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Abstract: 9,10-Dicyanoanthracene-sensitized irradi ation of 7,8-di silabicyclo2.2.2]octa-2, 5-dienes1~
3 in the presence of MeOH resuited in the formation of dimethoxydisilanes and the corres ponding
aromatic compounds. A stepwise mechanism involving C-Si bond cleavage by MeOH is proposed.
© 1999 Elsevier Science Ltd. All rights reserved.

Electron-transfer chemistry of group 14 organometallic compounds has been attracting considerable
interest from the mechanistic and synthetic viewpoints. b Recently, the well-known disilene precursor 1-
phenyl-7,8-disilabicyclo{2. 2. 2]octa-2, 5-diene 1 has been revealed to have remarkable electron donor properties
which are readily ascribable to efficient o-7 conjugation between the Si-C ¢ bonds and the C-C n bonds.?
Thus, one-electron oxidation of 1 resulted in the quantitative formation of biphenyl by facile cycloreversion, but

the fate of the disilanylene unit eliminated has remains unclarified. *

We now report the electron-transfer
reaction of compounds 1-3 in the presence of nucleophiles to disclose the cycloreversion mechanism.
Irradiation of a solution of 1 (1.3 x 107 M) and 9, 10-dicyanoanthracene (DCA, 1.3 x 107 M) in a mixed
solvent of CH,Cl, and MeOH (4/1) with two 500 W tungsten-halogen lamps led to formation of
MeOMe,SiSiMe,OMe (4) and biphenyl. The photolysis of compounds 2 and 3 under similar conditions gave
the corresponding dimethoxydisilanes 4 and 5, respectively, together with anthracene. Interestingly, in the
case of 3, a dimer 67 was also formed along with 5, and the molecular structure of 6 was determined
unequivocally by X-ray crystal analysis (Figure 1.% Photolysis of 6 also afforded 5 and anthracene. On the
other hand, when 1-3 were irradiated with 2,4,6-triphenylpyrylium tetrafluoroborate (TPP'BF,) as a
sensitizer,” difluorodisilanes 10 and 11 were obtained together with the corresponding arenes as indicated in
Table 1, but no dimeric product was detected in these cases. Similarly, the photo-induced fluorinative cleavage
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did not proceed without light, and was inhibited by addition of 1,4-diazabicyclof2.2.2}octane (DABCO).
Furthermore, the AG values estimated by the Rehm-Weller equar.ions) are indicative of exothermic electron-
transfer from 1-3 to the excited singlet state of TPP*BF,’, and the fluorescence of the pyrylium salt is efficiently
quenched with 1-3.  Thus, the fluorinative cycloreversion should proceed also through the corresponding
radical cations 1*"-3"" formed by the initial electron-transfer to the excited singlet state of the sensitizer,
TPP*BF,. As expecled, the fluorinative cleavage took place on irradiation in the presence of Bu,N"BF, using

.. 7
DCA as a sensitizer. "”

Table 1. Photolysis of 1-3 in the presence of electron acceptors

Substrate Condition Products and Yields(%)
1 hv/DCA/CH,Cl,/MeOH 4(70), biphenyl(100)
2 hv/DCA/CH,Cl,/MeOH 4(35), anthracene(80)
3 hv/DCA/CH,C1,/MeOH 5(55), 6(16), anthracene(55)
1 hv/TPPBF,/CH,Cl, 10(62), biphenyl(100)
2 hv/TPPBF,/CH,Cl, 10(39), anthracene(90)
3 hv/TPPBF,/CH,CI, 11(21), anthracene(70)
1 hv/DCA/Bu/NBF/CH,Cl, 10(50), biphenyl(89)
4 2 6: R = SiPr,SiPr,0Me
2 hv/DCA/Bu/NBF,/CH,Cl,  10(25), anthracene(42)
3 hv/DCA/Bu,NBF,/CH,Cl,  11(20), anthracene(53)
C(5)
H C(2)
H C(6)
C(3)

Representation of 6 by
Newman projection.

Figure 1. ORTEP Drawing of 6.

1* would be expected to undergo facile cycloreversion to afford initially the disilene radical cation
[Me,SiSiMe,]" (path a in Scheme 1), but this is not likely because [Me,SiSiMe,]* would not afford 4 but rather
MeOMe, SiSiMe,H in the presence of MeOH.®  On the basis of well-recognized nucleophilic assistance to the
cleavage of Si-Siand Si-C ¢ bonds of the organosilane radical cations,” 1*is regarded to undergo facile C-Si
bond cleavage by addition of the nucleophile MeOH to afford cyclohexadienyl radical 7 (path b).  Three
possible pathways are conceivable for the formation of 4 from 7: (i) with elimination of biphenyl, 7 10 collapses
to a silyl radical MeOMe, SiSiMe,* (8), which is readily oxidized'" and trapped by MeOH to give 4, (i) after
one-electron oxidation of 7, the ipso-C-Si bond becomes more susceptible to the nucleophile and this gives 4,
and (iii) as in the case of 3, 7 dimerises at first, and then oxidation followed by methanolysis leads to 4.
However, for 7, path (iii) may be less likely since 7 would be less persistent than 9 and reluctant to dimerize
due to the steric hindrance around the radical center. Meanwhile, DCA-sensitized irradiation of cis-10 and
rans-10'? was carried out to obtain streochemical information on the Si-C bond cleavage of 7 and this
afforded two diastereomers of meso- and dl- PhMe(MeQ)SiSi(OMe)MePh, stereospecifically.  Although the
configurations of the diastereomeric pair have not been determined yet, this result shows that the cleavage of the

two Si-C bonds should proceed consecutively with either retention-retention or inversion-inversion. These
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experimental facts should rule out the possibility (i) for the Si-C bond fission. At the same time, intervention
of a disilene radical cation should be excluded in view of the nonstereospecific addition of a neutral disilene
with alcohol.'”

Scheme 1.
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We carried out laser flash photolysis of 1 and DCA in a mixed solvent of CH,CN/CH,Cl, to observe the
electron-transfer process. Nd:YAG laser third harmonic pulse (354 nm, pulse width 5 ns) was used as an
exciting light source. An intense transient absorption band was observed at 330 nm'® (delay time of 10 pus after
laser excitation) along with that of the DCA radical anion (450 ~ 500 nm) as shown in Figure 2. This transient
absorption band at 330 nm was not observed in the absence of CH,CN, but it developed more intensely as the
concentration of CH;CN increased. Neither disilene Me,SiSiMe, nor 1+* could be assigned to these absorption

bands, which were not quenched by addition of alcohols as common trapping reagents for disilenes” and
5)
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Figure 2. Transient absorption spectrum of 1 with
DCA in CH;CN/CH,Cl, (4:1) at room temperature.
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