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The synthesis of enantiopure molecules is of fundamental importance in the preparation of fragrances, 

flavours, materials, catalysts, agricultural chemicals and pharmaceutical drugs. However, the discovery of 

new reactions needed to synthesise these chiral molecules is still reliant upon trial-and-error. The rational 

design of new catalysts and reactions is an attractive alternative but for this, a detailed understanding of the 

elementary steps of existing reactions is essential. Molecular modelling can provide the necessary 

information to fully understand reaction mechanisms and transition states. In these projects, molecular 

modelling will be used to elucidate the mechanisms of organic reactions to provide the understanding 

needed for the design of new synthetic methodology. No prior molecular modelling experience is 

required. Students will learn new skills that are useful across all branches of chemistry and previous Part III 

projects have led to high impact publications.1  

Project 1 

The cinchona alkaloids have been used extensively as 

organocatalysts. Despite the huge volume of experimental 

results, there is no general mechanistic understanding of 

reactions catalysed by these important compounds. 

Molecular modelling will be used to discover the 

mechanism of these reactions and to provide a general 

and qualitative mechanistic model which can assist 

rational synthetic methodology design.2 

Project 2 

Asymmetric reactions involving transition metal catalysts 

are widely used in the synthesis of natural products and 

pharmaceutical compounds. However, due to the 

complexity of the mechanisms and catalysts involved, 

general mechanistic models for use in rational reaction 

design are lacking. Molecular modelling will be used to 

explore transition metal-catalysed allylation reactions 

which have found many applications in organic synthesis 

but for which little is known about the origins of 

reactivity.3 
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