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In a recent c ommunication we have described the usefulness of sulfoxide-ketenimine in 

the oxidation of 2:Jb_-isopropylideneadenosine.1 We have now extended this new procedure to 

the oxidation of hydroxy.steroids. This is exemplified by the oxidation of testosterone to 

androst-4-ene-3,17-dione. With the help of hexadeuteriodimethylsulfoxide we have investigated 

the mechanism of sulfoxide-ketenimine and sulfoxide-carbodiimide.oxidations.2 

Our proposed mechanism for the sulfoxide-ketenimine oxidation is outlined in Scheme I. 

Scheme I. 
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diphenylketene-N-z-tolylimine-DlBO adduct (2) was proposed by 

Lillien.3 It is also similar to the dicyclohexylcarbodiide (DCC)-DkBO adduct proposed by 

Moffatt et a1.2 Apparently,the second step in the mechanism (step b) involves nucleophilic 

attack by the alcohol on the sulfoxonium ion 1 resulting in the formation of N-(p-tolyl)di- 

phenylacetamide (&) and the alkoxysulfonium ion 3. The final step (step c) involves the 

abstraction of a proton from the a-carbon of the alkoxy group in 2 and concerted collapse of 

the resulting intermediate to the carbonyl compound and dimethyl sulfide. These steps are 

again similar to those proposed by Moffat et al. for the oxidations using DCC-DMSO. Torssel14 
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had proposed a concerted mechanism for the DCC-DWO oxidation as outlined in Scheme II. 

Scheme II. 

+ HCD&CDe + R2C=0 

To test the validity of these two mechanisms proposed by Moffatt et al. and Torssell, we 

conducted the sulfoxide-carbodiimide oxidation of testosterone using hexadeuteriodimethyl 

sulfoxide (DkBO-de) instead of DM30. The inf'rared spectrum of the resulting dicyclohexylurea 

2 indicated the absence of any N-D stretching absorption around 2475 cm-'. Moreover, treat- 

ment of DCC with DI60-de in the presence of anhydrous orthophosphoric acid for 3C min. also 

afforded> (quantitative yield) which was devoid of N-D stretching vibrations in the infrared 

spectrum. These results canpletely ruled out the mechanism proposed by Torssell (Scheme II) 

and further substantiated Moffatt et al.'s proposed mechanism. 

To substantiate the proposed mechanism for the sulfoxide-ketenimine oxidation (Scheme I), 

we first extended this new oxidation procedure to the oxidstion of bydroxy steroids. Thus, 

the oxidation of testosterone afforded 8% yield of androst-4-ene-3,17-dione, whose identity 

w8s confirmed by compsrison with 8x1 authentic sample. Next, the oxidation of testosterone w8s 

conducted using the ketenimine l5 and DEaO-de in the presence of anhydrous orthophosphoric - 

acid. The Fnfr8red spectrum of the resulting amide& showed no C-D absorption, and its 

nuclear mtrgnetic resonance spectnnn (DEISO-de) indicated the presence of C-H (8, 1, 5-l ppm.) 

and NH (g, 1, 9.85 ppn.) 8bSorptionS. A mixture of benzene and the labeled dimethylsulfide 

WBS isolated frcun the reaction mixture. The nmr spectnrn of this mixture indicated 8 quintet 

atJ2.U) pgm., chsracteristic of pent8deuteriodimethylsulfide.4 Furthermore, the reaction of 

ketenimine Lwith DWO-de in the presence of orthophosphoric acid (3 min.) and characteriza- 

tion of the resulting amide& afforded similar results. These results tend to rule out the 
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possibility of the three-body concerted mechanism (similar to Torssell's proposed mechsnLSm 

for DCC-DWO oxidation, Scheme II) as shown in Scheme III and support the mechanism proposed 

inScheme1. Finally, to illustrate that in the first step (step a, Scheme I) of the sul- 

foxide-ketenimine oxidation, the protonatlon takes place on the nitrogen rather than on the 

carbon, the ketenimine&was treated with DWO in the presence of orthophosphoric acid and 

water. This afforded a quantitative yield of N-(q-tolyl-oc~o~i~e~~cetamide (6) whose 

physical constants were in agreement with the literature values! 

scheme III. 

CHs + CD&sCDs + HrC = 0 

a 

In summary, the mechanism of sulfoxide-ketenimine oxidations is similar to the mechanism 

of sulfoxide-carbodiimide oxidations as proposed by Moffatt et al. The possibility of a 

three-body concerted mechanism for these oxidations as proposed by Torssell has been refuted. 

The melting points were taken on a Thomas-Hoover melting point apparatus and are 

rected. A Deckman m-8 spectrophotcmeter wa8 used to determine the infrared spectra. 

Exoerimental 

nuclear magnetic resonance spectra were obtained with a Varian A-60 spectrameter. Diphenyl- 

ketene-N-p-tolylimine (1) was prepsred according to the procedure of Stevens et al.' The oxi- 

dation of testosterone using DCC and DMSO-de in the presence of anhydrous orthophosphoric acid 
2 

cor- 

The 

was conducted according to the procedure reported by Moffat et al. Similar procedure was 

used for the reaction of DCC with DEO-de in the presence of anhydrous orthophosphoric acid. 

Sulfoxide-ketenimine oxidation of testorter2D& -To a solution containing diphenylketene- 



3784 No.43 

N-g-tolyl-imine (!, 4.24 g, mole), dry dimethylsulfoxide (5 ml), dry benzene (3 ml), and 

some molecular sieves (4a, l/16) was added testosterone (1.35 g, 5 mmole) with stirring. The 

reaction mixture was stirred at rocnn temperature for two days. The oxidation was followed by 

thin-layer chromatography using chloroform-ethylacetate (4:1) as the developing solvent system. 

The reaction mixture was diluted with benzene (200 ml) and the organic layer was washed suc- 

cessively with a solution of sodium hydrogen carbonate (10%) and water and dried. The organic 

layer was concentrated under diminished pressure and chromatographed over a column of Silica 

Gel G. Elution with &loroform-ethylacetate (4:l) afforded colorless crystals (1.3 g), m.p. 

138-1400. Recrystallization from acetone gave (1.1 g, 82$) colorless crystals of androst-4- 

ene-3,17-dione, m.p. 141-14J". A mixture melting point of the crystals with an authentic 

sample of androst-4-ene-3,17-dione (m.p. 141-143') h s owed no depression and the infrared 

spectra (KRr) of the two samples were superimposable. 

The reaction of ketenimine Lwith DmO-de in the presence of orthophosphoric acid was 

done according to the above procedure except that the labeled dimethylsulfide liberated during 

the course of the reaction was trapped by condensation at -70" and the remaining labeled 

dimethylsulfide was isolated by flash distillation of the reaction mixture at 50". 

_N-(s-to&l)-&hydroxydinhenvlacetamide (6). -To a solution of the ketenimine L(O.45 g) 

in DmO (20 ml) was added dropwise concentrated orthophosphoric acid until the yellow color 

disappeared. The mixture was stirred for 15 min. and then poured into ice-water (600 ml) with 

stirring. The resulting white precipitate was filtered. washed with water, and dried. Crys- 

tallization from absolute ethanol afforded colorless crystals (0.4 g, 80%) of 6, m-p. 185-1~~ 

(lit.3m.p. 189-1~'). The nuclear magnetic resonance spectrum of6 (DMSO-de) was consistent 

with the structure proposedi 
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