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Structure-activity relationships of titanocene complexes with 

antitumor properties 

Candidate: Susanna Brink 

Promotor: Prof Simon Lotz 

Department: Chemistry 

Degree: Philosophiae Doctor 

Summary 
This study involves the synthesis and characterization ofnew organometallic complexes of Ti(N). Such 

complexes were modelled on titanocene dichloride and designed to act as antitumor agents incorporating 

ligands with specific functions. As target for biological activity, the DNA double helix was identified. The 

desired complexes displayed (i) a labile halogen ligand for covalent bond formation with DNA, (ii) a 

planar condensed 3-membered heteroaromatic ring ligand that could act as intercalator in the major groove 

ofDNA and (iii) two bulky, non-labile stopper ligands which will control the degree of intercalation. The 

complexes prepared in this study were representative of two groups, namely those where the transition 

metal was bonded directly to a carbon ofthe planar ring ligand and those where a sulfur atom was located 

between the metal and the ring ligand. The sulfur atom acts as a spacer and causes the ring unit to lie out of 

the plane of the metal. Dinuclear metal complexes were also investigated and two classes of complexes 

were prepared. The complexes where two [TiCp2] fragments were linked and connected to two Cp rings 

and complexes where a [Ti] and a [Pt] fragment were connected through a Cp and ethylene diamine ligand, 

respectively. 

New complexes [TiCp2(R)CI], [TiCp2(R)2], [TiCp2(SR)CI] and [TiCp2(SR)2] (RH = thianthrene, 

dibenzodioxin, dibenzofuran, benzo[b ]furan, dibenzothiophene and benzo[b ]thiophene) were prepared by 

adding the Iithiated heteroaromatic precursors or the metallated thiolates to titanocene dichloride. The 

composition of the new complexes was determined by using NMR studies, mass spectrometry and micro 

analysis. The structures of [TiCplDbz)CI], [TiCp2(SDbt)CI] and [TiCp2(Dbf)2] were confrrmed by single 

crystal X-ray diffraction studies. Reaction pathways for the synthesis of [{fJ.-y)5,y)5-C I4H16} ThCp2X2Ch] (X 

= CI, SDbf) and [{fJ.-y)5,y)5_C14H16} Ti2Cp2XCh] (X = Dbf, SDbf) were established. 

 
 
 



vi 

Complexes were selected for in vitro tests against HeLa and CoLo cells. The results were correlated with 

the geometry of the complexes, which made it possible to determine the antitumor structure-activity 

relationships. It was found that the greatest inhibition oftumor cell growth was achieved when a complex 

had a thiolate ligand (i.e. SDbf) for intercalation as well as a labile chloro ligand for substitution. These 

results supported the initial objectives and assumptions of the study. Also studied was the intercalative 

behaviour ofselected complexes and their ligand substitution in aqueous medium. Using flow cytometry it 

was possible to show that the complexes did not intercalate and the high activity could probably be 

ascribed covalent bond formation of the complexes. Many other factors that could playa role such as the 

rate of substitution of ligands in aqueous medium were investigated. 
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