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Absbwt: Photo-induced-electron tratqfer from triethylambze to phenylselenoalkanes can lead to selective 
reduction and cleavage of the Pit-Se bond leading to the formation of benzene and the corresponding alkylselenyl 
radicals that dime&e. 

Because the carbon-selenium bond dissociation enthalpy is larger for arylJe than for alkyl-Se bonds, 

chemicals and photochemical activation of arylselenoalkanes leads usually to preferential cleavage of the alkyl- 

Se rather than the aryl8e bond.3 We report here that selective cleavage of the phenyl-selenium bond of phenyl- 

selenoalkanes can be achieved under photo-induced reductive conditions.4 The method can be applied to 

polyfunctional systems including y-phenylselenoketones. 

3 (<5%) 

During the course of our studies on the chemistry of the “naked sugars” and their derivativesS we 

explored the possibility to carry out the ethereal ring opening of the polysubstituted ‘I-oxanorbomanone 1% 

into the cyclohexanone derivative 2 under the conditions of Cossy.6 It was expected that the photo-induced 

electron uansfer from Et3N to 1 would generate the corresponding ketyl radical-anion that would isomerize 

with cleavage of the C(l)-O(7) bond.6 The irradiation (quarts vessel, low pressure Hg lamp, Graentzel 

apparatus, Ar degassed CEI3CN. 2O’C) of l(O.03 molar) in the presence of Et3N (0.15 molar) led to less than 

5% of the product of PhSeH elimination 3 and to a 1:l mixtum of the diselenkles 4 and 5 (50% yield for 70- 

80% conversion of 1). To our surprise (Scheme l), no trace of the ring-opened product 2 could be detected in 

the crude reaction mixture. Reduction of 4 + 5, which could be separated by column chromatography on silica 

gel, with NaBIQ in EtGH (20°C. 30 min) followed by the addition of an excess of Me1 afforded the 

methylseleno derivative 6 (55%). The same compound was obtained in the following way. Reduction of 1 with 

NaBI&t in (THP/MeOH l:l, 20°C) gave the endo alcohol 7 (98%). the irradiation of which (as above) 

provided a mixture of the diselenides 8 (30-4-O%) and of the dialkylselenides 9 (30-405, by IH-NMR). 

Treatment with NaBH@toH (20°C 30 min), then with an excess of Me1 (20°C 15 h) gave, after column 
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chromatography on silica gel, 9 (24%) and 6 (24%).7 In order to test the generality of the selective phenyl- 

selenium bond cleavage process uncovered here, the following experiments were carried out 

7 

Under the above conditions ~~~-2-phenylselenocyclohexanol (10) gave a mixtute containing the 

chselenides 11 (~-65% by IH-NMR) and an unknown olefiuic compound (minor). Treatment of the crude 

reaction mixture with NaBH4 (EtOH. 20°C. 30 min) and then with benzoyl chloride in excess (20°C, 15 h) 

gave, after chromatographic separation, the expected selenobenzoate 12 the acetylation (AcgO, pyridine, 4- 

dimethylaminopyridine, 20°C. 14 h) of which afforded 15.9 The same compound was derived in 12% yield 

from tium-2-phenylselenocyclohexyl acetate (13)8 by photoreduction followed by treatment with NaBH4 and 

PhCOCl. 

hv (quartz) 

Et3N. CHSCN 

iOR=H 11 R=H 12 R =I+ 
13 R=Ac 13 R=Ac 15 R=Ac 

F’hSeCH2SiMe3 
hv 1. NaBH4 

18 a3N 
l PhH + (Me3SICH2Se)2 + (Me3SICH2)2Se 

f7 18 2. PhCOCl 
> PhCOSeCH2SMe3 

18 

Pt&CH2COClEt -$+ PhSeSePh + (EtOOCCH2Se)2 + (EtOOCCH2)2Se - PhCOSeCH2COOEt 

20 3 21 22 23 

The photoreduction of the silyl derivative 1610 gave (>73% by 1H-NMR) a mixtute of diselenide 17 

(major) and seleuide 18 (tumor). In this case the formation of benzene was proven by 1H-NMR and W-NMR. 

Treatment of the crude reaction mixhue with NaB& in EtOH and then with PhCOCl allowed one to isolate 

(column chromatography on silica gel) the hnowu seleuide 1811 (25%) and the selenobenzoate 19 (35%).12 

Under the above conditions, irradiation of ethyl phenylselenoacetate (20)13 gave 8 mixture containing the 

kn0~ndiddd13 2114 (>3096).th~ selenidc22 (104b).PhseS~ph (40%) and unmatted 20 (15%) ~hidi 0n 

treatment with NaBH4 and then with PhCOCl allowed one to isolate (flash chromatography on silk gel) the 

expected selenohenzoate 23 (15%). The formation of phenyl disekuide suggests that the photo-induced 

electron transfer fmm Et3N involves both the phenylseleno and the carboxyhc moieties16 (Scheme 2). The 

radical anion resulting from the uptake of an electron from the PhSe group is rapidly ueuualized by proton 

transfer form the uiethylammoniumyl radical-cation giving an all@elenocyclohexadienyl radical which cleaves 

rapidly itsto benzene and the comspondiug alkylscleuyl radical, whereas the ketyl racliaWuion xcsultiug from 

electron transfer to the carbonyl group can undergo cleavage of the alkylselertium bond with formation of the 

corresponding enolate anion and phenylsekuyl radical. lutemstiugly, when 2-phenylselcnocycIohcxauone was 

submitted to UV-irradiation in the presence of EtsN, exclusive formation of PhSeSePh and cyclohexanone was 

observed. In this case, the photoreduction of the phenylseleno moiety was not competitive! 
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PhSeSePh 

(SeCH,COX), + ~SeCli&O~ + PhH 

Ema if. ij--+ Se(CH2COX)2 

with the hope to approach a better understanding of the processes disclosed above we treated 16 under 

Birch conditions (Na/NIQ/~-BuOH) and did not detect any product of Ph-Se cleavage (Scheme 3). The major 

compound fomxd was PhSeSePh showing that the akyl-Se bond was cleaved prcfertntiauy under the non- 

photochemical reductive umditions.17 Similarly, when txhncthyl(phcnylthiomethyl)silane (24) was treated 

under Birch conditions, PhSSPh was formed and isolated in 82% yield. When hradiated with EtsN, 24 gave a 

mixture of products resulting from the intcrmolccuhu transfer of trbncthylsilylnx&yl radicaL No trace of 

product nsulting from the phcnyl-sulfur bond cleavage could be detected (Scheme 3). Under the above 

photoreductive conditions the sclenazolc 25 and the thiazolc 26 were perfectly stable. Jnterestingly. irradiation 

of the selenoxide 27, led to fast reduction into the phcnylsclcnoalkane 1 which was finally reduced into the 

disclulidcs 4 + 5 (Scheme 1). 

Scheme 3 
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Under chemically-induced electron transfer conditions (e.g. HMPA/Na) arylselenoalkancs are cleaved by 

the alkyl-selenium bond and furnish the corresponding sclcnophenols.17.l8 To our knowledge the reduction of 

the phcnyl selenium bond had never been reported thus f& our preliminary results suggest that photochemical 

conditions are ~cess81y to caq out this reaction. An example of aryl-sulfur cleavage has been reported by 

Tkcco and co-worker@ with the reaction of hexakis(iiopropyMio)bepropylthio)benzene and i-propylSNa in DMF which 

provided some pcntakis(isopropylthio)benzene. Work is underway in our laboratory to improve the yield of the 

photo-induced selective mduction of phenylsclenoalkane Ph-Se bond and to search for syuthetic applications of 

this reaction. 
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