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Abstract
Our laboratory has heterologously expressed a Clostridium acetobutylicum alcohol dehydrogenase (CaADH) enzyme that, in our hands, displays remarkable substrate promiscuity and yet also quite impressive stereochemical fidelity. We have recently applied this to synthesizing aryl isoserine intermediates to prepare Taxol side chains, precursors to molecules in the Taxotere family of tubulin-binding chemotherapeutics, in high enantiomeric excess. The approach involves dynamic reductive kinetic resolution (DYRKR) upon the corresponding α-chloro-β-keto esters. The enzyme preferentially deracemizes the substrate to the (S)-stereochemistry at the α-C-Cl bond while displaying high facial selectivity in carbonyl reduction, yielding the D-stereochemistry at the β-C-OH center. Active-site selectivity has been explored using heteroaryl and aryl substrates with electron-donating and electron-withdrawing groups, as well as fused bicyclic arenes with both sp² and sp³-type fusions. A subset of enzymatic products has been successfully converted into final aryl isoserine side chains in three steps.
A promising extension of this project is the combining of this enzymatic reduction reaction with a coupling of the product with another aromatic compound and the optimization of such one-pot synthesis as proof and an example that organometallic chemistry can take place in the same biology-amenable environment as an enzymatic reaction. Although this is not necessarily focused on demonstrating the application of CaADH, solidifying this hybrid catalysis would be novel and beneficial. The addition of a range of cross-coupling chemistries performed upon the p-bromophenyl isoserine side chain greatly enhances the structural diversity and functional group breadth that can be introduced into these taxoid side chains and highlights the value of such hybrid biocatalysis/cross-coupling approaches in medicinal chemistry/chemical biology. 
