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Generation of a-Alkylthio Radicals by Photoinduced One-Electron Oxidation 

of a-Stannyl Sulfides and Their Use for Carbon-Carbon Bond Formation 

Taketo !keno. Manabu Harada. Noriyoshi Arai. and Koichi Narasaka* 
Depart111e11111(Che111istrr. Graduate School o{Scieuce. The Universitr o{Tok_rn. 7-3-1. Hongo. Bunk_rn-ku. Tok_1·0 l 13

(Received November 6. 1996) 

Cation radicals, generated from a-stannyl sulfides by the photoinduced single electron transfer, cleave into a-alkylthio radical intermediates with the elimination of the stannyl group. The a-alkylthio radicals thus formed are utilized for carboncarbon bond forming reactions. 
Though sulfides are easily oxidized to give their cation radicals, these cation radicals have found a limited application to carbon-carbon bond formation due to the localization of cation radical center on the sulfur atom.1 Recently, we have studied on the one-electron oxidation of a-stannyl and a-silyl sulfides with metallic oxidants and it was revealed that cation radicals of astannyl sulfides more readily cleave into their carbocations and stannyl radical as compared with the silyl derivatives.2 For example, the oxidation of 2-stannyl-1,3-dithiane la with ammonium hexanitratocerate(IV) (CAN) in the presence of electron-rich olefins such as a-siloxystyrene 2 gave the coupling product 3 in 82% yield, while the reaction of the corresponding silyl derivative lb afforded 3 in much lower yield. 
sys

MR3 
1a MR3 = SnBu3 2

1b MR3 = SiMe3 
MeCN, MS4A cs 0

Sj_JPh 
3 82%, MR3= SnBu3 18%, M R3 = SiMe3 

Since a-alkylthio carbocations are formed from a-stannyl sulfides by the oxidation with metallic reagents and are utilized for the C-C bond forming reactions, we have examined the photoinduced one-electron oxidation of a-stannyl sulfides to carry out the C-C bond formation without the metallic oxidants. A methanol solution of (phenylthiomethyl)tributylstannane 
(4a) and 5 molar amounts of 2-cyclohexen-1-one (5) in a Pyrex tube was irradiated for 3 h by a high pressure mercury lamp through UV cut filter (hv > 300 nm).3 After the purification bythin layer chromatography (silica gel; hexane : ethyl acetate= 4 : 
1), 3-(phenylthiomethyl)cyclohexan-1-one (6) and 1-phenylthiomethyl-2-cyclohexen-1-ol (7) were isolated in 53% total yield as a 48 : 5 mixture. (Methylthiomethyl)tributylstannane 
(4c) and [bis(methylthio)methyl]tributylstannane (4e) also reacted with 5 and gave the coupling products, but the corresponding silyl derivatives 4b, d, and f gave no or little coupling product even after 20 h photoirradiation. We also examined the effect of the alkyl group on the stannyl group. When a trimethylstannyl sulfide 4g was used instead of the tributylstannyl sulfide 4a, the reaction proceeded faster; however, the yield scarcely increased. Thus the difference of alkyl group is not essential. The results are shown in the following table. 

Table 1. Reaction of a-stannyl and a-silyl sulfides with 2-cyclohexen-1-one 
0 R1SYMR3 + 6

hv> 300 nm 
R2 MeOH 
4 5 0 

R'syl) 
PhSOH 

R2 6 7 

R1 R2 MR3 Time/ h Yield of 6 /% 
Ph H (4a) SnBu3 3 48 a) Ph H (4b) SiMe3 20 3 Me H (4c) SnBu3 3 50 
Me H (4d) SiMe3 20 trace 
Me Mes (4e) SnBu3 3 41 
Me MeS (4f) SiMe3 20 0 
Ph H (4g) SnMe3 50 b) 
a, b) The alcohol 7 was also obtained in 5% and 7%, respectively. 

In the reaction of 4a, 1,2-bis(phenylthio )ethane and thioanisol are obtained in 15% and 9% as side products, which were supposed as the coupling and hydrogen-abstracted products of phenylthiomethyl radical. Thus totally about 80% of the aalkylthio radical was generated in the reaction. To elucidate the mechanism of the reaction, the photoreaction of 4a and 5 was examined in CH3OD and CD3OD. In CH3OD and CD3OD, the coupling product 6a was deuterized in 77% and 81 %, respectively. And the deuterized position was the 2-position of 
6a. Based on the observation, the reaction is considered to proceed as follows; the cation radical species of 4a is formed by single electron transfer to 5 and then cleaves into phenylthiomethyl radical, which reacts with the radical anion of 5 to give the anion of 6 which is immediately protonated by methanol. Mariano et al. have reported a similar type of carbon-carbon bond formation between (trimethylsilyl(TMS)methyl)amines and 2-cyclohexen-1-one (5) in the photoinduced electron transferreaction.4 As for the photoinduced one-electron oxidation of aTMS sulfides, there have been reported only the couplingreaction with sensitizers such as 9, 10-anthracenedicarbonitrile,5acenaphthylenedione, 6 and phthalimide.7In the reaction of (phenylthiomethyl)trimethylstannane (4g)and 4,4-dimethyl-2-cyclohexen-l-one (8), a mixture of the 
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