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Abstract: Irradiation of silanorbomadienes 1 using 9,10-dicyanoanthracene as a sensitizer afforded 
two isomers 2 and 3 accompanied with anthracene. In the presence of molecular oxygen, dioxide $ 
was obtained as an additional product. ~ reactions are explained in terms of the initial electron 
donor-aeceptor interaction followed by skeletal rearrangement. 

Electron-transfer chemistry of organometaUic compounds has attracted considerable attention from the 

mechanistic and synthetic viewpoints. Numerous studies have revealed that the reactions of group 14 metal 

radical cations seem to be classified into the following four categories: alcoholysis, 1) chlorination, 2) 

oxygenation,3) and addition to electron-deficient n-bonds. 4) Recently we indicated that disilabicycloocta- 

[2.2.2]diene derivatives undergo electron-transfer reaction as electron donors, 5) which is consistent with the 

fact that ~s-n conjugation between the benzene n-system and the Si-C cs bond in (CH3)3SiCH2-substitutexl 

benzenes causes the destabilization and the separation of the degenerated HOMOs of benzene. 6) Our 

continuous interest in the organosilicon radical cations has led us to investigate the electron-donating property of 

another class of geometrically fixed polycyclic organosilanes, a dibenzosilanorbomadiene (1), 7) which is also 

expected to act as a good electron donor due to the (s-n conjugation and its ring strain. We now report 

photosensitized reaction of 1, which would provide a new aspect of organosilicon cation radicals. 

Irradiation of a solution of 1 (1.5 x 10 -2 M) and 9, 10-dicyanoanthracene (DCA, 1.3 x 10 -3 M) in 30 ml 

degassed dry CH2C12 with two 500 W tungsten-halogen lamps (passing through an aqueous NaNO 2 solution 

filter, cutoff < 400 nm) gave 2, 3, and anthracene (4) in 31, 36, and 18% yields, respectively. 

Scheme 1. 

hv/DCA 

-~ + + anthracene 

R 

1; R = mesityl 2 3 4 

The structures of 2 and 3 were determined on the basis of spectral data and finally established by X-ray 

crystal analyses. 8,9) ORTEP drawings of 2 and 3 are shown in Figure 1. Products 2 and 3 were stable and 

did not isomerize even on prolonged irradiation. The photoreaction of 1 occurred also in CH3CN but 
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proceeded slowly in benzene. Previously, we have found that the ultraviolet photolysis of 1 with a medium 

pressure Hg arc lamp in the presence of silylene trapping reagents gives 2, 3, 4, and the corresponding silylene 

adducts.7,10) However, no reaction took place when 1 was irradiated with a longer wavelength light than 400 

nm in the absence of a sensitizer. Meanwhile, addition of 1,4-diazabicyclo[2.2.2]octane (DABCO), which has 

a lower oxidation potential than that of 1,11) suppressed the consumption of 1. The free energy change 

(AG) 12) is -12.9 kcal/mol, and is indicative of exothermic electron-transfer from 1 to the 1DCA*. The 

fluorescence of DCA was efficiently quenched with 1 (kq = 7.9 x 109 M-Is-l). On the other hand, neither 

exciplex emission nor charge-transfer absorption was observed between 1 and DCA. Whereas the results 

presented above cannot exclude possibilities of initial formation of an exciplex or a charge-transfer complex, it 

would be reasonable to discuss these reactions as a stepwise process induced by initial electron-transfer from 1 
tolDCA * as outlined in Scheme 2.13) 

Figure 1. ORTEP drawings of 2 (left) and 3 (light). Selected bond lengths (A) and angles (o) of 2: 
Si(1)-C(6) 1.904(2), Si(1)-C(7) 1.901(2), Si(1)-C(8) 1.896(2), Si(1)-C(1) 1.882(2), C(3)-C(6) 1.597(3), 
C(3)-C(2) 1.510(3), C(3)-C(4) 1.527(3), C(6)-C(5) 1.531(3), C(1)-C(2), 1.398(3), C(4)-C(5) 1.374(3), 
C(6)-Si(I)-C(7) 121.5(1), C(6)-Si(1)-C(8) 104.3(1), C(6)-Si(1)-C(1) 93.1(1), C(7)-Si(1)-C(8) 112.1(1), 
C(7)-Si(1)-C(1) 105.5(1), C(8)-Si(1)-C(1) 119.9(1), C(6)-C(3)-C(2) I 11.5(2), C(6)-C(3)-C(4) 86.1(2), C(2)- 
C(3)-C(4) 114.9(2), Si(1)-C(1)-C(2) 111.5(2), Si(1)-C(6)-C(3) 106.5(1), Si(1)-C(6)-C(5) 115.6(2), C(3)- 
C(6)-C(5) 85..6(2), C(3)-C(2)-C(1) 117.4(2), C(6)-C(5)-C(4) 94.3(2), C(3)-C(4)-C(5) 94.0(2). Selected 
bond lengths(A) and angles( ) of 3: Si(1)-C(6) 1.915(2), Si(1)-C(8) 1.869(3), Si(1)-C(3) 1.886(3), Si(1)-C(4) 
1.884(3), C(1)-C(6) 1.591(4), C(1)-C(2) 1.531(4), C(I)-C(5) 1.528(4), C(6)-C(7) 1.523(3), C(3)-C(2) 
1.409(4), C(4)-C(5) 1.408(3), C(6)-Si(1)-C(8) 128.2(1), C(6)-Si(1)-C(3)92.9(1), C(6)-Si(1)-C(4) 88.9(1), 
C(8)-Si(1)-C(3) 122.6(1), C(8)-Si(1)-C(4) 117.3(1), C(3)-Si(1)-C(4) 98.8(1), C(6)-C(1)-C(2) 106.7(2), 
C(6)-C(1)-C(5) 103.6(2), C(2)-C(1)-C(5) 108.4(2), Si(1)-C(6)-C(1) 90.5(2), Si(1)-C(6)-C(7) 134.0(2), C(1)- 
C(6)-C(7) 113.2(2), Si(1)-C(3)-C(2) 103.2(2), C(1)-C(2)-C(3) 114.0(2), Si(1)-C(4)-C(5) 104.6(2), C(1)- 
C(5)-C(4) 112.4(2). 

Probably, electron transfer occurs from the bridge C-Si bond of 1 affording a cation radical 1 +'. Then, 

1 +° would collapse to give A by the C-Si bond cleavage, and isomerize to an open intermediate B by migration 

of an aromatic group. Ring closure and subsequent back-electron-transfer furnish 2. Meanwhile, the 

formation of 3 would be accounted for by the two-fold 1,2-migration of two aromatic groups followed by ring 

closure and back-electron-transfer. In these reduction steps, DCA-" or neutral 1 probably serves as the 

electron sources. 13-15) Formation of 4 in substantial yields in all the reaction conditions employed suggests 
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that the second C-Si bond cleavage in A or spontaneous extrusion of the R2Si moiety from 1 +° would occur. 

However, no product derived from the eliminated R2Si moiety was detected even in the presence of 2,3- 

dimethyl-1,3-butadiene, which is a known trapping reagent for silylenes.16) 

To obtain insight into the rearrangement mechanism, we tested the photoreaction of 1 in the presence of 

molecular oxygen, which has been reported to trap various cation radicals efficiently. 3,13-15) When DCA- 

sensitized photolysis of 1 was carried out under bubbling oxygen, an oxygen-adduct (23%) was obtained 

while the yields of 2 and 3 were decreased (16 and 19%, respectively). With careful analysis of spectral 

data, we assigned 58) instead of endoperoxide 6 to the oxygen-adduct since it was thermally stable and could 

not be reduced by Ph3P. It was confirmed that 2 and 3 were inert under the oxygenation condition. 

Therefore, it is suggested likely that the intermediate B is trapped by O2-" giving 6, which would be unstable 

and undergo isomerization via the O 0  bond cleavage. It should be noted that, as another route, 6 could be 

formed by 02 addition to B followed by reduction (Scheme 3). 15) To our knowledge, the isomerization 

described here represents the first example of photosensitized skeletal rearrangement of organosilicon 

compounds. Further studies are underway to explore the mechanistic details of this reaction. 
Scheme 2. 
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