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Irradiation of a-diketones in the presence of tetra-
alkylstannanes gave a-ketols via electron transfer. The
analogy between the photo-induced electron transfer reac-
tions and mass spectrometry exists in the fragmentation

of the radical cation of the stannanes.

Allylation and benzylation using allylic and benzylic group 14 com-

1) 2) are one of the

pounds in the presence of a Lewis acid or on irradiation
most useful methods of the formation of a carbon-carbon bond. Recently, an
electron-donating property of group 14 metal-carbon ¢ bond of simple tetra-
alkylsilanes, -germanes, and -stannanes has been reported,3) in which
various alkyl groups can be introduced to electron acceptors such as aro-

3b) We describe herein

matic nitriles and a pyrylium salt on irradiation.
photoalkylation of a~diketones with tetraalkylstannanes via electron trans-
fer.

Irradiation of benzil (0.015 mol dm_3) or biacetyl (0.12 mol dm_3) in
deoxygenated acetonitrile containing tetrabutylstannane (0.027 or 0.015 mol
dm_3, respectively) with a 300 W medium-pressure mercury lamp through a
filter gave an a-ketol in a good isolation yield.4) Similar alkylation did
not take place and gentle decomposition of the ketones occurred when tetra-
butylsilane or -germane was used instead of the stannane, or benzophenone
was used instead of 2. These results indicate that a relatively strong

electron donor and acceptor pair is necessary in the photoalkylation.
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The photoalkylation was effectively quenched by anthracene. Since the
singlet and triplet excitation energies are 59.0 and 54.3 kcal mol”} (2a),
65.3 and 57.2 kcal mol (2b), and 76.3 and 42.7 kcal mo1”} (anthracene),
5)

respectively, anthracene acts as a quencher of the excited triplet states
2Db)
of 2a-b.

plet states of the a-diketones. The electron transfer process from tetra-

Therefore, the photoalkylation proceeds via the excited tri-

butylstannane to the excited triplet states of the o-diketones is supported
from thevfree energy changes calculated by the Rehm-Weller equation.6) As
a large structural change was reported in the electron transfer process of
tetraalkylstannanes, where the reorganization energies were assumed to be

about 41 kcal mol_l,7) standard oxidation potentials7’8)

of stannanes were
used in the calculation. Furthermore, the rate of the photoalkylation is
very slow in benzene and only a trace amount of alkylation product was
formed under the conditions. This result is in contrast with the photo-
reaction of polysilanes with benzophenone, in which solvent dependence is
not found between acetonitrile and benzene and an electron transfer process

)

plays a negligible role.8 From these results, the electron transfer mech-
anism from stannanes to the excited triplet states of oa-diketones is con-
sidered to be reasonable.

Selectivity of the alkyl group transferred to 2a was investigated
using stannanes with two kinds of alkyl groups. In each case, two alkyla-
tion products were formed. From the product ratio, the reactivity of alkyl
groups increases in the order of Me < n-Bu < i-Pr, t-Bu. Although the
order is the same as those seen in the photoalkylation of aromatic nitriles

3b)

and a pyrylium salt, the ratio of the two products is quite different,

indicating that the Sn-C cleavage of the radical cations of stannanes is

not necessarily a unimolecular process. The result is in accord with a
recent study on nucleophile-assisted cleavage of radical cations of organo-
silanes.g)
hv (A>400nm R Ph R’ Ph
R,SnR’,  + 2a (CH oN L Ph—+—< + Ph
3 OHO OHO
R=n-Bu, R’=Me : 54% 22% {conv. of 2a : 37%)
R=i-Pr, R’=n-Bu : 66% 11% {conv. of 2a : 78%)
R=t-Bu, R’=n-Bu : 50% 14% (conv. of 2a : 52%)

In order to ascertain the participation of free radicals in the photo-
alkylation, tetra(5-hexenyl)stannane was used as a radical clock probe.lo)
On irradiation of an acetonitrile solution of 2a containing the stannane, a
cyclic product 3 was formed predominantly and a linear product 4 was a
minor product. Apparently, the free alkyl radical is formed from the
radical cation of the stannane, and the process is a main pathway in the

photoalkylation.
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From these results, we propose the mechanism of the photoalkylation as
shown in Scheme 1. Electron transfer from tetraalkylstannane to the ex-
cited triplet state of 2 forms the radical cation of the stannane and the
radical anion of 2. The radical cation is cleaved to a trialkylstannyl
cation and an alkyl radical probably by the assistance of a nucleophile.ll)
The alkyl radical attacks the carbonyl carbon and the subsequent hydrolysis

affords an a-ketol.

2 M, oo%s) —— 27Ty
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Scheme 1.

It 1is interesting to compare the cleavage pattern of a radical cation

generated in the photo-induced electron transfer with those in the mass

12) In order to minimize the further fragmentation, mass

spectrometry.
spectra (EI) of dibutyldimethylstannane and dibutyldiisopropylstannane were

measured with 10 eV of the ionization energy and followed with the linked-

“N-BU Me,sn(n-Bu)  —Calls,_ Me,SnH
m/z 207 (100%) m/z 151 (29%)
Me,Sn(n-Bu),t — /2 (29%
m/z 264 (0%) _Me- ¥ -
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-i-Pr- + -C4H + .
—Pr (n-Bu),Sn(i-Pr)  —478»  (n-Bu)SnH(i-Pr) -C Hg
. m/z 277 (100%) mjz 221 (33%) H,Sn(i-Pr)
(n-Bu),Sn(i-Pr),"  — 2
m/z 320 (0%) nBu- . C.Ha . m/z 165 (3%)
——— (n-Bu)Sn(i-Pr), —— HSn(i-Pr), -C3Hg
m/z 263 (5%) m/z 207 (3%)

Scheme 2.
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scan method (B/E and B2/E). Scheme 2 shows that the butyldimethylstannyl
cation and the dibutylisopropylstannyl cation were formed preferentially.
Although conditions in the gas phase and of photoreactions in the solution
are rather different, fragmentations in Scheme 2 are in good accord with
those observed in the photo-induced electron transfer reaction.
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