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Abstract—Deracemization of (±)-3-hydroxy-4-chromanone 2 through stereoselective bioreduction to the corresponding (3R,4S)-
3,4-chromanediol 3, with good to excellent enantiomeric excesses (up to 99%), mediated by resting cells of the yeast Trichosporon
cutaneum CCT 1903, is reported. In addition, 3-hydroxychromone (7) was obtained as a secondary product.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Several HIV protease inhibitors, including Indinavir,
have been approved by the US Food and Drug Admin-
istration as important therapeutic agents for the treat-
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ment of HIV infections and AIDS.1 Although these
drugs represent a major advancement in the treatment
of HIV disease, they suffer from first-pass metabolism,
some food restrictions and a number of patients develop
resistance to multiple protease inhibitors through viral
mutations.2 To overcome these restrictions, there have
been extensive investigations searching for Indinavir
analogues with improved potency against virus and pro-
tease inhibitor resistant HIV strains. Merck Research
Laboratories recently demonstrated that substitution
of aminochromanol residue of Indinavir by amino-
indano afforded a compound with greater potency
(Fig. 1).3

Hansen et al. synthesized cis-4-aminochromanol-3-ol 1
starting from homochiral 3-hydroxy-4-chromanone 2
and they observed that it was not possible to obtain 1
starting from chromene via an asymmetric epoxidation
followed by the Ritter reaction.4 In this context, cis-
(3R,4S)-3,4-chromanediol 3 is an important precursor
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in the synthesis of (3S,4S)-4-amino-3-chromanol 1 (Fig.
2).

Diol 3 was thought to be converted to aminochromanol
1 through a Ritter-type reaction.5 On the other hand,
this and the related amino alcohols have been used
successfully in a conformational toolbox of oxazoline
ligands and benzopyrane-type potassium-channel
activators.6 Hitherto, to the best of our knowledge, only
two biocatalytic routes addressing 3 have been achieved;
Boyd et al.7 reported the one-step synthesis of 3 (10%
yield, >98% ee) by procaryotic (bacterial) dioxygenase-
catalyzed dihydroxylation of chromene, whilst Holland
et al.8 found that the fungus Mortierella isabellina cata-
lyzes the biotransformation of chromenes to give both
(3R,4S)-cis and (3R,4R)-trans-diols 3 in 78% ee and
2% and 4% yield, respectively. However, the drawbacks
of these methods relate to the poor yields of the desired
diol.

Recently, we reported the diastereo- and enantioselec-
tive preparation of enantiopure (1S,2R)-1,2-indanediol
(75% yield, >99% ee) by the asymmetric reduction of
1,2-indane-1,2-dione mediated by cells of the non-con-
ventional yeast Trichosporon cutaneum CCT 1903.9 Fol-
lowing our continuing interest in obtaining synthetically
useful enantiomerically pure compounds through whole
yeast cells-mediated biocatalysis, we herein report the
preparation of diol 3 in high enantiomeric excess by
deracemization (kinetic resolution) of racemic 3-hydro-
xy-4-chromanone 2 through the stereoselective reduc-
tion mediated by fresh resting cells of T. cutaneum
CCT 1903.
2. Results and discussion

Racemic 2 was prepared through hypervalent iodine
oxidation as previously reported by Moriarty.10 As
such, commercially available 4-chromanone 4 was con-
verted to 3-hydroxy-4-chromanone dimethylketal 5 in
84% yield with methanolic KOH and iodobenzenediace-
tate. Hydrolysis of ketal 5 was performed by aqueous
HCl (3 mol L�1) in ethanol (45 min) to give racemic ben-
zoin 2 in 96% yield (Scheme 1).
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Scheme 1. Reagents and conditions: (a) MeOH/KOH, C6H5I(OAc)2,
0�C–rt, overnight, 84%; (b) HCl 3 mol/L, EtOH, rt, 45 min, 96%.
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The biotransformation of (±)-2 by fresh resting cells11

of T. cutaneum CCT 190312 was carried out in phos-
phate buffers at different pH values and the influence
of added glucose evaluated. Typically, racemic 2 was
converted into a mixture of products after 48 h of incu-
bation (Scheme 2). In all experiments, the major product
was identified as cis-(3R,4S)-diol 3 with enantiomeric
excesses ranging from 92% to 99% (Table 1).13,14 The
minor product proved to be the trans-(3S,4S)-diol 6,15

recovered with high enantiomeric excess >98% and the
other secondary compound was identified as 3-hydroxy-
chromone 7.16

The results depicted in Table 1 show that, in the experi-
ments at higher pH values, an enhancement in ee of
(3R,4S)-diol 3 (both in the absence and presence of glu-
cose) was achieved (entries 3, 6 and 8). Clearly there is a
compromise between the pH of the medium, the yield,
and the enantiomeric excess of diol 3: the higher the
pH the higher the ee and the lower the isolated yield
(Table 1). The results presented in Table 1 show that
experiments performed at different pH, with or without
the glucose, had similar yields and have not shown a
significant variation in ee of enantiomers of cis-diol 3.
The decrease of the yields of the diols at pH P 7 is a
consequence of oxidation of 2, since we found that
alkaline media increases the yield of chromone 7.

To evaluate reaction reproducibility, experiments using
phosphate buffers at pH 8 were performed on a larger
scale (0.5 g of substrate) in the absence and presence
of glucose. In the experiment performed in the absence
of glucose, the ee of cis-diol 3 shows a significant de-
crease during the course of the reaction, mainly after
20 h. On the other hand, the experiment performed in
the presence of glucose showed only a slight decrease
in the enantioselectivity. After 46 h (total consumption
of substrate), the yeast cells were removed by centrifuga-
tion from the reaction without glucose, while diol 3 was
recovered from the aqueous phase by extraction with
ethyl acetate. Purification by flash column chromatogra-
phy gave 3 in 52% yield with an ee 73%. In the experi-
ment performed with glucose, diol 3 was obtained in
45% yield and 96% ee (Graph 1). The 3-hydroxychro-
mone 7 and trans-diol 6 also were obtained in 21%
and 3% yields in the absence of glucose and in 24%
and 2% yields with glucose present.

In a blank experiment (no yeast cells) at pH 10 (28 �C),
the complete consumption of 2 to quantitatively yield
chromone 7 after 22 h was observed. Therefore, air must
play a crucial role in the formation of 7, although the
contribution of the enzymatic oxidation to some degree
is not ignored as discussed below. As we have found in a
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Graph 2. Isolated yield for diols 3 and 6 and chromone 7 as a function
of the pH of the reaction medium after 90 h of incubation at 28 �C with
resting cells of T. cutaneum under anaerobic conditions.

Table 1. Influence of the pH and glucose on the biotransformation of (±)-2 at 28 �C

Entry pHb Time (h) Yield (%)a ee (%)c (3R,4S)-diol 3

Chromone 7 cis-Diol 3 trans-Diol 6g

1 5d,f 48 2 58 15 92
2 5e,f 48 5 54 4 93
3 7d 48 21 56 — 97
4 7e 48 20 56 3 95
5 8d 48 25 45 — 99
6 8e 48 26 45 — 98
7 9d 48 18 43 10 97
8 9e 48 15 41 — 99
9 10d 48 32 40 — 99
10 10e 48 31 38 — 99

a Isolated yield.
b Experiments carried out in a 0.05 g scale of (±)-2 without buffer pH correction during the reaction.
c Absolute configurations of 3 and 6 were determined by comparison of experimental specific rotation and that found in the literature.7
d Reaction performed in absence of glucose.
e Reaction performed in presence of glucose (1.0 g).
f In distilled water, that is, initial pH after adding cells to distilled water.
g >98% ee.
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Graph 1. % ee for (3R,4S)-3 as a function of the time after 46 h of
incubation at 28 �C with resting cells of T. cutaneum, pH = 8.

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
0

10

20

30

40

50

60

En
an

tio
m

er
ic

 e
xc

es
s 

(%
)

pH

Graph 3. Enantiomeric excess of diol 3 as a function of the pH of the
reaction medium after 90 h of incubation at 28 �C with resting cells of
T. cutaneum under anaerobic conditions.
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parallel experiment that chromone 7 is not reduced at all
by T. cutaneum, it seems that the variation of ee (for
product 3) should be related to two individually con-
nected enzymatic events: (1) reduction of (R)-2 is far
faster than the reduction of (S)-2 by a �benzoin reduc-
tase�, present in the kinetic resolution process; (2) in
addition to the oxidation of both (R)-2 and (S)-2 by
atmospheric O2, a faster enzymatic oxidation of (S)-2
should be evoked, that is, a kinetic resolution process,
since experiments in the same pH performed in the pres-
ence and the absence of cells showed that the (S)-2 is
oxidized faster in the presence of cells than in their
absence.

Consequently, shifting from an acidic to an alkaline
media, caused a drop in the yield of 3 but an increase
in the yield of chromone 7. As the latter compound is
the oxidation product of 2, we hypothesized that it could
be the result of competing oxidative and reductive en-
zymes acting over the same substrate as a function of
the medium�s pH. As such, we reasoned that a more
acidic media favored the reductive enzymes whilst more
basic ones favored the oxidative enzymes. New experi-
ments under anaerobic conditions to investigate the
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O2-dependent oxidation of chromanone 2 were per-
formed. The results, shown in Graph 2, reveal that for-
mation of the oxidation product 7 was not observed
below pH 8. Unfortunately, these reduction processes
in anaerobic conditions took place with significant race-
mization of diol 3 (Graph 3). At pH 5, diol 3 was iso-
lated in almost racemic form and compound 7 was
absent. When the yield of the oxidation product 7
increased, an increase in the enantioselectivity of diol 3
was also observed (Graphs 2 and 3). This odd observa-
tion is explained as follows: under anaerobic conditions,
the oxidation of enantiomer (S)-2 to chromone 7 is quite
slow in comparison with the aerobic conditions. Hence
(S)-2 is slowly reduced to antipode (3S,4R)-3, ultimately
decreasing drastically the ee of (3R,4S)-3.

Overall, Scheme 3 shows that under aerobic conditions
the fast oxidation of (S)-2 to 7 and the rapid reduction
of (R)-2 prevail (route A and D). On the other hand,
under anaerobic conditions, route D prevails over route
C and route B is predominant over route A with
(3R,4S)-3 obtained in low ee.
3. Conclusion

In conclusion, this is the first report addressing the
deracemization of (±)-3-hydroxy-4-chromanone 2 to
furnish (3R,4S)-3,4-chromanediol 3. In addition, the
yield (45%) obtained for diol 3 (99% ee) in phosphate
buffer at pH 8, although modest, is the best yield
reported so far.
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