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Asymmetric Synthesis Using Cofactor-Requiring
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GEORGE M. WHITESIDES, CHI-HUEY WONG, and ALFRED POLLAK

Massachusetts Institute of Technology, Department of Chemistry,
Cambridge, MA 02139

The use of cofactor-requiring enzymes as catalysts

for large-scale requires efficient and economical
procedures for in situ regeneration of these co-
factors. This manuscript summarizes the procedures
which are now available for cofactor preparation and
regeneration., ATP can be effectively regenerated from
ADP (and AMP) using acetyl phosphate and acetate kinase
(and adenylate kinase), and it can be prepared inexpen-
sively from RNA. Use of ATP-requiring enzymes is now
routine (at least as far as the ATP regeneration is
concerned). The use of the nicotinamide cofactors is
more difficult, because these materials decompose in
solution. The best procedure for regenerating NAD(P)H
from NAD(P)+ are those based on formate/formate dehydro-
genase, glucose 6-phosphate/glucose-6-phosphate dehydro-
genase, and ethanol/alcohol dehydrogenase/aldehyde de-
hydrogenase. The best procedures for regenerating
NAD(P)" from NAD(P)H use dioxygen/methyl viologen or
ketoglutarate/glutamic dehydrogenase.

Although enzymes can be effective catalysts for enantio-
selective reactions, they have been relatively little used for this
purpose in practical organic synthesis. The relative indifference
of synthetic chemists to the potential of this group of catalysts
is a consequence of a number of circumstances. First, enzymes are
unfamiliar: they require aqueous environments; they are prepared,
characterized, and manipulated using specialized techniques having
little in common with techniques used in other areas of synthetic
organic chemistry; and they appear to be unstable. Second, certain
generally interesting classes of enzymatic reactions (including
many reactions which form bonds between organic molecules and most
reactions which involve oxidation or reduction) involve cofactors;
these reactions are expensive. Third, the substrate selectivity
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