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Acylation of vinylsilanes with acid anhydrides is catalyzed
by [RhCI(CO),], to give o, B-unsaturated ketones. The applica-
tion of this catalytic system to the acylation of &-acyloxy vinyl-
silanes affords o-acyloxy enones in good yields, which are con-
verted to unsymmetrical 1,2-diketones or their mono acetals.

Acylation of vinylsilanes has provided a regioselective prep-
aration of o, B-unsaturated ketones, and is generally performed
by the treatment with acid halides or anhydrides in the presence
of Lewis acid such as AICl;.! However, the use of more than a
stoichiometric amount of Lewis acid is required in this transfor-
mation and the development of the catalytic processes is strongly
desired in the synthetic point of view.

We have found that the rhodium(I) carbonyl complex,
[RhCI(CO);],, is available for the transmetalation of acylsilanes
to generate acylrhodium intermediates in the intramolecular cyc-
lization reaction of 8-alkynoylsilanes.? Because vinylsilane also
bears an sp? carbon—silicon bond like acylsilane, it was expected
that transmetalation between the Rh(I) complex and vinylsilane
would occur to afford vinylrhodium intermediate. Accordingly,
B-alkyl vinylsilane 1a was allowed to react with an equimolar
amount of [RhCI(CO),], in toluene-dg at 80 °C and the reaction
was monitored by 'HNMR. The formation of chlorodimethyl-
phenylsilylane was observed as the result of metal exchange
(Eq 1). For the transmetalation between transition metal com-
plexes and vinylsilanes, the use of fluoride ion or the introduc-
tion of alkoxy or hydroxy group on the silyl group is essential
to activate vinylsilanes, as being reported in the transition met-
al-catalyzed arylation of vinylsilanes with aryl halides to prepare
vinyl arenes.’ It is noteworthy that the transmetalation pro-
ceeded without any activating reagents in the present metal ex-
change between [RhCI(CO),], and vinylsilane 1a.

1/2[RhCI(CO)2]2
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The catalytic acylation of vinylsilane with acid anhydride
was supposed to proceed by applying this transmetalation. That
is, the generation of vinylrhodium intermediate A would be fol-
lowed by sequential oxidative addition of acid anhydride and re-
ductive elimination of ¢, B-unsaturated ketone along with the re-
generation of Rh(I) catalyst (Scheme 1).

In fact, B-alkyl vinylsilanes 1a and 1b reacted with various
acid anhydrides in the presence of a catalytic amount of
[RhCI(CO), ], to give enones, as being summarized in Table 1.6

The acylation of dimethylphenylvinylsilane 1a with acetic
anhydride proceeded at 90°C, and o,f-unsaturated ketone 2a
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Scheme 1. Rh(I)-catalyzed acylation of vinylsilane 1.

Table 1. Rh(I)-catalyzed acylation of B-alkyl vinylsilane 1.%

5 mol%
[RhCI(CO),l» Ph(CHQ)g\/YR
Ph(CH
(C 2)2\/\SiMegR' (RCO),0 2 . o
\ 1,4-Dioxane
1a R'=Ph : Ph(CHy),
1b R = Me 90 °C 3 R
Entry 1 % Time/h  Products / %"
1 1a Me 7 2a 84 3a -
2 1a Et 18 2b 67 3b -
3 1a i-Pr 18 2c 72 3c -
4  1a Ph 18 2d 74 3d 5
5 1b Me 18 2a 82 3a -
6 1b Ph 24 2d 76 3d 6

aVinylsilane 1 : [RhCI(CO),], : (RCO),0 =1.0:0.05 : 3.0.
blsolated yield based on vinylsilane 1.

was obtained in 84% yield (Entry 1). Propionic anhydride and
isobutyric anhydride also reacted smoothly with 1a (Entries 2
and 3). In the reaction with benzoic anhydride, the desired phen-
yl vinyl ketone 2d was obtained in 74% yield with 5% yield of
phenylated product 3d (Entry 4). Even trimethylvinylsilane 1b
reacted with acid anhydrides under the same reaction conditions
to give the corresponding enones 2 in good yields (Entries 5 and
6).

It was not confirmed whether this acylation reaction initiated
by the transmetalation or by the oxidative addition of acid anhy-
dride to the Rh(I) complex. To have insight into the initial step, a
stoichiometric amount of [RhCI(CO),], was allowed to react
with acetic anhydride at 80 °C, but no reaction occurred. This re-
sult supports the hypothesis of the reaction mechanism shown in
Scheme 1.

The rhodium catalyzed acylation was applied to the synthe-
sis of 1,2-diketones and their derivatives from a-acyloxy vinyl-
silanes 5, which were easily prepared stereoselectively in E-form
by the O-acylation of lithium enolate of the corresponding acyl-

Copyright © 2004 The Chemical Society of Japan



Chemistry Letters Vol.33, No.4 (2004)

silane 4 (Eq 2).8
o 1) LDA, HMPA, THF

. OCPh
—78°C, 2 h
Ph(CH2)2\)I\SiMes 2) (PhCO),0 Ph(CH2)2\//I\SiMe3(2)

4 _78°C tort 5 86%

As summarized in Table 2, a-acyloxy vinylsilane 5 exhibit-
ed an sufficient reactivity in the acylation reaction.® Both of pri-
mary and secondary carboxylic acid anhydrides gave acylation
products 6a—c in excellent yields (Entries 1-4),° whereas the
acylation with pivaric anhydride gave only 7% yield of product
6d (Entry 5). In the reaction with benzoic anhydride, the benzo-
ylation product 6e was obtained in 66% yield with 24% yield of
decarbonylative coupling product 7e (Entry 6). Trifluoroacetyla-
tion proceeded as well and the corresponding diketone 8 was ob-
tained as a hydrate form in 79% yield, after purification by silica
gel column chromatography (Entry 7).

Table 2. Rh(I)-catalyzed acylation of «-benzoyloxy vinylsi-
lane 5.2

Q
OCPh
o 5 mol% Ph(CHy)» R
oben [RhCI(CO)2lo 6 J
PACH)2 A g, o2 . O
8 Toluene OCPh
5 Ph
(CHa)z A
7
Entry (RCO)0 Teomp. Time/h Products / %P
R /°C
1 Me 80 4 6a 98 7a -
2¢ Me 80 12 6a 87 7a -
3 Et 80 2 6b 99 7b -
4 -Pr 80 3 6c 97 7c -
59 tBu 80 24 6d 7 7d -
6 Ph 80 5 6e 66 7e 24

7 CF3 50 4 6f (79° 7 -

aVinylsilane 5 : [RhCI(CO),],:(RCO),0 = 1.0:0.05:3.0.
blsolated yield based on vinylsilane 5. 0

1.2 molar amounts of Ac,0O was used. CF,
dVinylsilane 5 was recovered in 8% yield. Ph(CHz)3

®Hydrate 8 was obtained in 79% yield. g HO OH

Thus obtained o-benzoyloxy ketone 6a could be converted
to o-dimethoxy ketone 9 in 83% yield by the treatment with
K,COs3 in methanol and neutral work up. While, acidic work
up gave 1,2-diketone 10 in 85% yield (Eq 3). On the whole,
the present rhodium-catalyzed reaction of a-acyloxy vinylsi-
lanes S provided a novel method for the preparation of unsym-
metrical 1,2-diketones 10 and their derivatives 6a and 9, which
are regarded as regioselectively masked forms at each of carbon-
yl group of 1,2-diketone 10.

pH7 Q M
0 Buffer Ph(CHz)s)S( e
OCPh MeG OMe
Ph(CHa)s me _K2C0s | 9 83%
& MeoH 0 ®
a 0°C L . Me
15min M HCI Ph(CHz)s)kn’
0
10 85%
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