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Abstract: Phenyl fl-Dglucopyranosyl sulfoxide and p-mtrophenyl fi-Dglucopyranosyl sulfoxide have 

been diastcrcoselectlvely cleaved by @glucc&ases. Both distereomers can be sclectlvely cleaved, 

depending on the origin of p-glucosldase. 

Enantto- or chastermelecttve resolutions of chiml compounds using enzymes has recently become a 

widespread method in synthetic organtc chemtstry. For synthetic applications, generally hpases are chosen for 

the stereosclcctlve cleavage of cater groups. * Durmg the screening of new substrates for enzymatic synthesis of 

oligosaccharides? we found that one of the diastereomers of sulfoxlde 1 can be selectively hydrolyzed by fi- 

glucosidase.3 

1 :R=H, 2, R=N02 

This IS, the best of our knowledge, the first evidence for the dlastereoselectlve cleavage of sulfoxldes by 

an enzyme. This selective cleavage leads to the synthesis of diastereomerically pure starting mater& for many 

synthetic applications including stereoselechve reactions. 4 In 0.1 M acetate buffer (pH 5) without enzyme the 

sulfoxide 1 is stable. Upon adding a cellulase mixture from Trirhodernw Wide,5 hydrolysis took place, but 

only one diastcreomer la m the mixture of both phenyl &glucopymnosyl sulfoxides was cleaved, whereas the 

other diastercomer lb remained unchanged. In order to elucidate wbch enzyme in the ccllulase mixture is 

responsible for the cleavage reaction, the crude enzyme was fractionated using precipitation m ammonlum 

sulfate solution. Thts step afforded two fractions, one which shows high &glucosldase activity. called T.V. A 

and the other with no activity of p-glucosldase, called T.V. B. Both fractions also contam the other componets 

of cellulase, endoglucanase and cellobtohydrolase. The T.V. A fraction 1s shll capable of diastcreoselective 

cleavage, whereas T.V. B is nolonger able to catalyze hydrolysis (Figure la and lb). The senulogarithmlc plots 

show straight lines for the hydrolysis, mdicatmg a first order reaction, which would be expected m an enzyme- 

catalyzed hydrolysis at high substrate concentrations. 

Thts finding mchcates that fi-glucosidase, one enzyme component of the cell&se nuxture, IS the 

hydrolase responsible for the diastereoselectlve cleavage. 6 The selectlvlty of T.V. A 1s very high: one 
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diastereomer la was hydrolyzed completely after 8 h, whereas for the other dtastereomer lb no cleavage was 

observed. In order to confirm that fi-glucostdase is the active enzyme m the cellulase mixture, enzymes from 

different origins were checked for the hydrolysis reaction of the sulfoxide. P-Glucostdase from sweet almonds 

showed srgnificantly different rate in the cleavage of the two drastereomers, but the selecttvity was not as htgh as 

in the case of P-glucosrdase from Trichoderma viride (T.V. A), however the same dtastereomer la was 

hydrolyzed preferentially (Rgure 1 c). fi-Glucosidase from caldorellurn saccharolyticum , a thermophilic 

archeabactcria, showed no activity on the hydrolysis of 1 (Figure Id). 

Phenyl sulfoxtdes are known to be good leaving groups under acidic conditions.7 Therefore, as a control 

experiment, the enzyme-free hydrolysis was mvestigated. The substrate 1 was completely stable in buffer at pH 

5. Only at very low pH tn a strongly acidic solutton of tnflate (20 % v/v), a slow hydrolysis was observed. In 

this control experiment diastereoselecnve cleavage also took place, but the selectivity between the two 

diastereomers was not as good as m the cases of P-glucostdase from almonds or Trichoderma viridp (see Table 

1). 

time (h) time (h) time (h) 

d 

time (h) 

Figure 1: Ttme conversion curve for the hydrolysis of 1 by fi-glucostdase from different origin. a: TrichoaWna 

viride (T.V. A), b: Trichoderma viride (T.V. B), P-glucosidase (almonds), d: P-glucostdase (Caldocellum 

sat’charolylicum). empty circles: la, hashed ctrcles: lb 

Table 1: Apparent rate constants for the hydrolysis of the two diastereomers of 1 and the ratto between the 

apparent rate constants of la and lb 

catalyst 

CF$QH 

T.v. A 

T.v.B 

almonds 

rald. .rarch. 

apparent rate constants [h- *] ratio 

la lb 

1.1x10-t 3.7x 10-Z 3/l 

56x10-l 2.6x 10-2 22/l 

0 0 

7.9x10-’ 1.5x10-’ 511 

0 0 

Increasing the leaving ability of the sultoxtde by the mtroductton of a nttro group in the par-a position of 

the phenyl ring in 2 led to the expected Increase in hydrolysis rate. The selecttvtty of hydrolysis in the case of 

the P-glucosidase from Trichoderma viride (T.V. A) IS stall excellent (Rgure ?a). Agatn the glucosidase free 

fraction of Trichodenna Wide (T.V. B) showed no activity (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, 



Cleavage of l3-glucosylsulfoxides 2215 

thep-mtm substituted sulfoxide 2 can be hydrolyzed by p-glucosidase from &idocektn s~&aroi@czun wtth 

high selectivity, but with low rate. Interestingly in this case the other diasteteomer Zb was deaved 
preferentially. Hence, thrs method allows to prepare a ~~~~rnen~ly pure sample from both diastemomers 

of glucosyl sulfoxides by choosing the origm of fi-glucosidase. 

b 

time (min) time (min) time (min) time (min) 

Figure 2: Time conversion curve for the hydrolyses of 2 by ~-glu~i~e from different origm. a: Taco 

virile (T.v. A), b: Trichoderm v&i& (T.V. B), B_ghicosidase (almonds), d: B_glucosidase (C&ke6kun 

s~c~o~tic~). empty circles: 2a, hashed circles: 2b 

Table 2: Apparent rate constants for the hydrolysis of the two dmstereomers of 2 and the rat10 between the 

apparent rate constants of 2a and 2b 

The present study IS the first example of an enzymatic hyd~lysts of a glycosyl compmmd where the chnal 

group is attached directly to the anomenc center. This should shed hght on the mechamsm of hydrolysis and 

the shape of the active site of @-giucosidase. * The observed ~aster~l~vl~ can be explamed by the 

followmg two mcxlels: The sulfoxnle has a rather fixed conformation and the stetically demanding phenyl group 

m&bits the enzyme-substrate complex formation for one of the dtastemomers. Depending on the ortgm of the 

glucosidase, the active site is more or less crowded, leading to the observed differences in the sekctivity. In the 

second mcdel the activation of the sulfoxide is only possible for one diastereomer, dependmg on the onentaion 

of the chiral suffoxide group m the active cavtty of the enzyme. Different o~en~tlon of the activating 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 m the ease 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 CQ'Sti 

structure analysis of the diastereomerically pure sulfoxides IS now in progress. 
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Experimentak 

Cell&se was purified as follows: 500 mg of crude cellulase (Onozuka R-10, Trichoderma virid?, Yakult 

Co.) was added to 10 mL of acetate buffer (0.01 M, pH 5.0) and cenmfuged at loo00 rpm to remove insoluble 

material. To the filtrate 3.62 g of (NH4)#04) was added and the solution was kept at 4OC overnight and 

filtrated. The liltrate showed no @-glucosidase activity, whereas the residue had high fi-glucusldase actwlty. 

The sulfoxldes 1 and 2 were synthesized accordmg to Ref 2.9 In addition CD- and UV spectroscopic data 

are given for la, the diastereomer which IS hydrolyzed by fi-glucosidase fromTtit.hndermn viride : h,,t = 287 

nm, AE = +5.96O; A,,.= 292 nm, E = 7327 mol-l, CH#ZN, c=O.O61 mmol/L. Cellulase Onozuka R-10 from 

Trichoderma viride (activity with carboxymethylcellulose, pH 4.5, -30% 6.5 umts mgt) was obtamed from 

Yak& (Japan). &Glucosidases from almonds (actlvkty wtth salicm, pH5, 37% 5.3 umts mg-t) and from 

Caldocellum succharolyricum (recombmant m E.coIi, activity with sahcm, pH5, 37oC, 30 urufs g-l) were 

obtamed from Sigma (USA). The activity of p-glucosidase m both Tri&odenna vinde fractions was tested with 

p-mtrophenyl @-D-glucoside. 

To 1mL buffer solution (0.1 M acetate buffer, pH 5) of a diastercomeric mlxturc of 1 or 2 (approx. 0.1 

mmol ti-1) was added 1 unit of the enzyme dissolved m 0.5 mL of buffer and the solution was kept at 3ooC 

under shakmg. As the reachon proceeds, the clear solution becomes turbid due to the preclpltahng cleavage 

product. Ahquots of 0.1 mL were taken and analyzed by HPLC (Hltachl 655 A-12 Liquid Chromatogmph 

(ImL mm-t), Hibar RT 250-4 column (25x0.4 cm), filled with Ltchrosorb RP 18 (7mm) gel (Merck), Hltachl 

65SA-30 RI derector, Hitachi D-2ooO Chromato Integrator). Both dmstereomers have retention times of ca. 40 

and 70 min (eluent water), and ca. 10 and 15 min (elucnt water : methanol 5: l), respectively. Glucose has 

retention hme of 2.5 min with both solvent systems. 
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