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Asymmetric oxidation of sulfides is one of current topics and many useful methodologies for this 

purpose have been mported to date.13) Some of these methodologies are well known to be also useful for the 

epexidation of olefins. However, differing from epoxidation, there is no good methodology for catalytic 

asymmetric oxidation of sulfides, though some stoichiometric reactions show high enanticselectivity &90% 

ee).lJb) Recently we found that optically active (salen)manganese(III) complexes having asymmetric carbons 

at C8, Cg, Cl”, and C2” were efficient catalysts for asymmetric epoxidation of simple olefins (Scheme 1)P) 

To extend the scope of this-type of salen catalyst and to develop an efficient methodology fcr catalytic 

asymmetric oxidation of sulfides, we examined oxidation of sulfides using these salen complexes as 

catalysts.~ 

lralb.PhIO 

la: 78%,%% ee 
lb : 86%. 75% ee 

Since we had aheady found that (8R,8’R,l’S,2”S)-(salcn)mangantst(m) complexes such as la showed 

higher asymmetric induction than diastereomeric @R,8’R,l”R,2”R)-complexes such as lb in epoxidation 

(Scheme l), we first examined the oxidation of methyl phenyl sulfide in the presence of various 

(8R,8’R,lW!“S)-complexes using icdosylbenzene as a terminal oxidant but all the complexes exhibited very 

poor asymmetric induction. For example, epoxidation of ~~tamiQ2.2imethyl-7-niapchnwent with la 

pmaeded with 96% ee but oxidation of methyl phenyl sulfide with the same catalyst showed only 3% ee 

(Scheme 2). However, chemical yield of the desired sulfoxide was good (67%) and the undesired sulfone was 

a minor product (30%). Although Jacobsen recommended to use hydrogen petoxi& as a terminal oxidant tc 
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s, catalyst (0.01 es). PhIo (2 oq) A< 
la: 67%. 3% cc 
3a : 75%. 29% tt 

rt,CHKN~h lb:S4%.2O%ec 
3b : 57%. 62% ec 

scbrme 2 

ptevent overoxidation to sulfone in the oxidation of sulfides using 2 as a catalyst?) it was not a good terminal 

oxidant in our system. Use of hydrogen peroxide led to considerably lower chemical yield as compared with 

iodosylbenxene in all cases (cf, Table 1, entries 1 and 2). The origin of these diffemnces between their and our 

tea&m systems is unclear. 

Recently Fujita et al. mpotted that (salen)vanadium complexes having an elecuon-donating group in its 

salicylaldehyde part showed better asymmetric induction than the corresponding salen complex having no such 

group.*g6) According to this paper, we also synthesized the salen complex 3s having methoxy group at C5 

3s 3b 

and C5’, and examined oxidation. However, asymmetric induction by 30 was only moderate (29% ee, Scheme 

2). After many trials for years, we incidentally found that the diastereomeric (8R,8’R,11’R,2”R)-lb showed 
much higher asymmetric induction than la, though insufficient level (Scheme 2). With this result in hand, we 

further synthesized complex 3h hearing methoxy group in the salicylaldehyde part and found that 3b showed 
the remarkably enhanced asymmetric induction (62% ee) and that the ratio of sulfoxide to sulfone was also 

improved to 6.9:1. Since we had found that addition of donor ligand such as pyridine N-oxide to salen- 

catalyzed epoxidation system improved its enantioselectivity, 4a) we also examined oxidation of methyl phenyl 

sulfide in the presence of various donor ligands. However, all the ligands examined showed the negative 

effect on enantioselectivity, though the ratio of sulfoxide to sulfone was further improved to 47:l when 

pyridine N-oxide was used. To explore the temperature effect on enantioselectivity, the reaction at -20 “C was 
next examined and slightly improved enantioselectivity (63% ee) was observed. The reaction at -20 “C also 

suppressed the formation of undesired sulfone (Table 1, entries 1 and 3). Accordingly, oxidation of various 

sulfiis was examined at -20 “C. Sulfides bearing electton-withdrawing group such as bromo or nitro group in 

its aryl group showed higher enantioselectivity (entries 4-7) than sulfide bearing electron-donating group 

(entry 8). suggesting that the reaction proceeded via formation of charge transfer complex.rl) Oxidation of 

methyl o-ninophenyl sulfide exhibited the highest enantioselectivity of 90% ct. 

Recently we proposed that olefin approaches metal-oxo bond along metaLC2” nitrogen bond axis in 

salen-catalyxed epoxidation reaction (Fig. l).*) This proposal also leads to a reasonable explanation about the 

difference in stemochemistq of the epoxidation of simple olefins and of the oxidation of sulfides. In the case 

of epoxidation with la as a catalyst, C&I’-i-butylphenyl group interacts with the substituent of the oncoming 

olefm so that la can discriminate olefm’s enantioface (Fig. 1, C). In the case of sulfide oxidation with 39 as a 
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3b (0.01 eq), oxidant (1 eq) 

CH$N, 1 h 

; + 

Ar’ 1 

Tabk 1. Asymmetric oxidation of suIfides with (saIen)manganese(III) complex as a catalyst 
entry substrate (Ar) oxidant Temp. Yield <%)“I %ee Abs. Confign. 

1 Ph r.t. 57 (8) 62b) RC) 

2 Ph H202 t.t. 9 (-)d) 5ob) Re) 

3 Ph PhIO -20 ‘C 76 (-)d) 63b) RC) 

4 ~-NO2CijII4 PhIO -20 ‘C 51 (->a> 9@) 

5 P-NO2GH4 PhIO -20 l c 67 (5) 8d, 

6 &BlC& PhIO -20 oc 74 (-)d) 88@ 

7 p-B_ PhIO -20 ‘C 63 (2) 75@ _ 

8 pMeOC!&L$ PhIO -20 ‘C 45 (4) W) 
a) Isolated Id The number m parenthe th - ldofth ding sulfone. 
b) Detenng by HPLC analysis @aicel,?&~ &, hexzecss: 1). 
c) Determined by comparison of optical rotation with reported value (reference Sb). 
d) Formation of suIfone was not detected by TLC analysis. 
e) Determined by HPLC analysis (Daicel, chiralcel OD, hexane-i-PxCH 30: 1). 
f) Determined by *H IUMR (4ClO MHz) analysis using (R)-(-)-2.22trifluom-I-(Panthryl)ethanol as a shift 

reagent. 
g) Determined by lH NMR (400 MHz) analysis using (R)-(+)-2.2’~dihydroxy-l,l’-binaphthyl as a shift 

reagent. 

catalyst, however, CS-t-butylphenyl group can not interact with the oncoming sulfide, because the sulfur atom 

takes qkoniigumtion and, themfore, substituents of the sulfide stay behind the sulfur atom. Acconiingly, 

high enantioselective oxidation of sulfides by 3n is difficult (B). On the other hand, CI-r-butylphenyl group in 
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3b is directed toward the oncoming sulfide and interacts with sulfide’s substitucnt (A). This model cormctly 

predicts the stereochemistry of methyl phenyl sulfoxide obtained with 3b to be R. 

Typical experimental mute is exemplified by the oxidation of methyl o-nitrophenyl sulfide. Methyl 

o-nitmphenyl sulflde (16.9 mg. 0.1 mmol) was added to a solution of 3b (1.0 mg, 1 pool) in acctoniuile (1 ml) 

and the mixhue was cooled to -20 ‘C. To this solution was added iodosylbenlrtne (22.0 mg. 0.1 mmol) at the 

same tempemture and the whole mixture was &red for 1 h, then allowed to warm to room temperattue, and 

filttated. The filtrate was concentrated and purified by thin layer chromatography on silica gel (hexanecthyl 

acetate = 1:l) to give the cartsponding suboxide (8.7 mg, 51%). ‘Ihe enantiomeric excess of the sulfoxide 

was determined to be 90% by HPLC analysis (Daiccl, chiralcel OD, hexane-i-PrOH 30: 1). 
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