
Am Efficient Method for the Oxidation of Sulfides to Sulfomes 

Abstract: Ruthenium trkhMde - sodium pubdate is a higldy effkient and powerful system fen the wddation of 

unreactive sulMes to sulfones, 

Sulfones arc useful intcrmcdiatcs in organic synthesis. 1 One general mcdmi for the preparation of 

sulfones is the oxidation of sulfkks? Numerous reagents can efkt this tmnsformation, as cvidcaccd by rccznt 

reports from Kaldor (OsC&=NMO)~ and Kcndc (n-R’qNRu04-NMO)4. Howcvcr, oxidation of highly clsca 

deficient sulfides cau often be probiematic. Dwiug our research wc requited a powerful reagmt to oxidizes the 

highly umcactive sulfide 1 to sulfone 2, since mild conditions (e.g.: OsO4-IWO, MCPBA, and Jones’ nagent) 

failed to effect this reaction. Chromium trioxidc in rcfluxing acetic acids was cffcctive but yields wcm relatively 

low. 

1 .2 

Djerassi and w-workers qcated in 1953 that diphenyl sulfide wuld be oxidized to the wm%p&iug 

&font in good yield with an equimolar amount af Nthenium teuoxkk6 Man recenfly, Sharpless has showa 
that in the prwence of a catalytic BmOUnt Of NthCUiUm tl’iChICU’&. HtdiUm jWiOdate CBn be CUl@Oyad t0 effWt 

various oxidations.7 including oxidation of sulfites to sulfates. g we report here that the NthadUrn trichlcnide- 
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T&h? 1 Oxidation of SulfSdcs to Sulfonea 
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91 

98 
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84 

90 

90 

92 

oil 

97-98 

127-128 (lit. 123)th 

280-281 

128-128.5 

oil (lit 3611s 

88-88.5 (iit. &a)‘& 

218-219 

a. All reactions were carried out on 1 mmole sch. b, All mctions other than J%ries B, D and H were camplste 

by TLC within 20 minmes, though they were allowed to stir for 1 hr. c. All yields am isohusd yields. Fmdnm 

were characterized by ~ton-~ and mm spechoscopy. d. Melting points were measured on an 

El- m&kg point apparatus and wuc tmcmam% e. Extracted w&h TEW-Et0Ac-CH$!& (3:3:1). 
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Thisnewruthcnium~~baoed~isanlativeiy~tystemfiro~~of~u, 

sulfones. The reactions wQt; usually compktc in 20 rniuutea, although they weau &lowed to psoceed * 1 hour. 

T~~yl~~yl~~~~DodrcsulfDneinqupatitetivtyie)llatnxmr~kn12 

hours (Entry B). oxidation of dipheuyl sulfkle to diphenyl sulfone, which mqulred 24 hours by KaId& or 

Kende’s catalytic methods,3t4 w~~~e~inU)~u~withBodium~~inthe~~ofa~~ 

amount of Nthenium trichloride, ptnvidmg the stilfoue in 100% yield (Entry C). Elcszuoa-wlthdmwiug gmups 

slow down the reaction, as in, for example, the oxidation of thioxanthen-9-one which requited 8 hours at room 

temperamre(schanc2antlBuryH). sWichWemuce,however,dldnotseemEoaffocttherateofo~as 

di-r-butyl sulfide was oxidkd to dl-&my1 suIfo~ iu excelkut yickl within 20 minutes (Bntty II), Alkatgh it has 

heen shown that sodium periodate oxidixes sulfides to sulfoxides, to it failed to axidizr: phenyl uifluoromethyl 

sulfide in acontml expuken~Theiutume&aWsulfoxidewasnot~foranydthomacuouslist!edinTu6fe 

1. TheamountotN~~~~~~fortheoxidationisaslinle~o~mole~ Themactionis 

exothermic, so cooling with an ice bath is B particuhuly forlarge scakroacuous. 

Acetate and epoxide fnnctlonal groups should he tolerated by these conditions, as showu by Sharpless aud 

co-workers.7 However, catbon-carbon double bonds will be cleaved the oxidation of aIIy1 phenyl sulfide under 

these conditions gave multiple pmducts including the starting ally1 phenyl sulfide, the product sulfone and the 

aldehyde and carboxylic acid (Entry I). While Sharpless has shown that benxyl methyl ethet can he oxldizcd to 

methyl henxoate under these condltions~~ henxyl ethyl sulfide was converted to the cormspondlng sulfoue in 90% 

yield, indicating that sulfide oxidation is much faster than beazylic oxidadon. 

A representative experiment is as follows. To a round-bottomed flash with a magnetic stirrer were 

s~~enti~ly added p-cyanophenyl. ~~uo~~thyi sulfide (204 mg, 1 mmol, Fairfield supply), carbon 

tetrachloride (2 ml), acctonitrilc (2 ml), water (4 ml)l* and sodium periodate (642 mg, 3 mmol). To this 

s~s~nsion was added ~~~iurn trichloride hydrate (cu 0. I mg, 0.05 m&96). The msnbiug tulxtu.re was stitmd 

at room temperature. A white precipitate was formed during the reaction. After 12 hours, the ma&on was 

complete by TLC analysis. Watxx (30 ml) and ether (30 ml) were introduced. After separation, the ether layer 

was washed successively with satutated sodium bicarbonate and sodium chloride solutions. Drying over 

magnesium sulfate, filtmtion through a pad of silica gel and concemration provided pure p-cyauophtnyl 

uifluoromethyl sulfone (230 tug, 98%) as a white solid (m.p. 97-98 “0. 
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Xn conclusion, we have demonstrated that sodium @odate-ruthenittm trichloride is a powerful, yet 

chmosekxiv~, reagent for the oxidation of sulficb to sulfoncs. l%e walytic tumovcr is very cfkient and only 

about 0.05 mol% of ruthenium catalyst is required. This method is particularly useful for the oxidation of 

elecuon-dt&iettt s&ides. 
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