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Asymmetric Oxidation of Sulfides by Cyclohexanone Monooxygenase 

(Received in UK 16 July 1993) 

Abstract. CycIohexanone monooxygenase catalyzes the asymmetric oxidazion of numerous alkyl tnyl sulildes 

with the alkyl chain functionalyzed with Cl, CN, vinyl or hydroxy groups. Sulfoxides with enantiorneric 

excesses up to 99% were obtained. The structure of the sulfide markedly influenced enzyme enantioselectivity. 

Previously, we have shown that cyclohexanone monooxygenase from Acinetobucter cm catalyze the 

asymmetric sulfoxidation of numerous alkyi aryl sulfides dialkyl suEIdes and dialkyl disuItides.I The stmc~re 

of the sulfide dramatically influenced not only the enantioselectivity but even the enantiopreference of the 

enzyme which yielded suffoxides ranging from 99% ee with (R)- configuration to 93% ee with (S)- 

contigurati0n.t In the present work, we have extended the investigation to sevcrsl alkyl aryl sulfides with the 

alkyd chain functional&d with Cl, CN. vinyl or hydroxy groups. 

The oxidation of ~nctionalized alkyl aryl suItIdes by cyclohexanone monooxygenase (reaction 1) wag 

coupled to a second enzymatic reaction (reaction 2) catalyzed by glucose-6-phosphate dehydrogenase 

(G6PDH) in order to regenerate NADPH.ts2 

~m=Wr== 
Ar-S-R c NADPH + 02 + H+ -.4&O-R + NADP’ + Hz0 (mMioa 1) 

GWDH 
D-GIucosc-6P+ NADl’+ - D-Glwonntc-6P + NADPH + H+ (reaction2) 

The Table shows the yieki and the ~re~he~s~ of the enzymatic reaction with the various substrates. It 

can be seen that the degrees of conversions did not differ markedly and were in aIl cases&O%. The 

stereoselectivity, however, was highly dependent on substrate structure. A previous investigation showed. as 

rule of thumb, that the increase of size of the alkyl chain or the introduction of substituents in the phenyl ring 

had (S)-directing effects and that these effects were cuntulative.l This rule was less respected in the case of 

these functional&d sulfides and there were some striking exceptions. Par example, in the case of the cyan0 

compounds 5 and 10 the increase of size of the alkyl chain had an (R)directing effect, and the same effect was 

observed in the hydmxy compounds 3 and 6 witb the irtroduction of a methyl group in the aromatic ring. 

Therefore, it is likely that the enantioselectivity depends not only on the bulkiness but also on the lipopbilicity 

and /or electronic characteristics of the substituems.The majority of the sulfoxldes had the (S)~~~tion 

and the optical purity was in some cases very high (entries K&,7-10). With the cyan0 derivatives it was possible 

to move from the (R) to (S)-sulfoxide, both with eeM%~. by simply introducing a methy group in the par-u 

position of the aromatic ring (entries 2 and 10). lbe optical purities of the enzymatically prepared 

h;mctionalized &oxides were greater than those of the same sulfoxides obtained by chemical oxidation with f- 

BuOOH in the presence of a chiral titanium complex.3 SulMes ~~on~~d with ester goups wcn not 

oxidized by the enzyme and those containing keto groups preferentially underwent Baeyer-Viltiger oxidation.4 
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Table. Cyclohcxanonc monooxygenase catalyzed oxidation of functionalyzed alkyl aryl sulfides to sulfoxides. 

entry sulfide yield % ee % sulfoxide configurationa 

1 C6H5 -S-CH=CH2 73 

2 C~H+cH#N 90 

3 p-cH3-C6li4+(CH&-OH 66 

4 C&s-S-(C&)2-CN 61 

5 p-cH3-C6H4-S-cH~)~-CN 71 

6 c&-s-(cH2)+H 62 

7 c&-i+(cH~)3~H 60 

8 c6H5-s-(cHr)~-cl 75 

9 p-~3-C&+(0&-cl 65 

10 p-C&C&&C&-CN 95 

99b 

92b 

13b 

14e 

61e 

77b 

85h 

93c 

93e 

98” 

R 

R 

R 

s 

s 

S 

s 

s 

S 

s 

a The absolute configurations were determined by comparison with the chemically prepared sulfoxides using 

chiial HPLC.b Determined by HPLC on Chirdlcel OD.c Determined by HPLC on Chiilcel OB. 

EXPERIMENTAL SECTION 

Materials. Phenyl vinyl sulfide and 2-@henylthio)ethanol were bought from Aldrich. The other sulfides 

were synthesised according to the literature. 5 Sulfoxides corresponding to entries 1,2 and 10 are known in the 

optically active form.3.6 Sulfoxides corresponding to entries 3-9 were prepared from the correspondent sulfide 

by oxidation with t-B&OH in the presence of a chiral titanium complex3 and their absolute configuration was 

attributed on the basis of Kagan model.7 NADP, glucosed-phosphate and glucosed-phosphate dehydrogenase 

were purchased from Sigma.Cyclohexanone monooxigenase from Acinetobacter NCIB 9871 was prepared as 

previously described.lAll other chemicals were reagent grade. 

Enzymatic oxidation. The s&de (0.7 mmol) was magnetically stirred in 20 ml of 0.05 M Tris-HCl buffer, 

pH 8.6, containing 3 l.tmol NADP, 2 mm01 glucose-6-phosphate, 10 units of cyclohexanone monooxygenase 

and 40 units of glucoseB-phosphate dehydrogenase. After overnight reaction, the solution was extracted with 3 

portions (20 ml each) of ethyl acetate and the organic extract was dried and evaporated. 

REFERENCES 

(1) Carrea, G.; Redigolo B.; Riva, S.; Colonna, S.; Gaggero, N.; Battistel, E.; Bianchi. D.; Tefruhedron 

Asymmetry 1992,3, 1063. 

(2) Light, D.R.; Waxman, D.J.; Walsh, C. Biochentiswy 1982,21,2490. 

(3) Dunach, E.; Kagan, H.B. New J.Chent. 1985,9, 1. 

(4) Walsh, C.; Chen, Y.-C.J. Angew.Chenz.lnt. Ed. En@. 1988,27, 333. 
(S)(a) Hurd, C.D.; Gershbein, L.L. J.Anz.Chenz.Soc. 1947, 69, 2328. (b) Ford-Moore. A.H.; Peters, R.A.; 

Wakelin, R.W. J.Chem.Soc. 1949, 1754. (c) Searles, S. J.Anz.Chent.Soc. 1951. 73, 4515. (d) Dijkstra, R.; 

Backer, H.J. Recueil1954, 73,569. 

(6) Hiroi, K.; Umemura, M. Tetrahedron Lett. 1993,49, 183 1. 

(7) Zhao, S.H.; Samuel, 0.; Kagan, H.B. Tenzhedron, 1987,21,5135. 


