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Abstract

This thess reports a sudy of the chemicd ability and coordination chemistry
of severa antitumour metalocenes CpMCl, (Cp = h®CsHs; M = Ti 1, V 2, Nb 3,
Mo 4), as well as derivatives of Cp,TiCh 1, with nuclec acids, nudeic acid condituents
and proteins. These studies were carried out in order to identify the biologicdly active
soecies and more fully understand the molecular levd mechanism of action of the
antitumour metdlocenes, in paticular Cp,TiCh 1, which is currently undergoing

phasell dinicd trids.

The interactions of Cp,MoCl, 4 with four oligonuclectides were studied by *H
and *'P NMR spectroscopy. In 50 mM sdlt solutions of Cp,MoCl, 4, hydrolysis of the
hdide ligands occurred to give a solution with pD ~2, contaning a species in which
both Cp rings remain meta bound for 24 h. At pD ~7, partid hydrolyss of the Cp rings
(~30%) occurred after 24 h. Addition of an agueous solution of Cp,MoCl, 4 in 50 mM
st to the sdf-complementary sequence d(CGCATATGCG),, mantaning the pD a
6.0-70, showed no evidence for the formation of a metalocene-oligonuclectide
complex and only pesks aisng from hydrolyss of Cp,MoCl, 4 were detected. A
amilar result was obtained in titration experiments with the single sranded sequence
d(ATGGTA) a pD 6570. However, a pD 3.0, new dgnas assgned to a
molybdocene-oligonucleotide complex(es), which was gsable for hours a pD 3.0, were
detected; while a& pD ~7 the complex is destabilised and only peeks arisng from
hydrolyss of Cp,MoCl, 4 were detected. Titration experiments a low pD with
Cp2MoCl, 4 and the dinuclectide dCG were consstent with formation of a complex
aridng due to coordination of molybdenum to guanine N7 and/or cytosne N3. The
results obtained showed that stable oligonucleotide adducts were not formed in 50 mM
sdt a pD ~7 and hence it is highly unlikey that formation of molybdocene-DNA
adducts in vivo is the primary action that is responsible for the antitumour properties of
Cpz2MoCl, 4.
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The rae of hydrolyss of the aromatic rings of CpTiX, (X = Cl 1,
OCOCH2NHsCl 27) and the dimethylsubstituted derivatives (MeCp),TiXz (X = Cl 34,
OCOCH,NH3zCl 41), in agueous solutions & pD 2-8 was studied by H NMR
spectroscopy.  Rapid hydrolyss of both the haide/glycine and Cp ligands in Cp,TiX>
(X =Cl 1, OCOCH;NHs3CI 27) occurred and predominantly gave a precipitate at pD ~7.
In contrast, under the same experimenta conditions, the predominant species present in
agueous solutions of (MeCp),TiX, (X = Cl 34, OCOCH,NH3Cl 41) at pH 2-8 contained
both MeCp rings metal bound. At pD < 5, Cp,TiX2 (X = Cl 1, OCOCH;NH3Cl 27) and
(MeCp)2TiX2 (X =Cl 34, OCOCH;NH3CI 41) formed smilar complex(es) with purine
nucleotides. However, a pD>5, stable adducts between nucleotides and Cp,TiX,
(X =Cl 1, OCOCH;NH3Cl 27) were not formed. In contrast, (MeCp),TiX2 (X = Cl 34,
OCOCH2NHsCl 41) formed complex(es) with 5-dAMP or 5-dGMP, which were stable
for 24h. These reaults suggest that formation of stable chelaes between (MeCp),TiX2
(X = Cl 34, OCOCHz;NHsCl 41) and nucleic acid condtituents in vivo is possible.
However, the methyl subdtituted derivatives 34 and 41 did not show any antitumour
activity agang EAT in mice when adminisgered in ether 109%DMS0O/90%sdine or in
water at pH 6.2-6.4, which suggests that the labile Cp-Ti bond present in Cp,TiCh 1 is

required for antitumour activity.

The synthess of a range of Cp subdgituted titanocene derivatives was
invedigated in an dtempt to prepare derivatives with modified Cp dability in
comparison to the mehyl subdituted derivativess ~ The synthess of derivetives
(CpCHY),TiCh where Y = -CHO 43, -CONMe;, 44, -NO, 45, (RCp),TiChL where R =
-COMe 46, -COOMe 47 or -CONMe; 48, (CpNMe),TiChb 62 and

(Cp(CH2)2NMe,),TiCh 63 was unsuccessful, due to the presence of coordinating
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subgtituents on the Cp rings and poor Sability in polar, protic solvents. Hence, these

derivatives were excluded from further sudies.

The rate of hydrolyss of the Cp rings of Cp,TiX, (X = Cl 1, OCOCCl; 22 and
OCOCH2NHsCl 27) in agueous solutions, 10%DM SO/90%D-»0 and 100% DM SO was
monitored by *H NMR spectroscopy. Rapid hydrolysis of both the carboxylate and Cp
ligands of Cp,TiX, (OCOCCI; 22 and OCOCH,;NH3Cl 27) occurred in DMSO to give
biologically inactive species. The rate of these reactions were concentration dependent
as dilution of these samples with sdine or water to give the therapeutic conditions of
10%DM SO/90%D-»0 dowed the hydrolysis chemistry. In contrast, samples of Cp,TiX,
(X = Cl 1 and OCOCH;NHsCl 27) disolved in water, gave solutions containing the
presumed antitumour active species in which the hdide or glycine ligands have been
hydrolysed but the Cp rings remain metd bound. Thus charged X ligands may be
incorporated into Cp,TiX2 and will give comparable activity to Cp,TiClL 1 provided the

samples are administered in water.

The antitumour metdlocenes Cp,MClL (M = Ti 1, V 2, Nb 3, Mo 4) and the
inactive derivative (MeCp),TiCh 34 were found to inhibit the relaxation of supercoiled
plasmid DNA pBR322 by human topoisomerase Il in vitro. These results implicated
the inhibition of topoisomerase 1l in the mechaniam of antitumour activity athough
there was no direct corrdation between the in vitro results with biologica activity

agang EAT in vivo.

UV spectroscopy confirmed that the metalocenes CpoMCl, (M = Ti 1, Mo 4)
became associated with and were dabilised to hydrolyss by caf thymus DNA but not
with human serum dbumin.  ICP-AES was used to measure the amount of meta

asociated with either DNA or human serum adbumin after incubation with CppMCl,
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(M =Ti 1, Nb 3, Mo 4) and didyss of these solution. The results confirmed that DNA
Stabilises or becomes associsted with the metalocenes. However, errors associated
with the ICP-AES measurements did not alow these results to be quantified. *H NMR
spectroscopy was used to show that the antitumour metalocene Cp,MoCl, 4 formed an
adduct with glutathione 72 in the pH range 3-7 through the sulfur donor group. In
comparison, the antitumour metalocenes Cpp,MCl, (M = Ti 1, Nb 3) showed limited
adduct formation with glutathione 72 a pH~3 and no adducts were detected at

pH > 5.5.
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Abbreviations
AAS atomic absorption spectroscopy
mMAMSA 4'-(9-acridinylamino)-N- (methanesulfonyl)-m-anisidine or amsacrine
Cp cyclopentadienyl (h°-CsHs)
CCC covaently closed circular

5-dAMP deoxyadenosine 5'-monophosphate
5-dCMP deoxycytidine 5-monophosphate
5-dGMP deoxyguanosine 5-monophosphate

DNA deoxyribonucleic acid

DMSO dimethyl sulfoxide

5-dUMP deoxyuridine 5-monophosphate
EAT Ehrlich ascites tumour

eguiv. mole equivaent

EPR electron paramagnetic resonance
HSA human serum abumin

hTF human serum trandferrin

ICP-AES inductively coupled plasma— atomic emission spectroscopy

LDso letha dose required to kill 50% of the population
MTD maximum tolerable dose

MWCO molecular weight cut off

NMR nuclear magnetic resonance

RNA ribonucleic acid

OCR optimum cure rate

ODR optimum dose range

pD logio[D*] where D refersto deuterium

THF tetrahydrofuran

uv ultra-violet



