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Abstract: PdCl2(MeCN)2-catalyzed cyclization of 1-methyl-l-(2-trimetIiylsilylethynyl)-2- 
propenyl acetate (4) afforded 5-methyl-2-trimethylsilyl-l,4-cyclopentadienyl acetate (5) 
and 3-methyl-2-trimethylsilyl-l ,3-cyclopentadienyl acetate (6) in a 1.2:1 ratio and ^ 80% 
combined yield. The formation of 5 was anticipated by analogy with previous work but 
that of 6 is unprecedented. Compounds 5 and 6 were trapped with V-phenylmaleimide 
and their fate in the absence of the trapping agent elucidated.

PdCl2(MeCN)2 catalyzes the cyclization 
of l-ethynyl-2-propenyl acetates 1 to 1,4- 
cyclopentadienyl acetates 2 which are 
cleaved in situ to 2-cyclopentenones 3; 
alkyl substituents on the ethynyl group are 
not compatible with the reaction[lal.

Thus treatment of 4, 1.4 M in toluene, 
with 0.1 equiv. of PdCl2(MeCN)2 and 1 
equiv. of V-phenylmaleimide at 80°C for 
90 min gave four adducts 7-10 which were 
isolated by column chromatography. The 
isolated yields of the endo -adducts 7 and 9

temperature-dependent. This is due to hin­
dered rotation about the acetate C—O 
bond.

In the absence of the dienophile, 6 was 
cleaved as usual[lal to afford the cyclopen­
tenone 11, but 5 instead rearranged to give 
a mixture of isomers by [1,5] hydrogen and 
trimethylsilyl shifts, which could be iso­
lated. In the presence of acetic acid, 6 was 
again deacylated and the cyclopentadienes 
derived from 5 both deacylated and desil- 
ylated.

Thus treatment of 4, 0.9 m in acetoni­
trile, with 0.05 equiv. of PdCl2(MeCN)2 at 
60°C for 75 min followed by distillation 
gave 11 and a mixture of cyclopentadienes. 
The latter gave one broad peak on gas 
chromatography and exhibited a ‘H-NMR 
spectrum (ca. 15 °C) with partially broad­
ened signals. Treatment of the cyclopen­
tadiene mixture with PdCl2(MeCN)2 and 
acetic acid in acetonitrile (see below) gave 
12. Combination of these results with that 
of the trapping experiment indicates that 
the cyclopentadienes are isomers of 5 
formed by [1,5] hydrogen121 and trimethyl­
silyl shifts121. In principle, [1,5] hydrogen 
shifts can lead to four isomers, one of 
which (13) can in turn rearrange to give 
four further isomers by [1,5] trimethylsilyl 
shifts. Which isomers dominate was not in­
vestigated. The yields of 11 and the cyclo­
pentadienes were 37% and 46%, respec­
tively (GC analysis of the distilled material).

Treatment[la! of 4, 0.8 m in acetonitrile, 
with 0.1 equiv. of PdCl2(MeCN)2 and 1 
equiv. of acetic acid at 60°C for 50 min -

We have now found that a trimethylsilyl 
substituent on the ethynyl group changes 
the course of the cyclization, acetate 4 giv­
ing two cyclopentadienes 5 and 6 in a 1.2:1 
ratio and > 80% combined yield. Cyclo­
pentadiene 5 was expected by analogy with 
l->2. The formation of the 1,3-cyclopenta- 
dienyl acetate 6, in which the acetoxy and 
trimethylsilyl groups are interchanged with 
respect to 5, is without precedent and diffi­
cult to explain.

were 44% and 36%, respectively. The exo­
adducts 8 and 10 were minor products and 
their exact yields were not determined. The 
structure of 10 was difficult to establish 
because its ‘H-NMR spectrum is strongly

the conditions also used for the deacyla­
tion and desilylation of the cyclopenta­
dienes derives from 5 - and work up1'"1 
directly afforded 11 and 12 in 18% and 
44% yields, respectively (GC).
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In contrast, even the tert-butyl analogue 
14 only gave the normal set of cyclopenta­
dienes in low yield, plus side-products. 
Thus treatment of 14, 1.0 m in acetonitrile, 
with 0.1 equiv. of PdCl2(MeCN)2 at 80 °C 
for 2 h furnished a mixture of cyclopenta­
dienes giving a sharp peak on gas chro­
matography. The 'H-NMR spectrum (ca. 
15 °C) of the mixture suggests that the main 
components are 15 and 16. This was con­
firmed by lithium aluminum hydride re­
duction and hydrolysis which afforded 17 
and 18. There was no deacylation under 
the conditions of the cyclization (even with 
acetic acid present) and also no discernible 
reaction with N-phenylmaleimide. The 
yield of the cyclopentadienes was only 
about 4% (GC). They were isolated by 
distillation and column and gas chromato­
graphy. In the same way were isolated a 
number of other products, namely, the pri­
mary chlorides 19, 20 and acetates 21, 22, 
the allene 23, and the acetoxyketones 24, 
25[Ibl. The yields of these products were 
also low (0.05-4%, GC).

The transformation of 4 into 6 is diffi­
cult to reconcile with the earlier mechanis­
tic hypotheses1'1. The only reasonable ex­
planation we have is that a vinyl­
cyclopropene 27, or an organometallic 
equivalent13,41, is an intermediate, thus 
4^26->27->5 + 6. Vinylcyclopropene-cy-

16

MegSis^
,OAc

26

clopentadiene rearrangements141 could 
proceed by formation of bonds between 
C-2' and C-l (^6), and C-2' and C-2 (^5) 
here and only between C-2' and the un­
substituted C-2 in the case of l->2. This 
hypothesis requires that the trimethylsilyl 
and acetoxy groups remain bound to the 
same carbon atoms as in 4151, and this could 
be checked by a labeling experiment.

Our hope to find the same anomaly in 
the case of 14 was not realized but this 
negative result is inconclusive.
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