydionl i b8 eRiployed as appropriate.
reduction, for exanple, hydrogenation. Silyl ethers
may require hydrogen fluoride or tetrabutyl ammoni um
fitofRvhele-d hdRnfchea¥ed L9 i imeri
groups provi des qccessn¥ 0 yg%§<%%%§?l%tf%%g%§gthe313 of the dimeric
ceptpalesdy. thT irveptied. e Dimeristian to pigld deflaphthof 42-@lchrysene derivatives
@ncowrsgﬁ{etﬁo%ﬁ%t .to . require electron rich )
SubSPYFHgHY's POt e P aligscH ol Phé&pylingdshpdmten reagent. A
rbiRedetRtlye b s ARed istsBEoud 117 8EIRARL PPLgydi mers of the
present invention. For exanple, hydroxy (optionally
prot ected) and al koxy pol ysubstituted 3-phenyl
derivatives are found to be particularly prekerred.

The preggnt inventors have surprisingly found 8 hat the

di geri cl molgcules of the present inventi \ R
7 . 1 . .

/ new corrp%unds thatpzld%dl cate subst
: 2

DCM, -78°C Re Rs

Scheme 2

Without wishing to be limited to theory, it is suggested that the reaction proceeds via the
formation of an electron-rich olefin (isoflav-3-ene) which quenches a benzylic-stabilised
carbocation at the 4-position of the chroman ring on the second monomer. Rearrangement
is thought to promote a second carbocation at the 3-position of this second chroman ring,
which is then quenched by the 2' (or 6") position of the electron-rich pendent phenyl group.
Further rearrangement then affords the resultant dimeric isoflavonoid compounds of the
invention. The electron rich phenyl group is preferably a 4- or 2-substituted, 2,4- or 3,4-
disubstituted or 2,3,4- or 3,4,5-trisubstituted phenyl group having one or more electron

donating groups. The 3,4-disubstituted electron rich compounds are more preferred.



prom se in the treatnent and prevention of a range of
i nportant human di sease i ncl udi ng cancers,
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cardi ovascul ar disorders and disorders associated with

estrogen receptor activation. In particular, the

di meri c conpounds of the present invention through

their potent ability to inhibipgproliferation of

cancer cells and to i nduce apoptosis show use in the

prevention and treatnment of cancers, a term which any

person skilled in the art woul d understand enbraces

aberrant growth of both a benign and malignant nature

dh aqﬁyfﬁn’ed lahulbocﬂd‘ihmtj elsel ¢ouplihg a@mﬁ yf &micﬁsis gﬁ@émgﬂisipahtoxide, although
senchymal and _neural types. This includes, but is
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tdouplmge of o iisnfbwonaids.t Hiypicgh Fribédl+Crpfis ecrctiaicbhdijiohoare obtained

act. as h-ERb.agonists are able to ovi.de oestragenic .

ST BReti e PR AR, nae fotoh BERY e URIeaF R goid catalysts,
rrmo&mpﬁag ré€ioAns nb liRfitd 8 tFrRAel-CAMSt9fd cOidRbRMbut may include
generally recqgnlsed as representing acute w thdrawal

otthey reacgion apndidproehcangenerte y sershrsetion'sspepies sech( asothe conversion

f ' S . i.anal t OB _—
i DESe 80 Dt UL Sh AT TSRS WO SUPR gy, Ovitve
reeopliny 1eecticasconditioas authias §ydiobeaparbeided dilel pamdlanginate, phosphorous
sterojdal estr g}gen such as urinary incontinence and

HCHPEE 5 BOLEH SOV R OpIeh Kl Ve cRBParIds Mak ok begmployed in the
rﬁﬂ%@é?@f{h@ qilﬁgﬁpﬁbf,‘ecﬁ\p&g BeaRenfn St er oi dal estrogen

sich as osteopaeni a and osteoporosis and cognitive
dysfunction. In particular, the dineric conpounds of

the present invention through thei otent ability to .
6 BorShion' Sy inat Be SAERALPE frouf Bl W THPDATHUTES to ambient,
tHoQ@berGio ik b @Aglly fouRf SATRARERAN WRAFRIRR§EGthbi better yields and
regarded as being associated with excessive

sldanen rgectom mixtires. ERhe reactipnsoars cameeniendlsti pegfotmeds atcH78°C by way of

%8&%5&&8ﬂ%eg§hgy0|'c mast al gi a, endonetri osi s,

Solvents suitable for use in the methods of the invention should preferably be liquid at very
low temperature, and include the lower chlorinated solvents, THF and acetonitrile. The
solvent of choice is dichloromethane. It has been found that a high substrate to solvent
ratio is preferred, and the optimal DCM:substrate ratio is about 4:1 for the favoured

bimolecular dehydration/cyclisation reactions.

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.

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
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i nvention through their potent ability to induce
vasodi |l ation and to reduce vasospasm show use in the
treatnment and prevention of disorders generally
recogni sed as bei ng associ at ed ai-t h vasopr essi on
either causally or indirectly and enbraci ng but not
limted to hypertension and m grai ne headache. In
l:ar h t
D Vo S Bl e SRS DraghE SIARER; fohn Wiley & Sons,
i Néw Aokt 198y. processes and to noderate |nnunolog|ca
processes show use in the prevention and treatnent of
di sorders generally recogni sed as bei ng associ at ed
VI droRNGRERLNE 4rolpLibRmbE 80t £E nByBhHEStd Qex fyhggb'iﬁ%sters eg acetate
function and enbracing but not limted to 1n ry
cestras, aryd esterstsuelh @s @fa@oatg,u aq:t:f@bt’ketm suchas tedtonitie aimmgenzyhdene ethers

[ ase ul cer
Jieh AR P ne T CR Gl ) EFORAEERDN ST e sty ethers sueh
| 3frl bapytaihestlyl dilglastisler s of synovi al nenbranes including
rheumatoid arthritis, inflammatory conditions of the
respi ratory systemincluding asthma as well as

, , |

con‘poun gﬁﬁ:ﬁ%ﬁg%}? ﬁéﬂe}ﬁ (#13 gt})glea 5%19 anf %Fﬁo'agé ?eﬁal}-&%l hydrolysis or
treduttiorn foroéxapgile) lnsisegenaticd \Silyh ethiefd apakiire hydrogen fluoride or

ntly the _conpoun cardio ective and/or
&ﬁ?%‘&ﬂ?@ﬂ%ﬂ’v@? flopgde fr g'? sfae dgy e%gw’%élpv o4 dpsthxyagrogps provides

SRb&G 1o MFarbRy-SMRANARE s S i nhibitor. In
partlcular the di neric conpounds of the present

i nvention through their potent ability to inhibit

d esi s, show. u in,the prevention,and. treatnent
SRR, SRR R ol o GU e P LOSBAPEF efectron rich
(@bithﬁénw 3H IR isofi@voriondl B rehylYaroip Fdt @b Qée[c@nforﬁlb.'ﬁkﬁ{ bPthe 2-carbon
of androgens and including but not Iimted to nmale

elimersaidthe piesent Byyewticn. hBereenamnle.dyydzory (opsgnally protected) and
aﬁl@d?&%iysubstltuted 3-phenyl derivatives are found to be particularly preferred.

The present inventors have surprisingly found that the dimeric molecules of the present
invention present a family of new compounds that indicate substantial pharmaceutical
promise in the treatment and prevention of a range of important human disease including
cancers, inflammatory disorders, autoimmune disorders, cardiovascular disorders and

disorders associated with estrogen receptor activation.

In particular, the dimeric compounds of the present invention through their potent ability to
inhibit proliferation of cancer cells and to induce apoptosis show use in the prevention and
treatment of cancers, a term which any person skilled in the art would understand embraces
aberrant growth of both a benign and malignant nature of any or all tissues in the body
across epithelial, mesenchymal and neural types. This includes, but is not restricted to,
carcinomas, adenocarcinomas, sarcomas, blastomas, adenomas, lymphomas, leukaemias

and gliomas.



The isoflavanoi d dineric conpounds of the invention
are also surprisingly active in enhancing the
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anti-cancer treatments (including chenotherapeutic

agents and radiation therapy) with vastly different

nodes of action. The conpounds of the invention are

al so found to restore sensitiwiRy to those sane agents

in cells that have acquired resistance to those agents

and treatnment nethods. In a preferred enbodi nent, the

cancer patient is pre-treated with a conmpound of

formula (1) prior to radiotherapy or treatnment with a
slaquartitubdetive dimeerapemt ionndgeithe pidose ierention ftBough their potent ability to
conte ed t.hat any sequence may be used in regard
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asteppacsingridistaobeiosisiang cbgnifvediaiigktionnder goi ng
radi ot herapy, or about to undergo radi ot herapy a
therapeutically effective amount of a conpound of

et a0 DS R Ry SRR B s o

tabe as hHFRe tantapomiss dire) gibte(ﬁtoa pRivBR o &P @eht EdiRNitRorsSin pre-menopausal
rovi ded a conbi nati on therapy conprising _ L
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QY a f la.{1) and_ a. . .
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sademeitinbhyperplasiguieine dibgoids, Silyefstic RRERAEABIRNER pre-menstrual

had, devel oped in the subject.
syndrome,

In particular, the dimeric compounds of the present invention through their potent ability to
induce vasodilation and to reduce vasospasm show use in the treatment and prevention of
disorders generally recognised as being associated with vasopression either causally or

indirectly and embracing but not limited to hypertension and migraine headache.

In particular, the dimeric compounds of the present invention through their potent ability to
inhibit inflammatory processes and to moderate immunological processes show use in the
prevention and treatment of disorders generally recognised as being associated with
excessive inflammation or dysfunctional immune function and embracing but not limited
to inflammatory conditions of the gastrointestinal tract including inflammatory bowel
disease (including ulcerative colitis and Crohn's disease) sclerosing cholangitis,
inflammatory disorders of synovial membranes including rheumatoid arthritis,

inflammatory conditions of the respiratory system including asthma as well as autoimmune



In a preferred enbodi nent, the condition being treated
is preferably cancer that is displaying malignant
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cancer such as pre-malignant |esions (eg. atypia,
dyspl asia, intra-epitelial neoplasia) and benign
cancers. The term "radi ot herapy" or radiation therapy"
is broadly taken to include nmet)3ods of treatnent or
therapy with particles and/or energy waves which
affect cancerous cells, tunors or related nmechani sns
adiskabé Hga! i d i . :ation .
g e ATt TRl of E Hh GG b¥hiso useful in
dhe crqabment gafnnainr asyosated rvaitto infleserdation. r ddipotthisttya lﬂae_l_ Iiompounds are
. f |y, the wave or particle is an X-ray. The )
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| thedmbsb&asd $yntiesidsnhibi@ cal s, conpounds, conpositions,
agents, drugs, polyners, peptides, proteins and the
i ke which affect cancerous cells, tunors or related
' ' ' cesses. The djneric, . .
B e B B B SRS woeforklngigegipgotent abitiy to
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and treatnment of cancer, The precise basis of the .
pRAISHEED 188 ietng axsetiptsd Githerneapsallyopp indiigetly)swithtabeupityfunction of
¥ ; tC QR tasis.apd .. .
D ech i3 1n Mk DR PR tomdtp Bhudth oS @i ereditaria) and
fraeatatic agenemapounds i s that fact that they display
broad activity agai nst human and ani mal cancers, and
that they are highly selective for cancer cells.It has
e nissflvRoidnaimdriRecsthpRds dfS@E! AVARRINISea41So RAEERInely active in
anti-cancer agents and surprisingly act synergistic ﬁ
wihancHige thet RRSHDE PE sareee heells foi 8 pwidei rangadof anti-cancer treatments

' ' . h these.two standard chepot.oxic
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tabigorc eThe couorndsioPth shvegtivn kel BEBA o IBRNERESIvIIRYE those same
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PEIES el lp that hane acpyired registapesiodhossaigputs apditreaimentsmethods.
the effects of radiation

In a preferred embodiment, the cancer patient is pre-treated with a compound of formula
(D) prior to radiotherapy or treatment with a second chemotherapeutic agent. However it is
contemplated that any sequence may be used in regard to the administration of a

compound of formula (I) and either the radiotherapy or administration of the second

chemotherapeutic agent or both.

In a further embodiment the compound of formula (I) is administered after resistance,

either inherent or acquired, to radiotherapy is observed in a patient with cancer.

In a further embodiment the compound of formula (I) is administered after resistance,

cither inherent or acquired, to the chemotherapeutic agent is observed in a patient with

cancer.

According to another aspect there is provided a combination therapy comprising



therapy. Treatnent reginmes may include a single
treatnent or a course of treatnents, called fractions,
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typically given once a day from Monday to Friday, for
exanple, with intermttent rests such as at weekends
to help normal cells recover. The actual treatnent
regime will largely depend on-tHe type of cancer to be
treated and the type of radi otherapy to be enpl oyed.
Those skilled in the art can best determ ne the nost
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effect of the pretreatnent is to sensitise the
cancejous cells or tunors to the effects of the
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t t t
(%tﬁ]f ége%qrrr%& ‘E"&ﬁ@é&gﬁ‘@% %%rsubl‘frﬁbr with the

adm ni stered isoflavonoid. This tine may typically
take 7 days, or 14 days or up to 30 days. In another
ﬂﬁieﬁf orefoncd endwiineat, tive combfidra\beingi tredtedds npraferdbdy @ancer that is

765l Rttt B T ol R Bordp Bl it egiesS of Gancer such s
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effect of contributing to cell death by either

:Igltggglo Oy, d;[éﬁ‘g(ft%%a?f‘kg{ étlo%pﬁn%}a?)?"e 15 %%(H%d?y ﬁz&%{r} gtggl(relclugee methods of

treatateind malthdirap?}atvﬂ&lnpartltlée andfor rindigyaivh @’ Whichhdffect cancerous cells,
the stated times prior to

| sof | avonlo e:cjl occur

RO P Rt P BRI 2ighig Ogisal pEsesPs. o d paticalsr fengadiation s o
afgh é}fékg"}l Wave or particle such as an X-ray, electron, gamma ray or proton used in
radiotherapy. Most preferably the wave or particle is an X-ray.

The term "chemotherapeutic agent" is taken broadly to include all drugs, chemicals,
compounds, compositions, agents, drugs, polymers, peptides, proteins and the like which

affect cancerous cells, tumors or related mechanisms and biological processes.

The dimeric isoflavonoids of the invention represent a promising new class of
chemotherapeutic drugs in the prevention and treatment of cancer. The precise basis of the
pharmacological action of these compounds is not fully understood, but the outcome is that
of cytostasis and cytotoxicity. Of considerable interest with this family of compounds is
that fact that they display broad activity against human and animal cancers, and that they

are highly selective for cancer cells.



In another preferred enbodinment it is found that
adm nistration of the isoflavonoids can restore or at
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after radiation treatnment. In this respect in another
preferred enbodi nent the adm nistration of the

i sof | avonoi ds occurs post radiation treatnent.

Chenot herapeuti c agents are gendr-al ly grouped as
DNA-i nteractive agents, antinetabolites,
tubulin-interactive agents, hornonal agents, other
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iwitlentheogell. or salts thereof of the present invention,

may be selected fromany of these groups but are not
limted thereto. For a detailed discussion of the
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nnecticut, 1994) herein incorporated by reference.
Nt eractive agents include al kyl ating agents, e.g.
cisplatin, cyclophosphanide, altretanine; DNA
st rand- br eakage agents, such as bl eonyci n;
i Ifeaimenl rggimmg neaypocludere single ttdatmertiiobh tomse oftreptments, called

Jnonycin and doxorubicin);. non-intercal ating
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plicanydin, for exanple. The al kylating agents form
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proteins, amno acids, or in

In a preferred embodiment the isoflavones or derivatives thereof are administered prior to
radiotherapy. The effect of the pretreatment is to sensitise the cancerous cells or tumors to
the effects of the radiation. The isoflavonoid pre-treatment should begin well prior to
and/or during the radiotherapy in order to affect the ability of the target cells to resits the
radiation. In a broadest preferred embodiment, the pretreatment is for a time and duration
sufficient to contact the cancerous cells or tumor with the administered isoflavonoid. This
time may typically take 7 days, or 14 days or up to 30 days. In another preferred
embodiment the isoflavonoid treatment is 6 days prior to the radiotherapy, or 5 days, or 3

days or 2 days or 1 day prior.

In other circumstances it can be beneficial to administer the isoflavonoids on the day of the
radiotherapy which can still have the effect of contributing to cell death by either removing

the blockers of apoptosis or to increase the rate of degradation.
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not limted to, nitrogen nustards, such as

chl oranmbuci |, cycl ophospham de, i sofam de,
nmechl or et ham ne, nel phal an, uracil nustard; aziridine
such as thiotepa; nethanesul phogate esters such as
busul fan; nitroso ureas, such as carnustine,

| omusti ne, streptozocin; platinum conpl exes, such as

C%@}ea&xé ﬂeatﬁl%hpﬁgfuaéﬁ Hactltghglrt?eqﬂﬁ%ﬁ,vtﬁe %hl%%liﬁfa(ﬁroa oPH&Nsoflavonoid
as mtonmycin, and procarbazi ne, dacarbazine an

anby etaufiatihe sfabdd thdesgridr bo theKirstgreagrentt or bnlglsonhe of or each treatment
bl eonyci n, for exanple. DNA topoi sonerase |

i AP s i ncl ude the fol lowing intercal ators, such

as amsacrine, dactinonycin, daunorubicin, doxorubicin
(adriamycin), idarubicin, and m toxantrone;

nloranother pefeatedresbodinént dtsis &vmd dbatddmamistrationigf dd ideflavonoids can

for, exa e. DNA mi not, _grqove binder is plicamci.n
o ISt ddrshaatSty By Shitazan oo f FERHAh reatment,
PIABEidGEdpRst iR andMEl RbfrR efi®odincAN e At NSt riRINQT the isoflavonoids
mechani Sms. Certain drugs inhibit production of
dessussriosiadietien sedment i phosphates that are the

i mredi ate precursors for DNA synthesis, thus

inhibiting DNA replication. Certain of the conmpounds
aCheradthtrapdinie agéntp tirel geasrally gynpedrbdDNEs im¢rdctiveaagents,

i ncorpqrated in_ anabolic nucl eoti de pathways. These

afiinesiahokites, Whylkinsinteragiste agentachormopal prpnts, othauageis suchichs

2 4 r : . ! '

p b oS SRR M QR BBL EuORHs o b
aahtfmlgd) Ib;V sy o mﬁviglsomnip@mé)(ﬁemmhﬁﬂapauﬁuegmmd in combination
P¥ih sty BRo B RO bbo My it HR SR ity psels thereof of

afhd phdserUhvGitiBR; mBKhd et REA ?bﬁtﬂeﬁ@ﬁl‘édﬁs but are not limited thereto.
f1 udar abr ne,

mer ca to.{Jeurl.ne, _6-t hi oguani ne, ) )

p&meo%t@ drdiscassion ¢fishe clesneashérapeutic agentaard thaiinsithask of

! Q&%ﬁ%%%a&%ﬁ 'S exﬁgﬁ,eeE{'al, Cancer Chemotherapy Handbook, 2d edition, pages 15-34,
Appleton and Lang (Connecticut, 1994) herein incorporated by reference.

DNA-interactive agents include alkylating agents, e.g. cisplatin, cyclophosphamide,
altretamine; DNA strand-breakage agents, such as bleomycin; intercalating topoisomerase
II inhibitors, e.g., dactinomycin and doxorubicin); non-intercalating topoisomerase 11
inhibitors such as, etoposide and teniposide; and the DNA minor groove binder

plicamydin, for example.

The alkylating agents form covalent chemical adducts with cellular DNA, RNA, or protein
molecules, or with smaller amino acids, glutathione, or similar chemicals. Generally,
alkylating agents react with a nucleophilic atom in a cellular constituent, such as an amino,
carboxyl, phosphate, or sulthydryl group in nucleic acids, proteins, amino acids, or in
glutathione. The mechanism and the role of these alkylating agents in cancer therapy is not

well understood.



Tubulin interactive agents act by binding to specific
sites on tubulin, a protein that polynerizes to form
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structure units. When the interactive agents bind the
protein, the cell can not form m crotubul es.

Tubul i ni nteractive agents include vincristine and

vi nbl astine, both al kal oi ds anr@7paclitaxel (Taxol),

for exanple. Hornonal agents are also useful in the
treatnment of cancers and tunors. They are used in
hornonal | y susceptible tunors and are usually derived
fromnatural sources. Hornonal agents include, but are
nbitpi¢al ﬁﬂ%’@@ng @gerés tmb@e,rimt areont ligeited do,estrogppemsstady such as

e#]hllil r| ar1| rgé’\ﬁp lg gﬁ’e@ﬁ%ﬁdﬂ g g@ ’??l?ra\??l%m%d‘&ﬂp%an uracil mustard;

Wﬂricﬁﬂfy IcA Qe $i6teHA) IndiRdeOBbRonatRAIDXMRA AI B8 LR A NGitrod heas, such
nmegestrol ; and androgens such as testosterone,

(a8 SemRYsEnelemystEls reptezocing plesiyurs somplenes, saetdas cisplatin, carboplatin;
e(?l{%éléééﬁ/g?agﬁflaﬁgl? %06}11] ﬁ%@?&%ﬁn‘f %ogrllplco%gfb%%ll%le Faciibazine and altretamine.
hydrocorti sone. They are used because of their
j@ﬁéflnféﬁ nmat ory beneL; as well as the ability of
FABIE aBei ofida PleogyGHs ferraamlenal t DNA
synt hesis. These corrpounds i ncl ude, but are not

limted to, prednisone, dexamethasone,
N A;tomammrwl 15 i bitomglinpludd ﬂlesfollowmg ihterdalavoraj sugh as amsacrine,

ne releasing hornon or
gh%%‘g’g"mc&b. A e*? e TR debicip.anddeipxantrone;
Rlohinedrtadl¥tofsh Sudhls8 %ﬁdﬂSBElHe ahd ﬁhgféﬁﬁ@ Sof &fnSile. These
i ncl ude Ieuprollde acetate an goserelln acetate. They
prevent the biosynthesis of steroids in the t estes.
HNIP) t ude, ~far exanp
:'?lgtles,rﬁfﬁ)(H r?%%§%%% §”§u§%W%@'§EﬁB?P?%h anti andr ogen

agents such as flutan1de and anti adr enal agents such
%H’& %)O?ne an 1%I utet himde. Further agents

S T P eRpg B&%P%l&l%@@@ds; X GRofiwo major
%écﬂﬁ’ﬁéﬂléf Ge@faﬁ%gé R b 8h of H@o@ﬁ Xﬁ{?cleomde {riphosphates that

ri bonucl eoti de reduct as as ar agi nase
ereztheimmiediate precursors for DNA synthesw thus inhibiting DNA replication. Certain

of the compounds are analogues of purines or pyrimidines and are incorporated in anabolic

nucleotide pathways. These analogues are then substituted into DNA or RNA instead of

their normal counterparts.

Antimetabolites useful herein include, but are not limited to, folate antagonists such as
methotrexate and trimetrexate; pyrimidine antagonists, such as fluorouracil,
fluorodeoxyuridine, CB3717, azacitidine, cytarabine, and floxuridine; purine antagonists
include mercaptopurine, 6-thioguanine, fludarabine, pentostatin; and ribonucleotide

reductase inhibitors include hydroxyurea.

Tubulin interactive agents act by binding to specific sites on tubulin, a protein that
polymerizes to form cellular microtubules. Microtubules are critical cell structure units.

When the interactive agents bind the protein, the cell can not form microtubules. Tubulin



converts asparagi ne to nonfunctional aspartic acid and
t hus bl ocks protein synthesis in the tunor. Preferred
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taxol (paclitaxel), fluorouracil, fluxuridine,

cycl ophospham de i fosfam de, hexarnet hyl nel am ne,
estranustine, mtonycin, and docetaxel.The anount of
one or nore conpounds of formuR8-1 which is required
in a therapeutic treatnent according to the invention
wi || depend upon a nunber of factors, which include

tibRrRHeS héén@s iaeIké Gﬁt:hg{he ahlSi ﬂ%?a‘s’dﬁ b%ﬁl Jﬂgﬁo{éﬁ "ahé'irﬁ fixel (Taxol),

conpound used, the condition eln rea

dpr exmmpie-strati on and t he condltlon of the patient.
Compounds of fornula | may be adm nistered in a manner
and anount as is conventionally practised. See, for

R e e

BapRally S&%ﬁ@@e GempLsgad ag usnal@e@n@d lfpmnnathml sources. Hormonal

t tate of e
S8 HRR IR 46 30! A T eSS A1 i
asd diethydsiil bedteadipstdortfisigarad adencstrsl a}bﬂoges@l9§ Sudhs
be in the range of 0.1 2

g;
ﬁ’vﬁao?%ﬁo%? TORT APEoatg mfesquxyyroasstémpamdynmegmlz @nd@ldr«zgens such
I | t
o e B kR PRI Glar SREERTRE RS g BERG650 8o
hereln described are typically prep?red by adm xture
f . the i.nventio or conveni ence
R SPORIRRS o Ve HoHcmal st sswgaoh Rt rosprtisone. They
areased bedanse mﬁélﬂ BEE I aBRhAtYryWen¥ B B Wk Ald %l]lltpf of some to inhibit

acceptable carriers and/or excipients as are
RHWE divisipreang te half RN A synthesis. fhese, confpoundsr imelndéut are not limited

h
B AP RhE el e e R g ch e, amieiniaelonsor b

deleterlous to the subject. The carrier or excipient
he a,solid or a liquid, or both, and is preferably
EH tm}lpg‘g garrwqeﬁelle%ng hormone agents or gonadotropln-releasmg hormone

antagonists are used primarily the treatment of prostate cancer. These include leuprolide

acetate and goserelin acetate. They prevent the biosynthesis of steroids in the testes.

Antihormonal antigens include, for example, antiestrogenic agents such as tamoxifen,
antiandrogen agents such as flutamide; and antiadrenal agents such as mitotane and

aminoglutethimide.

Further agents include the following: hydroxyurea appears to act primarily through
inhibition of the enzyme ribonucleotide reductase, and asparaginase is an enzyme which

converts asparagine to nonfunctional aspartic acid and thus blocks protein synthesis in the

tumor.

Preferred chemotherapeutic agents are cisplatin, carboplatin, taxol (paclitaxel),
fluorouracil, fluxuridine, cyclophosphamide ifosfamide, hexamethylmelamine,

estramustine, mitomycin, and docetaxel.



compound as a unit-dose, for exanple, a tablet, which
may contain fromO.5%to 59% by wei ght of the active
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conmpound. One or nore active conpounds may be
incorporated in the fornulations of the invention,
whi ch may be prepared by any of the well known

t echni ques of pharmacy consi stiogg essential |y of
adm xi ng the conponents, optionally including one or
nore accessory ingredients. The fornul ations of the
i nvention include those suitable for oral, rectal,
optical, buccal (for exanple, sublingual), parentera

(Ter amumnmfmnesarhﬂuiem(ﬁmds Bf f@fiuse Uhdiich is required in a therapeutic
i ntradermal , or intravepous) and transdernal

at&fiﬁfﬁ?rgtaﬁaqrﬁ% to g waalgwnﬂmél q*ﬁpﬁtl 3001 appEbenef Bcjors, which include
| ol

PSSO SRR ORI g AN SR b

tﬂ‘@tqdarth@ euddar oﬁaadmmestnatmqnmud d:ha\lh:londintlloﬁ dfeihpgpatieatl. Compounds of

bl e f | ad trat be
P ctneY S efPisBerdiy § Simnaicmd amegots @onventionally practised

e @drSexdn@AENG8SImA ahfldiRhamh, ﬁz@cﬁhd%%kd?}'bgfcﬂgBﬂszs of Therapeutics,
predetern1ned anount of the active conpoun

P8 thoEdigioan 19%%; Bhe %pesdicuﬂqsegﬁ otilisedswidbdersind ipon the condition
aJéfr%qﬁlga%tf e slrzl?e of@lu 3 8681‘: :ﬂ%u ’teS Pf) ﬁ(?m%ﬁltlon and other well known

ffmtmslaatmmaaedrayodae IR rge@aalea dayly aese %éi ipafMtanaEbO 88 frange of 0.1
phar macy whi ch includes the step ringing into

deg ted &t yBisakn Eomcd-» ms tedngs @mf@lfahh’oﬁ(an§9|m&t§>| W0cagri er

(whi ch may contain one or nore accessory ingredients

as noted above). In general, the fornulations of the

|Tmeplqdualmr ef phapascedtidny mﬁo@imshy fan dhé gtdaﬁ‘ﬁéfrﬂ (}’fl the therapeutic
SO R S TR, b R of b Slounds o e

ﬁﬁ\ﬁé@lﬁﬁﬁ”(ﬁ)r &Bﬁ&il&&etﬂéﬁeaﬁgﬁfgﬁﬁé@toﬁ%’(ﬁ% r'%cﬂéc&@odnﬁs") with one or

forma unit dosage. For exanple l et may

m@paﬁheun@yu@@lﬂwrce*smmgwnallmmeptab@ carpenschad/oorexcipients as are well

£ taining the active conmpound, optionally

?ﬁﬁéneeegpnnre accessory ingredients. Conpressed

tabI ets may be prepared by conpressing, in a suitable

machi ne, the conmpound of the free-flow ng, such as a
pofse arries Must, K4 gPetse.dist aceerably imihg sanse 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 from 0.5% to 59% by
weight of the active compound, or up to 100% by weight of the active compound. One or
more active compounds may be incorporated in the formulations of the invention, which
may be prepared by any of the well known techniques of pharmacy consisting essentially

of admixing the components, optionally including one or more accessory ingredients.

The formulations of the invention include those suitable for oral, rectal, optical, buccal (for
example, sublingual), parenteral (for example, subcutaneous, intramuscular, intradermal,

or intravenous) and transdermal administration, although the most suitable route in any



with a binder, lubricant, inert diluent, and/or
surface active/dispersing agent(s). Mul ded tablets
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powder ed conpound noi stened with an inert |iquid
bi nder. Fornul ati ons suitable for buccal (sublingual)
adm ni stration include | ozenges conprising the active
compound in a flavoured base, -ggual | y sucrose and
acaci a or tragacanth; and pastilles conprising the
conpound in an inert base such as gelatin and glycerin
.‘g%ve%u&;&@ Well ﬁ&?e g%"ﬁct @natgﬂarg?l(ass'e%rﬁp ?f ﬁIe éog 1t b%%ﬁ&ttreated and on the
ihvent1 on sul arenteral”admni's ion
crmmrenfmetﬁaytmimpcm\&eco&tmundi evhixdpliebeing pseﬂoar ati ons of
t he active conmpounds, which preparations are
preferably isotonic with the bl ood of the intended
rRfRieoh -sulthas %IPBI%PQH@M&&%OEGE fﬁ@%ﬁé’s@ﬁ’ctﬂ in discrete units, such as
adm ni stered 1 ntravenously, altho dm ni stration

reapswlé¢ss @acﬂ‘@tseﬂtbmg@d mﬁabieiansaochf ccermmgam qamsﬂstermmed amount of the

ranmuscu trader

PHEPIREE s peb st S p8n SPLER on 2y heioningn aqueous or

troa-eeRRUREi Aok Bs WRbRin-Wated o8 hagdrig-oflWnhi®$ion. Such formulations may
andrendering the resulting solution sterile and

ibsarepared by eny sm@btﬂ wedrod jof jphermasy aviidr ingludes &Wtep of bringing into
aa%&%&a&oﬁgché Qe %drf\%oqﬁala?la aggﬂghgl éa¥rigro h":ﬂ:}p a 0%18 11%%% or more

YA, o oun are adm ni s

accm@yaﬁglfédibnm dsnianed elédvg) Eogendra} tenformulatialy ef fherinvention are
rect aI adm nlwﬁrat on are preferably presented as_unit

ReRred 5p inftetely sYIXHE the apiiecampyuRdHithiadiguid or finely
Cﬁﬁd@& Edliﬁ%dﬁ‘?&?&%&h%ﬁh% Gf Decet¥alE ﬁé}ﬂl\@ﬁfe' gﬂﬁJh%mlxture such as

Id carriers, for exanp cocoa butter an
b dpimag ubih dosags.uFoi exgpile fadaldet Ry hmpmpamad $y@ompressing or moulding

TR S B ot phOREGE SR LD L2, cne o mor

GlcERBdry lifgre@Bnts P TTnhreBEd tabRi AMy baPrGRRId: byoéorﬁ’}bﬂessmg, in a suitable
Carriers that may be used include Vaseline,” | anoli ne,

peachachipesampgrytef the figp-Floming suchns apavrienar gtanulss optienally mixed

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

moistened with an inert liquid binder.

Formulations suitable for buccal (sublingual) administration include lozenges comprising
the active compound in a flavoured base, usually sucrose and acacia or tragacanth; and
pastilles comprising the compound in an inert base such as gelatin and glycerin or sucrose

and acacia.

Compositions of the present invention suitable for parenteral administration conveniently
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



or nore thereof. The active conpound is generally
present at a concentration of fromO0.1%to 0.5% w w,
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conpositions include cosnetic skin creans.
Formul ati ons suitable for transdermal adm nistration
may be presented as discrete patches adapted to remain
inintimte contact with the egilderm s of the

reci pient for a prolonged period of tine. Such patches
suitably contain the active conmpound as an optionally

3‘?2&@&%%@%@1%? isél‘a{iHﬁ %tﬁﬁleoclfnd igo%r%ig i&{i‘tﬁgheggllo d.; (I}%évtééble formulations

M Concentrartion wi respect
csapdingdio the immention geserally taivhie ffom Ot1%ans 66Vl of active compound

adm ni stration. may al e.delivered by iontophoresis
afﬁlgl af%/?ffn&lgﬁt?eq %&%fa?er@%r ﬁ?‘nlg'ﬂ?utﬁggopt i onal |y buffered
aqueous sol ution of the active conmpound. Suitable

formul ations conprise citrate or Bis/Tris buffer (pH
diorpulaionnsyitabiatfer regtel administration cwe Qurafebly @redfied as unit dose

j LRgr-adi Farul atii ons .sui table. for .
AEbbSeia" PRls® oy P 2t PR i B i Sommenih with one or more
tdoavdntioralofolal satisis| o, cEdifleNcdRA WitteEMAHdS HRA- shhPRig the resulting
i nhal ati on spray conposition may further conprise a

ﬁWéPﬁ%ceutically accept abl e propel |l ant such as carbon
di oxi de or nitrous oxide. The conpositions of the
i nvention may al so be adm nistered to a hunman in a

dicemalatiosuppioenesitiohosuitablai fot wpicabatminition to the skin preferably take

itﬁeCPor orat i ng[ t rﬁf act i \C/!es can be prepared b){ addj n(g )

the 6&‘&;{3@1(}1 Slie Rt e ﬁa%t%egegrsa{%sgereﬁo peplr Gargers that may

R QiséDRE1URE O hs@neDanBBhd) $oRAAS ok gl c@g%%@‘ﬁolé U8 combination of two
da&d ood Sturt..

coated, conbined or otherw'se’a to a
Aayngrgdlergely Ble aséve ceropaidnig, geberalln giresentitt 2doncentration of from

L8 TS Do, R B SR Sompostins

heotedea@emetis fldh tfealigver ages, protein fortified
beverages, juices, mlk, mlk alternatives, and wei ght
| oss beverages; cheeses such as hard and soft cheeses,

FoRAMGHRERSbIRE: £Alsha%6 GRSGSSratbh %a%/nbedgrsege%%ds as discrete patches

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

the said active compound.

Formulations suitable for transdermal administration may also be delivered by
iontophoresis and typically take the form of an optionally buffered aqueous solution of the
active compound. Suitable formulations comprise citrate or Bis/Tris buffer (pH 6) or

ethanol/water and contain from 0.1 M to 0.2 M active ingredient.

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

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



such as ice cream ice mlk, low fat frozen desserts,
and non-dairy frozen desserts; yogurts; soups;
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and spreads such as.nmmyonnai se, margarine, butter,
butter substitute, and other fat containing spreads.
The conposition is added to the food in an anount
selected to deliver a desired_dgse of the conposition
to the consuner of the food. Food fornmnulations
containing compounds of the invention can be readily

pf}%eeﬁg dnpos Foégr g’l tgag it }?ﬁdmiltg%{]rg%agl am@nglbstte e(l'i] %P Euman in a dietary
aippleinsht &rtron Dietahiy @ﬁﬁ}ﬂefﬁént@rihéﬂib&atu?ﬂﬂﬁb adtieQ %ﬁnb@ Ibrepared by
and domestic animals (such as dogs and cats), birds

(@G@B 188 cemperEng fo pupréys theomr@R@ﬁ of mrmmedhe &mdmtol; as by being

h
@Hg S’éogsc‘tﬁﬁﬂetdl 1ﬁtof %gﬁ ér 0! b?rr?eéi%} %ﬁ%@r% c@g&l 6t aefoo& KEafr.. Any food

anays bel ﬁB@Umlchldlrtgs blot aedbmited ey medib Sutle bsNeeaRd Medts, emulsified
necessa rrchiI y that an animal is treated until

(TR a?i&@%@ﬁ&? RSy BEVSHASSS Suqly anmHiional; brsterages, sports beverages,
HGInOTRLTAD bRYerh iR, FUER! A Fhill %Yt‘éfﬂa{ﬁ%s fand welght loss beverages;

particul ar condition” or preventlng or
rchekses mepht dschard skd obft d:hwsb:{; mirean ohqese, tandeoaage cheese frozen desserts

S 68 Proa R AR JO fo e e B30 d6 Mg dessers yogurs
SSB@M dprﬂlﬁg@k%kég ;pﬁfduu@,e ARY GRkEhEY: arﬁi’“éh;%‘ @AY spreads such as

auxi liary or luént that is consideféd useful in
PRBI9ERIIPRY raarg&ramq:m\w@gm |b¢1§|‘sr suhspios, tandrpthSUfah coahamlm spreads. The
i d|Iue eneral
SPGB B 57 Lo LR o OB R ose of e
Ltbﬂ@SSlflalb) keethe Toasungdr Bf #esfood NBbOHIRFIMARLIOhEEStaining compounds of the
ci pients, aUXI liaries or diluents that are
\6‘@@%5% ¢ srdieprepaed pocosding 4 stapdard practigasan
pharnaceutlcal use. As used herein theterm
"pharmaceutically acceptable carriers, excipients,
Alneidpeatid ewtland/ osesdirnduemtsdsitions | male deofoe adfninistrativor ® humans or

SHAPHECBER PSP a5 SBNC P (k3508 BLei. birds (such as

<hickéns! ABKSRS ducks), livestock animals (such as cattle, sheep, pigs and goats) and the
like.

As used herein, the term "treatment" is to be considered in its broadest context. The term
does not necessarily imply that an animal is treated until total recovery. Accordingly,
"treatment" includes amelioration of the symptoms or severity of a particular condition or

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

A "pharmaceutically acceptable carrier, excipient, auxiliary and/or diluent" as used herein
should be taken to include any carrier, excipient, auxiliary or diluent that is considered
useful in preparing a pharmaceutical composition, Such carriers, excipients, auxiliaries or
diluents will be generally safe, non-toxic and neither biologically nor otherwise
undesirable. The term also includes carriers, excipients, auxiliaries or diluents that are

acceptable for veterinary use as well as human pharmaceutical use. As used herein the
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such as antibiotics, antifungals, antiinflammtories,
or antiviral conmpounds. The active agent can conprise
two or nore isoflavones or derivatives thereof in
conmbi nation or synergistic m xt3gr-e. The active _
conpounds can al so be adm nistered with lipid | owering
agents such as probucol and nicotinic acid; platelet
. o> B _ L i
R e e S S S
ahe\edr apaere thandinietof ssughrsutasteaiees. f edi pi ne; angi ot ensi n
converting enzyme (ACE) inhibitors such as captopri
and enal april, and b- bl ockers such as propanol ol ,

UBehactiat obmpéend! draiirtdhd@uticallyeace QitRsy AeSyARBs BlodiPudi®r salts thereof
adninisLered in combinati on with nonsterioda

&0 4159 P sreadBRisisregy with ptherpagtive freaterials dlesvedonaet impair the desired

L opr.af.en, f ' i.d, . flufenam c acid
SR, P, ERCRSALED, oI SAAGRP S SLS RS e oo
vantifungels) atiaflanmatsieqr oraamtiatitl c@nfduinds.s UGB REveE Qfélvan comprise
nmpounds .of. formula (1), seemtqg be particularly = =
Ut R GPEe f%?ﬂaté‘aleé@ﬁﬁﬁli%%twa% thsreofiin porabipationsen Synergiftiemixture. The

y b e i ] .
T SR P
iandi mentimie deidf platle dggragaton idbbitees sudtnac asyydu;i smithrombotic agents

; . dj ts i I d...Th o s
BT R Bl Sy Tl GBTER: Sy S BEE aufe, snd itdiine;
SinBiskdnsehyetiap] dhiz§ht ANICH) iARYitOR] Rth 86 (c8ptopM1 b enalapril, and B-
conmpounds _being in the sang unit dose, or iIn
ibhepkgisasueh anarenaselobt isrhwtalel, dwdekabetdlol.ni Thercethpatndshean also be

. iml [ ntial .adm.nistration may be .
PR erch B oBobialEn HHTARN G P iR BEL PR 45 tbuproen,
andpmatigacir) yespiving gerwdrofed,f efenarhict fed,f flifhartic ddM bhdlsulindac. The
active agent to be current when the second or |ater
20mPgEnds dan elsp de admiHptered vith castignsieraify o sihatieemetic such as zofran.

cumul ative or synergistic effect is desired.

&ts“ includes

Compounds of formula (I) seem to be particularly suitable for co-administration with other
anti-cancer drugs such as gemcitabine, doxorubicin, cisplatin, paclitaxol and/or
dehydroequol (DHE). This may result in improved effects in the treatment in comparison

to when only one of the medicaments is employed.

The co-administration may be simultaneous or sequential. Simultaneous administration
may be effected by the compounds being in the same unit dose, or in individual and
discrete unit doses administered at the same or similar time. Sequential administration
may be in any order as required and typically will require an ongoing physiological effect
of the first or initial active agent to be current when the second or later active agent is

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

The invention is further described with reference to the following non-limiting examples.



The invention is further described with reference to
the followi ng non-limting exanpl es. EXAMPLES

w@erdemsat i on Reactions Exanple 1.1 2-Methyl rPGDAUR206/000395
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(62.2 g) and 3, 4- et hoxyphenyl acetic acid (92.3 Q)
were dried over P205 for 4 days. Boron trifluoride
di ethyl etherate (350 nL) was added to the solids in a
round bottom flask and the m xtyr.e was stirred under
nitrogen with heating to 100C for 100 m n. The
solution was cooled to roomtenperature for 2 hours
g AVpeL E§sul ting precipitate was col l ected and washed
with an Egcess of water to afford |-(2,4-di hydroxy- 3-
met hyl phenyl ) - 2- ( 3, 4- di net hoxyphenyl ) - et hanone as a
br.own soli 93 g, 65% . Exanple 1.2 In a simlar
m saigh “8 1.1 above, resorcinol and
3, 4- met hoxyphenyl acetic acid were dried then reacted
in the presence of boron trifluoride diethyl etherate
thxampledd 1-
(2, 4-di hydroxyphenyl ) - 2- (3, 4- di net hoxypheny],.et hanone.
O her cordensation products are obtai nabl e ron1u5|ng
th @pproprbgfell-gos pst i ted)wecurso'r"o P
e

E actidphs Hyxanpl e
2 1I ( Di hydr oxD 3- nk Qphenyl) 2- (3, AAi npt ey OMe
phenyl ) ~et hanone (92.9 g) d| MR ved in DWF (14OOrrL
dried over MgSO4 for 15 mn) was placed under a OMe

ni trogen atnosphere. Distilled boron trifluoride
di ethyl etherate was added (140 nlL) over 40 mn to the

St Methyl resotcitiol QBTZ 2tg) 1A B14-REPRK Hé!h?l adbtis @blldt (199@ waere dried over
g’eé gone{c, Ifo chloride (75 nL DIVF nm) wa

dde Hoeon, rufuopige r@ﬂf‘ﬁhidtﬂt @te\@ﬁQ:m W@S raddest oot solids in a
b okdaus The reacti S o
o StoRl Pgﬁf%‘x‘f fhe kBl S S oshaRire SRt Peseco 100°C for
dne emnvvrlil“hdﬂ solutiomsvash@yvlddefol rdoth e@berdt@re’ RRM hours and the resulting

erat ur

prenP itate was collected and washed with an excess of water to afford 1-(2,4-dihydroxy-3-
methylphenyl)-2-(3,4-dimethoxyphenyl)-ethanone as a brown solid (93 g, 65%).

Example 1.2
HO oy HO OMe HO O OH
- T e —
OMe O
OMe

In a similar manner to Example 1.1 above, resorcinol and 3,4-methoxyphenyl acetic acid
were dried then reacted in the presence of boron trifluoride diethyl etherate to afford 1-
(2,4-dihydroxyphenyl)-2-(3,4-dimethoxyphenyl)ethanone.  Other condensation products

are obtainable from using the appropriately substituted precursor compounds.

Cyclisation Reactions

Example 2.1



The dark brown sol ution was poured into cold,
vigorously stirred water (3 x 1250 nlL portions).

woe@ondght (Wi th continued stirring) the yel | omCEHAUR@6/000395
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precipitated out. The solid was washed with water and
collected by filtration. The solid was dried to yield
3-(3, 4-

di met hoxy- phenyl ) - 7- hydr oxy- 8~#8t-hyl - chr onen- 4- one as
a yellowsolid (94.8 g, 99%9. Exanple 2.2 In a simlar
manner to Exanple 2.1 above,

| - (2, 4-di hydr oxyphenyl ) -2- (3, 4-di met hoxyphenyl ) -

et hanone di ssolved in DVMF had added boron trifluoride
diethyl etH€ate foll owed by nethanesul f of
i n DMAO.Adetit L& of water to the redddi{on
af f orded
3-(3,4-di e

tion ReactionsllExa
3- (3, 4- Di net ho%y- pheas™ i,y dr oxy- 8- met hyl cH? onen

ne (94.8 g) was suspended i'n acetic anhydride (450 nL)
under a nitrogen atnosphere. Pyrldlne (23 rnL) was

et B T RN O —

pn (DMEQI&) mrLy dtied bierevig®D] £br W trhiinh wiab lac€hGhdeP R nitro itrogen atmosphere.
was filtered and the solid was washe

lﬁiaﬁ'?%'éorpn tflugrite igth e rdharatg s aﬁd%(l‘l@srob) AYSr 40omin to the stirred
YsoRhidn it %Mtalﬁgérbﬁre F r%ohl?tfo \Q@f&'&{ﬂ% t(%l%}f)de (75 mL) in DMF

produced a white crystalline

a(il 9@ chLO) wens lad@)eht atisa-3H°adeskc2@inds dﬁlﬁ)ng/WBicH the reaction mixture changed to
7- ac toxy 3- 4- di met hoxyphenyl ) - 8- met hyl chr omen- 4-
@nge v cal Ot Z@%reac_@gn NN 13)) refluy for 39 min argi-|was monltored by

G oferginibl i R oot Esfon"f‘ﬂf%% 5 T 3 1o
H283Hz ArH) 7.13 (d, IH 86Hz ArH) 722(d
élH bg cigl% bﬁ?‘ﬂ} so@éﬁﬁ?aéoéou%ed 1nto co Vlgorous y gtlrretf Water (3 x 1250 mL
portions). Overnight (with continued stirring) the yellow solid precipitated out. The solid
was washed with water and collected by filtration. The solid was dried to yield 3-(3,4-

dimethoxy-phenyl)-7-hydroxy-8-methyl-chromen-4-one as a yellow solid (94.8 g, 99%).

Example 2.2

HO OH
O OMe
I
OMe

In a similar manner to Example 2.1 above, 1-(2,4-dihydroxyphenyl)-2-(3,4-dimethoxy-
phenyl)-ethanone dissolved in DMF had added boron trifluoride diethyl etherate followed
by methanesulfonyl chloride in DMF. Addition of water to the reaction mixture afforded

3-(3,4-dimethoxyphenyl)-7-hydroxychromen-4-one.



In a simlar manner to Exanple 3.1 above,
3-(3, 4-di nret hoxyphenyl ) - 7- hydr oxychronen-4- one (1.7

w@romsaeseact ed with acetic anhydride (10 m) B@T¥AU2006/000395
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20

pyridine (1.9 ml) to give 7-

acet oxy- 3- (3, 4-di net hoxyphenyl ) chr omen- 4- one as
colourless prisnms (1.44 g, 74%.1H NV\R (CDC 3) : d
2.36 (s, 3H OCOCH3) 3.92 and 393 (each s, 3H OCH3)
6.93 (d, IH J 8.3 Hz5 ArH), 7.06 (dd, IH J 1.9 Hz
8.3 Hz, ArH), 7.16 (d, IH J 1.9 Hz, H3), 7.20 (m IH,
Ar 7.31 (d, IH J 1.9 Hz, ArH), 8.00 (s, IH H2),
4 ign tiops g 7 Hz, ArH). Hydroeenati on Reactions
Exanple 4.1 In a lL 3N round- bott oned hydr ogenati on
flask, 7-acetoxy-3-(3,4-dinethoxyphenyl)- 8-
ExamyplleBdonen- 4-one (13.9 g) and Pd/ Al 238 (2.8 g) were
suspended I\/IQ absol ute et hanol (560 rrL) frogen was
|ntroduced to the systemfor 42 h u I t e reactlon

was ¢ S reactlon m Xture

filtratid Iﬂe solveni was

vacuo to 5 ({I 8 which was dr OMe
on a high- vacumll yi el di ng

7-acet oxy3- (3, A- di xg@Benyl ) - 8- et hyl chrtg)man-
as a mxture of cis- and nns-isoners (9.56 g, 68%.
This m xture was used in the next step w thout any

f3'-’(8t439[m&146)t}f %Fe;rl)mhydrbyaﬁS %&Eﬁﬁronibh'—% 193%33)%8 stspended in

ddd
|ap¢tlc+®}1yd@d68@59mm3n@sr 2 BHEgeR atnmqphw@yrldme éé 3 pg was added and

P}&fe 345 B’A}%@‘gﬁo("%g ’heéitE{i tcﬂ?%ux forthd ExP' 'q}ﬁ po} vfas? c@ed overnight at

}3°C crydtal 1INYRoXi CGh3) the réhcBof) thikiire, 3Fhis @Idgﬁ,ltered and the
2.32 S, CII&ZI—B 3.30 (dt, IH H3), 3.86 and 3.

(celad was Wa(ghpd mh@e ﬁltra;gq andy g@dltmml %CSOQ mjg t@dsaeldm_prown solid.
?gl%hfr wg% égb 1&2 E{h&g‘)pr 0%8 V\%‘P[E (cg}sgaqghemﬁlw. rr]glﬁ ﬁ%}ld was dried
to9ein¥ehiih & désidgator to yield 7- acetoxy—3 (3,4-dimethoxyphenyl)-8-methylchromen-4-

7-acet oxy-3-(3, 4-di net hoxyphenyl ) chr onen- 4- one

ol XY yphenyl)

'"H NMR (CDCly):'8 2.32 (s, 3H, CHs), 2.39 (s, 3H, OCOCHj3), 3.92 and 3.93 (each s, 3H,
OCHa), 6.93 (d, 1H, J 8.3 Hz, ArH), 7.06 (dd, 1H, J 1.9 Hz 8.3 Hz, ArH), 7.13 (d, 1H,J 8.6

Hz, ArH), 7.22 (d, 1H, J 1.9 Hz, H8), 8.07 (s, 1H, H2), 8.33 (d, 2H, J 8.6 Hz, ArH).

Example 3.2
HO

In a similar manner to Example 3.1 above, 3-(3,4-dimethoxyphenyl)-7-hydroxychromen-4-
one (1.7 g) was reacted with acetic anhydride (10 ml) and pyridine (1.9 ml) to give 7-
acetoxy-3-(3,4-dimethoxyphenyl)chromen-4-one as colourless prisms (1.44 g, 74%).



(1.4 g) and 5% Pd-C (0.24 g) were suspended in
absol ute ethanol (200 nL) and hydrogen was i ntroduced

W eooblog968yst em for 55 h until the reaction wasPCT/AU2006/000395
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conplete. Filtration and evaporation gave a cis- and

tram m xture of

7-acet oxy3- (3, 4-di net hoxyphenyl ) chroman- 4-ol (1.4 g,

100% . This m xture was used gythe next step without

any further purification. trar-isoner: 1H NVR (CDd 3)

; d 2 29 (s 3H OCOCHG) 3.14 (ddd, IH J 3.4 Hz, J
d 3.88

S @Rl sie, 1a0CORTRE Tohiand SR S OCH), 693 @,
(131 J'S:} Hj, éﬂg) H206 @‘é) 1H2Jmf‘|§ggz ng;s‘ Hi“mﬁtgg.fécgjlg, -J:4199de, HS), 7.20

Z(mZ 9H( arHBA,3 lQG:Q]-IBJ) 1 93AArHN8,00 (s, 1HHIN?), 8.38Td Akt JR.B8Iz, ArH).
(each s, 3H, OCH3), 4.31 (ddd, in, H2a); 4.56 (dd, IH,
H2b), 4.75 (d, IH, J 2.64 Hz, H4), 6.66 (dd, IH J 2.3
Wvdr(;ge%aﬁomeacjﬁ)zs 6.66-6.87 (m 5H ArH), 7.30 (d,
ZHJ 8.3 , ArH). Dinerisation Reactions Exanple
5. 1Met hodL
YEt‘cet o?y - (3, 4- di met hoxyphenyl ) - 8- net hyl chr oman- 4- ol
s di ssolved in dichloronmethane (4 nL) and
drl ed over petassi um carbonate. The reactiMen m xture
was c ed {o 8 0C (acetone / dry 4
m nut g‘gb 2 ; g s pentoxide (O 563Aé§§
the reacti

w v) which caused the redMeon mixture to bubble. The OMe

m xture was rinsed into a separating funnel and the

di chl oronet hane | ayer was col |l ected. The aqueous | ayer

viasa ¢kt 3Nicrbmﬂ bisttomgedby droghinatibo flasis t Traeetox(y- 203, Atdimethneyphenyl)-8-

S sPUGhRIELIERS. L&/Pl e pheEiSEf O SRR s ol
l(iS@@-mLﬁe BRI gnaRs introduced to the system for 42 h until the reaction was
complete. The reaction mixture was separated by filtration with Celite. The solvent was
removed in vacuo to give a white solid which was dried overnight on a high-vacuum line
yielding 7-acetoxy3-(3,4-dimethoxyphenyl)-8-methylchroman-4-ol as a mixture of cis- and
trans-isomers (9.56 g, 68%). This mixture was used in the next step without any further
purification.

trans-isomer: 'H NMR (CDClL3): & 2.02 (s, 3H, CHs), 2.32 (s, 3H, OCOCHj), 3.10 (ddd,
1H, H3), 3.84 and 3.86 (each s, 3H, OCHy), 4.24 (dd, 1H, H2a); 4.39 (dd, 1H, H2b), 4.91
(d, 1H, ] 7.9 Hz, 144), 6.50-6.90 (m, 4H, ArH), 7.32 (d, 1H, J 8.7 Hz, HS).

cis-isomer: 'H NMR (CDCI): & 2.03 (s, 3H, CHs), 2.32 (s, 3H, OCOCH3), 3.30 (dt, 1H,
H3), 3.86 and 3.87 (each s, 3H, OCHs), 4.31 (ddd, 1H, H2a); 4.54 (dd, 1H, H2b, 4.78 (bd,
1H, H4), 6.50-6.90 (m, 4H, ArH), 7.32 (d, 1H, J 8.3 Hz, H5).

Example 4.2
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di ssol ved in eluent and subjected to colum
chr omat ogr aphy using (60:40) dichloronethane / |ight

w@edsohwsm wi th nmoni toring by TLC. The productPCT/AU2006/000395

4, 9-di acet oxy- 14, 15-di net hoxy- 12a-(3

', 4" -di met hoxyphenyl )-3 , 10-di net hyl - 2, 11-di oxo- (

1H, 12H) -

6b, 6¢c, 12a, 16b-t et rahydr onapht hgRl-, 2- g] chrysene (2- Ac)
was isolated (580 ng, 52%. 1H NMR (CDC 3); d 1.86 (s,
3H, CH3), 2.02 (s, 3H, CH3), 2.23 (s, 3H, 0OCOCH3) 2.30

¥

(s, 3HcO Mc()312(m J 3.5 Hz, %@Ll

CcH), 3.36 IH, CH, 3. 3. 83

3.87 (each 383 (dd—3 3. OMe
Hz, |H CHa), H CH), 4.59 (d,

CHal), 4.77 (d,0J 1% ), 4.88 (dd, JGoH
J10.2 Hz, IH CHb), 6.36N®, I1H J 8.7 H, IH A
6.46-6.8 (m 6H ArH), 6.93 (s, |H5 ArH), 7.13 (d, IH,
J 8.6 Hz, ArH). 13C NMR (CDCI3); d 9.2, 9.3 (CH3),

30 asingler mangeRY Examgle( &) 7- abGtoﬁy(m&dﬁa?etRo?(S@TBnyl)chromen 4-one

ig.il%) %@{i_é{hﬁé}? g)c%m werfégspfngﬁci @solj:lieletgano?fH3 (%mL) and hydrogen

1483, i8trodikdd Yo tA28ystem ¥3858,h 4351 ﬁl (réé tf@'ﬁ') &S]
118.9, 120.5, 12%9, 128.7, 129.2, 13¢ Waslé Plete. Filtration and

gYapositiongave a gisgang rramemixture 4, hacems(;%f{;% 41dimemoxgﬁ¢nyl)cmoman-

(40504 390y 030% s s 3 0 S0 o

podficati®n?, 805, 729, 587 cni'l . Found: (HRESI\/IS) MZ
ires mz 703.251343.

03. 254039; 0OL0ONa
(B p T N DGR (s S8s BOGR 3 36 ddh 1H, 1 3.4 Ha, 17.9

SO0, 2R o SRR TR G0 0 B0 s oo
Hab), 30 3nGdn Ukleb 7. 94, §14),: 6.6R66.87i(01) SHeAsH), . @ﬁgl 1H,J 8.7 Hz HS).

S R T "B B RO RS, B0l GVBRIS), 557 and 3.5
ey Foo CRERPr A fam, BOWL AR O, el Pt o4 e 1),

6166(('17(80@ @3 Bz, $18 btz H6),Me66-6.82 @ 8, NFHTY)J.30 (d, 2H, J 8.3 Hz, ArH).

Dimerisation Reactions

Example 5.1
Me
AcO O
O OMe —mm—
G




sodi um hydr ogen carbonate solution (20 nL, 5 % w v)
whi ch caused the reaction m xture to bubble. The

wWo eacPwhs were conbi ned and transferred to a PCT/AU2006/000395
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separating funnel and the dichl oronet hane | ayer was
col l ected. The aqueous | ayer was extracted using
di chl oronet hane (~20 nL). The di chl or onet hane | ayer
was reduced on a Rotovap and theg.residue forned a
purple solid once dried on a high vacuumline. The
solids were then subjected to columm chromat ogr aphy
g@jgg 60: 40) dichloronmethane / |ight petroleum The
g¢ ? y di nmer was successfully isolated fromthe

|’BIAJ'cetbx§-'33(6§4-@1ﬁ¥etKok§}3&mr8 A chEéﬁﬂﬁEDh%ﬁ(lZOS Ng)@was dissolved in
sim lar manner to hod A of 5.

ighlaromaphage (4, mL)jPIFﬁetlﬂQQ@mfd?mS}ﬂTlgh?@hW% dhejreaction mixture was

déo%wfdf g?%t’@ g&%ao%z eo{r%?c%tbea%}?\’?f% li]% %ﬂgﬁtﬁggg’ﬂg §rrﬁt(so§))é{1t%§1de (0.563 g)
'wék adlict®Rinb AKXy BRRAVA )Nag’stojpiael‘éﬂ n@-Kebt kb 128 for 6 hours then stirred at
6b, 6¢, 12a, 16b-t et rahydronapht ho[ |, 2-g] chrysene (1-Ac)

(ﬂ%%ovzmlgWR I{ epci@chediusingpdiem h3Hkogo0emHadate olation (20 mL, 5 %

d\_fﬁv) Bxgglﬁlgénc((aﬁs%d l@zrq%? dtn?l;gflure(}ﬁ b’i%bl;:nr ]]ém 8IZ}HZ[§reg§faS rinsed into a
Sefalind Gihnsl aﬁd*thecﬂ;bﬁlbrorﬁetﬂaﬁle(ldﬁer v}asgccﬂlewed JTH@aéheous layer was

Hz, IH CHa), 4.23 (s, J 11.3
(gzﬁrfyted Asipg npoye dgpblqgoqrqgth mI4) g"lihe( @p@hloyorgethaqqzlayer was reduced

I](%, 2 %F'Eﬁvaf) E'n% @?‘?‘)&d ) Jﬁgﬁg éﬁ&i OPM%%ﬁ)%hg 8{%2 glélﬁnjmglz él“ he solid was
Hiissoludd AnH)eludnt 62n6. 68bjected 4ty  Aokinn GCMBméld),grath lusing  (60:40)
%ﬁhl;g&%h}eﬁga;?e 4 416gihg %et&cﬁpurg vglt}grnrl?qgutoy!g&!;| }/;\r %é\l%he (p@cgjl 9-diacetoxy-
140|19 Rdinthdxy- @a((g'ﬁ)dlméﬁo%h%)l) -330-Anlefil-2 1‘13:1133«( A 128)-

(al 1 phatic 56.4, 56.5
0,6, Kmﬁ-teﬁﬁl}@rqr@l@mlp[11238]chrys¢11®(27Ac)1ms olatead 580 mg, 52%).

CRPEMR tabot o 135 1 3t data, 2@ 31 TRl 2. 2564, OcOCH:), 230 6,
|13\‘AHI; @%E{tﬁ%) 23612} J33; 5 }Eng 21 4731% 51%1 é{ﬁﬁ mg)7(362%169 18, 2(142 Gy, cn), 3.74,
13783, 3.806 .87, (e85, 315111}&124523 (dd4243 2 H26810.8 Hz, lH CHa) 4.25 (s, 1H,
CH), 4.59 (d, J 11.3 Hz, CHa'), 4.77 (d, J 11.3 Hz, CHb'), 4.88 (dd, J 3.4 Hz, J 10.2 Hz,
1H, CHb), 6.30 (d, 1H, J 8.7 Hz, 1H, ArH), 6.46-6.8 (m, 6H, ArH), 6.93 (s, 1H, ArH), 7.13
(d, 1H, T 8.6 Hz, ArH). C NMR (CDCl); § 9.2, 9.3 (CHa), 20.6, 20.7 (CHs), 32.9 (CH),
36.6 (CH), 42.9 (CH), 47.0 (aliphatic C), 55.7, 56.0, 56.2, 56.3 (OCH3), 70.0 (CH,), 72.8
(CH), 108.4, 111.2, 111.3, 112.2, 113.8, 113.9, 120.2, 123.3, 125.7 (Ar CH), 118.5, 118.9,
120.5, 121.9, 128.7, 129.2, 138.4, (ArC), 147.9, 148.0, 148.1, 148.2, 148.3, 148.9, 153.5,
154.2 (ArC), 169.2, 169.3 (COOCH;). Aygs 285 nm (e 14,310). mex 2932, 1759, 1597,
1516, 1428, 1368, 1217, 1093, 1024, 912, 805, 729, 587 cm™. Found: (HRESMS) m/z

703.254039; C40HaoO10Na requires m/z 703.251343.

Method B
Four 20 mL reaction vessels were set up according to Table 1 below by combining the two

solids and cooling them to -78°C in an acetone / dry ice bath for 10 minutes.



1248, 1209, 1146, 1 1 19, 1027, 899, 810, 763 cm1 .
Found: (HRESMS) m z 675.219688; C38H360L0Na requires

WOo®edT¥B8L20045. Deacetyl ati on Reacti ons ExanpP@r/8U2006/000395
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4,9-Di acet oxy- 14,1 5-di nmet hoxy- 12a-(3 ', 4'-di net hoxy
rhenyl)-3 ,10-di net hyl -2, 11-di oxo-

(I'H 12H) - 6b, 6¢c, 12a, 16b-t et r ahydr onapht ho[ | , 2- g] chrysen

e (150 ng) was dissolved in met4anol (4 nl). Potassium

hydr oxi de solution (IM aqueous) was added dropw se to

the reaction until the pH was approximately 11. The

r -O=- il
L omar o b e P D bRyt s qugtpytghroman-s-ol
acid (I M aqueous) and poanoer,ilhOgasd DAMd wat er (500

m ). The resulting precipitate was filtered and dried

yi el ding awhite powder identified as

4,19-Hask/#r OxyMbshorier ¢)TE noxy- gl @)% - 0' lmx&ﬂa’ﬁane (mL)
yl[)y- 3 TO-di met @)@0371, IIdioxo- (05J3I§:ZJ.LI‘I) 6t

la) ~1

, OC
16b-teyTahydron f5go 2= ch“o‘y‘éﬁgc 2)—p6 mg 4
32%%—!—1%%‘9\(" .94 (s—3H° CH3) 2 10 (s,
3hH—cHR) %' 3 5l 3 PA490, 11| cH). 3 34

(d—31%2 alty 1QI0LH) B 74 3088483 86, 3. 87 (eachs
s, 3H, OCH3) 394(dd J 3.2 H, JlOSHz IH CHa)

1%:@]1 ﬁ?ﬁm‘é@ﬁ%é’dﬁ gss*q;p C@E&na%ﬂ clel -:[7§°(§, ap.qtadded slowly to

Ithb g% )’L:]hegregcﬁlﬁﬁzlfiﬁlxt&reé” W@ré’i?eéot &t l’ﬁi @ fﬁzg 7'71%%%? quenched using

,,gp m ]@/cggge(nocarbpngteﬁoi@mm ED iy, H) % \6/v6 @vlﬁclﬁca(umd ﬂllel reactlon mixture

g0 oS T Syl opbite 4185 {5 e lhne an e

r@hlwmmeﬁﬂdedlatyer avasspeliieiddn The aqueous layer was extracted using

hoxV-
(dio“%léjfl"%%Y ﬁ&@aﬁg n%*%ngltzhlgioln%hmdaxqr Was redced bp 8 Rotovap and the
1éaduelfoPmb® bl AR QTARME Urded i a high vacuum line. The solids were then

subjected to column chromatography using (60:40) dichloromethane / light petroleum.

. The diacetoxy dimer was successfully isolated from the latter fractions (1085 mg, 26%).

Example 5.2

AcO 0]
O OMe ——mm
OH O

OMe

In a similar manner to Method A of Example 5.1, 7-acetoxy-3-(3,4-dimethoxyphenyl)
chroman-4-ol in dichloromethane was treated with phosphorus pentoxide to afford 4,9-
diacetoxy-14,15-dimethoxy-12a-(3 " 4'-dimethoxyphenyl)-2,11-dioxo-(1H,12H)-
6b,6¢,12a,16b-tetrahydronaphtho[ 1,2-g]chrysene (1-Ac) (54%).




gl chrysene (230 ng) in absolute ethanol (8 m) and the
m xture was refluxed for 45 m n under argon. The
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the product was precipitated by addition of distilled
water (10 m). The m xture was |left overnight in the
fridge and filtered to yield

4, 9-di hydr oxy- 14, 15- di et hoxy-ﬁga- (3", 4" -di net hoxyphen
yl)- ‘

2,11 -dioxo-(lIH 12H) - 6b, 6¢, 12a, 16b-t et rahydr onapht ho[ | ,

‘ﬁ%ﬁ%&i é 3)2961(3,?361}@,%&)\%}133?,2%& 55,181911 5%@(%{%%% ﬁiq,y?dt, J3.8Hz,J
G hue Lo s sda ety o 7 134,355 44 B8 o, 51, ot
%%gdd(g:sltgli%? %(blb_ilezClCﬂ&b 'O‘H,ai?.ﬁ?g(s, 3511@}1;,3 @39 (@!—Ja]]l).i} Hz, CHa"), 4.73
Gz 1 1.8 HzCABIS, 6.81%dd,d3.4 H)H 1059 QI_Zﬁl(Iﬂ.E(:JHé), 5.3 (EE,’ 11{,,4’3296 Pz, 1 8.7 Hz,
iy Arbiohtdg 730 78 At 685 193 e B, Aoty 5.686.69 (am, 4

892 6096E, ( 911 L IHNA), GSS7@, (8,7 Hz 8113, AF]), 68] (ArlH, ArH), 7.24 (d,

{d, J 9o, folD) | H,ZCN&;IH;QCAS;C%’: §62'(12§3, 315% ((éﬁ;): %%')7@{)5 38 (cm), 43.1

i A P10 64 S o, 98 i o, tu

(%?!31)1{)0%51345, (1Chia) i %)4;@,-21120(85'*21),9619@9911%)12913066123H), 122.6, 128.8,

V36 146k 45 S A8, A, 140 1505 150" (3 B0 7o BB TAIC). o 284
! 28, 8 29; : 9601464, 1424, 1368,

&1%;?811’830%@%%%% 03 Byl J995) 23382970, 16291336, 139601

.3,°155.6, 156.4, 156.6, 156.
(2460)1209, X 48851 1102718990 88),, 763 1cm 37 Foarsl; .(HBWSMZZ, §75.219688;
2933, 1618, 1516, %ﬁ$§2%é%55' 1166, 1024, 834, 742 cnt
€stheRela requies sy O ©196772; C34H320BNa requires
m z 591.198918. The rel ated anal ogous dineric
conmpounds were prepared by the above nmethods utilising

deocagptiod Regrtipns ubst i t ut ed readi |y obt ai nabl e

starting materials. 1. Anticancer activity
Dehydr oequol (3-(4-hydroxyphenyl)chrom 3-en-7-o0l)
fidanifiS6ayt ot oxi c effects against a

Me

AcO 0
O OMe
O
OMe

AcO g 0 O
Me OMe
MeO

4.,9-Diacetoxy-14,15-dimethoxy-1 2a-(3',4"-dimethoxyphenyl)-3,10-dimethyl-2,1 1-dioxo-
(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[ 1 2-g]chrysene (150 mg) was dissolved in

methanol (4 ml). Potassium hydroxide solution (1M aqueous) was added dropwise to the

reaction until the pH was approximately 11. The reaction was stirred for 90 minutes at
room temperature. The solution was neutralised with acetic acid (1M aqueous) and poured

into stirred water (500 ml). The resulting precipitate was filtered and dried yielding a
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i nhi bi ts sphingosi ne ki nase activation and
down-regul ates transcription of angi ogenic matrix
nmet al | oprot ease 2 and can i nduce apoptosis in
chenoresi stant ovarian cancer _gglls by regul ating
anti-apoptotic machinery. Ci splatin anti-cancer
activity has been observed in testicular tunors,

OV@%‘L Sg\géa ' @%&0% @Sb l‘é%ﬁ%ﬁ{zdrgg n?é} Zé he a o (il%&n) gﬁgg' -digethoxyphenyl)-
| ylmaﬁﬁ@e&yl A BRI’ 1%}1@-@%61@5 1lb@&% dfoRARsHEhaA 0L @Ehrysene )

conpl ex (C|sd|ann1ned|ch oropiatlnu xoug to en
t(@ mmwPBBY%i t her via a transnenbrane channel s or high

CREREU toDBRY L PARS ol EBRE o e o Biey o6 b T 114 112 11,

ard), s @l re. wlllﬁze'lHOQH) S3.79nBANY Bpat, W@eatcﬁ sf 1 '@CH;;), 3.94 (dd, J 3.2

positive char % @ aCtIVG S ecies tor sub seque
e

ihﬁz eTr Hy8 it 1w, Hllﬁl(&rIHUGHé,o‘bh‘i)(lbws 18k p gt NG, dnd .3 Hz, 1H,

DA EpogsoRaTatE 4700 T LD e THEERD, PIRGEE P16, Fro2ms 1m,

I@Hbﬁﬁtl@@dJWHZ{ QH§AIHDTK@4215% IDDA-10%, OlFE | ArH), 6.59 (d J 8.7 Hz, 1H,

Cross-1i The npstcomon adduct is an intrastrand
c@%’s}s §P1§k8 et FderRdp 48 éht) U HA HdsATER), 66 UgH Hheibhi @96 (d, ] 8.6
zerally accepted as the critica
rnﬁco gi cal target of cisplatin-induced

cytotOX|C|ty, there is evidence that other cellular

conponents that are damaged by cisplatin (RNA,

proteins, menbrane phospholipids, cytoskel etal

Bt @ment s, and thiol containing ol ecul es)

faci|itates C|splat|n i nduced cytotOX|C|ty

G sp%N - aNaCagduct s (DNA damage) artéO

by p53 in|turn in at es proapopto

probabl y™ X INBeTR: ul ati on and typ OMe
i nduces ecrosi s has_ al so been

i R a\§ adverse effects i
i nt rAa abié I hi ver sal , nausegH@

Imidazole (550 mg) was added to a suspension of 4,9-diacetoxy-14,15-dimethoxy-12a-
(3',4'-dimethoxyphenyl)-2,11-dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[ 1,2-
glchrysene (230 mg) in absolute ethanol (8 ml) and the mixture was refluxed for 45 min
under argon. The solution was concentrated under reduced pressure and the product was
precipitated by addition of distilled water (10 ml). The mixture was left overnight in the
fridge and filtered to yield 4,9-dihydroxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-
2,11-dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2- g]chrysene (1) as a white
solid (100 mg, 50%).

'H NMR (CDCl): & 3.03 (dt, J 3.4 Hz, J 11.3 Hz, 1H, CH), 3.28 (d, J 12.4 Hz, 1H, CH),
3.75, 3.84, 3.85, 3.86 (each s, 3H, OCHj3), 3.92 (d, J 10.5 Hz, 114, CHa), 4.16 (s, 1H, CH),
4.56 (d, J 11.3 Hz, CHa"), 4.68 (d, J 11.3 Hz, CHb"), 4.77 (dd, J 3.7 Hz, J 10.5 Hz, 1H,
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Bi ol ogi cal studies and screening data Screening
studi es have identified

4, 9-di hydroxy- 14, 15-di met hoxy-12a-(3', 4" -

di met hoxyphenyl) -3 , 10-di nmet hyly32, 11-di oxo-(

1H, 12H) - 6b, 6¢c, 12a, 16btetrahy§ronaphtho[

|, 2-g]chrysene (2) as having a favourable in vitro

bl BolmFaBHE i Pl 458 e0, 812 L B3 i Avm, 636 @)

ti‘?ﬂzdﬁﬁ}’ﬂﬂ‘?ﬁ@u@(d&’q 236§Fz| #RBI3EIz AGRIAIED), @@ZLG%W (BERHS ArH), 6.72 (d,
re resentatlveo | 'euk aemc gllorra pros

ohvéB iFen 1 Hb AcE 316,78 o), d 8etHal IMrH)uﬁQ%(arﬂd{arArH%?QP (@l %9.0 Hz, 1H,
A

PRb RS 8, PR 10 18 i G- Por R GBI bng . 362 (cm,

rabgﬁfx ang (hi a'uw)eszoé I¥ediseal, 58@%@@};‘35‘)69 ﬂ@ﬁﬁ 72.1 (CHy), 102.9

“Ki dney I"s" were obtained from M

\AE&H)L é93 ZI@H@UIM &(@Hb,vlé)%s'al (GhD), 188t0n(@) 111 ﬂp(é”é{)vxélfé() (CH), 113.4

G TR TR AP PR R 12 S GHeER, T 120.0. 1294, 1300,

(14®QTultsrB ) 148,811 14b a0 56 ( B56M, 1864, 53619 gmcbl mgxmlsamﬁ (e 13,028), 217
(1.2 g/L), and cul tured at 370C in a huni

A TS Ome: BR2509 60 1616nES Iurtded. pader rid do%rﬁ%’v 7¢giem. Found:

(S Wﬁ*?@%@%@%ﬁ%ﬁﬁ A
cont ai ni ng H[(ECF)’EgO(15 , insulin (0.002 ng/mM),
9)

t ransf er ydr o t 40 m ),
TRl GRS CErg SomEPURP HETS PiERE O, e AoRSk,Bistods utilising
C&Jnles b ﬁ?&sm&dq%cﬁlyr@o@alﬁ@ol@s@hfn% hdt@mir . G Mr

Yale University) and cultured in a m xt ure DVEM
pI us Ham's FI 2 madl um and SKOV-3 was purchased from
gaﬁg ﬁnd cul ttur in McCoy's 5a nedium The breast

BPCRULEY 2¢ fvﬂ MDA- MB- 468 cultured in Leibovitz's

LDéhyRrdwgdblu B-(4-hydroxyphenyl)chrom-3-en-7-0l) elicits cytotoxic effects against a
broad range of human cancer cell lines and recent reports have shown that Phenoxodiol is a
strong topoisomerase II inhibitor, a cell cycle disrupter, inhibits sphingosine kinase
activation and down-regulates transcription of angiogenic matrix metalloprotease 2 and
can induce apoptosis in chemoresistant ovarian cancer cells by regulating anti-apoptotic

machinery.

Cisplatin anti-cancer activity has been observed in testicular tumors, ovarian carcinoma,
bladder tumors, head and neck, breast cancer, lung cancer, refractory non-Hodgkins
lymphomas. Cisplatin is a square planar, coordination complex (cis-
diamminedichloroplatinum) thought to enter the cell either via a transmembrane channels
or high capacity facilitated transport. Once cisplatin enters the cell, the chloride
concentration drops to 20 uM and the drug undergoes strong hydration to form positively
charged active species for subsequent interaction with cellular nucleophiles such as DNA
and protein. Cisplatin reacts with nuclear DNA to yield a variety of adducts that include

interstrand and intrastrand DNA cross-links and DNA-protein cross-links. The most
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(1.2 g/L), and cultured at 370C in a hunmdified

at nosphere of 5% CQ2. Al remaining cell lines were
pur chased from ATCC (Maryl and, USA) except where
noted. Proliferation assays |C3Q _val ues were _
determ ned for each cell |ine. Il's were seeded in
96 wel | plates at an appropriate cell density as

Kk | ysis. NFFs )
EhTRLARR sl 3R ant ST fRenAasean migs. Altough genomic
@Nﬁnﬁegﬁ’féiﬁhl@f psRpee #f thteh@adoaﬁﬁahmelégfém teﬁ:Eétl of gisplatin-induced
proliferation was assessed after the addition of
dprtofoxcity, dhmawldwaﬂw otheseadlusisayiponats tabare damaged by cisplatin

3"7{3@ a r&%l gt o manu ﬁ)(%Sr“;lS %l?eifg?l & §r%rtﬁa&%1ts and  thiol-

wahtagringvendeaddsy thcﬁhﬁcbsf crlﬁp‘lﬁtt&f-‘ Rdubed cplodxgcifi (%s;ﬂﬁtln-DNA adducts
liferation on the y-axis against | og dose
IRV o) ace {hen fisieston. bygs A higlalin iy initiates proapoptotic cascade
E |
c‘?g%dgg}?g% %ﬁ&l%hﬁg&%’g% %ﬁa fylﬁi%ﬂlyriﬁa%c% a éf" alr%stw‘ai\Ieecrosm has also
been Senonstatmk gs alifedq 8f c1splat1d|crasﬁtdlﬁaﬂypiﬁmldttirr Bas numerous adverse

e B ode B 56 BltRast capipanebrapien apd vomie: gasehylactic-like
edcBibnd, meRokIETH), ﬁl}éloguﬁ[g‘@ss?dns %@ﬁm‘b@c;&raﬁ!ﬁ £ Igg'fmulocytopema and dose

Rel ati ve toxicity of dehydroequol

dinyBng nenirelgyicity whichols stmlative e@CkII'WVf:IISﬂﬂ@bl asts (NFF)
and rabbit kidney cells. Kidney Rabbit Kidney >150 36.0
+ 2.7 NT DDnmer 2 was found to be less toxic to nornal

@&blogichhandies miméemngttwtm nore toxic than
%méﬂydr oequol anpl e 8_; Pharnmacokinetics of Cpd.2 -
C

ning studles have  identified  4,9-dihydroxy-14,15-dimethoxy-12a-(3',4'-
dimethoxyphenyl)-3,10-dimethyl-2,11-dioxo-(1H,12H)-6b,6¢,12a,16b-

tetrahydronaphtho[1,2-g]chrysene (2) as having a favourable in vitro toxicity profile

against normal cells, and broad activity, comparable with and in some cases better than
dehydroequol or cisplatin, against cancer cells representative of leukaemic, glioma,

prostate, ovarian, breast, colorectal and lung cancer.

Materials and Methods - Tissue cultures

Neonatal foreskin fibroblasts (NFF) were a gift from Dr. Peter Parsons (Queensland
Institute of Medical Research). RK-13 (rabbit kidney) cells were obtained from Miller
Whalley (Macquarie University). Both cell types were cultured in RPMI supplemented
with 10% FCS (CSL, Australia), penicillin (100U/ml), streptomycin (100mg/ml), L-
glutamine (2mM) and sodium bicarbonate (1.2 g/L), and cultured at 37°C in a humidified
atmosphere of 5% CO,.

The human pancreatic cancer cell line, HPAC (CRL-2119) was routinely cultured in 1:1
mixture DMEM (Sigma) plus Ham’s F12 (Sigma) medium containing HEPES (15 mM),
insulin (0.002 mg/ml), transferrin (0.005 mg/ml), hydrocortisone, (40 ng/ml), epidermal
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4, 9- D hydr oxy-
14, 15- di met hoxy-12a- (3', 4' -di rnet hoxyphenyl ) -3, 10-di ne

W bool/029641 - di oxo- PCT/AU2006/000395

(I H, 12H) - 6b, 6C, 12a, 16b-t et r ahydr onapht ho[ | , 2-g] chrysen
e (2) fromExanple 6.1 was prepared as honpgenous
suspensions in 1% CMC (mv, water). The Cpd. 2

formul ation was delivered orajdy by gavage to female
BALB/c m ce at a dosage of 50 ng/kg. Three aninals
were allocated to each tinme point (15 mn, 30 mn,

exth ceon P Bk o gt Sy Felb i o RO g o it rom
DR! endves! iyﬁfét @Hwefsit?)% a@@ult@re&@ﬁ 2103l ﬁfl%ﬁgrebEMmgplus Ham’s F12

spectrosc the results are shovvn In Tab
niedivimg agd s?r mas purchased fpdmarATECEO land eultured dh MéEGoy's Sa medium.

THE BRfeaRaR oerf i tSa Nip o8 e M plbOHE s LG,

dehydroequol . Diner 2 was found to have a slow rate of
conj ugation conpared to deh droequol The in vi

Aflosilresy Wergt $1Pg tpdt with 1 /e; &GS (S lyi Agst@dla}@engllbgeiésOOU/ml)
v S
Sl {300 LN A B Ny (12 1), and
cﬁmm)hte3’90 1hra humr(ﬁiﬁayﬁtﬁio@phere oy 506 CQad. AR Iaﬁlalmng cell lines were
ra C cells 2 denonstrat ed
‘FIFE‘??F@&‘?B%gaw Wﬁamye’%"ﬁﬁe%‘ﬁ? n%‘@fh vity agai nst
a variety of malignant and nulti-drug resistant cell
I'i nes when conpared to dehydroequol or cisplatin |IC50

Pydiferetiomgssepown in Table 4. Table 4. Corrparl son of
VRS54 Kt OB s

pgﬁb}bndt@ téipdemRitP Y daetrhinkd Yroll &%l kaﬁﬁbmla%sP@EFwere cultured
G 2 and_t hronboxanes (TXs) eg TXA are nenbers of

for ardayy and RKad 33/foz it droiarthe apsenessardnarenes obihe desh ﬁ@magunds Cell
p&??&gl{’ldnpwgst as@%%ec?%@quhe ;—Wtifona&@d 1{/['1\/ 3V2§ dn%eﬁ’l?f H

nor ma responses, @ulfel
teappaBind Gromide (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

Z%l_a VSe-dlphenyl

control proliferation on the y-axis against log dose on the x-axis.

Example 7: Normal cell toxicity

Duplicate cytotoxicity assays against NFF cells were conducted with dehydroequol (DHE),
4,9-dihydroxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-3,10-dimethyl-2,11-dioxo-
(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (2) from Example 6.1 and

cisplatin.

Table 2. Relative toxicity of dehydroequol, Cpd. 2 and cisplatin against neonatal foreskin
fibroblasts (NFF) and rabbit kidney cells.

Analogue (IC50 pM) Antineoplastic
Tissue/cell type Designation (IC50 uM)
DHE Cpd. 2 Cisplatin
Fibroblast NFF >150 23.6+6.6 9.85+5
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effects on eg cytokine rel ease and pl atel et

aggregation. Rel ease of arachidonic acid (AA) from
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for eicosanoid synthesis.Action of the cycl ooxygenase

(COX) enzynes, regardless of isotype, causes synthesis

of the internedi ate prostaglandin PGH , the conmon

precursor for PGE2, Pd 2 ang4T%A . Prostanoids play an

i nportant nodul atory role in the i mmune response

t hrough conpl ex interactions with | eukocytes and
parenchynml cells in the |nflaned organ—They can

prididoeye bot hRghbit Kignely ant i - i hf3%ammatjor y3&0tH bhs NT

dependi ng upon the i nflamuatory stimulus, the

predom nant prostanoi d produced, and the profile of

prostanoi d receptor expression (Tilley et al. 2001).
Diineh? ias fomddé b Xess joxitiegwrmelaetls thanicisplating butaners ioxs than

of  TXs,. and because there is an increased availability
delydroqglok \hstrate PGH2 for PG synthase, an increase in

synthesis of PGs, (Carty et al. 2000; Penglis et al.

2000). An increase in PGE2 can exert anti inflanmmatory
Exenfpde 8sPhamacokinpbice of Gpd2ceOr#as been reported to

4%‘1{3@}%{&@@{3’; 3 f%ginff‘e‘fhﬁﬁ-mﬁg W%Xxﬂ?ﬁéﬁ?'ﬂ%?l%dihﬁthyl-_z,l 1-dioxo-

seinrtiated by mast ce degranul ati on
(lI_(IHaH()L6616cﬂ_|2rﬁl,lﬁm?jahy&onlﬁiﬂéﬁ)ﬁﬂpgjchwm, (%W&OHSSEXEWG 6.1 was
I ncr eases Fa and |L: | . et AR .
prﬁmfﬁdbqstho&qu@lqw@glsgmﬁéq é%cﬁwg%\yv, &a%?r}fhﬂl’gF t(?pﬁigZ formulation
W#&Eii@%%ﬂﬂ% 1@/ gﬂsg@% RIS AT 6 bt & WosdgeYoftI0akghk. Three

ren | ogi cal therapi es which suppress
aniiids evedlibcated tt eaght fitbe gies (br méw|300nin, T 4lacagdigrhn). At each

shave been .successful in.treatin ] [ Ry
respRFILYe time P@fl. g}alerzﬂ??w?r&eug}anﬁsgdlbg% é{?cealri' g%%%ﬁg?@éﬁ%bw gollected.
Fréd Opd. 2 W8S ARiyRsd b nibeipetiadscagemid thbirashlts apphews adTaHe 3.

production and which could be taken orally would be a

great advance. Inhibition of TXA2 formati on may be a

neafe?bl(e)%. égﬁ)lBgr%ﬁ% 0% Bﬁa?&%{&;liiﬁé?ic(%fata for dehydroequol and Cpd. 2.

Time DHE (uM) Cpd. 2 (uM)
Free Total Free Total
0.25 3.3 511.5 1.332 1.393
0.5 2.9 357 4.930 6.453
1 1.5 387 6.756 10.778
4 1.3 117.6 6.314 7.634
24 0.15 0.13 1.148 1.704

Dose* 4.6 mg/ml 8.3 mg/ml

Dimer 2 was found to have a superior half-life at times up to 4 hours compared to
dehydroequol. Dimer 2 was found to have a slow rate of conjugation compared to
dehydroequol. The in vivo toxicity data showed that mice receiving 50 mg/kg 5063 (i.p.)
over 9 consecutive days was not toxic as determined by weight loss and vital organ

histology.

Example 9: In vitro cytotoxicity of Cpd. 2 as monotherapy against cancer cells
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2001) .

Conversel vy,
activation and proliferation and

RS e 8

TXA2may

\}‘ %rf agﬁgst a variety of
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TablkedpOagparisch ce“mmdmdq@m,ecpm 2 androbspdeaith oyxgxidsigaimsodell lines

COX- 2 and PGEsynt hase.
activation and pF%’ﬁ??F’ét%uYﬁ

PGE2

|b|ts

.l eukocyte

BNt melighnciesia2 synt hase

i nhi bitors and thronboxane prostan0|d (TP) recegtor
alit d UIII blb IIaVC UCCII UCVCI U mas ur gy
Cﬁﬂi;ﬁ?t al . % . £. gl OM‘@%‘S %‘F??P‘y there g‘gnltgl;g plastic
1¥at i jon (‘if‘gPﬁtéO'hA COXpat hwayt oward—syathesis( pM)
of PGs and [TX and of |igoxygd¥¥Ee pathuwaySpd.chard|  Cisplatin
synthesis af |eAR@80i ends. TXAD.65 the hbsé zdndant 2.10
ei@eatoi d synt fgsiozed 1[n negwhy plebc gl ogenul 5 73and 10.30
e+ obtefor OV oot fenebbriar T NETENE [ 540
a rat nodellof_n g%rl tidg, M%dflgl | nr‘r793:§§-t=1‘i-3 DCED 2.11
syHOR@Es s whi chLNEaBsef Ul ad.8PE8 prdsedVdd #4.dne >10
function in gl obenNdboneghri$.05+(1L5 angs @t84at 0.41999).  2.07
Breast MCEF-7 21.5+13.2 10.28 3.69
MDA-MB-468 7.9 +3.5 8.59+0.35 0.58
Glioma HTB-138 7.3510.89 16.37 42.30
Pancreatic CRL-2119 56.62 +£16.8 11.23+4.7 9.36
Leukemic RPMI-8226 3.72 £ 0.08 15.16 NT
CCRF-CEM 1.7 £0.68 10.31£1.33 NT
Lung NCI-H23 8.75+7.2 16.37 NT
NCI-H460 10.6 + 3.8 11,26 £4.97 22.29
Colorectal HT-29 50.45%+21.9 11.45+6 22.7+35
HCT-15 24.4 £ 12.57 54.67 + 28 129.9 £ 39
Melanoma MM200 4.8 6.5 8.82
MMO96L 4.7 6.8 4.6

2. Anti-inflammatory activity

Prostaglandins eg PGE; and PGI, and thromboxanes (TXs) eg TXA; are members of a

family of fatty acid derivatives known as eicosanoids (Penglis et al. 2000). They are

involved in both normal physiology and inflammatory responses, but have opposing

effects on eg cytokine release and platelet aggregation. Release of arachidonic acid (AA)

from membrane phospholipids provides the primary substrate for eicosanoid synthesis.
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i nfl ammat ory bowel disease (IBD). TXs are produced in
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di sease by uninflanmed bowel and by isol at ed
i ntestinal and peripheral blood nononucl ear cells.
Their cellular source is likely to include platelets,
neutrophils, endothelial and egBthelial cells as well
as nononucl ear cells (Ranpton et al. 1993; MCart ney
et al. 1999; Carty et al. 2000; Carty eiﬁgl. 2002)£

ioRfod 1 RISRYE ¢ esi
g%?ggedéhsﬁylcand aéci}t%l ?Iev(g(?%jr:}&%?] lcPlfﬁse’-lgt 5@%% S, §%¢g§1‘§ s synthesis of
thetemiediate presieglendim PO, sthp pomsmarprdeucsir foreREEy PGL) and TXA,.

PR 08 f VERSGRDEA gl BBt 5l comple
putetaetorisweitlh RubeStdsn pafehtkydhal WEORAS frlfahéd St They can
2000) . . Sul f asal azi,ne, a conpound frequently .
é’&‘iﬂo‘)ﬁf’ Boser 47 AeenfleBmeiven otisns dhl?ﬁuildmg_ upBD theinflwmirlatory

' ' l sul ri.di ne, have
S PP AR AR R i FEH R Aot receptor
exprasseom iBgyndthe 2081 0f PGF2a or PGE2, respectively

(Hawkey et al. 1985). In other words, they would
appear to have sone |evel of TX synthase

. s Ll . . | . H | S .
L P KBTI o T S48

inseraveciuailehilipeofghe sistrate ®GHafor BGffyuthessmas ibdrease in synthesis of

[.ent .sepa L an of, nononuglear cells |
PO SRy 2B Bk P ah 2bhEhaRiiediEe o PGLs oan pise ant-
{(iDamasdtostefRRbts, BQ&hmplthe t est conpounds were
di ssol ved in DVMSO and added to fresh nonocytes After

30mi n2 UBEEahes begndisportes! tackernate sonie avaite inflAmeratorgrésponses, in

ot i . 370C. i
So6 ocp, 2 atar s BT bl el legpulsipn a3 . 1fe®)
st abl b. IRGHEQuppicssep,vlibiieds THATKERhsANNANGA 1L GAUGLLRY et al.

wer e neasured by radi oi munoassay (RIA)
1997). Inhibition of TXA, is a potenfial way of inhibiting inflammatory

cytokine production, particularly that of TNF. Currently, biological therapies
which suppress TNF levels (with antibodies or soluble TNF receptor shave
been successful in treating rheumatoid arthritis which is refractory to, or no
longer responsive to other therapies. A chemical agent which suppressed TNF
production and which could be taken orally would be a great advance.
Inhibition of TXA, formation may be a means of suppressing production of
TNF, a cytokine which is involved in the signs and symptoms of joint
inflammation and in the longer term degradative phase of joint inflammation
manifest in cartilage degradation, diminution of joint space and ultimately, joint
failure,

¢. PGE, inhibits a wide range of T and B cell functions including inhibition of T
lymphocyte activation and proliferation and Ig production (Tilley et al. 2001).
Conversely, TXA, may promote T cell activation and proliferation and facilitate

the development of effector cytolytic T cells (CTLs). Altering this balance in



The nouse macrophage cell |ine RAW 264.7 was cul tured
in DVEM suppl enented with FCS, 2 nM gl utam ne and 50
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detached fromthe flask by gentle scraping and 24-wel |
pl ates seeded at 5 x 105 cells per well and allowed to
adhere for lhr. Cells were then treated either test
conpounds (in 0.025% DVSO) or .vehi cl e al one, and

i ncubated for Ihr. LPS 50 ng/m (LPS -Sigma- Aldrich)
was then added. After incubation for 16 hrs, culture

medi a wag, 6ol LESE ggod‘agﬁl r?ﬁlgg I?ag:blﬁ% @1%% for q?pglflg}?npgoprlate immune

and cyt oki ne neas rerren

assays (Rep@nsans odods in duyimBiunclieheal and TNFa -
Bect on Dk{;:kl nso Resul ts and, Concl usions Figures 1

to 8 <hoin asthma, B)&{Eg HPRates Va@gb]atlop agdnepepes yascular permeability
i nhi bite i e
manner i ﬁrlylgtneg @nblgé gﬁﬁg%@%@@%ﬂg% PG u maéﬁ Yseoy
nmonocyt emastophageaiechhanded duP® indscaves] éxpre@pldn of Ca¥l2 and PGE-

d. 21 nh| b| t he, | ion of. TNFa i human
%nocyt e§Y %W@q Ms%agcttyﬁﬁ?%M PPBIRNSS GRonghadilation.
usef ul )Gég%%'ﬁﬂl%tlﬁﬁiBito@fanﬂ RrbARBTR R Yo HRRPEIES r@d@ﬂtor

on

rel at ed C i ons . Cardiovascul ar "activity
Mat er i al antagrnisiehavsdsendevslaped as emsi- @ethmeylmg,st(shl(ezan 1998).

ot acs i SPbRRERBAG b W8 v BB o AR PR Rty towend

or gan- bagyigheats A @SRranBaK §ihofMigdsidnase Sithwhys t6R8H) synthesis of
Full concentration-contractile curves were obtained to

nor adr enkrkefaienss. TXAwiothgmyost abundantgiraseredd ayndhesized in nephr1t1c
eSS 14 O RSP o il i

ani mal s. thepatatnina df glomeffl@stphritis. ﬂnmirmhodsbbfnqﬂﬁ-litlls Dazmegrel

response, t o noy enal.ine (1.94 + 3 2.09 0, 23;
p >po 05}PCI5igEe pinthesis wWhdyis peetpl %S%ég%@awe&g%é’@w function in

concent r gbhRRiShepARTREATRR BE 1999).

f. Thromboxanes may play a major pathogenic role in inflammatory bowel
disease (IBD). TXs are produced in excess not only in inflamed mucosa but
also in Crohn's disease by uninflammed bowel and by isolated intestinal and
peripheral blood mononuclear cells. Their cellular source is likely to include
platelets, neutrophils, endothelial and epithelial cells as well as mononuclear
cells (Rampton et al. 1993; McCartney et al. 1999; Carty et al. 2000; Carty et
al. 2002). The pro-inflammatory effects of TXs are both direct (diapedesis and
activation of neutrophils, mucosal ulceration, reduction of suppressor T-cell
activity) and indirect (vasoconstriction, platelet activation) (Rampton et al.
1993). PGs are thought to be protective to gastrointestinal mucosa (Carty et al.
2000). Sulfasalazine, a compound frequently administered in the treatment of
chronic IBD, as well as one of its main metabolites, sulfapyridine, have been
demonstrated to inhibit synthesis of TXB, while enhancing synthesis of PGFa,
or PGE, respectively (Hawkey et al. 1985). In other words, they would appear

to have some level of TX synthase inhibition.
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Resul ts and Concl usions Cpd. 2 has denonstrated
activity against aortic ring contractility induced by
noradrenal i ne. These data indicate that Cpd. 2
exhi bits vasodilatory activitysgnd inhibits
vasoconstriction. 4. Chenosensitisation The utility of
the dineric conpounds of the invention to act as a
vyfl,esn Used |n conbi nation with an array
chetot et apetit agents was assessed.
@Eﬁlﬁéﬂ pelﬁﬂﬂral %ld@sm@ﬁkbﬂytegctﬁbﬁl thaéd mparawirﬂiﬁdﬂia’ili) wérd isolated from
pancreatic cancer cell lines to investigate it
Syferagpts vt imphepran gepdiont seraraioand irenonaelsth @lls followed by counter-
Xox?td%eﬂgllfﬁéaﬁ% ﬂil?ﬁlﬁq@%ﬁ%{sg ﬁt 1?23)08 :@lgn’c&ﬁ@lﬂgounds were dissolved in
DSlSON ankh ed dedpter frmninoasc}m&st AftmeﬁOmm IO B@ﬂadtled to achleve a final
(Versions A and used toQ scree

oo onaon oF 00 Bl Sur IRbESen B JShre 81 373G, e Qangupemnatans
g A BTkl ol RIS laal o P o e

fmbddcﬁbﬁevesemafsumlsb}afadﬁpﬂmuﬂoasmy (MAamt i neopl astic
agent. 1) Direct Sequence - Cells are treated with
both Cpd. 2 and a single antineoplastic agent

("F}{Erﬁ;lbﬁk%%ad‘ré’;{}haée dalY $ine RAWPLh4, 2wk balturbd & e supplernented with

Sequence - I's are treated for 24 hours with
FSHr 2 m¥pghtamige windh 5@ @l hpamicilimdstreplopiysin. |S11bag@ﬂuent cells were

AT R 0505 B SRR 5% 24y PSRRI 59010 o por

WF BhdRNbwWA to %dﬁ&@VfBr lhe. €CelR W¥ieothex itieafelir gither test compounds (in
uence
O 025% DMSO) or vehicle alone, and incubated for l1hr. LPS 50 ng/ml (LPS -Sigma-

Aldrich) was then added. After incubation for 16 hrs, culture media was collected and

stored at -80°C for ecosanoid and cytokine measurements using enzyme immunometric

assays (PGE, and TXB, - Cayman Chemical and TNFa - Becton Dickinson).

Results and Conclusions
Figures 1 to 8 show that both dimers, Cpd. 1 and Cpd. 2, inhibited TXB, and induced

PGE,; in a dose responsive manner in murine macrophages (RAW 264.7) and human

monocytes stimulated with LPS. As well, Cpd. 1 and Cpd. 2 inhibited the induction of
TNFo. in human monocytes. The dimeric compounds of the invention are useful in the

treatment of inflammatory diseases and related conditions.

3. Cardiovascular activity

Materials and Methods
Male Sprague-Dawley rats (250 + 50g) were euthanased with 80% CO, and 20% O,. The

thoracic aorta was excised and quickly mounted in organ-baths as described (Chin-Dusting

et al, 2001). Full concentration-contractile curves were obtained to noradrenaline (0.1 nM-
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al. (1997). This allows for sinple data interpretation
as values in excess of 10% are defined as
"synergistic' (depicted in grey) whilst those bel ow
-10% are defined as 'antagonistsic’ (depicted in

bl ack). The conbi nation of Cpd. 2 and Gentit abi ne
resulted in synergistic cytotoxici ty to HPAC cel | s

\é‘fetfélzlgln)glggﬁ@%s%? ??%%H@é qf é}ﬁ%f .Fo(‘rl é,lgel%’l i‘{‘)’(pﬁg@en‘cs were repeated in 7

appdrf&nentaugsﬁ@madgmremaﬁmratl on range in both of
the 24 hour sequence data. Synergy was not observed at
Cpd. 2 concentrations greater than 5mMM The

m?gi@i ?fgff% P%ﬁl@ﬁlﬁ{/&ﬂ%réﬁﬂﬁ}%@&‘ksg% égﬁglleﬁgglﬁrhe 194 035 vs. 2.09
f:*of)@éﬁzi >(0§S)dmd sigpiftnastly ¢lBfted dgpumgdes E@@eorﬁb@tratibh)of noradrenaline

L T A N AL I -

denbloslt)rthd Corffab ARGV ITIYadtdiBlind gs%@'i?ggﬂ 9) N conbi nation
(A) (see Fig. 12). Less significa regi ons of synergy

are also seen in both the forward (B) and reverse (O

[ ces. HCT-15 cells treated with Cpd. 2
Mﬁ%ﬁ? and nine serially diluted Paclitaxel
ic2ihbs &mmﬁratéd oKty fplathsCAdrAE Bing )é&ﬁfe&ﬁhglﬁﬂuced by noradrenaline.

|aI lcy Leated in both the forward
5@\% atethaf{epd. Seehibife yasoddateryracgivity 3§1d irfhdhits vasoconstriction.
conparlson no synergy is observed in the conbination
treated group (A). The conbination of Cpd. 2 and

itissgm t ed in strong synergistic

cyt ot oxi C|ty to HT-29 cells when treated in both
conmbi nation (A) and forward (B) sequences (see Fi g.
T utifitie b1 tHeedigRkic coofinds' @fatth@ qmﬁn‘ﬁ%n@@ HPL &hBmosensitiser when
first, no synergy was observed he ‘conbi nat1on of
eprdl i copRBingli Wit an prmep | stadaich ckhématherapgutier geatsi was assessed.

@fﬁl@ﬁ@@lﬂ. Y whf applied to various colorectal and pancreatic cancer cell lines to

investigate its synergy with standard chemotherapeutic agents including cisplatin,

gemcitabine, paclitaxel, doxorubicin, camptothecin and topotecan.

Experimental Desion

The experiment as outlined in SOP-BD011 (Versions A and B) was used to screen three
antineoplastic agents against a given cell line in any 'one' experiment (see for example
Kanzawa et al., (1997)). The inherent design of the experiment allowed for three
sequences of Cpd. 2 and an antineoplastic agent.
1) Direct Sequence — Cells are treated with both Cpd. 2 and a single antineoplastic
agent (combined) for 5 days.
2) Cpd. 2 First (Forward) Sequence — Cells are treated for 24 hours with Cpd. 2 before

replacing with a 24 hour antineoplastic agent treatment; drugs are then washed out

and processed on Day 5.
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Fig. 15). No synergy was observed in either the
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routi nely seen between Cpd. 2 and the chenot her apy
drugs, Gentitabine, Paclitaxel and Doxorubicin. The
data suggests that Cpd. 2 can synergise with these
agents optimally when Cpd. 2 i.spadministered in a 24
hour sequence, in either forward or reverse direction.
The results show that the dineric conpounds of the

| nVERt p O & PRI CHL AL LIS AGAE T QNS i NS 2 above. i.c. a cytotoxin
cheno- fifsp§eg@bncen of nontunour cells. 5.

Anti-Inflammatory Activity In Mirine Ear |nflammation
Compound 2 was examnined for its ability to inhibit ear

Spal i nduced by the topical application of
s gdhﬂwﬂb&%s(AA) The inflamatory response due

AA, the imredi ate precursor of the eicosanoids, is due

t&:‘lfdg%‘x%%%g‘é‘gt g 38%@559&29@80 eﬂ%ﬁ?i% inoqppgyed into a three

(XRisRGoRAl Bbdel 1:%8&95@1% Oﬁﬁéﬁ%&/@@t gar 97, 1’@h1§§1ﬂb{% for simple data
increase in both PGE2 and LTCA s nt hesi s which

pmefmsdmonrae viahies amsacesn of 0% hrecd@fmé a@@)ﬁ@rgstl(él(deplcted in grey)

(ks o o s ars 8o RS SR T icher R el o

wi th Conmpound 2 delivered in polyethylene gl ycol (PEGQG
400: phosphat e buffered saline (PBS) 1:
i Pag eqrabingtimeef Cpd. (4 and) G@zm@bwsr@swdzs TR gisBo gytatoxicity to HPAC

p5e118 wie the daSBHll %Eﬁs‘? (4 ep%h Guf § hg?ce ?1'3,%3) (Meclﬁlg. 10). This
ity 4 R

r e ‘anaest heti sed usin ur ané an aselivne
t éﬂf@k nas apireh @iver &M@rmeﬁﬁm @dgei ugh af therddrigur sequence data.

m,croneter. Each us eceived a total 2 of AA

i AYRSERAMBY n‘(ti‘?gﬁ’ﬁy ‘l?H)?t fgﬁgﬁlceacepg afops gr?ﬁﬁ%rrtflaéhg‘ﬁhut er

surfaces of each pinna (i.e. 0.5ng AA or
The combination of Cpd. 2 and Gemcitabine resulted in synergistic cytotoxicity to HT-29
cells in both the forward (A) and reverse (B) sequences (see Fig. 11).

HT-29 cells treated with Cpd. 2 (at 1uM and 2uM) and nine serially diluted Paclitaxel
concentrations demonstrate strong synergy when treated in combination (A) (see Fig. 12).
Less significant regions of synergy are also seen in both the forward (B) and reverse (C) 24

hour sequences.

HCT-15 cells treated with Cpd. 2 (at 1uM and 2uM) and nine serially diluted Paclitaxel
concentrations demonstrate strong synergy when sequentially treated in both the forward
(B) and reverse (C) 24 hour sequences (see Fig. 13). For comparison, no synergy is

observed in the combination treated group (A).

The combination of Cpd. 2 and Doxorubicin resulted in strong synergistic cytotoxicity to
HT-29 cells when treated in both combination (A) and forward (B) sequences (see Fig.

14). When the cells were treated with Doxorubicin first, no synergy was observed (C).
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of AA for each ear was cal cul ated, and the average for

the two ears of each nouse cal cul ated. The difference

in mean swelling of each test group conpared to the

group given vehicle al one was cgcul ated using a

twotailed unpaired 't test (Prism4, G aphPad

Software). Results Treatnment with Conpound 2 resulted

in a significant reduction in ear thickness conpared

with treatnment with vehicle alone. Table 1. Change in

edhe combinatiasof Gpd.e:mahBDexombichersaplpdd iwations sphergiltic cytotoxicity to

CHET TR i e cambinghof biiire Glind o) dNogmeEmEwas observed in

14tHfor e frwar@PBPOLRGerde B)kseqienfed = 0. 0018 This result
dem)astrat eag the ant ir-iﬁ)l gﬂm'at%ry activity of

conpound 2 in vivo. 6. Anti-Inflammatory Activity In

' del ..OF Th | dj ati gn- 1 nduced Skin QCedema, _.
8 o T, L B B, S i,
CRachieseband DétcibTeiInOTe dfa6idgests P CHEst &f @Met%‘fs\étv{;]g{%ese agents

and, oedena. This reaction is nediated in part
i i sy Crst 84¢ adimingerad in( F2bhour papenceGF githearforward or reverse

PRGN Y TR e@d1tAEw HMGRE Elfn?&ll%sc’om%%unds of the invention are particularly

efficacious in the chemosensitisation of tumour cells and the chemo-protection of non-

tumour cells.
5. Anti-Inflammatory Activity In Murine Ear Inflammation

Compound 2 was examined for its ability to inhibit ear swelling in mice induced by the
topical application of arachidonic acid (AA). The inflammatory response due AA, the
immediate precursor of the eicosanoids, is due to formation of AA metabolites via both the
cyclooxygenase (COX) and lipoxygenase (LOX) pathways (Young et al. 1984). AA
induces an early (10-15min) increase in both PGE, and LTC, synthesis which precedes the
increase in ear thickness (Opas et al. 1985; Chang et al. 1986).

Methods

Female BALB/c mice (ARC, WA, Australia), weighing 15-21g were injected with
Compound 2 delivered in polyethylene glycol (PEG) 400:phosphate buffered saline (PBS)
1:1 intraperitoneally (i/p) at a dose of 25mg/kg 30min prior to the application of AA being
to the ears. Mice were anaesthetised using isoflurane and baseline thickness of both ears
was measured using a spring micrometer. Each mouse received a total of 20pL of AA in
ethanol (50mg/ml) applied to the inner and outer surfaces of each pinna (i.e. 0.5mg AA or

2ug PMA per ear). Mice were anaesthetised again to remeasure the ears at 1hr post-AA

application.
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reacti ve oxygen species (Sondergaard et al. 1985;
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2001) . Met hods G oups of 4-5 femal e Skh: hr-1 al bi no
mce were irradiated with 1 x 3 MedD (m ni mal

edemat ous dose) of solar sinulated UV radiation
(SSW). Solar-sinulated ultravigl et radiation (SSUWV)
was provided by a planar bank of 6 UVA tube (Hitachi
40W FA0T 10/ BL, black light) and one UVB tube (Philips

oA S e R B b i el 8 v e

Riadhi€ hveradsi fogRrtivo ed@loTeadiiibudeQalbulbted? TS difference in mean swelling

10-4Wcn2 UVA and 1.59 x 10-5Wcn2 UVB. “The distance

oAt aape task R1oamsompaTediie dhe group igiisn &vehislst lloruwhsicalcwlated using a two-
' : I was controlled with

Ztﬁﬁé%ﬁ%@ 3@1%%’1%5@%§ |t£1ttv”irage|2', the cages were

rotated below the lights to reduce the variation in

r dizati on intensity in different positions. Either

t £ onpound (0.2m of a 20mMM sol ution) or vehicle

(propyl ene glycol /ethanol/water 1:2:1) was applied to

the irradi ated dorsal skin at 30 mn, 2h and 4h

pbsatimentwithtGaompoudd 2sibultsldiin af sigrdficeh seduetien irseanhiekness compared

nmade, wi.t h ri.n {crometer prior to and at 24hr and

4‘@%5‘8@?—‘3‘3}?}”%&%@%?@0“?% di fference in skin thickness

pre- and post exposure to UVR was cal cul ated for each

mouse, and the differences exam ned between test

conpoundl 2e 1y Elhpegedneanthickinessdn sespprteys the applieajioarof AA

unpaired two-tailed t test. Results Skin fold

t hi ckening was evident at 24hrs post-UV irradiation

and peaked at 48hrs, the last time point rEfFernRebetween

Even thoug(? t est conpoUhdsgendr eardpjskness only t hree

times postampeymhdi ation dosj s cleypEreauaand
20hrs prior to the fi réi"e@'&?%’d‘l@h%ﬁﬁr errentVehgag

conpounds exam ned were active in reducing UV-induced
i nf | ammat i ovichiale hi ghl i ght ed4i5r: 4.7

Compound2 51+£1.7 p=0.0018

This result demonstrates the anti-inflammatory activity of compound 2 in vivo.

6. Anti-Inflammatory Activity In Murine Model Of The Uv Irradiation-Induced Skin

Oedema

Acute exposure of mammalian skin to UV irradiation causes an inflammatory reaction
manifested by erythema and oedema. This reaction is mediated in part by pro-
inflammatory prostaglandins (PGD;, PGE,, PGF,, and possibly PGI,) and leucotrienes, as
well as the generation of reactive free radicals and reactive oxygen species (Sondergaard et
al. 1985; Gonzalez and Pathak 1996; Widyarini et al. 2001).
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wa 22@e6geBi cantly i nhibited at 24hrs Table 2. TPeT/an2000000395

10

15

20

25

30

in dorsal skin fold thickness at 24hrs
post-irradi ati on Conpound Change in skin thickness

di fference between(nean SD, x 0.01lmm test group and
vehicle Vehicle 78 23 - Compausd 1 5 1 14 p =0.0284
Compound 2 36 22 p = 0.003 Table 3. The change in
dorsal skin fold thickness at 48hrs post-irradiation
diffighence between Change in skin thickness Conpound
t oup and (nmean SD, x 0.01nm vehicle Vehicle

1@itups 6f 4-Themudel$ith hr-1141bind Gnide Qvere 1040atc@RAMUNG 2 MB8D (minimal

16, P -= 0,025 These results clearly denonstrate the _
HEET G| daFnob g TR i Riey U BOIHOCRBLIN Splamsimuated ultraviole

GaaRasn dSSUVEURR %&9%5‘%2%1#@{ %mﬂg;&k;&; By t‘fﬁgoee (Hitachi 40W F40T

topicall'y and wthin a erva _
i Bkt blank dight)ndridaomea iV tutteh @hilijes TECABVIERS) stitll kadiation filtered

Etﬁoglggtal ﬁ?eﬁij ?)f ?)3 2%;)1?8%{] g%lﬁ,{l%sg7aicetlate a%?rg np rC%gr%c\e/l? Products, Kingport,
Tenn, USA) to give 2.96 x 10-4W/cm2 UVA and 1.59 x 10-5W/cm2 UVB. The distance
of the UV lamp from the irradiance table surface was approximately 20cm and temperature
was controlled with an electric fan. During irradiation, the cages were rotated below the

lights to reduce the variation in radiation intensity in different positions.

Either test compound (0.2ml of a 20uM solution) or vehicle (propylene glycol
/ethanol/water 1:2:1) was applied to the irradiated dorsal skin at 30 min, 2h and 4h post-
irradiation. Dorsal skin fold measurements were made with a spring micrometer prior to
and at 24hr and 48h post-UV exposure. The difference in skin thickness pre- and post-
exposure to UVR was calculated for each mouse, and the differences examined between

test compound and vehicle control were analysed using an unpaired two-tailed 7 test.

Results

Skin fold thickening was evident at 24hrs post-UV irradiation and peaked at 48hrs, the last
time point measured. Even though test compounds were applied only three times post-UV
irradiation, and dosing was completed 20hrs prior to the first skin fold measurement, the
compounds examined were active in reducing UV-induced inflammation, as highlighted in

the tables and graphs below.

Compound 2 significantly inhibited skin oedema at both time points and Compound 1
significantly inhibited at 24hrs

Table 2. The change in dorsal skin fold thickness at 24hrs post-irradiation

Compound Change in skin thickness difference between
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erythrocytes were lysed in buffer (0.14M NH4CQ , 17mM
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using different mce. For each assay, the effect of

test conmpound was conpared with that of vehicle

cont r olpapdtsl TRECHB4 H For§QRIBATEI tHRkAGs 8t Mheigodt-igadiation
test (Prism. Statistically significant difference was
determ ned to have occurred whenp < 0.05. Anot her

assay exam—ﬁed%he—eﬁ—eﬁ——pre—rﬁmwbaﬁ—ﬁg—u-W
spl enocytes with test @ﬂgﬁﬂlﬁ%ﬁ{himf"dl Fings 110 [ Ao
renovi ng t(b&nﬁ&ﬁm)unds and”t hen assessi ng t &k group and
ability to respond to rieanes8I2, x0.Dimbgt i on as
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assessed—after the24hr—pre-jpeoRatTomrusing M1, and
equal nurrbeyg:hlg cell s/ wel | Ht\%gg into 96 well plates
as usual . (Begiehé 1 The ef fectligf:pdicubati on wip & 0.1080M

of Conpound 1 was _exam ned in six different assays,.
P Compound 2 105+ 16 p=8.825

These results clearly demonstrate the anti-inflammatory activity of both Compound 1 and
Compound 2. Even though they were administered topically and within a short interval

after the induction of inflammation, their effects were still evident up to 48 hrs later.

7. Immunosuppressive Effect In Murine Splenocytes

Methods

Male Skh-1 (hairless) mice, six weeks old were killed by cervical dislocation. Single cell
suspensions were made from their spleens and erythrocytes were lysed in buffer (0.14M
NH,ClL, 17mM Tris, pH 7.2). The remaining splenocytes were cultured in RPMI-1640
(Gibco) supplemented with 10% (v:v) FBS, 200mM L-glutamine, penicillin/streptomycin
and 50mM 2-mercaptoethanol. Splenocytes were added to triplicate wells containing either
concanavalin A (ConA, Sigma-Aldrich - 0. 4pg/well), lipopolysaccharide (LPS, Sigma-
Aldrich — 1ng/well) or no mitogen, as well as 10uM of either Compound 1 or Compound
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significantly enhanced the proliferation of

unstimul at ed spl enocytes by 25-33%in 5/ 6 assays. The
results fromone representative assay are presented in
Fig 16. Conpound 2 at | OrM was7exam ned in four

di fferent assays. The results varied anongst assays,
so that there was no consistent trend (data not
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t‘%éq B roggé)gﬁig ecomaﬁgn%thmpgg’ggﬁéec%?@llﬂ Efn_élrfﬁﬁir?ﬁéﬂts compared using a
rRsRAnNs EtebO(PHeMA) Sié(tis@i@lilh}ssigﬁiﬁ%ﬂﬁ ldﬁ?ér%e%&s'ﬁe@%ﬂ%ﬂ?ﬁ héve occurred

was significantly |less t'han those pre-incubate

nd1 2 0dl5ene. Pre-incubation with neither conpound
affected the response to LPS. Splenocyte viability
followi ng three days' culture in the absence of

Mool nassaya examinedf the céfedt hye-Grupatd uﬂstinmlﬁte&"?s?)lenocytes with test
si gni fléantlmgduced by Conpound 2 conpared with o
tRBPRURL 4t O fon 2h haursdemoping thaeqinpauads and thew egsessing their ability
3b ond" nliSidr ieny, i 7...Thes
PS8BS R TR0 BAD bl TGS g mers e
tagsesgpdtafiey thoy24bn poginesbaticanping M TT, daesqurd huldBRaT cells/well plated

bl 0 rest.i I ocytes in the G or G phase of the
é%tf)lcg%cvi’/egf%l?egﬂ%\ﬁg’gg Conpound 2 may affect the cell
cycle of resting T cells so that they are unable to

respond to mtogenic stinmulation, even in the absence
g ound 2. The therapeutic inplication is that

tﬂ%%?fe&%mﬁwb%ﬁoﬁ‘ Gt 1i0'ﬁﬂ)f of %%%ggﬁdo { ¥va§%§<eilmvf.neé{ in six different assays.
Compound 1 significantly inhibited T cell proliferation by 14-19% in 4/6 assays, but had
no effect on B cell proliferation. Compound 1 significantly enhanced the proliferation of
unstimulated splenocytes by 25-33% in 5/6 assays. The results from one representative

assay are presented in Fig 16.

Compound 2 at 10uM was examined in four different assays. The results varied amongst

assays, so that there was no consistent trend (data not shown).

At higher concentrations, both Compounds 1 and 2 reduced proliferation compared with

vehicle control and regardless of the presence or absence of mitogenic stimulation (data

not shown).

Following the pre-incubation with 10pM of both Compounds 1 and 2 for 24hrs, there was

a marked and significant reduction in cell numbers compared with incubation with vehicle
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PHRICE BEE Bl drbliftuB e ithGRh]che ﬁplqe.tﬂ?etregdiﬁsﬁ Bile &4 in Fig. 17.
transduction processes are I nvolved in a w de"range of
functions that are vital to the survival and function

' : ds h
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to revent and treat i rrport ant "an '
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of signal transduction processes targeted by the
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8. Toxicity studies

In a small study, BALB/cnu/nu mice were administered with either Compound 2 (n = 2) as
a solution in 6% Tween 20:PBS at 50 mg/kg or an equivalent volume of vehicle (n = 2), by
i/p injection. Mice were weighed and observed for signs of toxicity daily using clinical
monitoring sheets. On day 9, mice were killed by cervical dislocation, and the kidney,

spleen and liver of each mouse were collected for histological assessment of toxicity. See
Fig. 18.

There was no difference in body weight gain, no abnormal clinical signs, in particular
gastrointestinal side effects and no histological evidence of toxicity in any of the organs

examined between mice given Compound 2 and those given vehicle alone
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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.

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

more of said steps or features.
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RO is Cl-6-al kyl, fluoro-C 1-6-alkyl or aryl-C
-6-al kyl, and RO is independently G -6-alkyl; or a
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compound according to claim1 of the general formula
(I'b): wherein R2, R3, R5, and R8 are independently
hydr ogen, hydroxy, OR9, OC(OR9, OSi(R 0)3, nethyl,
ethyl, propyl, isopropyl, sec-kdtyl, t-butyl, phenyl
or benzyl, R4 and R7 are independently hydrogen,
hydroxy, OR9, OC(O RO or OSi (R10)3,R6 is hydrogen,
h¢%$xy OR9 OC(OR9 or CSi(R10)3, RO is nethyl,

propyl, isopropyl, sec-butyl, t-butyl, phenyl
or benzyl, and R10 is mdependently met hyl, ethyl or
t-butyl, or a pharmaceutically acceptable salt
ther eo»fxcompomcg@ﬁfb@gmr@lcf@mdaﬂg to claim3, wherein R
, R3, R5, and R are inpdependently hydrogen, hydroxy,
OR9, OC(O)R9 or rnethyl|? R4 and R7 are independently
hydr oxy, OR9 or RB(OR RB Rydrogen R8 is hydrogen
hydr oxy, OR9, OC(O R and RO is nethyl or
benzyl, or a phar 2l.e salt thereof.
5. A conpound acBer di FgRt O > Whér ei n m
met hoxy. 6. A cogﬁdﬁm a t}l claim4, erein

R4

R3 and R4 are net

wherein

Ry, Ra, R3, R4, Rs, Rg, Ry and Ry are independently hydrogen, hydroxy, ORy, OC(O)H,
OC(O)Ry, OSi(R10)3, C(O)R1, COzR 2, alkyl, haloalkyl, cycloalkyl, aryl, arylalkyl,
thiol, alkylthio, amino, alkylamino, dialkylamino, nitro, cyano or halo,

Ry is alkyl, haloalkyl, aryl, arylalkyl or alkylaryl,

Rio  is independently hydrogen, alkyl or aryl,

Ri1  is hydrogen alkyl, aryl, arylalkyl or an amino acid,

Ry2  is hydrogen, alkyl, haloalkyl, aryl or arylalkyl, and

X is O, NRy; or S, preferably O’,

which compounds may be optionally substituted or a pharmaceutically acceptable salt

thereof.

2. A compound according to claim 1 of the general formula (Ia):



7. A compound according to claim4, wherein R8 is
met hyl . 8. A conpound according to claim4 sel ected
WO e@a1099%380- Di hydr oxy- PCT/AU2006/000395
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Mlgeréid' - met hoxyphenyl )-3 , 10-di net hyl -2, 11-di oxo-
(1H 12H) - 6b, 6¢c, 12a, 16b- tetrahydr onapht ho|[

Ri- g]I% Y@Ig&fﬁleor((lh)s adkg, Di acet oxy- 14- met hoxy-

Ko (g BBy AR GE N o S, osin, 01

[1,2- @llqmrafﬁleml C%-%uayléxﬁ}alom Tri hydr oxy-
ﬁ ydr(gxyphen )-3 ,10-di nethyl -2, 11-di oxo-(

Rs arpindepspdengy ﬁ’dﬁ%ﬁ@ﬁéfﬁmXHDOR% OC(O)Ry, OSi(Rig)3, Ci-

[1,2- glaﬂlw,yﬁ 6&@16@1&%& ,ﬂg’rl acet oxy-

12a- ( acet oxy di met hyl -2, 11-di oxo-(
Rd, 128§ C1.60lkek fluoaC dalkyt atardhy oy anﬁpmmo[ |

R210 al¢ is 1n}§epenger$tﬁy é-6-alkyl;

or a pharmaceutically acceptable salt thereof,

3. A compound according to claim 1 of the general formula (Ib):

(Ib)

wherein

R,, Rs3, Rs, and Ry are independently hydrogen, hydroxy, ORg, OC(O)Ry, OSi(Ryg)s,
methyl, ethyl, propyl, isopropyl, sec-butyl, t-butyl, phenyl or benzyl,

R4 and Ry are independently hydrogen, hydroxy, OR,, OC(O)Ry or OSi(R1g)s,



4,9-D hydroxy- 15-net hoxy- 12a-(3'-nmethoxyrhenyl)-2,

11-di oxo-( 1H, 12H)- 6b, 6¢c, 12a, 16b-tetrahydronapht ho
wa2@60yeBr ysene (6) 4, 9-D acet oxy- 15- nmet hoxy-PARAULB6/000395

" -met hoxyr henyl)-2, 11-dioxo-( 1H, 12H)- 6b, 6c,

12a, 16b-t etrahydronapht ho[ 1, 2-g]chrysene (6-Ac) 4, 9, 1

5-Tri hydroxy- 12a-(3'-hydroxyphenyl)-3 , 10-di net hyl -

11-di oxo- (I H, 12H)- 6b, 6cC, 12a6§6b tetrahydr onapht ho[

1,2-g]chrysene (7) 4,9,1 5-TriacCet oxy-

12a- (3' -acet oxyr henyl) 3 ,10-di net hyl - 2, 11-di oxo- (|

H, 12H) - 6b, 6¢, 12a, 16b- tet dr onap

&6 0] clﬁ P&/’@réﬁ@la @ydr,g@gy @R%QQ’@{) @gf(ﬂﬂ pr eparati on

Ok =, SRERAILSH, LB chcbl, 8 o?‘t?‘eactt?ﬁgﬁé‘%’é 3 el and
ORlél)t gse;ls gmrﬂ;epeﬂcbn’(ljé rt?deth}«lvraéln}é |03 :ngutgﬁz hRd R4, gg R6, R7
& t‘)}%@p ?{%é@% CooR 2. al kyl ,

haI oaI kyI cycloal kyl, aryl, ar yI aI kyl, thiol,
al kyl t hi o, am no, al kyI am no, dial kyl am no, nitro,
c“yaA@OmPO‘nlad agcording to iy, whezdinal kyl , aryl, aryl al kyl

o 2 41 1o e e SRR HEPbAK. B0, BOR0%e et
am No iR, arindepndbivilly hgkoxy, DRYr OC@)Ral kyl, aryl or
yl al k% R13 is hydrogen, R9, C(OR9, Si(R1O 3,
aRkyI Jahydiegen or benzenesul fonyl, and X is O NRL2 or

pr SRLC d b tionall
bst ﬁ%ﬁy @@Egn f&dr%r 96?%??@ { ?ryrﬂgt%:{%le%tld;gl e sal ty
thger eofsmemhyllmrbemupl i ng agent.

or a pharmaceutically acceptable salt thereof.

5. A compound according to claim 4, wherein

R4 is methoxy.

6. A compound according to claim 4, wherein

R3 and R4 are methoxy.

7. A compound according to claim 4, wherein

Rs is methyl.

8. A compound according to claim 4 selected from:
4,9-Dihydroxy-14,15-dimethoxy-12a-~(3',4'-dimethoxyphenyl)-2,11-dioxo-
(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (1)
4,9-Diacetoxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-2,11-dioxo-
(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[ 1,2-g]chrysene (1-Ac)
4,9-Dihydroxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-3,10-dimethyl-2,11-
dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (2)
4,9-Diacetoxy-14,15-dimethoxy-12a-(3',4'-dimethoxyphenyl)-3,10-dimethyl-2,11-
dioxo-(1H,12H)-6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (2-Ac)



10. A nmethod for the treatnent, prophylaxis or

anelioration of a disease which nethod includes the
wat@p/oedfesndm ni stering a therapeutically effecP@€mau2006/000395

anmount of one or nore conpounds of fornula (1) to a

subject. 11. A nethod of claim 10, wherein the di sease

or disorder is selected fromcancer, the unwanted

proliferation or upregulationdﬁf cel lul ar grow h,

i nfl ammation or inflammtory disorders, autoi mune

di sorders, cardi ovascul ar disorders and di sorders

associ ated with estrogen receptor activation.

12,
met hod,9aPihytleaxsi Lfamethber-62a(4 ety RReayRr 2,1 &-dtqu@-(lﬁ,wH)-

f ' i ' {\nf | ion. 13. A
HEFRLFE o Bl Dy ERRE] 2yt ot o
i nf | angebREstogy-$ Hnitelioxys] dan@l-metivk gphenplyiel 1_-d1bseﬁlsléal2H)-
ulcerative colitis, ulcer at]l ve pr?i'téltcﬁ]l s, distal
6bOr: 23 1 or-tetrabyronaphthob hdwglchy

ICYSCRAréYhod of any one of

| ai : , i Art he. A 11odiovo.
clal g é?éiygﬁ)ac}glgffg/glflﬁgﬂé "1‘21%?3 rﬁétﬁ&@y@ﬁéﬁylpﬁ,lbjaﬁnethélell1 dioxo

i nfl anite absent cardi ovascul ar si

¢fH ¢ 2H3-6b)60,104, 1 6ls-tauahyrovaphttia[ 1,8-glehrysenaédhod of clai m

14, in the.t i . cardi opr ot €61 i Ve, .
L4, W50 che OSSO SO SR L By 1o
gf ﬁ,ﬁhhﬁ-@%gemaq 68k dtRRRdroARILII IR - A fichy e §4-24d) C,

vari a reast, colorectal, lung and pancre

t
cancem, W Tribsdouy- 126 (4hitosxpleayByint trameethyis, bi-digio-(1H,12H)-
f t f f i f the t t t
PG FRtatiaB R o ot RS RS LT et e

i nf | anmat4-Ohacetdky- L ipe(4aetsgiphgnyl)e3,¢0-dimethyl-2 Wheiexor(1H,12H)-
the treatnment is card] ogr otective and/or gut

bdedanil fe-tetrhydigaaptiho[dAelehrysmedS Mapounds of

{ orm @ﬁpﬁ@fdk(&% L‘sggqgﬁf%%ﬂ%ldﬁ En@hoBy PRBANF-BTE iof R 1H, EH)-

6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene.(6)
4,9-Diacetoxy-15-methoxy-12a-(3'-methoxyphenyl)-2,11-dioxo-(1H,]1 2H)-

6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (6-Ac)
4,9,15-Trihydroxy-12a-(3-hydroxyphenyl)-3,10-dimethyl-2,11-dioxo-(1H,1 2H)-

6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (7)
4,9,15-Triacetoxy-12a-(3'-acetoxyphenyl)-3,10-dimethyl-2,11-dioxo-(1H,1 2H)-

6b,6¢,12a,16b-tetrahydronaphtho[1,2-g]chrysene (7-Ac)

9. A method for the preparation of a compound of formula (I) according to claim 1

which method includes the step of reacting a compound of the formula (II):

(In)

wherein



20. Use of one or nore conpounds of forrmula (1) as an
anti-inflanmmtory agent, cardiovascul ar agent,

W@ b@aovgser apeuti ¢ agent, chenosensitiser or PCT/AU2006/000395
radi osensitiser. 21. An agent for the treatnent,
prophyl axis or anelioration of a disease which agent
conpri ses one or nore conpounds of fornmula (1). 22. A
pharmaceutical conposition whi ¢y _conprises one or nore
conmpounds of fornula (1) in association with one or
nore pharmaceutical carriers and/or excipients. 23. A

ink or food-stuff i.ch confain n r nore
trpou]gﬁé{éo]g“’f%r 1By {ndﬁ_)lfs_ 555, IORDFRECRIY DYATORFHL dietgORs: OC(O)H,
or respHedbIr, b@ﬁfiﬁ‘ﬁﬁﬁ(b’)ﬂhg MO?Kz?ﬁE%l,ehalSEﬂ(&F} cPlodtkyl, %ryl, arylalkyl,

tumour to a chenotherapeéutic Eent y contacting sal
cel | s thioltalkydthio,sntiho,atkyilaminb adiakylachiod, mitro, sy asicoerhala

(4). 25. A had,accor di to £l aim 15, wherein the
b ot R TRIPROL AT A 5P s B cont or 1 i bt 1 o
OR jodeafis indepeRRhY h$diobtd, alkgl o2&yl A et hod of

protecting a non-tumour cell from chenotherapy or
rBdi ot isdyaipgebolkyb atdcryiabkyl peananinp@sidur cel | or a

CRL! MRISaWLLD A RSN IR & iRy of formula (1).

Rj3  is hydrogen, Rg, C(O)Ry, Si(R1¢)s, alkylsulfonyl or benzenesulfonyl, and

X is O, NR; or S, preferably O,

which compounds may be optionally substituted or a pharmaceutically acceptable salt
thereof,

with a coupling agent.

10. A method for the treatment, prophylaxis or amelioration of a disease which method
includes the step of administering a therapeutically effective amount of one or more

compounds of formula (I) to a subject.

11. A method of claim 10, wherein the disease or disorder is selected from cancer, the
unwanted proliferation or upregulation of cellular growth, inflammation or inflammatory
disorders, autoimmune disorders, cardiovascular disorders and disorders associated with

estrogen receptor activation.

12. A method of claim 11, wherein the treatment is the treatment of pain associated

with inflammation.

13. A method of claim 11 or claim 12, wherein the inflammatory disorder is
inflammatory bowel disease, ulcerative colitis, ulcerative proctitis, distal colitis or Crohn's

disease,

14. A method of any one of claims 11 to 13, wherein the treatment of the inflammatory

disorder is absent cardiovascular side effects and/or is gut protective.



WO 2006/099681 PCT/AU2006/000395

- 68 -

15. A method of claim 14, wherein the treatment is cardioprotective.

16. A method of claim 11, wherein the cancer is selected from leukaemia, glioma,
melanoma and prostatic, ovarian, breast, colorectal, lung and pancreatic cancer.
17. Use of a thromboxane synthase inhibitor for the manufacture of a medicament for

the treatment of inflammation, including pain associated with inflammation.

18.  Use according to claim 17, wherein the treatment is cardioprotective and/or gut

protective.

19.  Use of one or more compounds of formula (I) in the manufacture of a medicament

for the treatment of disease.

20.  Use of one or more compounds of formula (I) as an anti-inflammatory agent,

cardiovascular agent, chemotherapeutic agent, chemosensitiser or radiosensitiser.

21.  An agent for the treatment, prophylaxis or amelioration of a disease which agent

comprises one or more compounds of formula (I).

22, A pharmaceutical composition which comprises one or more compounds of

formula (I) in association with one or more pharmaceutical carriers and/or excipients.

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

24. A method of increasing or restoring the sensitivity of cancer cells or a tumour to a
chemotherapeutic agent by contacting said cells or tumour with an isoflavonoid dimer of

formula (T).

25. A method according to claim 15, wherein the chemotherapeutic agent is a growth

receptor inhibitor or death receptor stimulator.
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26. A method of protecting a non-tumour cell from chemotherapy or radiotherapy by

contacting the non-tumour cell or a cell mass with an isoflavonoid dimer of formula (I).



