
Pergamon Bioorganic & Medicinal Chemistry, Vol. 3, No. 2. pp. 109-112, 1995 
Copyright © 1995 Elsevier Science Ltd 

Printed in Great Britain. All fights reserved 
0968-0896/95 $9.50 + .00 

0968-0896(95)00004-6 

Enantioselective Deoxygenation of Alkyl Aryl Sulfoxides by 
DMSO Reductase from Rhodobacter sphaeroides f.s. 

denitrificans 

Mitsu ru  Abo ,  M a k o t o  Tach ibana ,  A k i r a  O k u b o  and  S u n ao  Y a m a z a k i  
Department of Applied Biological Chemistry, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113, Japan 

Abstract--The substrate specificity and enantioselectivity of DMSO reductase from Rhodobacter sphaeroides f.s. denitrificans 
were studied on a series of alkyl aryl sulfoxides as substrate. The enzyme was found to catalyze deoxygenation of (S)-sulfoxides 
predominantly. (R)-Sulfoxides were recovered with a high enantiomeric excess. 

I n t r o d u c t i o n  

Chiral sulfoxides have been widely used for asymmetric 
syntheses in recent years and excellent reviews have 
been reported. 1 As preparative methods for chiral 
sulfoxides, chemical methods such as the Andersen 
synthesis 2 and a modified-Sharpless epoxidation 
methOd 3 as well as biological methods including 
biotransformation and enzymatic reactions 4 have been 
reported. At present, chemical and biological methods 
are complementary to obtain both enantiomers with a 
high e.e. 

Biological methods for asymmetric oxidation of 
prochiral sulfides have been developed, but, little has 
been reported on asymmetric deoxygenation of racemic 
sulfoxides. Although the optical enrichment of 
sulfoxides recovered from the cultures of Mortierella 
isabellina, Aspergillus foetidus and Helminthosporium 
species have been reported, 5 the e.e. of recovered 
sulfoxides was low and the deoxygenation has not been 
well investigated, compared with the sulfoxidation. 

We have been interested in the substrate specificity of 
DMSO reductase from a photosynthetic bacterium, 
Rhodobacter sphaeroides f.s. denitrificans and in the 
course of our study we found enantioselective 
deoxygenation of methyl phenyl sulfoxide (MPSO) by 

the enzyme. 6 Herein, the substrate specificity and 
enantioselectivity of this enzyme for several alkyl aryl 
sulfoxides as substrate are reported. 

Resul ts  A n d  Di scuss ion  

DMSO reductase is induced in the periplasmic space of 
the cell when R. sphaeroides f.s. denitrificans is cultured 
anaerobically under light in the presence of DMSO as a 
terminal electron-acceptor in DMSO respiration. 7 The 
enzymatic reaction is reconstituted in vitro by coupling 
with an appropriate electron donor. In the present case, 
benzyl viologen was used, which is reduced by Na2S204 
as shown in the scheme. 

The relative reaction rates were measured by the 
reductase assay system, reported previously 7 and the 
results are listed in Table 1. 

Enantioselectivity of DMSO reductase for the substrates 
1-7 was confirmed by a modified assay system, 6 
illustrated in the scheme. The conversion of 
deoxygenation reaction was monitored by the increase 
in absorbance of the corresponding sulfides 10-16, 
using the absorption coefficients summarized in Table 3 
(experimental part). The reaction was stopped when 
about half of the substrate was reduced. The reaction 
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Table 1. Relative reaction rates of alkyl aryl sulfoxides 

Compounds R j 1~ Relative Rate" 
1 Ph Me 150 
2 p-CH3 -C 6I-I4 Me 150 
3 p-Br-C6H 4 Me 180 
4 PhCH 2 Me 130 
5 Ph Et 90 
6 Ph n-Pr 35 
7 Ph i-Pr 35 
8 Ha t-Bu 0 
9 Ph Ph 0 

*Rate relative to that of DMSO as 100. 

proposed as shown in stereoformula 18 where A is 
smaller than B. This rule could be applied to biotin 
sulfoxide. Biotin d-sulfoxide was exclusively reduced 
by this enzyme ~6 and its absolute configuration is shown 
in 19. 

O 

A.~ / B  ~ C 0 2 H  

18 19 

period varied from 40 rain to 24 h, depending on the 
substrate. The reaction mixture was then extracted with 
chloroform and the extract was purified with silica gel 
chromatography to give optically active sulfoxides. The 
e.e. of recovered sulfoxides was determined by the ~H 
NMR shift reagent method and/or comparison of the 
values of their specific rotation with those reported. The 
chemical and optical yields are summarized in 
Table 2. 

Several points are worth noting from the results given in 
Tables 1 and 2. Water soluble substrates such as 
DMSO, trimethylamine N-oxide (TMAO), methionine 
sulfoxide and MPSO are known to be reduced and we 
now report that water insoluble alkyl aryl sulfoxides 
were catalyzed when a co-solvent (20% methanol) was 
employed. The sulfoxides with either two aryl or bulky 
alkyl groups 8 and 9 were not substrates for this 
enzyme. The rate of deoxygenation was sensitive to the 
steric size of alkyl chain and electronic factors of the p- 
substituents in the aryl group. The increase in size of 
alkyl chain decreased the reaction rate (1 > 5 > 6, 7). 
The substrate with an electron withdrawing substituent 
showed a high reaction rate (3 > 1, 2). On the contrary, 
the enantioselectivity was not highly dependent on 
these factors. This enzyme showed a very high 
enantioselectivity in the case of 0~-aryl sulfoxides, 
whereas poor selectivity was found in the case of 
benzyl methyl sulfoxide (4). Every substrate which was 
subjected to this enzymatic reaction was deoxygenated 
with the same absolute configuration, i.e. alkyl aryl (S)- 
sulfoxides were digested and (R)-enantiomers were 
recovered. Thus, the required geometry as substrate is 

In conclusion, this enzyme can be applied to the 
preparation of chiral sulfoxides in organic syntheses 
because of its high enantioselectivity. 

E x p e r i m e n t a l  

Ultraviolet spectra were recorded with a Shimadzu UV- 
3101 PC spectrometer, tH NMR spectra were recorded 
at 500 MHz with a Jcol GSX-500 spectrometer, using a 
mixture of CDCI3 and CCI4 (1:4) as a solvent. The 
measurement temperature was 60 °C and Eu(hfc) 3, 
tri s [3-(heptafluoropropylhydroxymethylene)-(+)-camph- 
orato]-europium(III), was used as a shift reagent. The 
specific rotation was measured with a Jasco DIP-317 
polarimeter. Column chromatography was performed on 
silica gel (60-230 mesh). 

Preparation of substrates 

Thioanisole (10), 4-methylthioanisole (11), 4- 
bmmothioanisole (12), benzyl methyl sulfide (13), 
ethyl phenyl sulfide (14) and diphenyl sulfoxide (9), 
were commercial samples, n-Propyl phenyl sulfide (15), 
i-propyl phenyl sulfide (16) and phenyl t-butyl sulfide 
(17) were prepared by the method of Ipatieff et al)3; 15 
and 16 were made by treating thiophenol with the 
corresponding alkyl bromide and 17 was obtained by 
the reaction of thiopbenol and isobutene in the presence 
of 75% sulfuric acid. Racemic sulfoxides were prepared 
from the corresponding sulfides 10-17, using sodium 
metaperiodate as oxidant. 14 

Compounds 
1 
2 
3 
4 
5 
6 
7 

Table 2. Enantiomeric excess of recovered sulfoxide 

e.e. (%) e.e. (%) Absolute 
Recovery(%) [a] p(c,sol.) by [cq D by NMR Configuration 

42 + 172 (1.05, chloroform) s 97 I00 R 
35 + 146 (1.26, acetone) 9 100 100 R 
38 + 105 (1.11, acetone) m 100 100 R 
52 - 53 (1.11, ethanol)" 50 48 R 
40 + 188 (1.23, acetone) 12 100 100 R 

45 + 214 (0.93, acetone) 100 R 
47 + 200 (1.05, acetone) I00 R 
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Preparation of  DMSO reductase 

I~ sphaeroides f. s. denitrificans ILl06 was obtained 
from Professor T. Satoh of Hiroshima University, Japan. 
This strain is a green mutant of a purple photosynthetic 
bacterium t7 and it was cultured anaerobically under 
visible light in the presence of 0.2% DMSO at 30 °C for 
24 h. DMSO reductase was purified according to the 
method reported previously. 7 

Measurement o f  relative reaction rate 

The initial rates were determined by the decrease in 
absorbance at 600 nm of benzyl viologen, using the 
reaction mixture reported previously. 7 One hundred per 
cent activity corresponds to 0.05 U of reductase activity 
per mL with DMSO as substrate. One unit corresponds 
to 1 ~tmol of benzyl viologen oxidized per rain. 

Enzymatic deoxygenation: typical procedure 

The sulfoxide (0.6 retool) was added to the mixture of 
the PIPES buffer (50 raM, pH 7, 48 mL) and methanol 
(16 mL), containing 3 lxmol benzyl viologen, and 2.7 
units of DMSO reductase. The reaction was started by 
addition of 12 mL of a sodium dithionite solution (20 
mg mL -~ of sodium hydrosulfite in 0.2 M sodium 
hydrogen carbonate). The temperature was kept at 25 
°C during the reaction. The reaction was monitored by 
the UV spectra of the substrate (1-7) and the product 
(10-16), using the absorption coefficients listed in 
Table 3. When the conversion reached around 50%, the 
reaction was stopped. The reaction mixture was 
extracted with chloroform and the extract was dried 
over anhydrous sodium sulfate and concentrated in 
vacuo. The recovered sulfoxide was further purified over 
silica gel by stepwise elution with n-hexane:ethyl 
acetate (2:1 for 1-4; 3:1 for 5-7) and ended with ethyl 
acetate. 

1H NMR chiral shift reagent method 

IH NMR were measured according to the method of 
Holland et al.15 NMR spectra of the methyl proton of 1 
with and without a shift reagent have been reported 
previously. 6 The peak separation was improved when 
the sample was measured at a higher temperature (60 
°C). In the presence of 0.4 eq. of Eu(hfc)3, the methyl 
singlets for the two enantiomers of 1-4 were sufficiently 
resolved and employed for the determination of e.e. 

However, the S-alkyl 13 proton signals of 6 (methylene) 
and 7 (dimethyl) and the S-alkyl tx proton signals of 5 
(methyl) were split due to non-equivalence caused by 
the chiral sulfur atom. These protons were observed as 
further splitting to doublets in the presence of shift 
reagent (ex. 6 for ~CH2:5  3.40, 3.52, 3.78, 3.85). 
Moreover, the S-alkyl I~ proton signals of 5 (methyl) 
and the S-alkyl ot proton signals of 6 (methylene) and 7 
(methine) were also split in the presence of shift 
reagent (ex. 6 for ~-CH2:8 4.95, 5.05, 5.35, 5.49). 
Among them the S-alkyl 13 proton signals of 5 and 6 and 
the S-alkyl oc proton signals of 6 and 7 were sufficiently 
resolved and they were conveniently employed for the 
determination of e.e. According to the NMR results 
using a shift reagent, the e.e. of recovered sulfoxides 
(1-7 except 4), were determined to be 100%. 

UV spectral method 

The absorbance of sulfoxides 1-7 and sulfides 10--16 
was measured in methanol. The wavelengths and 
absorption coefficients are summarized in Table 3. 
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