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Titanium-mediated addition of diallylsilanes to oxalyl
chloride: formation of a diquinane
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Abstract

The titanium tetrachloride mediated reaction of the cis,cis-2,6-dimethyl-1,8-bis(trimethylsilyl)-2,6-octadiene with oxalyl chloride
yielded 1-hydroxy-4-methyl-8-(1-propen-2-yl)bicyclo[3.3.0]oct-3-en-2-one of which the structure was confirmed by X-ray crystallo-
graphic analysis.
� 2008 Elsevier Ltd. All rights reserved.
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Oxalyl chloride is a versatile reagent giving rise to car-
boxylic derivatives and a building block for the formation
of heterocyclic products. It is known as acyl halide reagent
since hemi-oxalyl chloride decomposes to CO, HCl and
CO2, and the equilibrium is thus driven to the side of the
new acyl halide (Scheme 1).1

Generally, Friedel–Crafts acylation reactions of aro-
matic compounds with oxalyl chloride occur with decarb-
onylation2 but the formation of glyoxyl chloride
derivatives has been observed.3 Organometallic reagents
react with oxalyl chloride to give a-diketones,4 whereas
diorganometallic reagents led to cyclic ketones with
decarbonylation.5 Finally, oxalyl chloride represents a ver-
satile C2 building block in the heterocyclization reactions
occurring with bis-nucleophiles.6 Interestingly, oxalyl chlo-
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Scheme 1. Formation of acyl halides
ride reacts with certain olefinic derivatives to give a,b-
unsaturated acyl chlorides.7

Some years ago, we demonstrated that the acylation of
1,8-bis(trimethylsilyl)-2,6-octadiene with oxalyl chloride
occurred with decarbonylation to give 2,5-diethylidene-
cyclopentanone,8 and more recently, we have observed
that the (E,E)-2,3,6,7-tetramethyl-1,8-bis(trimethylsilyl)-
2,6-octadiene leads to the (meso)-2,5-di(isopropenyl)-2,5-
dimethylcyclopentanone (Scheme 2).9

In both the cases, the phosgene does not react with these
diallylsilanes even with prolonged reaction time.

As these reactions with oxalyl chloride are a straightfor-
ward way to the preparation of a,a0-substituted cyclopenta-
nones, we have studied its condensation with the cis,cis-
2,6-dimethyl-1,8-bis(trimethylsilyl)-2,6-octadiene 1 coming
CO + CO2 HCl+R
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O
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from oxalyl chloride and acids.
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Scheme 2. Reaction of oxalyl chloride and 1,8-bis(trimethylsilyl)-2,6-octadienes.
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Scheme 3. Formation of diquinane 2 by the reaction of cis,cis-2,6-dimethyl-1,8-bis(trimethylsilyl)-2,6-octadiene 1 and oxalyl chloride.
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from the reductive dimerization of isoprene by lithium
metal in the presence of trimethylchlorosilane.10 Surpris-
ingly, a diquinane 2 was obtained in fair yield and the
expected cyclopentanone 3 appeared as a by-product after
2 h at �90 �C and 20 h at �60 �C11 (Scheme 3).
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Fig. 1. ORTEP drawing for 2. Non-hydrogen atoms are drawn with 50%
probability thermal ellipsoids.13
The structure of 2 was determined according to spectral
data and has been achieved by an X-ray diffraction analysis
(Fig. 1).12

The formation of diquinane14 2 may result from an acyl-
ation step giving rise to 4 followed by the addition of the
second allylsilane moiety to the tetrahedral intermediate
(or the corresponding ketone) leading to 5 and then
by an intramolecular acylation of the ethylenic bond
(Scheme 4).

The isolated case of intramolecular acylation came from
the trans structure of 5 which allowed the isopropenyl and
the chloroformyl groups to be close (contrary to the previ-
ous cases (Scheme 2)).

In the hope to trap the intermediate coming from 5, the
reaction mixture was hydrolyzed after 2 h at �90 �C with
an ice-cold ammonium chloride solution. The alone prod-
uct was cyclopentanone 3 (60% yield).15 Consequently,
cyclopentanone 3 results from the hydrolysis of intermedi-
ate 5. By a spontaneous reaction, the a-hydroxylated acyl
chloride decomposes to CO and HCl.16 A striking step
was the cyclization of 4 by the attack of the second allylsi-
lane moiety on the tetrahedral intermediate (or the corre-
sponding ketone) and not on the carbon atom of the acyl
chloride.
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In conclusion, we have described a C2 homologation of
1, which led to a new functionalized diquinane. To the best
of our knowledge, it is the first example of the formation of
two carbon–carbon bonds from oxalyl chloride leading to a
bicyclic compound.6
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