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ABSTRACT

The invention relates to the treatmment of cancers, in particulamr, cancers that are resistaant
to platinum based chemotherapeautic agents. A pharmace- utical composition for t he
treatment of cancer comprising ar effective amount of a commpound having two goldi({)
atoms each covalently bonded to a carbon atom in a covaleent link connecting the twwo

gold(l) atoms and a pharmaceuticaally acceptable excipient.
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TREATMENT OF CANCER

The present invention relates to the treatment of cance=r, more particularly but no—t exclusively,

treatment of cancers #that are resistant to platinum based -chemotherapeutic agents.

The platinum drugs (e.g. cisplatinum and carboplatinunm, also known as cisplatin arad carboplatin
respectively) are wid_ely used and clinically active anti-Stumour agents. Their activifky is based on
the ability to cross-limk DNA so as to inhibit DNA repliecation or transcription thus Bhindering cell
proliferation and sloveving tumour growth.

One limitation to the - activity of the platinum drugs is ttme development of resistancee, resulting in
a decrease or loss o—f anti-tumour activity. The biochemmical and pharmacological = changes that
" give rise to resistancze to the platinum agents are comgplex and a number have beeen described
including increased g=zlutathione, altered DNA repair promcesses, and metallothioneirms.! One DNA
repair process that h_as been implicated is the loss or r-eduction of DNA mismatclh repair.” The
development of new— therapies that can overcome or circumvent this resistance w~ould have an

implication on the treatment in a number of human canc ers, including ovarian and l—ung cancer.

The use of gold-bassed compounds in cancer chemotierapy has been based upor a series of
rationales: amalogie=s between square planar-based Pt(l) and Au(l); analogy to the
imunomodulatory ef fects of Au(l); and complexation ©f both Au(l) and Au(TIT) te known anti-
tumour agents.> Thee use of Au(l)-based compounds in cancer treatment has focused upon
compounds that con—tain phosphorus, sulfur-based ligarad sets that are achiral or c-hiral, or upon
biologically relevant= ligands.* To-date the use of organx ometallic gold-containing complexes has
centered on the use of Au(Ill) systems due to their stmructural and electronic sim—ilarities to the
known Pt(II)-based ssystems such as cisplatin and carbopolatin.**

According to a fir.st aspect of the present invention there is provided a p-harmaceutical
composition for the treatment of cancer comprising an effective amount of a conmpound having
two gold(I) atoms eamch covalently bonded to a carbon a—tom in a covalent link conn- ecting the two

gold(I) atoms and a poharmaceutically acceptable excipient.
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A second aspect of the preserat invention provides a compound h-aving two gold(I) atoms each_
covalently bonded to a carbora atom in a covalent link connecting the two gold(I) atoms for use=

as a chemotherapeutic agent.

A third aspect of the present imvention provides the use of a compound having two gold(]) atomss
each covalently bonded to a ccarbon atom in a covalent link conne=cting the two gold(l) atoms inm

the preparation of a medicamesnt for the treatment of cancer.

A fourth aspect of the presemt invention provides a method of tresating a cancer in a human or=
animal patient comprising ad-ministering to said patient a therape=utically effective amount of &x
compound having two gold(I» atoms each covalently bonded to a ~carbon atom in a covalent link=
connecting the two gold(I) atoms.

The present invention is base« on the observation that compounds=s comprising two gold(I) atomss
each covalently bonded to a carbon atom in a covalent link corxmecting the two gold() atomss
exhibit unexpectedly high portency in cell toxicity studies and DINA cross-linking assays whickn
indicate that pharmaceutical «ompositions comprising such comp ounds should show efficacy i
the treatment of cancer. While not wishing to be limited to any pmarticular theory, it is proposeci
that the high cell toxicity amd cross-linking behaviour may be related to the provision of tweo
gold(I) atoms in the inventive compounds which facilitates DINA cross-linking. It is furthesr
postulated that this effect may be enhanced by the relatively high stability of the gold(Y)-carbomn
covalent bonds arising, at least partially, as a result of the sirmilarity in electronegativity omf
gold(T) and carbon. This exp lanation should not, however, be tak=en as limiting the scope of th_e

present invention in any way-

It has been observed that connpounds forming part of the present Luvention are much more potermt
than the platinum drugs acro ss cell lines which are sensitive to tkae platinum drugs and cell line=s
which are resistant to time platinum drugs. The present invention therefore providess
chemotherapeutic agents whnich are likely to exhibit significantMy improved efficacy in cancesr
treatment compared to the platinum drugs.

Furthermore, the inventive «compounds show especially high p otency in cell lines which ar—e

cisplatinum or carboplatinum resistant. The present imvention therefore providess
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chemotherapeutic agents which showld be particularly effective in treating cancers which amre no
longer responsive to treatment with the platinum drugs.

The present invention therefore repressents an important step forwzard in the treatment of camncer,

especially in cases where the tumour cells have developed a resistamnce to the platinum drugs-.

Preferably the chemotherapeutic agemt employed in the invention (Cie. the compound havings two
gold (I) atoms each covalently bon ded to a carbon atom) has a first gold(I) atom covallently
bonded to a first carbon atom and a second gold(T) atom covalently bonded to a second c=arbon
atom. Said compound preferably cormprises a substituted or unsub stituted aromatic group a s part
of the covalent link.

It is preferred that the first carbon a-tom is part of a substituted or— unsubstituted aromatic group,
i.e. said first carbon atom is preferably a ring carbon atom forming part of a substitut=ed or
unsubstituted aromatic group. The substituted or umsubstitute«d aromatic group may be a
substituted or unsubstituted phenyl group.

The second carbon atom may be paxxt of a substituted or unsubstit-uted alkyl, alkene, alkynes, aryl
or aromatic group. Preferably the ar-omatic group of which the seecond carbon atom is a pamrtis a

substituted or unsubstituted phenyl sgroup.

In a preferred embodiment the imventive compound incorpor-ates a moiety represent-ed by
formula 1:

Ay '—oCc'—z,—C2—Au?

Formula 1

where: Au' is the first gold (I) atom; Au? is the second gold (I) at-om; C! is the first carbonm atom;
C? is the second carbon atom; Z is a linking group; and nis 0 or I, i.e. a linking group rmay or
may not be provided between the fiwst and second carbon atoms.

In further preferred embodiments of the invention the chemotlerapeutic agent incorpozrates a
ligand bonded to each of said gold (I) atoms, each of said ligandss being selected from the= group
consisting of PR3, P(OR);;, CNR, NCR, PRn(CH20Rt)3.n, N4C5H1z, [N4CsH12-N—CH3]+,
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PN;CeHyz, and P[N3;CgH,,-N-€CHa]", where R is a substituted or unssubstituted hydrocarbon
moiety and R is selected from the group consisting of H, Me, SO, P~0y), alkyl and aryl, and
each R in any one ligand is th e same or different. Preferably R is a sub stituted or unsubstituted
alkyl, alkene, alkyne, aryl or aromatic group and each R in any one ligand is the same or
different. Moreover, R may be selected from the group consisting of me-thyl, ethyl, propyl, butyl
and pheny! groups. In a particu larly preferred embodiment of the inventicon, the ligand is PPhs.

An “effective amount” of a pharmaceutical composition of the present- invention is an amount
that, when administered to a patient, ameliorates a symptom of a specifi_c disease or condition to
be treated. An effective amoumnt of a composition of the present inventi-on can be determined by
one skilled in the art by admimistering a quantity of the composition tom a patient and observing
the result. In addition, those skilled in the art are familiar with identifying patients having the
particular disease or conditiom and are readily able to identify patient-s who suffer from these

diseases or conditions.

The inventive compositions nnay be administered by any route as con=ventionally employed for

chemotherapeutic agents.

The compositions of the present invention can be administered to a pa-tient alone or as part ofa
composition that contains otther components such as excipients, diluments, and carriers, all of
which are well-known in the art. The compositions can be administeresd to bumans and animals
either orally, rectally, parenterally (intravenous, by intramusculaxtly or subcutaneously),
intracisternally, intravaginallyy, intraperitoneally (which may be particualarly suitable for treating
ovarian cancer), intrathecallyy, intravescially, locally (powders, ointrments or drops), or as a
buccal or nasal spray.

Compositions suitable for parenteral injection can comprise physiologically acceptable sterile
aqueous or non-aqueous solutions, dispersions, suspensions or emulsions, and sterile powders for
reconstitution into sterile injectable solutions or dispersions. Exampless of suitable aqueous and
non-aqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols
(propyleneglycol, polyethyl eneglycol, glycerol, and the like), swuitable mixtures thereof,
vegetable oils (such as olive oil) and injectable organic esters suckn as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the

maintenance of the required pparticle size in the case of dispersions and by the use of surfactants.
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These compositsions can also contain adjuvants ssuch as preserving, wetting, esmulsifying and
dispensing agerats. Prevention of the action ofT microorganisms can be ensumred by various
antibacterial anc antifungal agents, for example, p arbens, chlorobutanol, phenol, sorbic acid, and
the like. It may also be desirable to include isoton-ic agents, for example sugars, s-odium chloride,
and the like. P-rolonged absorption of the injecta ble pharmaceutical form can b-e brought about

by the use of ag ents delaying absorption, for exam: ple, aluminium monostearate amnd gelatin.

Solid dosage fo-rms for oral administration include= capsules, tablets, pills, powdemrs, and granules.
In such solid closage forms, the active agent i=ss admixed with at least one customary inert
excipient (or ca rrier) such as sodium citrate or dicalcium phosphate or () fillers or extenders, as
for example, st-arches, lactose, sucrose, glucose, mannitol, and silicic acid; (b binders, as for
example, carbos=xymethylcellulose, alignates, gelaatin, polyvinylpyrrolidone, sucmrose and acacia;
(c) humectants., as for example, glycerol; (d) dissintegrating agents, as for exammple, agar-agar,
calcium carbommate, potato or tapioca starch, algi-mic acid, certain complex silic=ates and sodium
carbonate; (¢) solution retarders, as for exampl e, paraffin; (f) absorptiori acc=elerators, as for
example quatemnary ammonium complexes; (g) -wetting agents, as for examplee, acetyl alcohol
and glycerol mmonostearate; (h) adsorbents, as for example, kaolin and be=ntonite; and (i)
lubricants, as foor example, talc, calcium stearate, -magnesium stearate, solid poly=ethylene glycols,
sodium lauryl =sulfate, or mixtures thereof. In th_e¢ case of capsules, tablets and pills, the dosage

forms may also comprise buffering agents.

Solid composi_tions of a similar type may also be employed as fillers in sof&t and bard-filled
gelatin capsuless using such excipients as lactose or milk sugar as well as high mmolecular weight

polyethylene gZlycols, and the like.

Solid dosage feom such as tablets, capsules, pills and granules can be prepared wwith coatings and
shells, such ass enteric coatings and others well—known in the art. They may econtain pacifying
agents and cam also be of such composition thmat they release the active agemt or agents in a
certain part ofS the intestinal tract in a delayed mmanner. Examples of embedd_ing compositions
which can be wised are polymeric substances and_ waxes. The active agents can also be in micro-

encapsulated £orm, if appropriate, with one or more of the above-mentioned exc=ipients.
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Liquid dosage forms for oral administration include pharmaceutically acceeptable emulsions,
solutions, suspensions, syrups and elixixs. In addition to the active agents. the liquid dosage
forms can contain inert diluents commonly used in the art, such as water or other solvents,
solubilizing agents and emulsifiers, as for example, ethyl alcohol, isoprcpyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcobol, benzyl benzoate, propylene glycol, 1_.3-butylene glycol,
dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn gZerm oil, olive oil,
castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, polyethylene= glycols and fatty

acid esters of sorbitan or mixtures of these substances, and the like.

Besides such inert diluents, the composition can also include adjuvents, suciq as wetting agents,

emulsifying and suspending agents, sweetening, flavouring, and perfuming ag_ents.

Suspensions, in addition to the active agents, can contain suspending agermts, as for example, -
ethoxylated isostearyl alcohols, polyox yethylene sorbitol and sorbitan este—ys, microcrystalline
cellulose, aluminium metahydroxide, bentonite, agar-agar and tragacanth, o=-r mixtures of these

substances, and the like.

Compositions for rectal administrations are preferably suppositories which can be prepared by
mixing the compositions of the present invention with suitable nonirritating e=xcipients or carriers
such as cocoa butter, polyethylene glycol or a suppository wax, which amre solid at ordinary
temperatures but liquid at body temperature and therefore, melt in the rectu_m or vaginal cavity

and release the active component.

Dosage forms for topical administration of a composition of this inventior include ointments,
powders, sprays and inhalants. The active agent is admixed under steril e conditions with a
physiologically acceptable carrier and any preservative, buffers, or progpellants as may be
required. Ophthalmic formulations, eye ointments, powders, and solutions amre also contemplated
as being within the scope of this invention.

The active compound of the present inv-ention can be administered to a patiernt at dosage levels in
the range of about 0.1 to about 1,000 mg per day. For a normal human =adult having a body
weight of about 70 kilograms, a dosage in the range of about 0.01 to about 7€300 mg per kilogram
of body weight per day is sufficient. The specific dosage used, however, car vary. For example,

the dosage can depend on a number of factors including the requirement s of the patient, the
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seve=rity of the condition being treated, &and the pharmacological activitzy of the composition bein_g
usecd. The determination of optimum dosages for a particular pate=nt is well-known to thosse
skilBled in the art. In the case of intraveznous administration, the chemtherapeutic agents may bwe
give=n to the patient up to twelve timess with a gap of up to approximmnately four weeks betwee=n
eackn treatment. In this case the intrave=nous administration may be imnjection into a vein over a
rela—tively short period of time, €.g. a-feww minutes, or through a drip by intravenous infusion ovesr
longzer periods of time, such as betweesn about 30 minutes and a feww hours. Alternatively, time
agemis may be administered intravenosusly by continuous infusion (also known as protracte=d
vensous infusion or ambulant infusion) -over longer periods of time, e—g. from a few daysup to a

nurmber of weeks or months, by use of zan infusion pump via a central Zline.

In amddition, the compositions of the present invention can exist in unssolvated as well as solvate=d
forrms with pharmaceutically acceptables solvents such as water, ethaneol, and the like. In generaml,
the solvated forms are considered equmivalent to the unsolvated forrms for the purposes of tioe

pressent invention.

The= composition of the present invent=ion can be coadministered with an additional therépeut:’c
agesnt. This therapeutic can include, bwut is not limited to, chemother—apeutic agents. Preferabl—y,
the composition of the present invermtion and the coadministered therapeutic agent work —in
commjunction with one another to create amore sustained effect. These two therapeuﬁc'agents cam

be eeither administered in one pharmace=utically acceptable carrier or seeparately.

Thes chemotherapeutic agent may be administered to a patient as an adjuvant to surgery or
rad-iotherapy.
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A first class of preferred compounds forming part of the present invention is represented by
formula 2:

Where: L and L' are ligands; R’ and R" are substituted or unsubs-tituted divalent hydrocarbon
moieties; a is 0 to 3; and b is 0 to 3. The substitution pattern on t~he aromatic ring of the gold

moieties may be ortho, meta. or para.

R" may be H, SOy, PO, CO,H, OH, (CH)«CHs, O(CH2).CHs, S(CH),CH;, an amino acid
group, a substituted or subsuibstituted linear or branched alkyl groups or moiety containing from 1
to6 carbon atoms (e.g. C,-C; alkyl group or moiety, methyl, ethyl, n-propyl, i-propyl, butyl, i-
butyl or t-butyl), which, if substituted, may carry one or two subswtituents (e.g. halogen, cyano,
nitro, amino, alkoxy, hydroxyl, aryl, heteroaryl, an ester -CO;R!_ wherein R! is hydrogen or
methyl or ethyl, and an ami de C(O)NHR? wherein R? is hydrogen eor methyl or ethyl), an amino
group NR"'C(O)R"") where R"” and R""" may be the same or dmfferent and R”” and R""" are
individually selected from the group consisting of H, alkyl (e.g. (CE;)nCHs wherein n is O to 6),
aryl, heteroaryl, cycloalkyl and may together form a (optionally h~eteroatom containing) ring, a
substituted or unsubstituted aryl (e.g. a Cs-Cio aryl group such as pheny! or naphthyl, optionally
carrying 1, 2, 3 or 4 substituents (e.g. cyano, halogen, nitro, trifuoromethyl, alkyl, alkylthio,
alkoxy and hydroxyl)) or a substituted or unsubstituted heterocycl ic group such as a heteroaryl
group (e.g. having a 5- to 10- membered aromatic ring, such ass a 5- or 6- membered ring,
containing at least one heteroatom selected from O, S and N (e.g. p=wridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, furanyl, thierayl, pyrazolidinyl, pyrrolyl and pyraz-olyl groups)) or a non-aryl
heterocyclic group (e.g. tetrahydrofuranyl or pyrrolidinyl) whicka may be substituted with a
cyano, nitro, halogen, alkyl,, alkylthio, alkoxy and hydroxyl group.
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Preferred examples of this class of compourd are selected from the group consisting of:

AUuPPhy AuPPh;3
1 2
AuPPhg
AuPPhy
AuPPhy
AuPPhs
AuPPh3
4
3
AuPPhgy
AuPF 3 AUPPh3
AuPPha
AuPPhg 6
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A second class of compou-nds forming part of the present inve-ntion is represented by formulza 3:

(R™),AuL (R)amAul!
Formuja 3

Where: L and L' are ligaands; R’ and R” are substituted or —unsubstituted divalent hydrocarbon
moieties; a is 0 to 3; and_ b is 0 to 3. The substitution pattemn on the aromatic ring of the gold

moieties may be ortho, meeta or para.

R" may be H, SOs,, PO~%, CO,H, OH, (CH2).CH;, O(CHz ),CHs, S(CH;)xCHs, an amino acid
group, a substituted or sulbsubstituted linear or branched alky~1 group or moiety containing fwrom 1
to 6 carbon atoms (e.g. C-Cy alkyl group or moiety, methy™1, ethyl, n-propyl, i-propyl, butyl, i-
butyl or t-butyl), which, if substituted, may carry one or tw~o substituents (e.g. halogen, c=yano,
nitro, amino, alkoxy, hy droxyl, aryl, heteroaryl, an ester -=CO,R!, wherein R’ is hydrogzen or
methyl or ethyl, and an a_mide C(O)NHR? wherein R? is hydCrogen or methyl or ethyl), an =amino
group NR"'C(O)(R""™) vwhere R"" and R""" may be the same or different and R"” and R” " are
individually selected frorm the group consisting of H, alkyl ( e.g. (CH2),CH3 whereinnis O to 6),
aryl, heteroaryl, cycloalksyl and may together form a (optioonally heteroatom containing) ring, a
substituted or unsubstitutted aryl (e.g. a Cs-Cyo aryl group sumch as phenyl or naphthyl, opti onally
carrying 1, 2, 3 or 4 substituents (e.g. cyano, halogen, nitro, trifluoromethyl, alkyl, alk_ylthio,
alkoxy and hydroxyl)) o r a substituted or unsubstituted heteerocyclic group such as a heteroaryl
group (e.g. having a 5- to 10- membered aromatic ring, such as a 5- or 6- membered ring,
containing at least one hesteroatom selected from O, 8 and N (e.g. pyridyl, pyrazinyl, pyrim idinyl,
pyridazinyl, furanyl, theienyl, pyrazolidinyl, pyrrolyl and_ pyrazolyl groups)) or a non-aryl
heterocyclic group (e.g- tetrahydrofuranyl or pyrrolidinylD) which may be substituted —with a
cyano, nitro, halogen, allkyl, alkylthio, alkoxy and hydroxyl =group.
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Preferred exarmples of this class of compound ar-e selected from the group ceonsisting of:

Q—(CHH i < ?‘(cm),——f >
AuL AulL AulL LA
n=0-6

n=0-6
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A third class of compounds forming part of the present invention is represente=d by formula 4:

(RM)pAuL

Formula 4

“Where: L and L’ are ligands; R’ and R” are substituted or unsubstituted di—valent hydrocarbon
rroieties; a is 0 to 3; and b is 0 to 3; and X is a linking group. X may be seleected from the group
consisting of: O, S, PR or NR in which R is a substituted or unsubstituted h_ydrocarbon moiety.

~The substitution pattern on each aromatic ritag of the gold moieties may be ort_ho, meta or para.

""" may be H, 805, PO, COH, OH, (CH;),CHjs, O(CH;),CHs, S(CH2),CCHj, an amino acid

==roup, a substituted or subsubstituted linear or branched alkyl group or moiet—y containing from 1

Mo 6 carbon atoms (e.g. C1-Cs alkyl group or moiety, methyl, ethyl, n-propy~], i-propyl, butyl, i-

“butyl or t-butyl), which, if substituted, may carry one or two substituents (e.g. halogen, cyano,

nitro, amino, alkoxy, hydroxyl, aryl, heteroaryl, an ester -CO;R!, wherein_ R! is hydrogen or

—methyl or ethyl, and an amide C(O)NI-IR2 wherein R? is hydrogen or methyl  or ethyl), an amino
group NR""C(O)(R"""") where R"" and R”’” may be the same or different atd R and R"" are
jndividually selected from the group consisting of H, alkyl (e.g. (CH2),CH; —wherein n is O to 6),
aryl, heteroaryl, cycloalkyl and may together form a (optionally heteroatonm containing) ring, a
substituted or unsubstituted aryl (e.g. a C6-Cio aryl group such as phenyl or naphthyl, optionally
carrying 1, 2, 3 or 4 substituents (e.g. cyano, halogen, nitro, triftuorometinyl, alkyl, alkylthio,
alkoxy and hydroxyl)) or a substituted or unsubstituted heterocyclic group such as a heteroaryl
group (e.g. having a 5- to 10- membered aromatic ring, such as a 5- or 6 membered ring,
containing at least one heteroatom selected from O, S and N (e.g. pyridyl, pymrazinyl, pyrimidinyl,
pyridazinyl, furanyl, thienyl, pyrazolidinyl, pyrrolyl and pyrazolyl grouaps)) or a non-aryl
heterocyclic group (e.g. tetrahydrofuranyl or pyrrolidinyl) which may be= substituted with a
cyano, nitro, halogen, alkyl, alkylthio, alkoxy and hydroxy! group.
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Preferred examples of this class ©f compound are selected from t=he group consisting of:

(ot

AuL LAu
n=0-6,m=0-6

G S a—

'sul. Aul
n=0-6;m=0-6
Q*(Cﬂz%—x—(m = Al
Aul
n=0-6,m=0-6
/ \ (CH)r—X: (CH, )z // \
LAu Aul,
n=0-6,m=0-6

n=0-6;m=0-6
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A fourth class of compourads forming part of the present inveration is represented by fo-rmula 5:

pﬁ@

(R)pAu™L
(R ‘AUl

Formula 5

Where: L and L' are ligarmds; R’ and R" are substituted or umnsubstituted divalent hyadrocarbon
moieties; a is 0 to 3; and “bis 0 to 3. The substitution pattersn on the aromatic ring o—f the gold

moieties may be ortho, me®&a or para.

R™ may be H, SOy, PO,~", CO,H, OH, (CH;),CHs, O(CHz)xCHj, S(CH,)»CHj;, an a—mino acid
group, a substituted or sub =substituted linear or branched alkyl group or moiety containiang from 1
to 6 carbon atoms (e.g. Cm-Ca alkyl group or moiety, methyl_, ethyl, n-propyl, i-propy=1, butyl, i-
butyl or t-butyl), which, if substituted, may carry one or two substituents (e.g. halog=en, cyano,
nitro, amino, alkoxy, hyd roxyl, aryl, heteroaryl, an ester -CO,R!, wherein R!is hy~drogen or
methyl or ethyl, and an anxide C(O)NHR2 wherein R? is hydr—ogen or methyl or ethyl), an amino
group NR""C(O)[R""") whhere R"" and R"""" may be the same= or different and R’ armmd R""" are
individually selected from_ the group consisting of H, alkyl (e=.g. (CH;),CH3 wherein nu is 0 to 6),
aryl, heteroaryl, cycloalky~! and may together form a (option. ally heteroatom containi—mng) ring, a
substituted or unsubstitute=d aryl (e.g. a C¢-Cio aryl group succh as phenyl or naphthyl, optionally
carrying 1, 2, 3 or 4 sub stituents (e.g. cyano, halogen, nitr=o, trifluoromethyl, alkyl.. alkylthio,
alkoxy and hydroxyl)) or a substituted or unsubstituted heterocyclic group such as a  heteroaryl
group (e.g. having a 5- ®o 10- membered aromatic ring, such as a 5- or 6- memkoered ring,
containing at least one het=eroatom selected from O, S and N Ce.g. pyridyl, pyrazinyl, p—yrimidinyl,
pyridazinyl, furanyl, thiesnyl, pyrazolidinyl, pyrrolyl and pyrazolyl groups)) or -2 nou-aryl
heterocyclic group (e.g. tetrahydrofuranyl or pyrrolidinyl) which may be substitu—ted with a
cyano, nitro, halogen, alk»yl, alkylthio, alkoxy and hydroxyl g-roup.
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Preserred examples of this class of compound are selected from the g—roup consisting of:

Aul AuL
Aul
LAn
‘Aul
Aul
LAu .
LAu
’/«./M
LAu

Aul

i

LAu
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A fi—fth class of compounds forming part of the present invention is mepresented by formula 6:

R\
®_———_—‘Y
LAU ‘R)a/ —_—

Formula 6

Wheres: Y is selected from the groump consisting of: (R)sAuL’ and

TSN
S

LAU(R);

Wheree: L and L' are ligands; R’ =and R" are substituted or unsubst-ituted divalent hydrocarb on
moiet-ies; a is 0 to 3; and b is 0 teo 3. The substitution pattern on ttme aromatic ring of the gold

moiet-es may be ortho, meta or pax—a.

R" nmay be H, SO5, PO,%, CO,HH, OH, (CH2).CHs, O(CH;),CHs, =S(CHz),CH3, an amino ascid
groupm, a substituted or subsubstitu ted linear or branched alkyl group or moiety containing fronma 1
to 6 carbon atoms (e.g. C1-Ca alk=yl group or moiety, methyl, ethyl, n-propyl, i-propyl, butyl . i-
butyl or t-butyl), which, if substituted, may carry one or two substmtuents (e.g. halogen, cyamno,
nitro, amino, alkoxy, bydroxyl, aaryl, heteroaryl, an ester -CO3R!, wherein R! is hydrogen or
meth=yl or ethyl, and an amide C((Z))NI-IR2 wherein R? is hydrogen o r methyl or ethyl), an am=ino
grou> NR"'C(Q)(R""") where R'” " and R"" may be the same or diffferent and R""" and R""" are
indiv=idually selected from the grosup consisting of H, alkyl (e.g. (CEI;)»CH; whereinn is O to  6),
aryl, heteroaryl, cycloalkyl and nay together form a (optionally he=teroatom containing) ringg, a
subst-itated or unsubstituted aryl ( e.g. a C¢-Cio aryl group such as phaenyl or naphthyl, optionaally
carry—ing 1, 2, 3 or 4 substituentss (e.g. cyano, halogen, nitro, triflLioromethyl, alkyl, alkyltinio,
alkox=zy and hydroxyl)) or a substIituted or unsubstituted heterocycliec group such as a heteroaaryl
group> (e.g. having a 5- to 10- ruembered aromatic ring, such as a 5- or 6- membered rizng,
contamining at least one heteroatona selected from 0, S and N (e.g. py=xidyl, pyrazinyl, pyrimidizyl,
pyridiazinyl, furanyl, thienyl, pwrazolidinyl, pyrrolyl and pyrazoslyl groups)) or a non-zaryl
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heteroc=yelic group (e.g. tetrahydrofuranyl or pyrrolidinyl) which may be stibstituted with a
cyano, mitro, halogen, alkyl, alkylthio, alko=y and hydroxyl group.

In prefmerred embodiments of the invention L and L’ are the same. Furthermore, ypreferably R’ and

R’ are the same.

Preferr—ed examples of this class of compound are selected from the group consissting of:

O— O—=Q
‘Al LAu Aul AuL
=
Aul
(=
LAu
S
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In formulae 2-6, L and L' may be t-he same or different. L. and/or ML’ may be selected froma the
goup  conmsistng of PRs, P(OR);, CNR, NCR, PRy (CH:0RY)15, NiCasHiz
(hexamethylenetetraamine), [NsCsH 12-N-CH;]", PN3CsHiz, and P[N 3CsH;,-N-CHs]', where R is
any desirable substituted or unsubst=ituted hydrocarbon moiety e.g. a. substituted or unsubstit—uted
alkyl, alkene, alkyne, aryl or aromatic group. Thus R may be selecte=d from the group consissting
of methyl, ethyl, propyl, butyl and p henyl groups. It is particularly pmreferred that each R groump in
PR; is phenyl and that the ligand is PPh;. Moreover, R’ and R"” may each be independe=ntly
selected from the group consisting of methylene, ethylene, propylene, butylene and pheny-lene
groups. R}is selected from the groupp consisting of H, SOz, PO5", alk=yl (in particular methyl) and
aryl, and each R} in any one ligand may be the same or different. A_dditionally, L and/or L' —may
be selected to control the solubamlity of the compound. Suitab le ligands include .gly-cols,
polyethers, crown ethers and sugars-. For compounds containing a p_lurality of phosphine lig=ands
then two or more of the phosphine ligands may be linked through = PEG linker, crown ether or
the like.

It is envisaged that compounds car be prepared that function as porodrugs to the active go 1d(I)
containing compounds, which woul < be administered in one form amnd then converted, in viv—o, to
the active gold(I) containing form . Accordingly, the further aspe cts of the present inveration
relate to prodrugs to the active gold (J) containing compounds in wh=ich at Jeast one of the go=1d(I)
atoms is substituted by a gold(IIT) astom which is reducible, in vivo, t-o a gold(l) atom.

A fifth aspect of the present inventsion provides a pharmaceutical c=omposition for the treatmment
of cancer comprising an effective amount of a compound having a first gold atom whichu is a
gold(III) atom and a second gold at-om which is either a gold(I) atorm or a gold(IT) atom, eawch of
said first and second gold atoms bweing covalently bonded to a camrbon atom in a covalent: link
connecting the first and second go 1d atoms, and the or each gold(CTII) atom being reducibMe, in

vivo, to a gold(l) atom, and a pharnmaceutically acceptable excipient_—

A sixth aspect of the present inven#tion provides a compound havin-g a first gold atom whickn is a
gold(IIT) atom and a second gold at-om which is either a gold(T) atorm or a gold(IIl) atom, ea-ch of
said first and second gold atoms b>eing covalently bonded to a ca—rbon atom in a covalentc link
connecting the first and second gowld atoms, and the or each gold(CI) atom being reducibe, in

vivo, to a gold(I) atom for use as a chemotherapeutic agent.
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A seventh aspect of the present inventiora provides for use of a compound “having a first gold
atom which is a gold(IIT) atom and a second gold atom which is either a gold(J) atom or a
gold(IIT) atom, each of said first and second gold atoms being covalently bmonded to a carbon
atom in a covalent link connecting the first and second gold atoms, and th-€ or each gold(IIl)
atom being reducible, in vivo, to a gold(l) atom in the preparation of a mmedicament for the

treatment of cancer.

An eighth aspect of the present inventiora provides method of treating a car—cer in a human or
animal patient comprising administering to said patient a therapeutically eff-ective amount of a
compound having a first gold atom which is a gold(Iil) atom and a second soold atom which is
either a gold(I) atom or a gold(Ill) atom, each of said first and second gold atoms being
covalently bonded to a carbon atom in a covalent link connecting the firsst and second gold

atoms, and the or each gold(III) atom bein g reducible, in vivo, to a gold(l) atorrn.
Preferably said second gold atom is a gold(IIT) atom.

Tt will be appreciated that an appropriate rumber of ligands should be provide=d on each gold(IIl)
atom present in compounds forming part of the fifth, sixth, seventh and ei_ghth aspects of the
present invention. Accordingly, where a gold(I) atom is substituted for = gold(Ill) atom to
provide a prodrug to the active gold(D) containing compound, the single L or L' group which
would have been bonded to the gold(I) atom should be substituted with three L or L® groups. The
overall charge on the compound can be preselected by appropriate selecstion of ligands, for
example, to provide a neutral gold(III) comtaining compound three anionic liszands, each catrying
a charge of -1, can be chosen. Suitable i gands, €.g. porphyrin or crown ethe—Ts, can be employed
in the gold(I) containing compounds to xnanipulate the solubility of the commpound.

The invention is illustrated with reference to the following non-limting Example and

accompanying drawings, in which:

Figure 1 is a graphical representation of DNA cross-linking in parental aned resistant cell lines
following treatment with cisplatinum;

Figure 2 is a graphical representation of DNA cross-linking in parental aneud resistant cell lines
following treatment with carboplatinum;
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Figure 3 is a graphical repmesentation of DNA cross-linking in parental and platinum-resistzant
cell lines following treatmert with compound A;

Figure 4 is a graphical reparesentation of DNA cross-linking in_ parental and platinum-resist=ant

cell lines following treatment with compound B;

Figure 5 is a graphical rep-resentation of DNA cross-linking in_ parental and platinum-resistaant

cell lines following treatmemt with compound C;

Figure 6 is a graphical representation of DNA cross-linking irm parental and platinum-resist=ant

cell lines following treatmemt with compound D;

Figure 7 is a graphical repsresentation of DNA cross-linking irm parental and platinum-resist-ant

cell lines following treatmemt with compound E;

Figure 8 is a graphical reperesentation of DNA cross-linking ir parental and platinum-resist=ant
cell lines following treatme nt with compound F; and

Figure 9 is a graphical representation of DNA cross-linking ir parental and platinum-resist_ant
cell lines following treatment with a mono-gold compournd, phenylgoldtriphenylphospwine
(PAuP), for comparison wi-th the di-gold compounds of the preseent invention.
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EXAMPLE

A comparison of the chemotherapeutic activity of co-mpounds A — F (bel-ow) and that of
cisplatinum and carborplatinum was made using a series of paired cell lines thast are known to be
either sensitive or haave acquired resistance to the clinically useful agents cisplatinum and

carboplatinum. For detzails of the synthesis of compound A see Appendix A.

AuPPhy AUPPh
A B
AuPPhy
AuPPhy
APP
AuPPhy P
AuPPhy
C D
'AuPPhy
AuPPhy AAuPPhy
AuPPhg
E
AuPPh,

The sensitivities of the cell lines to cisplatinum, carb-oplatinum, and compounds A — F were
determined using a szrowth inhibition assay which wass 2 modified version ofif the MTT method
(modified version of MTT method described in Append._ix B).
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The following s a brief description of the eleven diffe=rent cell lines used in the growwth inhibition

assay:

e The A2 780 cell line (1 in figures 1-9) is 2 hu man ovarian cell line which —is sensitive to
cisplatimnum and carboplatinum. The A2780«cis (2) and A2780carb (3) -cell lines are
modifie=d versions of the A2780 cell line wh ich exhibit cisplatinum and carboplatinum

resistan_ce respectively.

e Cell lin.es mcpl (4) and mcp8 (5) are platinurm-resistant A27 80 sublines w_hich are miss-

match r-epair deficient.

e The com123 (6) is a non small cell lung cancem cell line which is sensitive teo the platinum
drugs. “The cor123/cpr (7) cell line is a modifi ed version of the cor123 cell Tline which has

been m_odified to be resistant to cisplatinum asnd carboplatinum.

e The ccu24 (8) cell line is an epithelial ovaria n cancer cell line, developed at the Christie
Hospitzal from a tumour biopsy, and the ccu=4/cpr (9) cell line is a modifified version of
this ceR] line which is cisplatinum and carbopMatinum resistant.

e 11210 (10) is a murine leukemia cell line zand L1210/M1140 (11) is its platinum drug
resistamt subline.

Table 1 illustates the results of a first series of assamys which were carried out to investigate the
activity of each of the six inventive compounds (A — F) and cisplatinum. Table 22 illustrates the

results of a fu-rther series of assays carried out on cornpounds A — F, and carboplat=inum.
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i;rug Celllline

A2780 §A2780jA2780}corl23 jeorl23 fccu24 fecu24/[L1210{L1210/M rncpl  jmep8

-S cls carb cpr cpr 1140
A 13.4 102 0.6 193 1.5 5.3 B.6 38.3 (6.4 0.5 0.6
B 9.8 0.2 0.4 12.6 (1.2 18.7 p1 6.6 W.1 0.4 0.4
C 12.8 3 0.5 144 {14 0.2 B3 42.7 5.2 .5 0.5
E) 32.4 7.3 10.3 P2.3 15.7 ;P6.4— 12.5 ﬂ8.7 17.4 “48.4 6.8
{E B9 0.4 0.6 177 (1.4 10.2 p4 32.5 5.3 0.9 0.9
F 20.4 5.4 7.3 P82 {114 p2.1 PS5 28.1 {114 5.3 5.3
fCiS- 1320 30460 27640 3430 26650 4320 4850112140 44860 719860 24450
platin* !
PAUP* 10000 310000

Table 1: ICso @nM) of compounds tested. *Comypwarative data.

Drug C ell line
(A2780{A2780]A2780[cor123 foor123 fecu24 fecu24/iL1210 1:;210 780/ {A2780/

-S cis carb cpr CpT 1140 @mcpl  fmcp8

=5 b3 bs 122 Bs b= s lhis D2 46
1 be b7 [s8 K3 bLs b1 96 12 4
4.6

152 .6 0.8 {176 B4 PR32 f6.3 45.8 184
36.6 [10.2 {13.5 D5.4 {197 PB9.s 156 [503 0.6 W95 14.8
11.2 7 9 Ppl1 P4 Q3.5 54 PBs6 8BS 4.7

243 8.3 104 P11 {146 R6.4 122 B1.2 144 #1104 11.4
arbo- 11590 P4580 3215015350 $29820 {5820 [R7190 {15320 47780 ?780 26750

R

latin*

BicAre]

Table 2: ICso values (M) of compounds tested. *Comparative data.
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The results shown in Table 2 illustyate the reproducibility of the data sho wn in Table 1.

The data on the effects of comp ounds A - F on the eleven cell liness can be summarized as

follows:

1) Compounds A — F are considlerably more potent than the platinum_ drugs (nM compared to
HM);

2) The inventive compounds A - F are more active in the platinum-resi=stant cell lines than in the

parental cell lines. Taking compound A as an example:

a) The A2780cis cell line (I€Cso 0.2 nM) is over sixty-times more sensitive to compound A
than the parental (sensitivec) A2780-S line (ICsp 13.4 nM); and

b) The A2780carb cell line (ICso 0.6 nM) is over twenty-times mawre sensitive to compound
A than the parental A2780-S line (ICso 13.4 nM).

3) Compounds containing moree than one Au() atom are more postent than the mono-gold

compound.
This collateral sensitivity is seen in both mouse and human tumour cell lines.

Preliminary studies have been caaried out to investigate the mechanisi underlying this increased
sensitivity. These studies were carried out using the Comet assay (dllescribed in Appendix C),
which measures damage to IDNA. The resulis are shown in Fi gures 1 (cisplatinum), 2
(carboplatinum), 3 to 8 (compou_nds A — F)and 9 (phenylgoldtriphenyBphospine, PAuP).

Tt can be seen from Figures 1 zand 2 that both cisplatinum and carbeoplatinum cause extensive
DNA cross-linking in the paremntal (platinum-sensitive) A2780, L12 10, and corl23 cell lines,
whereas much less cross-linkings is seen in the platinum-resistant cell lines. This is in agreement
with the hypothesis that DNA iss the target for the platinum drugs and ®&hat resistance arises due to
a reduction of DNA damage irm the resistant cells. This can arise by~ a number of mechanisms

including DNA repair, increasec] deactivation of drug, or decreased dr1g uptake.
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In cont-rast, it can be seen from Figures 3 to 8 that compounds A — F cause more DNA damage in
the pla*tinum-resistant cell lines than in th_e parental (platinum-sensiti—ve) cell lines.

Figure 9 illustrates comparative data aned shows the importance of having more than one go=ld
atom im the molecule. The level of cross—linking seen with PAuP is ~low compared to the di-gowld
compo-unds. The mono-gold compound iss also much less cytotoxic (MDs > 10000 nm, Table 1)~

Table 3 illustrates the results of the follMowing calculation using th_e DNA cross-linking resu_lts

obtaineed in the Comet assays:

DNA cross- linkiragin the parental (sensitive) cellline
DNA cross - linking in the platinum drug resistast cell line

FITrug- Cell line
[A2780cisIA2780carbfcorl23  kcu24 1.1210{A2780mepl JA2780/mep8
A 10.50 0.53 56 0.40 [0.69 J0.59 0.60
36 37 |0‘38 0.39 0.47 [0.40 0.39
lcT 036  §0.36 38 P37 71 038 0.41
D .54 0.63 |0.62 0.47 J0.63 [0.48 0.50
E 039 fo.40 ‘0.43 0.46 10.40 [0.41 0.48
.52 j0.61 loe2  J.60 J0.53 Jo.54 0.56
{Cispla—tin* }5.65 8.08 572  B.6s B.37 [s.40 5.70
Au@* .67 .71 sz .78 Y.sa P72 0.69
Au (O JL00 133 675 {1.00 133 |1.33 133

Tables 3: Summary of DNA crossslinking (Comet) experimments. Au(lll) is [Au(Cm2-
CeH,y CH=NC¢H;5)CL;], and Au(l) is [Au_(CeHs)(PPhs)]. *Comparatiwe data.

The mresults for cisplatin show the expescted trend of increased acftivity (i.e. a ratio greater than
unity~) in the parental cell lines com-pared to the platinum-resi stant cell lines. Each of the
inverative compounds (A — F) possess mtios of significantly belo—w 1.00 for all of the resisstant
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cell lines, thus confirming the above observation that compounds A — F cause mmore DNA cross-
linking i the platinum resistant cell lines than in  the parental (platinum-sensitiv=e) cell lines.

Compoumds A — F therefore show enhanced cel killing in platinum-resistant ecell lines in vitro,
which is likely to be due to increased DNA damaage in the platinum-resistant ce=1i lines. The exact
mechanizsm that underlies this has not yet been *ully elucidated. However acti—vity is seen in the
platinurom resistant miss-match repair deficient mep1® and mep8 cell lines. It is t-herefore proposed
that the Mnventive compounds are likely to show enhanced activity in tumours t=hat are mis-match

repair de=ficient.

Compoiands A — F are simple metal compoundss and do not contain platinum. The ability of the
inventiv-e compounds to selectively kill platin um-resistant cells may have important clinical
implicat-ions as resistance to platinum drugs is cited as a cause of the failu-re of therapy in a

number of cancers including ovarian and lung.
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APPENDIX A

Svynthesis of the Compo-unds

All solvents were dried and distilled under an N, atmossphere prior to use. All chemicals were
purchased from comm_ercial sources apart from [ClAwy(SC,sHz)] which was prepoared by the
literature method.'*

Preparation of 1.4-bis-(vtriphenylphospinogold(I))benzene (A)

To 1,4-dibromobenzen~e (0.074 g, 0.31 mmol) dissolvesd in ether (20 mL) at -78-° was added
tertiary butyl lithium (.75 mL, 1.25 mmol) and the reasstion mixture allowed to sti_r for 30 min.
To this mixture was adllded thiophene (5 mL) and [CLAm1(SC4Hg)] (0200 g, 0.62 mmmol) and the
reaction stirred for 1.5 hours. Triphenylphosphine (0.083 g, 0.32 mmol) was then amdded and the
solution stirred for anaother 1.5 hours before warmings to room temperature ancl stirring for
another 30 min. The diiethyl ether was then removed urmder reduced pressure, the cTude material
extracted into dichlorcmethane and filtered to remove lithium salts. The compovrand was then
recrystallised from hot ether; yield 0.286 g, 93 %. mp 1 39° decomp. NMR: 'H: 7.770—7.49 ppm
aryl-H; P{'H}: 44. 8 ppm; “C{'H}: 168.0, 139_7, 1333, 130.2, 128.1, 1310 ppm;
Microanalysis: Found & = 50.2; H=3.9;P = 6.0; Calc: € =50.7; H=3.4;,P=6.2.

In a similar manner the compounds [1,4-bis-(LAu)C¢Hs] can be prepared wh_ere L is any
desirable ligand, for exxample, CNBU', PEts, P(OMe); or NCMe.

This experimental prccedure can be extended to othe=r polyaromatic systems. A_n example of
which is 4,4'-bis-(triphm enylphospinogold(T))biphenyl.

Preparation of 4.4'-bis—(triphenylphospino gold(M)biphemyl.
Method 1 — Using [CL.Au(SCsHs)]
To 4,4'-dibromobiphe=nyl (0.096 g, 0.31 mmol) dissol-ved in ether (20 mL) at -778° was added

tertiary butyl lithium &0.75 mL, 1.25 mmol) and the re=action mixture allowed to s—tir for 30 min.
To this mixture was =added thiophene (SmL) and [CLAU(SC4Hz)] (0.200g, 0.62 rmmol) and the
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reaction stirred for 1.5hours. Triphenylphosphire (0.083 g, 0.62 mmol) was then added and the
solution stiixred for another 1.5hours before warrming to room temperature andk stirring for another
30 min. Thae diethyl ether was then removed upder reduced pressure, the crud e material extracted
into dichlosTomethane and filtered to remove littuium salts. The compound was=s then recrystallised
from hot esther; yield 0.275 g, 83 %. mp 138 ° decomp. NMR: 'H: 7.70 — 7.47 ppm aryl-H;
Spalyy}: 449 ppm ; PC{H} : 1705, 13 99, 134.8, 1316, 131.5, 129.5, 1264 ppmy;
Microanal-ysis: Found: C=53.8, H=3.6,P=5_ 8; Calc: C=53.2; H=3.6,P=6.1.

In a simillar manner the compounds [1,4-bis-(LAu)CsHs] can be preparesd where L is any
desirable 1-igand, for example, CNBu', PEts, P((OMe); or NCMe.

Method 2 — Using [ClAu(AsPh3)]

To 4,4'-di'bromobiphenyl (0.096 g, 0.31 mmo1) dissolved in ether (20 mL)) at -78° was added
tertiary biatyl lithium (0.75 mL, 1.25 mmol) armd the reaction mixture allowe=d to stir for 30 min.
To this m ixture was added thiophene (5mL) amd [ClAu(AsPhy)] (0.128g, O .62 mmol)'’ and the
reaction s-tirred for 1.5 hours. Tn'phenylphospi’xinc (0.083 g, 0.62 mmol) wass then added and the
solution sstirred for another 1.5 hours before= warming to room temperat-ure and stiring for
another 390 min. The diethy! ether was then remnoved under reduced pressur-e, the crude material
extracted into dichloromethane and filtered teo remove lithium salts. The compound was then
recrystalliised from bot ether; yield 0.265 g, 80%. mp 138° decomp. NMR: 'H: 7.70 — 7.47 ppm
aryl-H; *®P{'H}: 44.9 ppm ; C{'H} : 170.5, 139.9, 134.8, 131.6, 131.5, 129.5, 126.4 ppm;
Microana lysis: Found: C=53.6, H=3.5,P = 6.1; Calc: C=532; H=3.6; P> =6.1.

Fo a sim ilar manner the compounds [1,4-bis-(LAu)Cet] can be prepamed where L is any
desirable ligand, for example, CNBU', PEt3, P(«OMe); or NCMe.
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4 4'-bis-(triphenylphospirogold(I))biphenyl has also been charaecterised by a single crystal X—ray
diffraction study:

Crystal form: Monoclinic; Space Group P21/c; a = 18.6224(2) 2, b= 10.27190(10) A; c =
24.0682(3) A; p=102.634°% Z=4; T = 150 K; R, = 4.05.

Preparation of a Prodrug Compound Containing Two Gold Atoms

Shown below is an example of a reaction scheme suitable —for the preparation of a proedrug

compound containing tw-o gold(III) atoms, which would be reduacible, in vivo, to gold(Y) atons.

CO,H cocl

Me
Br Br Br
(i) HNO; SOCly—
—_— ————e -
(i) KMnO,
Br Br Br
Me coci

CO,H

CH,NR, CH;NR, CONRy
HgCl Br Br

(i) BuLi BH= THF
—-———— -

(i) HgCl,
CiHg Br Br

«CH;NR, CH;NR, CONR,

l Ne[AuCL]

R;N—Au—0

Cl

R may be any required <hemical group, e.g. hydrogen, methyl_, ethyl, propyl etc.
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APPENDDES B

Growth Inhibition Assay

The cell toxicity studies were performed using a modification of the method MTT.” The
principle of the assay is to assess the growth inhibitcory effect of a drug at various doses over a
five-day time course. This assay was performed in 96 -well microtitre plates. Cells w—ere seeded at
densities of 400-1,000 cells per well, depending on the doubling time of the cell line. All cell
dilutions were perfosrmed in growth medium containirag 10% FCS (foetal calf serum)®.

Compounds under investigation were dissolved in DI'MSO (dimethylsulphoxide). Se=rial dilutions
of compound were made into the cell suspension_, ensuring that the proportiom of DMSO
remained below 0.5 %. 200ul of cells and drug mix vewas added to the 96-well plates- in triplicate.
The plates were incubated for five days at 5% CO, and 37°C. After this time, the plates were
removed from the imcubator and 50ul of a 3mg/ml s—olution of MTT [3-(4,5-dimetinyl-thiazol-2-
y1)-2,5-diphenyl te#razolium bromide] was added —to each well and incubated in the same
conditions for anotther 3 hours., The medium from =each well was aspirated and the formazan
crystals were solubilised in 200ul of DMSO. The pla_tes were read using a Multiskamm platereader
at 540nm and 690nm. Growth inhibition curves wwere constructed using mean sand standard
deviation of the tmiplicate absorbance values and from these curves the ICsp values were
calculated.
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APPENDIX C

Comet Assay

I[DNA damage was measured by th e single cell gel electrophoresiss (SCGE) assay or "Comet
assay", originally developed by Osstling and Johnson®. This is a rmethod for determining the
e=xtent of DNA damage and repair capacity within individual cells-.*!! It has previously been
sshown that this technique can be useed to investigate the mechanism of action of different DNA
Mamaging agents.'? .

Cells were trypsinised, suspended im 0.5ml of ice cold fresh medjurmme and transferred into plastic
2 4-well dishes prior to embedding ®n agarose. For the cross-linking: studies treated and control
ssamples were chilled on ice (to prewent any repair of DNA damage and irradiated to a dose of
220Gy in a Caesium-137 source (0.4C5y/min). Control, (unirradiated, mnon-drug treated cells) were

rmaintained on ice in the same mannes=r as treated samples.

Slass microscope slides, frosted at awne end, were pre-coated with 1% normal agarose in distilled
w=vater. These slides were allowed t-o air dry overnight prior to use. A 1% low melting point
agarose (LMP) mixture in PBS wass melted and held at 45°C. 1ml of LMP was then added to
O.5ml of cell suspension on ice ancl the resultant mixture was pipeftted onto a pre-coated glass
ricroscope slide and allowed to set for 1-2 minutes before being traansferred to an ice tray. The
sslides were immersed in ice cold 1-ysis solution (100mM EDTA, L (mM Tris-HCl, 1% Triton
=100, 1% DMSO, 2.5M NaCl) for 1lhr, and washed three times by~ immersion in fresh double
Histilled water for 15 minutes.

SSlides were then placed onto a flat. bed electrophoresis tank and ceovered (5-6mm) with alkali
rmwinding solution (SOmM NaOH, 1mM EDTA buffered to pH 12.5) and left under subdued
Lighting for 45 minutes to allow the DNA to unwind before being su"bjected to electrophoresis at
(.6V/cm for 25 minutes. Each slid e was rinsed with 2 x 1ml of O.4M Tris-HC], pH 8.0 and
zllowed to dry in air. The dried slid «s were then rehydrated for 20 nminutes with double distilled
wvater, 2 x 1ml of propidium iodide solution (2.5ug/ml) was added sand staining was allowed to
poroceed for 15 minutes. Slides were then immersed in 1 litre of doulbole distilled water for 1 hour
t o reduce excess background stainin_g. The slides were cover slipped and then examined at 250 x

rmagnification under an epifluorescesnt microscope (Zeiss-Jenamed) —using green light from a 50
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watt mercury source with a 580nm reflector and a 5 90nm barrier filter set. Imagees were captured
using an attached S ony HAD-1 interline CCD ca-mera and Komet software =analysis package
(Kinetic Imaging). “Ywenty-five images from eachm of two duplicate slides wesre captured and
analysed and the individual “comet moments" as d efined by Olive er al'®, weres calculated. The
total fluorescence o—f the image represents the ameount of DNA present and t"he length of the
image, measured in pixels, represents the length of migration of the DNA. T he head and tail
areas of the image wwere identified and the intensity— of each was determined. Time tail moment is
calculated by multip1ying the fraction of DNA prese=nt in the tail by half the lengath of the tail.
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CLAIMS

A pharmaceutical composition for the treatment of cancer comprising an effective
amount of a compound having two gold(I) atoms each covalently bonded to a carbon
atom in a covalent link connecting the two gold(1) amtoms, wherein said compovrand has a
first gold(I) atom covalently bonded to a first carbeon atom and a second golci(l) atom
covalently borided to a second carbon atom and saicd compound comprises a stabstituted
or unsubstituted aromatic group as part of the cowvalent link, and a pharmaceutically

acceptable excipient.

A pharmaceutical composition in accordance with ¢l aim 1, wherein the first cartoon atom

is part of a substituted or unsubstituted aromatic grou p.

A pharmaceutical composition in accordance with claim 2, wherein the substtituted or

unsubstituted aromatic group is a substituted or unsubostituted phenyl group.

A pharmaceutical composition in accordance with ary one of claims 1 to 3, wh_erein the
second carbon atom is part of a substituted or unsubsstituted alkyl, alkene, alkynee, aryl or

aromatic group.

A pharmaceuti cal composition in accordance with claaim 4, wherein the aromatic group of

which the second carbon atom is a part is a substitutesd or unsubstituted phenyl gr—oup.

A pharmaceuti cal composition in accordance with army one of claims 1 to 5, whe=rein said

compound incorporates a moiety having the formula:

Au’ c'—2z,—C?—.Au?

where: Au' is said first gold (I) atom; Au’ is said sescond gold (I) atom; C'is said first

carbon atom; (C? is said second carbon atom; Z is a liraking group; and nis O or 1.

A pharmaceutical composition in accordance with any preceding claim, whemrein said

compound comprises a ligand bonded to each of saic3 gold(I) atoms, each of saicd ligands

Amended sheet: 11 Octomber 2007
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being individually scleected from the group consi sting of PRj;, P(OR)=, CNR, NCR,
PRn(CHzoRI);;_n, N4C6H.2, [N4C(,H12-N-CH3}+, PN}C(, H]z, and P[N3C6H12-N- CH3]+, where R

is a substituted or unsw.bstituted hydrocarbon moiet y and R* is selected -from the group

consisting of H, Me, SO=", PO;’, alkyl and aryl, and ecach R} in any one ligan~d is the same or

different.

8.

10.

11.

A pharmaceutical commposition in accordance with  claim 7, wherein R is  a substituted or
unsubstituted alkyl, amlkene, alkyne, aryl or aromat-ic group and each R in_ any one ligand

is the same or differemt.

A pharmaceutical co mposition in accordance wit_h claim 7 or 8, wheremn R is selected

from the group consissting of methyl, ethyl, propyl, butyl and phenyl groups.

A pharmaceutical commposition in accordance withm claim 7, 8 or 9, wheresin the ligand is

PPh;.

A pharmaceutical cormposition in accordance with any one of claims 1 to 5, wherein said

compound has the formula:

where: L and L’ arre ligands; R' and R” are substituted or unsubs-tituted divalent
hydrocarbon moietie s; a is 0 to 3; b is 0 to 3 ; R is H, SO3,, POa”, COH, OH,
(CH,),CH;, O(CH;)wCH3, S(CH;),CHj3, or NR""®C(O)R""") where R"*" and R"" are
(CH;)sCH3; and nis O to 6.

Amended sheet: Z11 October 2007
Amended sheet: 2 November 2007
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12. A pharmaceutical ¢ omposition in accordance with clain 11, wherein said compoumnd has

a formula selected £~rom the group consisting of:

AuPPh; AuPPh;
i { AuPP™ hy
AUPPh,
AuPPh;
AuPPh,
©/AuPPh3
AUPPhy
AuPPh; AuPPhy
@ AUPPh,
AuPPh,

13. A pharmaceutical ceomposition in accordance with any one of claims 1 to 5, wherei_n said

compound has the feormula:

R---/Q—mm)n _C‘D)/R..

(R"),Aul (R7)p-AuL’

where: L and L' are ligands; R’ and R" are substituted or unsubstituted di valent
hydrocarbon moietnes; a is 0 to 3; b is 0 to 3; R is H, SO;, PO.>, COH , OH,
(CH2),CHs, O(CH>-)CH;, S(CH3).CH3, or NR""'C(O) (R""") where R"” and R'™" are

(CH2),CH3; and n iss 0 to 6.
Amended sheet: 11 Octobe r2007
Amended sheet: 2 Novembe r 2007
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A pharmaceutical comaposition in accordance with any eone of claims 1 to 5, wh_erein said

compound has the formula:

15.

16.

R™

- X7

(R",Aul. (R)pAul’
where: L and L' are ligands; R' and R” are subs—tituted or unsubstitutedll divalent
hydrocarbon moieties; a is 0 to 3; b is 0 to 3; R"7™ is H, SOj, PO42', CO,H, OH,
(CH,),.CH;, O(CH;),CHj, S(CH;),CHj;, or NR""C(OD(R"") where R"" and R"" are
(CH2),CHs; and nis O to 6; and X is a linking group.

A pharmaceutical composition in accordance with claimn 14, wherein X is sele cted from
the group consisting ©of O, S, PR or NR in which R is a substituted or uns ubstituted

hydrocarbon moiety.

A pharmaceutical composition in accordance with any eone of claims 1 to 5, wh_erein said

compound has the forrmula:

Sana

(R)pAUL_"

JaAuL

where: L and L' are ligands; R' and R" are substtituted or unsubstitutedl divalent
hydrocarbon moieties; a is 0 to 3; b is 0 to 3; R"™ is H, SO3, PO42', CO,H, OH,
(CH,):CH3;, O(CH;),CHj, S(CH;),CHj;, or NR"'C(OD(R"") where R"" and R"" are
(CH,),CH3; and nis O to 6.

Amended sheet: 11 October 2007
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17.

18.

19.

20.

A pharmaceeutical composition in accordance wi th any one of claims 1 to 5, w—herein said

compound "has the formula:

R"'\_
X/

LAu (R")

Where Y is- selected from the group consisting of (R"),AuL' and

where: L and L' are ligands; R’ and R” are substituted or unsubstituteed divalent
hydrocarbo n moieties; a is 0 to 3; b is 0 to 3; R" is H, SOj, PO,*, CO,H, OH,
(CH2)nCH;-, O(CH,),CH;, S(CH,),CH;, or NR''C(O)(R""") where R'"" aned R"" are
(CH2)2CH3z andnis 0 to 6.

A pharmace=utical composition in accordance with any one of claims 11 to 17, wherein L
and L' are i ndependently selected from the group consisting of PR3, P(OR);, CCNR, NCR,
PR,(CH,OERR%)3.,, N4CeHiz, [N4CsHi2-N-CH3]™, PN3C¢Hy;, and P[N3CeH; »-N-CH;)",
where R is a substituted or unsubstituted hydroc arbon moiety and R? is selected from the
group consdisting of H, Me, SO,’, POs’, alkyl and aryl, and each R* in any orme ligand is

the same or— different.

A pharmacesutical composition in accordance with claim 18, wherein R is a sulbstituted or
unsubstitute=d alkyl, alkene, alkyne, aryl or aromuatic group and each R in any one ligand

is the same or different.

A pharmaceeutical composition in accordance with claim 18 or 19, wherein R s selected
from the greoup consisting of methyl, ethyl, propy/], butyl and phenyl groups.

' Amended sheet: 11 Oatober 2007
Amended sheet: 2 Noveember 2007
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21.

22

23.

24.

25.

26.

27.

28.

29.

40

A p-harmaceutical composition in ac-cordance with claim 18, 1.9 or 20, wherein the ligzand

is P Ph3

A p harmaceutical composition in ac cordance with any one of c¢laims 11 to 21, wherei nR’
and R" are each independently selec ted from the group consissting of methylene, ethyl ene,

progoylene, butylene and phenylene g2roups.

A compound having two gold(l) atzoms each covalently bormded to a carbon atom in a
cov alent link connecting the two goRd(I) atoms for use as a ch emotherapeutic agent ira the

trea_tment of cancer.

Use= of a compound having two gold.(I) atoms each covalently bonded to a carbon atorn in
a covalent link connecting the two =gold(I) atoms in the preparation of a medicamen®t for

the treatment of cancer.

Use= of a compound in accordance with claim 24, wherein the cancer is resistant to a

plattinum drug.

Use= of a compound in accordance with claim 25, whereirn the cancer is resistarmt to

cispolatinum and/or carboplatinum.

Use= of a compound in accordance wwith claim 24, 25 or 26, w herein the cancer is ovarian

or Inung cancer.

Use= of a compound in accordancee with any one of claimms 24 to 27, wherein said

compound is defined in accordance =with any one of claims 1 te0 22.

A poharmaceutical composition for- the treatment of cancesr comprising an effective
amount of a compound having a fir-st gold atom which is a ggold(IIl) atom and a seccond
gold atom which is either a gold(I) ztom or a gold(III) atom, e=ach of said first and seccond
golcd atoms being covalently bondecd to a carbon atom in a ¢ ovalent link connecting= the
firsst and second gold atoms, and thes or each gold(Ill) atom b eing reducible, in vivo, to a

golcd(I) atom, and a pharmaceuticallay acceptable excipient.

Ame-nded sheet: 11 October 2007
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30. A pharmaceu.tical composition in accordance with claim 29, wherein sa 1d second gold

31.

32.

atom 1s a golcA(111) atom.

A compound having a first gold atom which  is a gold(Ill) atom and a second gold atom
which is eith er a gold(I) atom or a gold(ITX) atom, each of said first ard second gold
atoms being covalently bonded to a carbon atom in a covalent link conmmecting the first
and second g=old atoms, and the or each goold(IIl) atom being reducible, in vivo, to a

gold(l) atom fFor use as a chemotherapeutic agzent.

Use of a com-pound having a first gold atom which is a gold(IIl) atom and a second gold
atom which iss either a gold(I) atom or a gold«(IIl) atom, each of said first a nd second gold
atoms being —ovalently bonded to a carbon atom in a covalent link conmecting the first
and second g=old atoms, and the or each gold(Ill) atom being reducible, in vivo, to a

gold(]) atom i n the preparation of a medicameent for the treatment of cancen.

Amended sheet: 1 1October 2007
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Figrure 1. DNA cross-linking in parental and resistant cell lines followin_g treatment
witTh cisplatinum.
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Figure 2. DNA cross-1i_nking in parental and resistant c=ell lines following treat—ment with
carboplatin.
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Figure 3. DNA cross-linking in parental and resistant cell lines following treatment with

compound A.
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Figure 4. DNA cross-linkingz in parental and resistant cell L ines following treatment witsh

compound B.
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Figure 5. DNA cross--linking in parental and resistant cel 1 lines following treatmeent with
compound C.
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Figure 6. DNA cross-linking in parental and resistant cell lines following treatment with

compound D.
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Figure 7. IDNA cross-linking in parental and resistant cell lines following trea@ment with
compound® E.
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Figure 8. DNA crosss-linking in parental and resistant cel lines following treatment with
compound F.
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Figure 9. Cormparative Example. DNA cross-linkin_g in parental and resistan_t cell lines
following treatment with compound Phenylgoldtrigohenylphosphine (PAuP)
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