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abstract: A silacyclopentadiene (silole) undergoes photo-induced [2+2] cycloaddition with CS2 to afford the 
corresponding p-dithiolactones. The electron transfer from singlet excited state of the silole to CS2 is shown to 
play an important role in the cycloaddition reaction. 

Although Diets-Alder reactions of a silacyclopentadiene (silole) with various kinds of 2~ 

components, such as acetylenes, singlet oxygen, and cyclopropene, have been known,la only a few 

examples of photochemical cycloadditions of a silole have been reported, namely [2 + 21 dimerization of 

l,l-dimethyl-2,5_diphenylsilole (1) Ibylc and [2 + 21 cycloadditions with 1,l -dimethoxyethylenelb and with 

benzophenone.ld On the other hand, there are a few examples of thermally induced cycloaddition 

involving carbon disulfide,z however no photochemical cycloaddition of CS2 acting as a 2~ component 

has been reported as far as we are aware of. We now report that on irradiation some siloles undergo 

photochemical [2 + 21 cycloaddition with CS2 to give the corresponding P-dithiolactones. 

Irradiation of a CS2 solution (0.1 M) of I in an NMR tube with a medium pressure Hg lamp 

through a Pyrex filter for 2 hr was found to give two kinds of [2 + 21 photoadducts in 1:l ratio almost 

quantitatively.3 Thus, on irradiation the reaction mixture shows at first, a pair of two Si-Me signals (6 

0.04 and 0.65 for 2a, and 6 -0.11 and 0.60 for 2b) and doublets (6 4.99 for 2a and 6 5.27 for 2b) 

on the lHNMR spectrum together with those of the starting material 1, and these signals increase their 

intensities with consumption of 1. These spectroscopic features indicate these photo-products should be a 

pair of [2 + 21 adducts between 1 and CS2. However, only one of these two adducts could be isolated 

by TLC on silica gel as yellow crystals, mp 108 - 109 “C (33% yield).“ The other product was 

decomposed quite readily on silica gel and could not be isolated successfully from large reddish 

polymeric materials produced from the photo-decomposition of CS2.5 

Presence of a thiocarbonyl group in 2a is supported by a strong IR absorption at 1151 cm-l 

together with a quite low field resonance at 238.6 ppm in I3CNMR spectrum.7>* The fi-dithiolactone 

structure of 2a is also suggested from the remarkable similarity of chemical reactivities to those of the 

[2 + 21 photodimer of l,lc thus, irradiation of the THF solution of 2a in a quartz tube with a low 
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pressure Hg arc lamp for 67 hr gave 1 in a 40% isolated yield and thermolysis of 2a in vacua at 180 

‘C for 1.5 hr gave 1 in a 40% yield. The structure of 2a was confirmed finally by its conversion to 

silole 4 as shown in Scheme. At first, thiolactone 2a was reduced with LiAlH49 followed by 

desulfurization with Raney Ni to give a silacyclopentane 3 as a stereoisomeric mixture in a 57% yield.l* 

Then, bromination of 3 with NBS followed by dehydrobromination with potassium acetate12 afforded 

unsymmetrically substituted silole 4 as an yellow oil in a 41% yield. 13 Consequently, together with the 

characteristic NMR spectral pattern described above, this leads to the conclusion that the other 

photoproduct should be the positional isomer 2b. 

The fluorescence of 1 in CH3CN is quenched by CS2 with nearly diffusion controlled quenching 

rate constant kq, 1 .O x 10 10 M-l.s-1 determined from a Stem-Volmer plot, where the life time of the 

lowest singlet excited state (Sl) of 1 was measured to be 1.1 ns. Reduction potential of CS2 is -1.53 

V in CH3CN.15 Since 1 has been shown to be an efficient electron donor,ld CS2 is expected to act as 

an efficient electron acceptor. This is further supported by the Rehm-Weller equation, namely it shows 

that the single electron transfer (SET) from S1 of 1 to CS2 should be highly exothermic and the free 

energy change of the process is estimated to be -5.6 kcal.mol- 1.16 These show that the SET participation 

should play an important role in the photo-induced [2+2] cycloaddition of 1 with CS2 in CH3CN, and 

the [2+2] cycloaddition of this kind in non-polar solvent such as CS2 proceeds possibly through the 

exciplex with high degree of charge transfer character. In connection with a Woodward-Hoffman ru1e,17 

it is interesting that 1 undergoes [2+2] instead of [4+2] cycloaddition reaction with a good electron 

acceptor N-chlorosulfonyl isocyanate at 0 ‘C without light. la,18 From comparisons of the reduction 

potential,19 carbon dioxide, oxygen analog of CS2, is not conceivable to be an efftcient electron acceptor 

as CS2. In fact, the fluorescence of 1 is not quenched with carbon dioxide. In conformity with this 

view, carbon dioxide does not undergo photo-induced [2+2] cycloaddition with 1 and this gives only 

[2+2] dimers of I .lbt le 



4015 

Although the reduction potential of 5 is quite similar to that of 1 ,*e C-tetraphenylated silole 5 did 

not afford any cycloadduct corresponding to 2 under similar irradiation conditions. The life time of 

fluorescence of 5 is found to be quite short and the order of pica second. Together with steric 

crowding imposed by the four phenyl groups, this would be partly due to the life time of St of 5 

being too short to undergo electron transfer. 
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