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1,2-indanedione by resting cells of the yeast Trichosporon
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Abstract—A concise highly diastereo- and enantioselective preparation of homochiral (1S,2R)-1,2-indandiol 1 (75% yield, >99%
e.e.) by asymmetric reduction of 1,2-indanedione 5 mediated by fresh resting cells of Trichosporon cutaneum CCT 1903 is reported.
© 2003 Elsevier Ltd. All rights reserved.

(1S,2R)-1,2-Indandiol 1 is a well established precursor
to (1S,2R)-1-amino-2-indanol 3, a key raw material in
the synthesis of the leading HIV-1 protease inhibitor
oligopeptide mimic Indinavir 4 (Scheme 1). Hitherto,
only a few biocatalytic routes to 1 have been achieved,
e.g. (i) microbial asymmetric dioxygenation of indene1

and (ii) non-conventional yeast-mediated asymmetric
reduction of 1,2-indanedione2 5. Aminoalcohol 3 is also
a unique chiral building block in asymmetric organic
synthesis, both for chiral auxiliaries and chiral lig-
ands.3,4 In turn, either diol 1 or 2 can be easily con-
verted to 3 through a Ritter reaction.5

Scheme 1.
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Asymmetric bioreduction of diketone 5 presents an
alternative route to 1 with only one report addressing
this goal having been released. Chartrain et al.2 found
that growing cells of Trichosporon cutaneum MY 1506
can reduce 5 in a 16 g scale to afford a mixture of 1
(52% yield, 99% e.e.) and 2 (5% yield, 26% e.e.) in ca. 8
days.

Recently, we have reported that the regio- and enan-
tioselective reduction of a toxic acyclic enone by the
non-conventional yeast Pichia stipitis can be tuned by
the use of Amberlite XAD-7.6 Herein we report another
non-conventional yeast, Trichosporon cutaneum CCT
1903, which is able to reduce diketone 5 to diol 1
efficiently and that the stereochemical outcome of the
reaction depends on the physiological status of the
whole yeast cells (resting or growing).

In a screening of non-conventional yeasts7 to reduce
�-diketones we found that a strain of Trichosporon
cutaneum (de Beurm Gougerot & Vaucher) Ota, namely
CCT 1903,8 was equally able to convert diketone 5 to
diol 1, with transient accumulation of benzoin 6
(Scheme 2).

We found that when the reduction of 5 (450 mg L−1)
was performed by growing cells9 of Trichosporon cuta-
neum which have been cultivated for 2–3 days in SDB
2% (Sabouraud dextrose broth) under controlled condi-
tions, full conversion was attained in 96 h and a
mixture of cis- and trans-indandiols (9:1 ratio, respec-
tively) was obtained with 65% overall yield and 94 and
16% e.e., respectively.10

Surprisingly, only the enantiomerically pure (>99% e.e.)
cis-diol 1 was furnished when the reduction of 5 (750
mg L−1) was carried out for 77 h (full conversion) by
fresh resting cells11 of the same yeast harvested by
centrifugation after 2–3 days cultivation in SDB 2%
(Scheme 3). No trace of the trans-diol 2 was detected

by GC/MS analysis.10 Recovery of the product from
the aqueous phase by extraction with ethyl acetate
followed by column chromatography furnished pure 1
(70% yield).12,13

It is well known that changes in the cell environment
(culture medium, pH, temperature, etc.) affect the com-
plex fine tuned cell machinery as the microorganism fits
to the new conditions for survival.15 As such we believe
that when the reduction of 5 is mediated by resting cells
of the yeast the enzymes involved in the synthesis of
(1S,2R)-1 remain highly active whereas those with
opposite selectivity are mostly inhibited.

The reaction can be scaled up to reduce 1 g of 5 (1 g
L−1) with no changes in the enantiomeric excess and
with 75% isolated product yield. Under these condi-
tions, full conversion of 5 was attained in 80 h although
a negligible amount (17 mg, <2% yield) of almost
racemic trans-indandiol was detected by CG/MS analy-
sis through comparison with an authentic sample.

Furthermore our experimental findings reveal that
reduction of 5 by resting cells of Trichosporon cutaneum
is not a simple two step process, i.e. regio- and enan-
tioselective reduction of 5 to form (R)-6 followed by a
stereoselective reduction to furnish diol 1. In fact, mon-
itoring of the reaction by GC/MS analysis with a chiral
column disclosed that benzoin 6 was accumulated in
racemic form and after a period of many hours (20 h in
a 1 g scale reaction) only enantiomer (R)-6 was slowly
converted to diol 1 (Scheme 4).

As the faster reacting enantiomer was depleted during
the stereoselective reduction to form 1 the equilibrium
of (R)-6/(S)-6 was constantly re-adjusted. Thus, in a
concurrent step, the almost unreactive enantiomer (S)-6
was racemized to (R)-6. The final result was the trans-
formation of a transient racemate to a single stereoiso-
meric product in high yield.16 As such, the intervention

Scheme 2.

Scheme 3.
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Scheme 4.

of a third enzyme in the overall reaction, a racemase, is
envoked (Scheme 4).17

It is noteworthy that no special care was needed to
perform the reaction with the resting cells of the yeast.
Indeed, neither buffer nor pH control was necessary to
ensure a good performance of the yeast (the reaction
was performed in distilled water), which makes this
process suitable for batch scale asymmetric preparation
of the title diol. A study for a suitable scale up of the
reaction is in progress.
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