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PHOTOCHEMISTRY OF DIBENZO-1,1,2,2,3,3-HEXAMETHYL-1,2,3-TRISILACYCLOHEPTA-4,6-DIENE 

 AND THE GERMANIUM ANALOG. GENERATION OF TETRAMETHYLDISILENE BY FREE-RADICAL 

DISPROPORTIONATION AND THE FIRST SPECTROSCOPIC DETECTION OF DIMETHYLGERMYLENEl)
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Photolysis of the title compound afforded silafluorene and di-

benzo-l,2-disilacyclohexadiene as primary photoproducts. Two re-

active intermediates, tetramethyldisilene and dimethylsilylene, 

were detected by trapping. The dimethylgermylene, derived from 

the germanium analog, was first observed by electronic spectra.

 In a previous paper, 2) we reported photoreactions of dibenzo-1,2-disilacyclo-

hexadiene (3) and its germanium analog (4) to give 1 and 2 accompanied by the gen-

eration of dimethylsilylene and dimethylgermylene, respectively. The extention of 

the work to higher members, 5 and 6, revealed interesting consequences.

 The title trisilacycloheptadiene (5)3) gave silafluorene (1) in 70-90% yield 

upon irradiation with a 450 W high-pressure Hg lamp at room temperature under argon 

in benzene or in hexane. In order to detect possible reactive intermediates, a 

hexane solution of 5, and 20 molar excess 2,3-dimethylbutadiene (7) was similarly 

irradiated for 1 h. The starting 5 disappeared completely and 1 (90%), 1,2,4,4-

tetramethyl-4-silacyclopentene (8, X82%),4) and 1,2,4,4,5,5-hexamethyl-4,5-disila-

cyclohexene (9, 38%)5) were obtained. The most straightforward explanation for the 

formation of9 is a [2+4] cycloaddition of tetramethyldisilene derived directly 

from 56) with 7. Tetramethyldisilene can be formed also by the dimerization of the 

dimethylsilylene.7) However the dimerization process cannot compete with cyclo-

addition of dimethylsilylene with 7 to form 8 in the presence of large excess 7.7) 

 Stepwise loss of dimethylsilylene from 5 should yield 3 which actually detect-

ed by GC-MS at the very early stage of the reaction. However under the conditions 

as reported previously, 2) photodecomposition of 3 proceeds very rapidly to give 1 

and dimethylsilylene which eventually affords 8. Then it is reasonable to assume 

that the half amount of 8 (41%) is derived by the dimethylsilylene which comes from 

the latter indirect path. The yield of the primary products, 8 and 9, is therefore 
altogether 79%. It also means that the trapping efficiency of dimethylsilylene and 

tetramethyldisilene by 7 under the conditions is as high as 88% relative to 1. 

 Similar to the photolysis of 3,2) irradiation of 5 in carbon tetrachloride 

with a Pyrex filter gave a dichloride (10) in 75% yield. The result suggests
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strongly the formation of the diradical (11) as a key intermediate. The diradical 

may undergo ipso substitution to form either 12 or 13 which eliminates tetramethyl-

disilene or dimethylsilylene as shown in Scheme 1. The relative rate of the forma-

tion of 12 to 13 is thus 41/38= 1. 

Scheme 1. 

 Photolysis of 68) in the presence of 7 in benzene for 1 h gave 4 (99%) and 

1,2,4,4-tetramethyl-4-germacyclopentene (14, 72%). Since the rate of photolysis of 

4 is much slower than 3,2) 4 can survive reasonably under the conditions. A 

strikingly different behavior of 6 from those of 3, 4, and 5 was observed at the 

low. temperature photolysis. 3, 4, and 5 are completely inert towards photolysis in 

a 3-methylpentane glass matrix at 77 K in accordance with the proposed free-radical 

mechanism 2) that the radical pairs cannot undergo ipso substitution at low tempera-

ture and only return to the starting materials by coupling. However, 6 yields 4 

and a yellow substance even under the conditions of glass matrix. The electronic 

spectra of the yellow substance is shown in Fig. 1. The broad absorption maximum 

at 430 nm resembles to that of the dimethylsilylene at 450 nm9) so that the yellow 

color can be ascribed most reasonably to the dimethylgermylene.10) 

 The color disappeared as temperature rised and octamethylcyclotetragermane 

(1_5)11) was detected by GC-MS. Efforts of isolating 15 failed so far, but octa-
methylcyclotetragermoxane (16),12) an oxidation product, was obtained. Yellow 

color did not develop in the photolysis of 6 in the presence of 7 under the same 

conditions. Instead, 14 was detected by GC-MS. Therefore, cycloaddition of the 

dimethylgermylene with 7 proceeds even at 77 K in the matrix. (Scheme 2) The very 

intriguing photochemistry of these compounds is actively in progress.
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Scheme 2.

Fig. 1. Absorption spectra of dibenzo-1,1,2,2,3,3-hexamethyl-1,2,3-trigerma-

cyclohepta-4,5-diene during irradiation at 77 K in 3-methylpentane glass matrix. 

The absorbance is in an arbitrary unit. 
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