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Abstract: Phenyl B-D-glucopyranosyl sulfoxide and p-mtrophenyl f-D-glucopyranosy! sulfoxide have
been diastereoselecuvely cleaved by B-glucosidases. Both distereomers can be selectively cleaved,
depending on the origin of B-glucosidase.

Enantio- or dastereoselective resolutions of chiral compounds using enzymes has recently become a
widespread method in synthetic orgamc chemistry. For synthetic applications, generally lipases are chosen for
the stereoselective cleavage of ester groups.! Dunng the screening of new substrates for enzymatic synthesis of
oligosaccharides,2 we found that one of the diastereomers of sulfoxide 1 can be selectively hydrolyzed by B-

glucosidase 3
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This 1s, the best of our knowledge, the first evidence for the diastereoselective cleavage of sulfoxides by
an enzyme. This selective cleavage leads to the synthesis of diastereomerically pure starting materals for many
synthetic applications including stereoselective reactions.# In 0.1 M acetate buffer (pH 5) without enzyme the
sulfoxide 1 is stable. Upon adding a cellulase mixture from Trichoderma viride,5 hydrolysis took place, but
only one diastereomer 1a 1n the mixture of both phenyl p-glucopyranosyl sulfoxides was cleaved, whereas the
other diasterecomer 1b remained unchanged. In order to elucidate which enzyme in the cellulase mixture is
responsible for the cleavage reaction, the crude enzyme was fractionated using precipitation 1 ammonium
sulfate solution. Thus step afforded two fractions, one which shows high p—glucosidase activity, called T.v. A
and the other with no activity of B—glucosidase, called T.v. B, Both fractions also contain the other componets
of cellulase, endoglucanase and cellobiohydrolase. The T.v. A fraction 15 sull capable of diastereoselectuve
cleavage, whereas T.v. B is no longer able to catalyze hydrolysis (Figure la and 1b). The semilogarithmic plots
show straight lines for the hydrolysis, indicating a first order reaction, which would be expected 1n an enzyme-
catalyzed hydrolysis at high substrate concentrations.

This finding 1ndicates that f-glucosidase, one enzyme component of the cellulase mixture, 1s the
hydrolase responsible for the diastereoselective cleavage.® The selecuvity of T.v. A 1s very high: one
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diastereomer 1a was hydrolyzed completely after 8 h, whereas for the other diastereomer 1b no cleavage was
observed. In order to confirm that B—glucosidase 1s the active enzyme 1n the cellulase mixture, enzymes from
different origins were checked for the hydrolysis reaction of the sulfoxide. p—Glucosidase from sweet almonds
showed significantly different rate in the cleavage of the two diastereomers, but the selectivity was not as high as
1n the case of B—glucosidase from Trichoderma viride (T.v. A), however the same diasiereomer la was
hydrolyzed preferentially (Figure 1c¢). f§—Glucosidase from caldocellumn saccharolyticurn , a thermophilic
archeabactcria, showed no activity on the hydrolysis of 1 (Figure 1d).

Pheny! sulfoxides are known to be good leaving groups under acidic conditions.” Therefore, as a control
experment, the enzyme-free hydrolysis was investugated. The substrate 1 was completely stable 1n buffer at pH
5. Only at very low pH 1n a strongly acidic solution of tnflate (20 % v/v), a slow hydrolysis was observed. In
this control expenment diastereoselective cleavage also took place, but the selecnvity beiween the two
diastereomers was not as good as in the cases of B—glucosidase from almonds or Trichoderma viride (see Table

1).
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Figure 1: Time conversion curve for the hydrolysis of 1 by B-glucosidase from different origin. a: Trichoderma

viride (T.v. A), b: Trichoderma viride (T.v. B), B—glucosidase (almonds), d: p-glucosidase (Caldocellum
saccharolyticum). empty circles: la, hashed circles: 1b

Table 1: Apparent rate constants for the hydrolysis of the two diastereomers of 1 and the ratio between the
apparent rate constants of 1a and 1b

catalyst apparent rate constants [h-1] ratio
1a 1b

CF3SO3H 1.1x10-! 3.7x102 3/1

Tv. A 5.6x10°1 2.6x102 22/1

Tv.B 0 Q

almonds 7.9x10-! 1.5x10-! S/

cald. sacch. 0 0

Increasing the leaving ability of the sulfoxide by the introduction of a mtro group in the para position of
the phenyl nng 1n 2 led 1o the expected increase in hydrolysis rate. The selecuvity of hydrolysis in the case of
the B—glucosidase from Trichoderma viride (T.v. A) 1s still excellent (Figure 2a). Again the glucosidase free
fracuon of Trichoderma viride (T.v. B) showed no actuivity (Figure 2b). For sweet almonds the hydrolysis was
very fast and the apparent rate constant has the same value for both diastereomers (Figure 2¢). In contrast to 1,
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the p-nitro substituted sulfoxide 2 can be hydrolyzed by B~glucosidase from Caldocellum saccharolyticum with
high selectivity, but with low rate. Interestingly in this case the other diastercomer 2b was cleaved

preferentially. Hence, this method allows to prepare a diastereomencally pure sample from both diastercomers
of glucosyl sulfoxides by choosing the origin of §-glucosidase.
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Figure 2: Time conversion curve for the hydrolysis of 2 by §-glucosidase from different origin. a: Trichoderma
viride (T.v. A), b: Trichoderma viride (T.v. B), P—-glucosidase (almonds), d: p—ghucosidase (Caldocellum
saccharolyticum). empty circles: 24, hashed circles: 2b

Table 2: Apparent rate constants for the hydrolysis of the two diastereomers of 2 and the ratio between the
apparent rate constants of 2a and 2b

catalyst apparent rate constants [hr] ratio
2a 2b

Tv.A 1.38 0 ©

Tv.B 0 0

almonds 14 14 1

Cald. sacch. 4.8x1073 2.6x10-1 54/1

The present study 1s the first example of an enzymatic hydrolysis of a glycosyl compound where the chiral
group is attached directly to the anomenc center. This should shed Iight on the mechamsm of hydrolysis and
the shape of the active site of B-glucosidase.® The observed diastereoselectivity can be explamned by the
following two models: The sulfoxide has a rather fixed conformation and the sterically demanding phenyl group
mhibits the enzyme-substrate complex formation for one of the diastereomers. Depending on the ongin of the
glucosidase, the active site 1s more or less crowded, leading to the observed differences in the selectivity, In the
second model the activation of the sulfoxide is only possible for one diastereomer, depending on the onentaion
of the chiral sulfoxide group in the active cavity of the enzyme. Different orientation of the actuvating amino acid
residue and steric demands in the surrounding of the active site will lead to the observed selectivities. The very
different rates which were observed 1n the case of 2 for the different glucosidases can be explained by different
strength of the acidic activation of the sulfoxide group. Further attempts to achieve single crystals for a crystal
structure analysis of the diastereomerically pure sulfoxides is now in progress.
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Experimental:

Cellulase was purified as follows: 500 mg of crude cellulase (Onozuka R-10, Trichoderma viride, Y akult
Co.) was added to 10 mL of acetate buffer (0.01 M, pH 5.0) and centnfuged at 10000 rpm to remove insoluble
material. To the filtrate 3.62 g of (NH4)2SO4) was added and the solution was kept at 4°C overnight and
filtrated. The filtrate showed no f-glucosidase actuvity, whereas the residue had high B-glucosidase activity.

The sulfoxides 1 and 2 were synthesized according to Ref 2.2 In addition CD- and UV spectroscopic data
are given for 1a, the diastereomer which 1s hydrolyzed by B-glucosidase fromTrichoderma viride : hext = 287
nm, Ae = +5.969 Anax = 292 nm, & = 7327 mol-1, CH3CN, ¢=0.061 mmol/L. Cellulase Onozuka R-10 from
Trichoderma viride (activity with carboxymethylcellulose, pH 4.5, 30°C: 6.5 umts mg!) was obtained from
Yakult (Japan). $—Glucosidases from almonds (activity with salicin, pHS, 37°C, 5.3 umts mg!) and from
Caldocellum saccharolyticum (recombinant n E.coli, activity with salicin, pHS, 37°C, 30 uniis g-1) were
obtained from Sigma (USA). The activity of B-glucosidase i both Trichoderma vinde fractions was tested with
p-nmitrophenyl B-D-glucoside.

To 1mL buffer solution (0.1 M acetate buffer, pH 5) of a diastercomeric mixture of 1 or 2 (approx. 0.1
mmol ml_-1) was added 1 unit of the enzyme dissolved in 0.5 mL of buffer and the solution was kept at 30°C
under shaking. As the reaction proceeds, the clear solution becomes turbid due to the precipttating cleavage
product. Aliquots of 0.1 mL were taken and analyzed by HPLC (Hitachi 655 A-12 Liqud Chromatograph
(ImL mun'1), Hibar RT 250-4 column (25x0.4 cm), filled with Lichrosorb RP 18 (7mm) gel (Merck), Hitachi
655A-30 RI detector, Hitachi D-2000 Chromato Integrator). Both diastereomers have retention times of ca. 40
and 70 min (cluent water), and ca. 10 and 15 min (clucnt water : methanol 5:1), respectively. Glucose has
retention ttme of 2.5 min with both solvent systems.
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