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ABSTRACT

Irradiation of 2-trimethylsilylmethylphenyl ketones 1 gives benzocyclobutenols 2 and 5 together with siloxybenzocyclobutenes 4. Compound
4 arises from the novel photoinduced 1,5-silyl migration of 1. Irradiation of 1 in the presence of magnesium perchlorate gives the less hindered
benzocyclobutenols 5 without the formation of 4. The mechanism of the photochemical reaction of 1 is discussed.

For many years, much attention has been focused on silyl
migrations since they display characteristics not normally
seen in carbon chemistry as well as in view of their syn-
thetic usefulness.1 It is well-known that silyl groups generally
have high migratory aptitude. Among silyl migrations, those
from carbon to oxygen have been often observed and
extensively studied because of the greater bond strength of
the Si-O bonds (ca. 112 kcal) than those of Si-C (ca. 73
kcal).2 They may be roughly grouped into two categories:
ionic and neutral rearrangements involving radicals and
sigmatropic rearrangements. Although the 1,2- to 1,4-silyl
migrations from carbon to oxygen have been well studied,1

only a few 1,5-silyl migrations have been reported.3-6 In the
course of our studies on the effect of heteroatom function-

alities on the photochemical reactions ofo-alkylaryl ketones,7

we report herein the 1,5-silyl migration from carbon to
oxygen in the photochemical reaction of 2-trimethylsilyl-
methylphenyl ketones.

Irradiation of 2-trimethylsilylmethylbenzophene (1a) with
a high-pressure mercury lamp gives benzocyclobutenol2a
(58%) via hydrogen abstraction from the trimethylsilylmethyl
group by the carbonyl oxygen, as in the case ofo-alkylaryl
ketones (Scheme 1).8,9 Previous studies have shown that
formation of the benzocyclobutenols proceeds viaE-photo-
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enols 3.10 Thus, we assume that our observed product2
comes from this intermediate. This would lead to formation
of the isomer wherein the phenyl and the trimethylsilylmethyl
groups are cis. Benzocyclobutenol2a is thermally unstable
and converted to the starting ketone over 1 day at room
temperature viaE-xylylenol 3a.11,12Prolonged irradiation of
1a, however, gives siloxybenzocyclobutene4a (10%) and
less hindered benzocyclobutenol5a (12%) together with2a
(8%) (Scheme 1).9 In 1H NMR, the trimethylsilyl protons
of 2a appear at higher field (-0.29 ppm) compared to those
for 5a (0.14 ppm) because of the strong shielding effect of
the phenyl group located in a syn fashion. Siloxybenzocy-
clobutene4aprobably arises from siloxyxylylene6a formed
by the photoinduced 1,5-migration of a trimethylsilyl group
to the carbonyl oxygen. Although the benzocyclobutenol2a
reverts to the starting ketone1a through the xylylenol3aby
intermolecular 1,5-hydrogen shift,12 the siloxyxylylene6a
formed by 1,5-silyl migration cyclizes to siloxybenzocy-
clobutene4abecause it lacks hydrogen to undergo 1,5-shift.
The hindered benzocyclobutenols are unstable and revert to

the parent ketones.13 The less hindered benzocyclobutenol
5a arises from the photoinduced disrotatory cyclization of
E-xylylenol 3a. The formation of less hindered benzocy-
clobutenols upon extended irradiation has been reported.13

Irradiation of 2-trimethylsilylmethylpivalophenone (1b)14

in hexane affords benzocyclobutenol2b (62%) (Scheme 1).9

Prolonged irradiation of1b, however, gives siloxybenzo-
cyclobutene4b (28%) and 2b (45%) (Scheme 1).9 Benzo-
cyclobutenol2b is also so labile as to revert to1b over
1 day at room temperature. The lack of formation of
sioxybenzocyclobutenes4 in short-time irradiation suggests
that the thermal lability of the initially formed benzocy-
clobutenols2 to revert to the starting ketones1 plays an
important role.

Steric congested benzocyclobutenols are known to isomer-
ize to the corresponding less hindered benzocyclobutenols
in the presence of acid.15 The transformation of benzocy-
clobutenols2 to the less hindered isomers5 was examined.
Treatment of2 with magnesium perchlorate in acetonitrile
at room temperature gives5 and1 (Scheme 2).16 In 1H NMR,

the protons of the trimethylsilyl andtert-butyl groups of2b
resonate at lower field (0.19 and 1.07 ppm, respectively) than
those for5b (0.04 and 0.98 ppm, respectively) because of
the van der Waals repulsion caused by steric congestion in
2b.17 The benzocyclobutenol5 is thermally stable and does
not decompose in solution even at 80°C.

Irradiation of1 with a high-pressure mercury lamp in the
presence of magnesium perchlorate (1 eq) in acetonitrile
gives the less hindered benzocyclobutenol5 with no forma-
tion of 4 (Scheme 1).18

Since irradiation of1 in the absence of magnesium
perchlorate initially gives the unstable benzocyclobutenol2,
the exclusive formation of5 in the presence of magnesium
perchlorate suggests that the initially formed2 should convert
to 5 faster than the reversion to the starting ketone1. The
formation of the siloxybenzocyclobutene4 in prolonged
irradiation can be explained by the fact that the ketone1
undergoes both hydrogen abstraction and silyl migration from
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theo-trimethylsilylmethyl group to the carbonyl oxygen and
that the unstable benzocyclobutenol2 formed by hydrogen
abstraction reverts to the starting ketone (Scheme 3). In the

photochemical reaction of1, the hydrogen abstraction
proceeds much faster than the silyl migration.

In summary, the 2-trimethylsilylmethylphenyl ketone
underwent both photoinduced hydrogen abstraction and silyl
migration from the trimethylsilylmethyl group to the carbonyl
oxygen to form the benzocyclobutenol and the siloxyben-
zocyclobutene. The former process is much more predomi-
nant than the latter. It is interesting to compare the present

results with previous studies ofo-formylbenzyltrialkylmet-
allanes.o-Formylbenzyltrialkylsilane and -germane under-
went no photoinduced 1,5-silyl and germyl migrations. On
the contrary,o-formylbenzyltrialkylstannane underwent 1,5-
stannyl migration and the resulting stannoxyxylylene was
trapped by the dienophile.19
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