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ABSTRACT Photoaddition reactions of aromatic
carbonyl compounds with silyl thioketene acetals have
been explored. The results of this study show that the
acetonphenone
thioketene

react with dimethyl substituted silyl
acetal competitively via either single
(SET)-desilylation or
pathways to produce
oxetanes. In contrast,
of the benzaldehyde with
dimethyl substituted silyl thioketene acetal mainly lead
to the formation of oxetanes arising by [2+2]
cycloaddition. A comparison of the results with those

electron transfer
[2+2]-cycloaddition
b-hydroxyester and

photochemical reactions

of silyl ketene acetal revealed that replacement of
sulfur atom in a-silyl donor substrate bring about
dramatic changes in chemoselectivities as well as

excited state reaction mechanism.

In the area of  single electron transfer
(SET)-photochemistry, we have shown that sequential
SET-desilylation reactions of a-silyl electron donors
serve as highly efficient and regioselective methods to
generate carbon-centered free radicals.1-7 (Scheme 1)
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Recently, our efforts have focused on SET-promoted
Mukaiyama type addition reactions between aromatic
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carbonyl compounds and silyl ketene acetal or silyl
enol ether systems8-11. The results of these studies
showed that photoaddition products arising by either
SET-desilylation process or [2+2]-cycloaddition process
are highly dependent on redox properties of a-silyl
electron donor and solvent polarities. Especially, when
electron rich, a-silyl donor and polar solvent (i.e.,
MeCN) were used, photoreactions with aromatic
carbonyl compounds lead to predominant formation of
B-hydroxyketone/[3-hydroxyester via SET-desilylation
pathways. However, oxetane formations were dominant
in case of photoreaction of carbonyl compounds with
a-silyl electron poor donor in less polar solvent (i.e.,
benzene). (Scheme 2)8-9
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In this study, photoaddition reactions of carbonyl

compounds 5-6 with silyl thioketene acetal (7) were
explored and product profiles were compared with

previously reported photoreactions of silyl ketene
acetals.
Photochemical reactions were carried out by using

Pyrex-filtered light in benzene solution of carbonyl
compounds (36 mM) and silyl thioketene acetal (72
mM) for time periods that bring about 73-75%
conversions of 5-6. The photolysates were subjected to
chromatography to obtain photoproducts. Firstly, when
benzene solution containing acetophenone (5) and 7
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was irradiated for 4 hr, [-hydroxythioester 8 (19%),
diasteromeric  oxetanes 10a-10b (11% and 9%
respectively) were produced along with 38% yield of
reduction product 12. (Scheme 3 and Table 1) This
result showed that SET-desilylation process vs
Patero-Buchi type [2+2]-cycloaddition process compete
each other in the excited state. When benzene solution
containing benzaldehyde (6) and 7 was irradiated for
3 hr, [(B-hydroxyester 9, formed by SET-desilylation
was obtained as a minor product (18%) and
diasteromeric oxetanes 11a-11b, arisen by
[2+2]-cycloaddition were obtained as major products
(totally 50% yield). (Scheme 3 and Table 1)
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Table 1. Photoreactions of carbonyl compounds 5-6
and silyl thioketene acetal 7°

Conversion

Reactant $ie:12tl(c;‘r)1 %) Product (% yield)®
547 4 71 8 (19), 10a (11),
10b (9), 12 (38)

9 (18), 11a (39),

6+7 3 75 (18). 11a (39)

11b (11)

*Concentrations of reactants, [carbonyl compound]/[7]
are 36/72 (mM).

®Yields are based on consumed carbonyl compounds
5-6.

A comparison of the photochemical reaction profiles
of the silyl thioketene acetal 7, described above with
that of the silyl ketene acetal 13 was made to find
out if differences exist in the relative contributions of
the SET vs. [24+2] cycloaddition pathways. In previous
studies,8 displayed in Scheme4 and Table2 it was
found that photochemical reactions of 5-6 with silyl
ketene acetal 13 gave rise to dominant formation of
B-hydroxyester 14 via SET-desilylation process.
(Scheme 4 and Table 2) These comparisons of product

distributions revealed that replacement of sulfur atom
from oxygen atom in a-silyl donor substrate could
bring about dramatic changes in chemoselectivities as
well as excited state reaction mechanism. In addition,

photoreaction  efficiencies  (irradiation  time  vs
conversion) were largely enhanced.
Scheme 4.
RsO Me
Me_  OSiMes hv ° 0
5_6 + C=C\ —_— \
Me.  OMe benzene RsMe OMe
13 14 (Rs = Me, Rg =H)
15 (R = H, Rg =SiMes)
16 (Rs = R =H)
Me OSiMes
0——Me O——OMe
+ OSiMe;  + Me  + 12
Rs OMe H Me
17a +17b (Rs = Me) 19

18 (Rs = H)

Table 2. Photoreactions of carbonyl compounds 5-6
and silyl ketene acetal 13°

Conversion

Reaction . b
Reactant Time (h) %) Product (% yield)
14 (64), 17a (11),
5 13 33 77
* 18b (7), 12 (3)
15 (72), 16 (14
6 + 13 11 79 > (72), 16 (14),

18 (8), 19 (4)

*Concentrations of reactants, [carbonyl compound]/[7]
are 36/72 (mM).

"Yields are based on consumed carbonyl compounds
5-6.

As a preliminary study, we have conducted
photoaddition reaction of carbonyl compounds with
silyl thioketene acetal. The combined results of our
previous and current studies demonstrated above show
that chemoselectivities of photoreaction of carbonyl
compounds are highly dependent on a-silyl donor
substrates. Further studies are underway to find how
silyl thioketene acetal governs reaction patterns and
reaction efficiencies.
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