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Abstract 

Structure Reactivity Relationships in Metallocene Chemistry: 

The ansa-Effect 

  
Stephen L. J. Conway 

Jesus College 

Trinity Term 2000 

Submitted for D. Phil. 

 
This thesis is concerned with structure-reactivity relationships in metallocene chemistry.  

In particular new ansa-metallocenes of Groups 5-7 have been prepared.  The structure and 

reactivity of these ansa-metallocenes is compared to the corresponding nonbridged 

metallocenes. 

Chapter 1 presents a brief review of ansa-metallocene chemistry, focussing on the 

changes in structure, reactivity and electronic properties imparted by the introduction of a 

bridging unit between the cyclopentadienyl rings of a metallocene. 

Chapter 2 describes the synthesis and characterisation of new Group 5 ansa-

metallocenes.  A systematic study of the effect of variation of the bridging unit E on 

bridge-terminal hydrogen exchange in the BH4 ligand of the tetrahydroborate derivatives 

[M{(η-C5H4)E(η-C5H4)}(η2
-BH4)] (M = Nb, E = CMe2, CEt2, C(C5H10), SiMe2, C2Me4; 

M = V, E = C2Me4) has been undertaken.  The free energy barrier ∆G
‡
 to bridge-terminal 

hydrogen exchange is considerably reduced when the ansa-bridge imposes significant 

structural changes in the metallocene unit.  A possible exchange pathway has been 

identified by density functional calculations. 

Chapter 3 describes the synthesis of the higher n-alkyl hydride species 

[W{(η-C5H4)CMe2(η-C5H4)}{(CH2)nCH3}H] (n = 2-4).  The isotopically labelled 

compounds [W{(η-C5D4)C(CD3)2(η-C5D4)}{(CH2)nCH3}D] (n = 1–4) and 

[W{(η-C5H4)CMe2(η-C5H4)}{CD2CD3}H] have been prepared and are found to exhibit 

intramolecular hydrogen scrambling between alkyl ligand and hydride sites under thermal 

conditions.  The results are consistent with an exchange pathway involving an alkane σ-

complex as either a transition state or an intermediate. 

Chapter 4 is divided into two parts.  The first part of the chapter describes a study of 

quantum mechanical exchange coupling in ansa-metallocene trihydrides.  The compound 

[W{(η-C5H4)C(C5H10)(η-C5H4)}H3][BF4] exhibits a very large, temperature dependent    

H-H coupling constant in the 
1
H NMR spectra.  In the second part of the chapter a 

preliminary investigation into ansa-rhenocene chemistry is described.  A theoretical study 

provides an explanation for the unexpected molecular structure of the compound 

[Re{(η-C5H4)CMe2(η-C5H4)}Cl]. 

Chapter 5 outlines the experimental details for the preceding chapters. 

Chapter 6 presents the characterising data for the new compounds described in this thesis. 

Appendices A-H contain details of the crystallographic data for the structurally 

characterised compounds described in this thesis. 
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