Computational study of the peptide-based pro-drug activation
Dipeptides are commonly used as pro-drugs due to their ability to undergo intramolecular cyclization to form the corresponding diketopiperazines (DKP) and release the active drug. In this project, we will undertake a comprehensive study of the kinetics and thermodynamics of the drug-release reaction mechanism. Our ultimate aim is to devise rules for predicting the rates of pro-drug release as a function of various substituents on the pro-drug. 
Dipeptide pro-drugs can be attached to a drug via ester bonds. The cyclization reaction consists of nucleophilic attack of the N-terminal amine of the peptide on the ester carbon atom to form a tetrahedral intermediate. This is followed by a proton transfer from the amine to the leaving group oxyanion with simultaneous formation of a peptide bond to give the cyclic DKP product and activated drug (Scheme 1).  
Scheme 1
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We will map out all kinetic profiles for this generic reaction by combinatorially varying the following parameters: 
(a) R groups on the pro-drug and leaving group (using all 20 amino acids)

(b) Stereochemistry of each Cα

(c) Amine versus hydroxide termination of the pro-drug
(d) Attachment of the pro-drug by an ester versus amide bond. 
The resulting data would allow us to find correlations between the nature of the substituents (steric bulk, hydrophobicity, electrostatics, stereochemistry etc.) and activation barriers. This could then be used for a broad classification of all possible dipeptides based on their predicted activation half-lives.    
We will deposit the calculated structures, energies and electronic structures (MO-descriptions) of both reactants and transition states in Varuna, our Quantum Chemical database.
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