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ANTI CANCER DRUGS FI ELD OF THE I NVENTION 5 This invention relates to the use
of functi woedons@d3oret al | ocenes as anti-tunour reagents.p 6OF THE
| NVENTI ON 10 A naj or problemw th chenotherapy is the | ack of selectivity
of drugs for cancer cells. Consequently, the side effects of such

treatnent can be I n f npt ons of the
actual disease. ﬁ@‘%?'%ﬁé@ﬂﬁ%@%ﬂ&%@% b%ﬁci%se skilled in
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now fairly well understood. However, the toxic side 15 effects of cisplatin
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drug Iatl l.ess ns t hese |de effec is material has greater
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medi cal Ws3e@si n this field and the high specificity of cisplatinin
treating testicul ar cancer suggests that it 20 should be possible to

synt hesi se ot her netal -based drugs to treat specific tunour types. There
has been ] ffective new anti-cancer drugs,
preferablls\?‘eﬂﬁg&r NPM?ILIBIE@&&E’& Furt hernore, new approaches are
needed to tackle the 25 probl em of tunmour resistance to cisplatin. For
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event ua resi stance and-succu seas nmongst the

candi dat eslls o€orgaiicntigDthe sﬁ@a@ﬁmmﬂmm tleeient kén 8arveyy uhpledvant b net al
conmpounds, netall gcene dichlorides [(C5H5)2MC12, M= Ti, V, Nb, M, Re].
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been est alkchalied odghisndrlugViardodki fairly well understood. However, the toxic side
15  effects of cisplatin include nausea, vomiting, neuropa}fhy, ototoxicity (tinnitus/hearing
loss) and nephroxicity.! Although treatment with an alternative platinum based drug
(carboplatin) lessens these side effects, this material has greater bone marrow
toxicity.” Nevertheless, these compounds do find widespread medical usage in this
field and the high specificity of cisplatin in treating testicular cancer suggests that it
20  should be possible to synthesise other metal-based drugs to treat specific tumour

types.

There has been a vigorous quest to locate effective new anti-cancer drugs, preferably
having fewer side effects. Furthermore, new approaches are needed to tackle the
25 problem of tumour resistance to cisplatin. For example, ovarian cancer patients
initially respond well to the drug, but eventually develop resistance and succumb to

2 Amongst the candidates for antitumour reagents have been the early

the disease.
transition metal compounds, metallocene dichlorides [(CsHs)>.MCl,, M = Ti, V, Nb,
Mo, Re]. ' The antitumour activity of both titanocene (bis-cyclopentadienyl titanium)
30 dichloride [(CsHs);TiCly] or CpgTiCIz and vanadocene (bis-cyclopentadienyl
vanadium) dichloride [(CsHs);VCl;] or Cp,VCl; has been established against various

animal and xenografted human tumours.>*
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ani mal and xenografted human tunmours.3'4 1 CONFI RVATI ON COPY WO

2004/ 005305 PCT/ GB2003/002886 Titanocene dichloride is one of the nost

ef f ecti vewanton4/0assasur agents of this type and is currentdgr/epmes/gusssg Phase
Il clinical trials.5 On a toxicological and pharmacokinetic |evel, both
Cp2Ti A 2 and vanadocene- dichlorides are interesting and effective
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and Cp2Vvd 2 are flawed as drugs because of hydrol ysis problens.6"9 Hence,
there is a requirenent for the devel opnment of 20 conpounds which do not
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Cp2VCl, showed significant activity.® The consequence of this is that the nature of

15  the active species is unknown and the administration of the compound as a drug can
be difficult.

By their very néhlre, Cp,TiCl; and Cp,VCl, are flawed as drugs because of

hydrolysis problems.*’

Hence, there is a requirement for the development of
20  compounds which do not suffer from problems associated with aqueous instability,
and it is an object of the present invention to provide such materials and to satisfy the
requirements for new anti-cancer drugs. The present invention, therefore, seeks to

provide a range of stable and active metallocenes as anticancer conipounds.

25 It has been found that the stability, and thereby the solubility, of metallocene
dichlorides in aqueous solutions is improved when the compound is ionic. Limited
prior art exists in this area; however, of particular note is the ionic compound
[(CsHs), TiCIINCCH;)]" (FeCls),, which was the subject of earlier studies relating to
antitumour drugs.® It has also been established that ionic titanocenes of this type

30 have been more effective against head and neck xenografts than both neutral

titanocene and vanadocene dichlorides. '



prior art exists in this area; however, of particular note is the ionic
conpound [(C5H5)2Ti A (NCCH3)]+ (Fed 4) which was the subject of earlier

st udi es rwloedons1gpssas antitunour drugs.3 It has al so beerrcaztBdobi/ahest t hat
ionic titanocenes of this type 30 have been nore effective agai nst head and
neck xenografts than both neutral titanocene and vanadocene di chl ori des. 10
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i nvent i oy e nbﬁopﬂﬁ\efgaa@ma@uogfp%aﬁds compound 1 for use as a
medi canent in the treatnent cancer

Thus, there are provided a number of water soluble metallocene halide salts, which
have the potential to act as potent and effective anticancer agents. In addition,
15 evidence is presented with regard to the increased stability and enhanced activity of

these ionic metallocenes with respect to different sets of cancer cell lines.
STATEMENTS OF INVENTION

20 According to the first aspect of the present invention, there is provided a metallocene

compound 1 for use as a medicament in the treatment of cancer.
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RRR3. X RBM R X4 RLL 1 3 W 2004/005305 PCT/GB2003/002886 In 1:
Rl, R2, R3 and R4 represent a conbination of H, alkyl, aryl or

t ri met hyl wid 30b4/0ds305epr esent s si de chai n substituents, atpdreeBioomoesssf which
contains a group which enables the conpound to becone water-sol ubilised; X
is hal o, al koxy, acetate or H2O, 5 Y is a counter-ion; and Mis a netal.

Pref er ablyy 1t heingt a3 | 4 LU vanadj. u I gbi.um or nol ybdepnum Typi cal
counter-il%rll's %ﬂ: ugie_éfl{lglllicftgf§l 5%%% 3?%,%@?4&#11[111%%%@@ remH}Eﬁly il

hexaf | uor ophogpRpiegentObide chdifl sitidnRhR] RrEREotd $BRREE BSntaidah ene

ni obi ocene and nol ybdocene conpounds are nost preferably in"the formof the

di chl ori de saMhich enpblesdhpenmpyngdig bisemerwateresolftolisedpf sol vat es or

pro-drugs. At st _one_cycl ppen jenyl ring is functionalised by neans of
the group L s&ﬁ%fgo’taﬂ(é’fiy’t%gageo nd is water soluble. Preferably the at

| east sone cychopedoadiceion: ahing is functionalised by a group L that
carries a pendant Lew s base which confers aqueous solubility, such as an

ani no- f unct i oMis a@gtali de chain which can be quaternised. 20 Typically, in
order to funtionalise the cyclopentadienyl ring, the group L conprises

Preferably the metal is titanium, vanadium, niobium or molybdenum. Typical

counter-ions include halide, acetate, tetrafluoroborate or hexafluorophosphate ions.
10 The preferred titanocene, vanadocene niobiocene and molybdocene compounds are

most preferably in the form of the dichloride salts. The compounds may be in the

form of solvates or pro-drugs.

At least one cyclopentadienyl ring is functionalised by means of the group L such

15  that the compound is water soluble. Preferably the at least one cyclopentadienyl ring
is functionalised by a group L that carries a pendant Lewis base which confers
aqueous solubility, such as an amino-functionalised side chain which can be

quaternised.

20  Typically, in order to funtionalise the cyclopentadienyl ring, the group L comprises

an alkyl group with a terminal Lewis base and preferably L has the formula
'(CHZ)HZ

25  wherein n is an integer from 1 to 20 and Z comprises an amino group, for instance a
secondary amino group, a particularly favoured example being a -(CH,),N(CH;)s
group, which may be quaternised to provide compounds such as those of formula 2
or 3. These compounds may comprise trialkyl ammonium halides, such as the
compound of formula 2 or, most advantageously, novel tetraalkylammonium

30  compounds including the compound of formula 3.



an al kyl group with a termnal Lew s base and preferably L has the formnul a
-(CH2),Z 25 wherein nis an integer from1l to 20 and Z conprises an am no
group, fowamst/esses a secondary am no group, a parti culr/gBfoasyaasssd
exanple being a -(CH2) 2N(CH2) 5 group, which nmay be quaternised to provide
conpounds such as those of formula 2 or 3. These conpounds may conprise
trial kyl amoni um hal i des, such as the conpound of formula 2 or, nost
advant ageousl y, novel tetraal kyl ammoni um 30 conpounds i ncl udi ng the
conpound of fornula 3. 4 WO2804/ 005305 PCT/ GB2003/ 002886 HO G e O+ Mel O

Tr T ~Cl HOt+C10 ' / C1 MeHeO 3 Thus, according t@Md urther aspect of
the present inventio S _provi ded a metal end -m of formul a
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Thus, according to a further aspect of the present invention, there is provided a

metallocene compound of formula 1

wherein R!, R%, R? and R* represent a combination of H, alkyl, aryl or trimethylsilyl;
L represents side chain substituents, at least one of which contains a
quaternary tetraalkylammonium group;
X is halo, alkoxy, acetate or H,O;
10 Y is a counter-ion; and

M is a metal.

In any event, according to either aspect of the invention, at least one of the L groups
comprises a functionalised substituent capable of enabling the compound to become
15  water-solubilised, and both groups may comprise such substituents. However, on the

occasions when only one of the L groups comprises such a functionalised substituent,



L represents side chain substituents, at |east one of which contains a
quaternary tetraal kyl ammoni um group; X i s hal o, al koxy, acetate or H2O, 10
Y is a comutmn4005805 and Mis a netal. In any event, acc@auieGBRodbsomsdcher
aspect of the invention, at |east one of the L groups conprises a
functionalised substituent capable of enabling the conpound to becone 15

on the ol bRa R Hum R Pl R R B D Tt S SVSThulner e
funct i onadsosiertd SHBSEndHIAL aquiduy€dBOIRA QOB AR ledife] R34 HPEB86 then the
L group on the other cyclopéentadienyl ring may conprise any substituent not
associ at beingilkyl, eoylf aelkyay, prgterahly, tselkylsilyl groupsnfariesampleecul e, typi cal
exanpl es, _bei |.kyl . aryl aralkyl or ref erab trial kylsilyl groups,

f or exang}%?tﬂgjfﬁﬂr%?m1 %lref@artlvﬁs'oﬁﬁﬁ"f%&?stegrln%?'_ggW‘?IOE?P'Such, cases, L may be

hydrogen. 5 Particul ar exanpl es of conmpounds wherein only one of the L
groups conprises a fiinctionalised substituent include those of fornulae
4, 5, 6 Badicylar skamplesef,compounds3@heresif onlySidd thad D grougs Combriges-a~~Cl

functionalised substituent include those of formulae 4, 5, 6 and 7.
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~C 5 15 6 WO 2004/ 005305 PCT/ GB2003/002886 / C HT. CIL H -4*Cl 6 Br"
HH ,,\\\Br TBr 57 Specifically, the present invention relates to a
seri es of wopmpewssds having an ionic feature which i s cauRGB®A3/M2EsE N t he
ligand. This ionic character enables the 10 conpounds to overcone the

probl ens of poor water solubility and instability to hydrolysis which are
associ ated with the conpounds of the prior art. Thus, the conpounds are
found to act as potent anti-tunour reagents. The invention provides a

met hod of treating angfor preveming cancer, Lgﬂ_ 15 enconpasses the

adm nistration of a therapeuygical ')nfﬂl nt of the conpounds 1 to
the patient.

Br

Specifically, the present invention relates to a series of compounds having an ionic
feature which is contained within the ligand. This ionic character enables the
10  compounds to overcome the problems of poor water solubility and instability to
hydrolysis which are associated with the compounds of the prior art. Thus, the

compounds are found to act as potent anti-tumour reagents.

The invention provides a method of treating and/or preventing cancer, which

15 encompasses the administration of a therapeutically effective amount of the

compounds 1 to the patient.

Administration of the compounds of invention comprises of a number of routes

including orally, parenterally, topically, nasally or via slow releasing microcarriers.



Adm ni stration of the conpounds of invention conprises of a nunber of
routes including orally, parenterally, topically, nasally or via slow
rel easi ngwa mpoeEsesi ers. 7 WO 2004/ 005305 PCT/ GB2003/ 0(iad6B208810(2885 e
excipients include, saline, sterile water, creans, ointnents, solutions,
gels, pastes, enmulsions, lotions, oils, solid carriers and aerosols. The
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The conpounds and conpositions of the invention can be adm nistered al one
or in conbination with other conpounds. The other conpounds nmay have a
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DETAI LED DESCRI PTI ON OF THE | NVENTION 15 Prefera fy the nmetal is a group
|V net al subienite The eybiec Bray beta huarinommagemaljearapinal. bei ng

[ Cp(CH2) 2NH( CH2) 5] 2Ti C12. 2HC12, which was tested agai nst a nunber of cel
lines, as detailed in Tables 1 and 2.11 O particular significance is that
2 i's nmucClThe @BBoddsiang coRpRsitienPaf @ ihfntBr bhiv bl adtihBtefddBshe 8r fact or of
10 times nmore 20 potent than Cp2Ti C12.5 Indeed, the conpounds of the
present rcembinatian withhotber edmoppundsicFhaypthar epmpowisis| ey have achielbgsalnedi a t han
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overcone platinum resistance in vitro, the anti-proliferative effects of 2

on ci spl semhpounds pEtharimventie”0 were exam ned (see Table 3). As ovarian.
tunours often devel op resistance to

DETAILED DESCRIPTION OF THE INVENTION
15

Preferably the metal is a group IV metal, more preferably, titanium, an example
being [Cp(CH,),NH(CH,)s],TiCl,.2HCI 2, which was tested against a number of cell
lines, as detailed in Tables 1 and 2.'' Of particular significance is that 2 is much
more active when compared to Cp,TiCly; 2 is almost a factor of 10 times more
20  potent than szTiClz.5 Indeed, the compounds of the present invention, which show
much greater stability in aqueous media than the compounds of the prior art, are
generally found to be around 10 times more potent towards certain cancer cell lines

than is the case with cisplatin.

25 In order to determine whether these types of complexes overcome platinum
resistance in vitro, the anti-proliférative effects of 2 on cisplatin-resistant A2870
were examined (see Table 3). As ovarian tumours often develop resistance to
platinum compounds, these lines present a good model for screening. After 144
hours, cisplatin appears to be 3 times more resistant than 2. The dramatic decrease in

30  resistance factor suggests that these functionalised titanocene dichloride compounds



pl ati num conpounds, these lines present a good nodel for screening. After
144 hours, cisplatin appears to be 3 tines nore resistant than 2. The
dramat i c dexreaes3osn 30 resi stance factor suggests that RATRGB2003/002886
functionalised titanocene dichloride conpounds 8 WD 2004/ 005305

PCT/ GB2003/ 002886 confer a potent anti-proliferative effect on

pl ati num | st Qvar | Uteecel | rthernor changi ng t he
group atfé@%%gI?%%¥ﬁéﬁgﬁsﬁ%§#ﬁ%€%?%ﬁgkﬂ#%&#§§h§E%¥lﬁg?P%n%gn%?}% t on the
ef fi cacyligés.t he drugs for A2780 cell line, but not for the cisplatin
resistant cell line of A2870-cis, as indicated in Table 4, which includes
conparative data for the conpounds of fornul'ae 2 and 3. A particular
advant age of the conpounds of the present invention is their enhanced

activity{?ﬁ\%ﬁ | .at - I esi nk.cell . sl boohS i oy t the
activityFo ggé%é%ﬁ%g%ﬁgg¥P§§gﬁ%%ﬁé8%5e§%¥hg%%“§ﬁ%?§§h?%éqg?#%ﬁﬁS of
ci spl st i Bffekit ronitehefiiChdyl ok (NERBSGo B508( ctiMline] biERENIdrAlhe diddlatinMCF- 7
Cisplatin 9 2 62 6.9 LoVo Cs Latin 0.37 - 2 62 167.6 LS 174T Cisplatin
0.50 - 2raptappcelhlingof &28p0-gisi as mdgated n TablRA, svhigtpingbudes gormparativet in 2. 1 -

2 28 13. %at'g‘z o?C%hQ C%Px{p%tulncri]s ]c')f “formulae 2 and 3. A particular advantage of the

compounds of the present invention is their enhanced activity towards cisplatin-
resistant cell lines; it is found that the activity of these compounds remains constant

10 whilst the effects of cisplatin diminish.

CELL LINE DRUG IC50 (uM) DIFFERENTIAL
(M)
MCEF-7 Cisplatin 9 -
2 62 6.9
LoVo Cisplatin 0.37 -
2 62 167.6
LS 174T Cisplatin 0.50 -
2 36 72
A2780 Cisplatin 0.82 -
2 31 37.8
A2780-cis Cisplatin 2.1 -
2 28 13.3
A2780 Cisplatin 1 -
(24 hour)
2 168 168
A2780-cis Cisplatin 54 -
(24 hour)
2 154 28.5
15 Table 1. The sensitivity of cell lines to Cisplatin and Ti Compounds



(24 hour) 2 168 168 A2780-cis Cisplatin 5.4 - (24 hour) 2 154 28.5 15
Table 1. The sensitivity of cell lines to Gsplatin and Ti Conpounds 9 WD
2004/ 00530 #8CTHEBBE003/ 002886 CELL LI NE Cl SPLATI N 2 Lo\RCTIGR200MM102886 24. 3'
1 LS-174T 1.35 0.58 A2780 2.2 0.5 A2780cis 5.7 0.45 Table 2. The relative
sensitivity of cell lines to Csplatin and Ti Conpounds 5 CELL EXPOSURE
DRUG LINE TIME (hr) CI SPLATIN 2 A2780 144 1 1 A2780cis 144 2.56 0.90
A2780 24 1.22 5.42 A2780cis 24 6.59 4.97 Table 3. The relative sensitivity

of A2780 and A2780ci s arett Livpes ¢ spidt[n 19 and|Ti Conpounds CELL
LINE DRUG 1 C50 ) (7 daYS) o¢g780[ 2 99.{ 1

MCE-7 243 1

L.S-174T 1.35 . 0.58

A2780 2.2 0.5

A2780cis ' 5.7 0.45

Table 2. The relative sensitivity of cell lines to Cisplatin and Ti Compounds

5
CELL EXPOSURE DRUG
LINE TIME (hr)
‘ CISPLATIN 2
A2780 144 1 1
A2780cis 144 ' 2.56 0.90
A2780 24 1.22 5.42
A2780cis 24 6.59 4.97
Table 3. The relative sensitivity of A2780 and A2780cis cell lines to Cisplatin
10 and Ti Compounds
CELL LINE DRUG IC50(uM)(7 days)
A2780 2 99.1
3 765.6
A2780cis 2 4.3
3 52
15

Table 4. The relative sensitivity of A2780 and A2780cis cell lines to Ti-2 and Ti-

4 Compounds

10



3 765.6 A2780cis 2 4.3 3 5.2 15 Table 4. The relative sensitivity of
A2780 and A2780cis cell lines to Ti-2 and Ti- 4 Conpounds 10 WO 2004/ 005305
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as a nedi cament

in the

treat nent of cancer.

L 2 Y-

R4 R R3 X R3 MRa X

OR4A R L 5 wherein Rl, R2, R3 and R4 represent a conbination of H,

al kyl, aryl

or

| east one of which contains a group

wat er - sol ubi | i sed;

counter-ion;

claim1 Where

10 X i s hal o,
and Mis a netal. 2

Anmetrdloggneasompquad qf; fo

trimethylsilyl; Ldﬁﬂmgents side chain substituents, at

ch enabl es the conpound to becone

al koxy,

acetate or
A netal | ocene conpound as claimed in
T ilu AT - Yeen adliaumedisrmpniuin dhe

H2O Y is a

nol ybdenum 3, A npt ol | ocene conpound as claimed in claiml or 2 wherein
t he counter-ion '

5

10
2.

15
3.
20 4.

R3 ~
2 X
e
Rl
L
B 1

2Y

wherein R', R?, R® and R* represent a combination of H, alkyl, aryl or

trimethylsilyl;

L represents side chain substituents, at least one of which contains a group

which enables the compound to become water-solubilised;

X is halo, alkoxy, acetate or H,O;
Y is a counter-ion; and

M is a metal.

A metallocene compound as claimed in claim 1 wherein the metal M is

titanium, vanadium, niobium or molybdenum.

A metallocene compound as claimed in claim 1 or 2 wherein the counter-ion

Y is a halide, acetate, tetrafluoroborate or hexafluorophosphate ion.

A metallocene compound as claimed in claim 1, 2 or 3 which is in the form of

the dichloride salt.
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Y is a halide, acetate, tetrafluoroborate or hexafl uorophosphate ion. 20 4.
A netal |l ocene conpound as clained in claim1, 2 or 3 whichis in the form
of the dwddoosomdeossal t. 12 WO 2004/ 005305 PCT/ GB2003/ 0(¥2836B2083/002886

nmet al | ocene conpound as clainmed in any one of clainms 1 to 4 which is in the
formof a solvate or a pro-drug. 6. A netall ocene conpound as clained in

di ' | f. t,i ised t bl
The Conpaund (o EANBYAE EhBot 3 o rR AR Sre Yt b iouna as

clai med i n anyhgfoaaedarglvateairmptbeligin only one group L is functionalised
to enabl e the compound to becone water 10 solubilised. 8 A netall ocene
conpound as clained in any preceding claimwherein L conprises a group

whi ch carries i . . tall gcene,co d as clained

' Clai ms wni mPENGRRE cofBbind A8indd i o brERalld ARRLERERTERARD 107 A

met al focene cemupsndragmetiandiBed tdemabRithe Snwiengith bédonawhidae group is a

secondary am no %&ou . 20 11. A netall ocene conpound as clained in claim10
&%

wherein the séely am no group conprises a -(CH2)2N(CH2)5 group. 12. A
met al | ocene conpound as clained in claim9 wherein the group L has the 25
formula -(CH2)nZ wherein nis an integer from1l to 20 and Z conprises an
am no grgup. Alfetallocene compound as claimed in any preceding claim wherein only one

' group L is functionalised to enable the compound to become water-
10 solubilised.

8. A metallocene compound as claimed in any preceding claim wherein L

comprises a group which carries a pendant Lewis base.

15 o. A metallocene compound as claimed in claim 8 wherein the Lewis base is

provided by an amino group.

10. A metallocene compound as claimed in claim 9 wherein the amino group is a

secondary amino group.

20
11. A metallocene compound as claimed in claim 10 wherein the secondary
amino group comprises a -(CH;),N(CH,)s group.
12.. A metallocene compound as claimed in claim 9 wherein the group L has the
25 formula
'(CHZ)nZ
wherein n is an integer from 1 to 20 and Z comprises an amino group.
30
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13 WO 2004/ 005305 PCT/ GB2003/002886 13. A netal |l ocene conpound as cl ai ned
in claiml which has the formula 22 d O HON Ti '-*CCl0 2 14. A

nmet al | ocew® mospssesd as clained in claim1 which has t hedwesehao@sss 5 1 O
oOm ji",,,,,,,'d A el ~ 3 15. A netallocene conpound as clained in
claim1 which has the fornmula 4: N M3S [I"WdO SiMe3 10 4 14 WO

2004/ 005305 PGTGERO03A0BRRG: 4 Koct,olTE) Bk ST P RIRRY AR, £1 1 med i n

claim1l

c1e
HO
Nﬁ
\T . ‘I“‘\\\\\\Cl 9
1
/~a e

ﬁ@ﬁ

14. A metallocene compound as claimed in claim 1 which has the formula 3:

N wCl
T &l

1 I ©
N
®$

15. A metallocene compound as claimed in claim 1 which has the formula 4:

: N\
Me,S
€351 g"\cl

10 4
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\ Ttd

has the formula 6: & N ,\~~Cl H
cl ai ned i wocload/msioswhi ch has the fornula 7:

**Cl 5 5 17. A nmetall ocene conpound as clainmed in claim21 which
Cl 6 18. A netallocene conpound as

\T

Br-

H

" POTV@B20bB/002886Br

10 7

15 WD 2004/ 005305 PCT/ GB2003/ 002886 19. A netal | ocene compound of formula
1L2Y R4 RRB.X RBRM R X

5

10

16.

17.

18.

A metallocene compound as claimed in claim 1 which has the formula 5:

\\\\Cl

m{\rﬁ;ﬂ

=

Cr

A metallocene compound as claimed in claim 1 which has the formula 6:

. \\\\Cl

&S

Cr

A metallocene compound as claimed in claim 1 which has the formula 7:

15
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RA RL wherein Rl, R2, R3 and R4 represent a conbination of H, alkyl,

aryl or trinethylsilyl; 5 L represents side chain substituents, at |east
one of whwdhoogoisaisns a quaternary tetraal kyl ammoni um graaueB2083/0msssal o,

al | coxy, acetate or RO, Y is a counter-ion; and Mis a netal. 10 20. A
nmet al I ocene conpound as clainmed in claim19 wherein the netal Mis

titani um;gvanadj i.obl um or bdenum 21. A netall ocene conpound as

cl ai med il% cl %%%%logén%fﬁm\m%?%gﬁ%%ﬂgﬁ ounter- 15 ion Y is a halide,
acetate, tetrafluoroborate or hexafl uorophosphate ion. 22. A netall ocene
conpound as clainmed in claim19, 20 or; 21 which hsyin the formof the
dichloride salt. 20 23.| A net !l oc conpound{ as clained in any one of
claims 19 to 22 which ijs in of a solyate or a pro-drug. 16 WO
2004/ 005305 PCT/ GB2003/1002 A met.al | ocepe conmpound as clainmed in any
one. of claims 19 to 23 whereig’® both grdups L cpnprise a quaternary

t et raal kyl anmoni um group. 25. A netMl1 ocene coprpound as clainmed in any
precedi ng cl ai m wherei n onl g L copprises quaternary

t et raal kyl ammoni um group. 286: t al I4ocene coppound as clainmed in claim 19
which has the formula 31 | O R

wherein R!, R% R®and R* represent a combination of H, alkyl, aryl or
trimethylsilyl;

5 L represents side chain substituents, at least one of which contains a
quaternary tetraalkylammonium group;
X is halo, alkoxy, acetate or H,0;

Y is a counter-ion; and

M is a metal.
10
20. A metallocene compound as claimed in claim 19 wherein the metal M is
titanium, vanadium, niobium or molybdenum.
21. A metallocene compound as claimed in claim 19 or 20 wherein the counter-
15 ion Y is a halide, acetate, tetrafluoroborate or hexafluorophosphate ion.

22. A metallocene compound as claimed in claim 19, 20 or 21 which is in the

form of the dichloride salt.

20 23. A metallocene compound as claimed in any one of claims 19 to 22 which is in

the form of a solvate or a pro-drug.
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oM i.., 1 U --,*AA M 3 27. A netallocene conpound as clained in any
preceding claimfor 10 adm nistration to a patient orally, parenterally,
t opi cal | ywomsabdsgosor via sl ow releasing mcrocarriers.PA8BAII@R8dsl ocene
conpound as clained in any preceding clai mwherein excipients conprise
saline, sterile water, creans, ointnents, solutions, gels, 15 pastes,

29, A netal | ocene

| si | i . i | i Iier | s.
Compound s orsiRgoficten i sl oY PRSI 10 % PANIBIAl ong Or i
combi nat i on wibbth gbupsRESmpRe @cﬁdh@é’mﬁ?lﬁ&%ﬂ%@?ﬁ&ﬁ{ﬂ.g&l et al | ocene
a

compound as clainmed in clalm29 wherein sai | east” one other conpound
has bi ol ogical activity. 17

25. A metallocene compound as claimed in any preceding claim wherein only one

5 group L comprises quaternary tetraalkylammonium group.

26. A metallocene compound as claimed in claim 19 which has the formula 3:

......

27. A metallocene compound as claimed in any preceding claim for
10 administration to a patient orally, parenterally, topically, nasally or via slow

releasing microcarriers.
28. A metallocene compound as claimed in any preceding claim wherein
excipients comprise saline, sterile water, creams, ointments, solutions, gels,

15 pastes, emulsions, lotions, oils, solid carriers or aerosols.

29. A metallocene compound as claimed in any preceding claim for

administration alone or in combination with at least one other compound.

20 30. A metallocene compound as claimed in claim 29 wherein said at least one

other compound has biological activity.
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