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fisfractz Cataiytic asymmetric oxidation of sulfides is achieved in a rernarkabiy simple 

process by treatment with hydrogen peroxide and an enantiomerkaliy pure 

sulfonylimine under bask conditions. 

Enantiomerically pure or optkaiiy enriched chirai sulfoxides are wideiy used synthons and are 

now among the most important intermediates for asymmetric carbon-carbon bond formation. l Chlrai 

sulfoxides can be obtained by the Andersen procedure,2 in which optically resolved 

diastereoisomeric suifinates are treated with organometaiik reagents. This procedure has, however, 

largely been restricted to aikyi aryi sulfide substrates. A more general approach to suifoxide 

preparation is by the direct oxidation of a prochirai suiRde with a chhai oxidant. The most succe&trl 

techniques currently available include use of the enantiomericaiiy pure oxaziridine reagents of 

Davis,3 and chlrai organometaiiic peroxide specks such as those involved in the Sharpless system.4 

Modifkation of the Sharpless epoxidation procedure, first reported independently by Kagans and 

Modena6 has led to impressive enantioseiectivities for the oxidation of aryl methyl sulfides. More 

recentiy, a cataiytic titanium system utilizing binaphthoi has been rep~rted,~ further extending the 

use of organometaiiic species in asymmetric oxidation. Enantiomericaiiy pure chirai perackis have 

also been examined.8 but asymmetric induction is poor, and this has been attributed to the large 

distance of the reaction site from the chirai centre, coupled with lack of conformational r&id&y. 

Diaikyi sulfides in particular have proved to be extremely testing substrates for asymmetric oxidation. 

Results and DIscussIon 
We now show that a novel imino anaiogue of the nitriie mediated Payne oxidation 

procedure9~r” may be used to achieve catalytic oxidation of sulfides, inciuding diaikyi sulfides, by 

hydrogen peroxide. in a remarkably dean and environmentally friendly process, addition of 

hydrogen peroxide to an imine derivative under the correct pH conditions produces a highly react& 

oxidative intermediate which is able to transfer oxygen to sulfide substrates with regeneration of the 

imine under the reaction conditions giving overall a cataiytic process. 

We chose to examine imine derivatives of camphor as a convenient entry into an optkaiiy 

pure reagent system. Our knowledge of achirai imine systems led us to investigate a small range of 
electron depleted imine derivatives, induding oxirnes and suifonyiimines. 

Of the imine derivatives examined, the cyciic camphorsuifonyiimine (1) has proved 

particularly successful as a mediator.3 Typical Payne oxidation conditions using methanol as solvent 
and potassium carbonate as base were used initiaiiy to investigate the temperature dependence of 

the stoicheiometric asymmetric sulfur oxidation. As expected, conversions were greater at higher 
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temperature at the expense of enantiosekctivity. due presumably to a comblnatfon of poorer 
confbrndonal rigidfty In the subsbate coupled with redwed dkufminatbn by the reacthe specks. 
Highest enantioselactfvrty was &served at -20 OC; at lower temperatures, reacticKlswm5lower 
withoutimplovingeMn -~.sulfoxldeykbjsand/ortesobtainedfmm raactbnscanledout 

direct (racemic) oxkiatikJn by hydrogen pcmxide. We have shown that oxidation m, albelt 
more slowly. with sever&l turnovers of the mediator when present in catalytic quantltk. 

Sulphaxide’ ee/4b Conilguratbn 
at sulfur 

9- 
S+, 

PhCH2' CH, 

9- 

D ’ sh-l, 
‘/ 

o- 

100 

100 

07 

100 

35 R 

20 R 

26 

(a4n4i) 
S 

q- 0 

s+ 93u c + 
66 

(a4rZi) 
S 

S 

A range of sutfioes was then oxidized under the standard conditions described b&w at -20 
“C. Oxidation was a#ebed with ,moderate to good enantloselectlvity (Table). Absolute 
contiguratlops were d~@ned where possible by literature precedent using the observed sign of 
the optical rot&Ion. It is partlculariy notewo$hy that dialalkyl sulfides provide some of the best results_ 

Oxidation reactions wefe carried out by addition of a solution of hydrogen peroxide (ca. 10 
mmol) in ether or water,to a cooled, +r& dichlorometbane solution of DBU (10 nund) at -20 T, 
folkvecl by (-)-camphorsull&yllmine (2.5 mmol) . 12 The sulklde substrate (2.5 mmol) ,was then 
added and stirring colrtinued until oxidation was complete, up to cd. 48 hours. Aqueous sodium 
sulAte solution was ad&d, and the sulk?xide products and imine mediator were isolated by 
drramatography after s mple work-up. 
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Scheme 2 

Currently we fon-nulate the reactive intermediate as a hydroperoxyamine. from which. after 
oxygen transfer, suiphonyiimine is regenerated by elimination of water (Scheme 1). 
Hydroperoxyamines can indeed k generated In situ from hydrogen peroxide and Schlffs base!.s;fB 
unlike peroxyimidic acids, proposed as Intermediates In the Payne oxidation. they were in some 
cases isolated, but were not considered to be useful reagents due to a reported competing 
cycllzation giving oxazlrldines. I3 This obselvatlon antechte~ the oxazhldht reagents of Davis,3 and 
to ohr knowledge the reaction has not been examined as a method of oxahidine formation, While, 
in our own system, oxazhidine formation with lass of group X could ccnn#ete with dehydration, any 
oxaziridlne formed would also be expected to oxldize the subsvate as desired; delivery of oxygen to 
the substrate would then generate a difkrent and less #Went Lmine, and this process would4herefore 
not be catalytic. Catalytic oxazhidlne formation may however be possible by qcicukhydration of 
hydropemxyamine before oxygen transfer to substrate (Scheme 2). An oxaziridine mediated catalytic 
oxidation using oxone was reported several years ago but does not appear to have been followed 
up. a Although our mechanbtlc investigadon is as yet incomplete, WE belleve that such a process, 
involving oxazlrldine as the oxidizing species. does not occur in our system for the following 
reasons: (i) hydroxide ion is a poor leaving group: [II} ees obtained for oxidation of various sulfides 
are In some cases hlgher than those obtained using the preformed ox’arlrldlne reagent; and (Iii) the 
ees obtained from a range of substrates show a dillkent pattern and display dlfkrent Avent efkcts 
and temperature profiles fram those observed using preformed oxazlrldine reagents. For example, 
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Davis reports the oxidation of p-tolyl methyl sulfide with the oxaziridlne derived from (I) at room 
temperature as giving 4f~b ee in dichloromethane as solvent and 8% ee in carbon tetrachlorlde (d 
Table, entry 3): benzyI 
Table, entry 2).* We f 

ethyl suifoxide was produced in 22% ee under the same conditions (of 
h ve however shown that the same Davis reagent oxidizes 2-pivaloyi-1,3- 

dithiane to the IS)- 1 -oxide with 58% ee (dTable, entry 6). 

Conclusion 
We have developed a new catalytic procedure for asymmetric sulfide oxidation, applicable to 

dialkyl sulfide substrates. We would emphasise the extreme simplicity of the procedure described, 
which requires no preparation and Isolation of sensitive reagent, no close monitoring, and which 
provides remarkably clean reactions in an inexpensive and environmentally friendly process. We aim 

to develop this method further by Investigation of alternative chiral imine derivatives. 
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