
Pergamon Tetrahedron:Asymmetry10 (1999) 4079–4081

TETRAHEDRON:

ASYMMETRY

Deracemization of (±)-mandelic acid using a lipase–mandelate
racemase two-enzyme system

Ulrike T. Strauss and Kurt Faber∗

Institute of Organic Chemistry, University of Graz, Heinrichstrasse 28, A-8010 Graz, Austria

Received 20 September 1999; accepted 1 October 1999

Abstract

Deracemization of (±)-mandelic acid was achieved by using a novel two-enzyme process consisting of: (i)
Pseudomonassp. lipase catalyzedO-acylation of (±)-mandelic acid in diisopropyl ether; followed by (ii) mandelate
racemase catalyzed racemization of the remaining unreacted (R)-mandelic acid in aqueous buffer. When this one-
pot sequence was repeated four times, (S)-O-acetylmandelic acid was obtained in 80% isolated yield and >98% ee
as the sole product. © 1999 Elsevier Science Ltd. All rights reserved.

Deracemization processes which provide a single enantiomer in 100% enantiomeric excess and
chemical yield from a racemate1 have recently gained increasing attention due to their improved
economic balance as opposed to kinetic resolution, which provides two enantiomers each in 50%
maximum yield. In order to avoid the occurrence of an undesired isomer, it has been common practice to
racemize the unwanted enantiomer and to subject it again to kinetic resolution in subsequent cycles until
virtually all of the racemic material has been converted into a single stereoisomer.2 For obvious reasons,
this laborious procedure is not justified on a laboratory scale, but it is a viable option for industrial-scale
processes, where the re-racemized material is simply added to the subsequent batch-resolution. One of
the major disadvantages of this procedure is the fact that the unreacted stereoisomer has to be separated
after kinetic resolution from the formed product,3 because the most commonly employed (chemical)
reaction conditions for racemization4 would also destroy the enantio-enriched product. Aiming at the
simplification of deracemization via kinetic resolution and re-racemization, we envisaged the use of
biocatalytic racemization by employing a racemase,5 which would allow in situ racemization of the non-
reacted starting material in the presence of the formed product due to the unparalleled chemoselectivity
of the enzyme and the mild (biocatalytic) reaction conditions. Consequently, the separation step can be
omitted, thus simplifying this process significantly.

As depicted in Scheme 1, the following process was designed based on a stepwise action of lipase and
racemase on (±)-mandelate: in a first step, kinetic resolution of (±)-mandelic acid was accomplished with
excellent enantioselectivity (E>200) viaPseudomonassp. lipase catalyzed acyl transfer6 in diisopropyl
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ether producing a 50:50 mixture of (S)-O-acetyl mandelic acid and (R)-mandelate. Then, the lipase was
recovered by filtration, the organic solvent was replaced by aqueous buffer, and the remaining non-reacted
(R)-mandelic acid was racemized using immobilized mandelate racemase7,8 without affecting the formed
(S)-O-acetyl mandelate.9 When this process was repeated four times in total, (S)-O-acetyl mandelic acid
was obtained in 80% isolated yield and >98% ee as the sole product.10 Since, after four steps, 94% of a
single isomer can be obtained in theory from a racemate, the overall efficiency of this process is 87%.

Scheme 1. Deracemization of (±)-mandelic acid via a lipase–racemase two-enzyme system

Both biocatalysts can be easily recovered by filtration which enables their reuse since enzyme
deactivation is marginal. The scope and limitations of this deracemization process are currently being
studied on severalα-hydroxycarboxylic acids of industrial importance.
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