
1052 J.C.S. CHEM. COMM., 1979 

Stereoselective Formation of Aromatic Sulphoxides by Oxidation of 
Sulphides and Sulphoxides in the Presence of Bovine 

Serum Albumin 

By TOYONARI SUGIMOTO,* TOSHIO KOKUBO, JINSEI MIYAZAKI, SHIGEO TANIMOTO, and MASAYA OKANO 
(Institute for  Chemical Research, Kyoto University, U j i ,  Kyoto 61 1, Japan)  

Summary The two-stage stereoselective oxidation of 
aromatic sulphides and sulphoxides in the presence of 
bovine serum albumin produced optically active sul- 
phoxides in exceptionally high optical purity compared 
to those obtained by sulphide-oxidizing micro-organisms. 

OPTICALLY active sulphoxides are formed in moderate or 
high optical purity when unsymrnetric sulphides are treated 
under aerobic conditions with micro-organisms, e.g., 
A spergillus niger, Rhizopus arrhizus, and Rhizopus stolonifer. 
Sulphones are often obtained in appreciable yields as by- 
products. The appearance of optical activity in the 
sulphoxide may be accounted for by stereoselective oxi- 
dation of the sulphide to the sulphoxide, followed by pre- 
ferential loss of one of the enantiomeric sulphoxides by 
further reaction leading to the sulphone. We have recently 
demonstrated a highly stereoselective oxidation of aromatic 
sulphides to sulphoxides by the use of bovine serum albumin 
(BSA), whose hydrophobic binding domain mimics the 
chiral environment of the enzyme active site in the above 
micro-0rganisms.l BSA can also induce a high stereo- 
selectivity in kinetic resolution of racemic aromatic 
sulphoxides. We report here the first successful production 
of optically active aromatic sulphoxides in >90% optical 
purity directly from the sulphides using the same two-stage 
stereoselective oxidation as in microbial systems, see 
equation (1). 

0 0 
P I  II P I  11 
BSA * BSA II 

R1SR2 R'SR' -+ R1SR2 

0 

(1) (2) 

In a typical experiment racemic isobutyl phenyl sul- 
phoxide (2c) (0.25 mmol) was oxidized with 30% hydrogen 
peroxide (2.5 mmol) in a 0-05 M borate buffer solution 
(pH 9.2) containing BSA (Fraction-V, Armour) (0.083 
mmol) a t  25 "C. The sulphoxide left after partial oxi- 
dation was optically active and the optical purity increased 
as the reaction proceeded: e.g., 33 and 69% optical purity 
for 50 and 75% conversions, respectively. Other racemic 
sulphoxides also exhibited kinetic resolution with a 
stereoselectivity of 1-21 yo at  ca. 50% oxidation (Table) .t 

This BSA method showed a stereoselectivity comparable 
to that obtained by microbial oxidation (usually 0-450//,) .z 
It was also superior to previous kinetic resolution methods, 
using a chiral reducing3 or oxidizing agent,* where the best 
optical purity of sulphoxide obtained was 6%. It should 
be noted that a para-methyl substituent in the aromatic 
sulphoxide influenced the oxidation rates of the two enan- 
tiomeric sulphoxides. Thus, in a racemic alkyl phenyl 
sulphoxide the S enantiomer was oxidized at  a much faster 

-f When the oxidation of racemic sulphoxides was carried out in various solutions containiiig BSA in the range 0.015-0.1 mmol, 
The 

At pH values >9  the best optical 
the maximum optical purities of sulphoxides were obtained when ca. 1/3 mol. equiv. of BSA (0.076-0.083 mmol) was used. 
stereoselective oxidation was also strongly affected by the pH value of the buffer solution used. 
purities of sulphoxides were obtained. 
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TABLE. Stereoselective oxidation of the aromatic sulphides (1) and the racemic sulphoxides (2) with hydrogen peroxide in the 
presence of BSA. 

Enantiomeric sulphoxides (2) produced by 
A 

I \ 
Kinetic resolution of racemic 

Sulphide Oxidation" sulphoxideb 
Aromatic sulphide (1) 

or sulphoxide (2) 
R' R2 

Ph 
Ph 
Ph 
Ph 
Ph 
C,H,Me-P 
C,H,Me-P 
C,H,Me-p 
C,H,Me-p 

Pri 
Bun 
Bui 
But 
PhCH, 
Pri 
Bun 
But 
PhCH, 

A A r - 7 f  > 
Isolated Optical Optical 
yield/ % purity/ %C Configuration purity/ %c Configuration 

78 
82 
90 
65 
35d 
73 
79 
65 
3 l d  

62 
65 
65 
45 
71 

1 
16 
12 
73 

18 
16 
33 

5 
21 

6 
4 
1 

17 
a The sulphoxides were isolated pure by preparative silica gel t.1.c. and showed satisfactory spectral data. b At cu. 50 % completion 

C The optical purities of sulphoxides were calculated using the values of optical rotations for the optically pure sul- 
d The formation yields of the sulphones were < 5% except for the oxidation of benzyl sulphides (le) and (li),  where the 

Accordingly, the optical purities of (2e) and (21) in 

of oxidation. 
phoxides. 
oxidation did not stop a t  sulphoxide formation because of rapid over-oxidation. 
the Table involve the effect of kinetic resolution. 

rate than the R enantiomer, leaving the R-enriched sul- 
phoxide in moderate optical purity. However, when 
starting with a racemic alkyl p-tolyl sulphoxide slightly 
preferential loss of the R enantiomer gave the S-enriched 
sulphoxide in low optical purity. 

A similar kinetic resolution was also involved during the 
oxidation of aromatic sulphides. When isopropyl phenyl 
sulphide (la) (0.25 mmol) was oxidized with 5 mol. equiv. 
of 30% hydrogen peroxide (1-25 mmol) for 12 h under the 
same conditions as used in the kinetic resolution experi- 
ment,j the R sulphoxide (2a), 62% optical purity, was 
obtained in 78% yield. In this case the yield of sulphone 
was < 5%. Results for the oxidation of sulphides to the 
sulphoxides used in the kinetic resolution 2xperiments 
above are included in the Table. The sulphoxides, except 
for aryl benzyl sulphoxides,§ were produced in good 
yields. Alkyl phenyl sulphoxides were produced with 
optical purities of 40-70y0 while alkyl p-tolyl sulphoxides 
showed very low optical purities although all the sul- 
phoxides were R-enriched.7 If the oxidation was carried 
out with 10 mol. equiv. of hydrogen peroxide for a long time, 
interestingly, the optical purity of I?-enriched (2a) increased 
gradually as the amount of sulphoxide decreased, reaching 
a constant value of 93% after 84-96 h, when the sul- 
phoxide yield was 47%. This may be interpreted by 
stereoselective oxidation proceeding a t  the BSA chiral 
binding domain in two stages. Thus the R-enriched sul- 
phoxide produced by the first stage oxidation was followed 
by preferential oxidation of the remaining S sulphoxide 
to increase the R / S  ratio. Also in the oxidation of n-butyl 
phenyl sulphide (lb) and isobutyl phenyl sulphide (lc) 
preferential loss of the S sulphoxide increased the optical 

purities of initially produced 65 yo R-enriched sulphoxides, 
and maximum optical purities of 90 and 9 1 yo were obtained 
with, respectively, yields of 45 and 44% of sulphoxide. 
The oxidation of 9-tolyl sulphides contrasted with the above 
phenyl sulphide oxidations. In this case kinetic resolution 
tended to lower the optical purity of the sulphoxide. For 
instance, n-butyl p-tolyl sulphide (18) was oxidized to give 
790/, of the R-enriched sulphoxide in 17% optical purity. 
Further oxidation involving preferential loss of the R 
enantiomer resulted in a decrease to 13% optical purity 
of the R enantiomer when the sulphoxide yield was 57%. 

Considered in combination with the results of kinetic 
resolution of racemic sulphoxides (Table), the preferential 
loss of the S enantiomer of alkyl phenyl sulphoxides and 
the less effective loss of the R enantiomer of alkyl p-tolyl 
sulphoxides, resulted both from the complex formed by BSA 
and a racemic sulphoxide and the enantiomeric sulphoxide 
produced by oxidizing the sulphide beforehand bound a t  
the BSA binding domain. It is likely that the optical 
purity and configuration of the sulphoxide produced by the 
two-stage oxidation are the cumulative result of stereo- 
selective processes in each stage of sulphide and sulphoxide 
oxidations. Since enantiomeric sulphoxides with a diff- 
erent configuration are often formed in the microbial 
oxidation of sulphides and racemic sulphoxides, an ana- 
logous mechanism might be postulated for the two-stage 
oxidation in microbial systems. 

Thus, the findings described here show successfully a 
biomimetic approach to the high stereoselectivity which 
is characteristic of an enzyme reaction. 

(Received, 9th July 1979; Corn. 740.) 

1 1/3 mol. equiv. of BSA and pH > 9  of buffer solution were needed to attain the maximum optical purities of the sulphoxides 

9 The formation yields of aryl benzyl sulphoxides were low (ca. 30 %) because over-oxidation was unavoidable. 
produced from the oxidation of the sulphides. 

Compared to the previous metaperiodate oxidation (see ref. 1) the use of hydrogen peroxide made the oxidation more stereo- 
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