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Abstract—Medium-ring olefinic ketone and lactone enolsilanes were subjected to palladium(II)-mediated cycloalkenylation condi-
tions. Diverse bicyclic ring products were obtained in moderate to good yields. The effect of olefin geometry and ring size is
discussed.
� 2005 Elsevier Ltd. All rights reserved.
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Palladium(II)-mediated cyclization of olefinic enol
ethers is a powerful and reasonably general method
for cycloalkenylation reactions in which a new car-
bon–carbon bond is formed from the enolic center to
an alkene. First observed by Saegusa et al. in 1979,1 this
reaction was soon shown to be an efficient route to
numerous bridged and spirocyclic bicycloalkenones2

and subsequently exploited as a key step in the synthesis
of several natural products.3

While the scope of these palladium-mediated cycloalke-
nylations has been the subject of several detailed sur-
veys,4 we are unaware of such cyclizations in which
both the enolsilane and the olefin are in the same ring.
We now report the course of such reactions in selected
medium-ring enolsilanes represented by the cyclonona-
dienes 1 and 2, the cyclodecadienes 3 and 4, and the lac-
tone derivatives 5 and 6 (Scheme 1).

The olefinic ketone precursors to enolsilanes 1–4 were
prepared by known procedures.5 The olefinic lactone
precursors 12 and 13 to ketene acetals 5 and 6 were ob-
tained by macrolactonization, after semi-hydrogenation
of the readily available x-hydroxyalkynoic acids 7 and 8
(Scheme 2).6 Each ring system required a different lact-
onization method to achieve sufficient yields of the very
volatile lactone products.7
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Whereas the silylations8 of symmetrical nine-membered
ketone precursors to 1 and 2 can form only one possi-
ble enolsilane regioisomer, the 10-membered ketones
are known to undergo regioselective silylation in the
1,10 position.9 The silylations of the macrolactones
12 and 13 were carried out in a slightly different
manner.10

The transannular cyclizations11 of the 2 nine-membered
enolsilanes 1 and 2 using stoichiometric Pd(OAc)2 led,
respectively, to two different bicyclo[4.3.0]ketones in
good yields (Scheme 3). (E)-Cycloalkene enolsilane 1
produced the a,b-unsaturated ketone 14,12 whereas the
(Z)-cycloalkene enol silyl ether 2 led to the cis-bicy-
cloalkenone 15.13
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The observed regioselectivities in the above reactions are
consistent with the mechanism we had previously envi-
sioned for the palladium(II)-mediated cycloalkenyla-
tion.3a,14 As recently reiterated by Toyota and Ihara,4a

this mechanism comprises a backside nucleophilic attack
by the double bond of the enol-TBS derivative upon the
Pd-coordinated exocyclic olefin.15 Examination of Dre-
iding models of the substrates 1 and 2 during cyclization
predicts that they should lead, respectively, to two differ-
ent sigma-bonded palladium intermediates, namely 16
and 18 (Scheme 4). In the case of the bicyclic intermedi-
ate 16, in which two hydrogens are available for syn pal-
ladium b-hydride elimination,16 the ketone 17 appears
to form, which by subsequent enolization, gives the
a,b-unsaturated ketone 14 as the only isolated product.
On the other hand, the bicyclic intermediate 18, with the
palladium anti to the hydrogen of the ring junction,
OTBDMS

TBDMSO

1

2

Pd(OAc)2

Pd(OAc)2

O

16

H

H Pd

H

O

18

H

H Pd

H

Scheme 4.
leads upon syn palladium b-hydride elimination to the
bicycloalkenone 15.

For the 10-membered ring substrates 3 and 4, both
(E)- and (Z)-cycloalkenes produced the trans-bicyclo-
[4.4.0]ketones 1917 and 2018 in moderate yields (Scheme
5). These regioisomeric products were obtained in differ-
ent ratios depending on the olefin geometry of the sub-
strates. Thus, the cyclization of the (E)-cycloalkene
enolsilane 3 gave compounds 19 and 20 in a ratio of
1:1.3, whereas the (Z)-cycloalkene enolsilane 4 produced
these compounds in a 7.5:1 ratio.

Palladium(II)-mediated cyclization was unsuccessful
when ketene acetals 5 and 6 were treated with Pd(OAc)2.
Only starting ketene-acetal was recovered after 16 h.
The reaction was then carried out with the more electro-
philic palladium trifluoroacetate instead of palladium
acetate. Under these conditions, the reaction product
depended dramatically on ring size (Scheme 6). For
the nine-membered reactant 5, the sole product was
the a,b-unsaturated lactone 21.19 Such dehydrogenation
is a well established side reaction of certain enolsilanes
under Pd(OAc)2 treatment.

1 In the case of the 10-mem-
bered ketene acetal 6, Pd(O2CCF3)2 treatment led to the
bicyclic enol lactone 2220,21 and recovered lactone 13.
The structure of 22 was established by 500 MHz 1H
NMR through extensive decoupling of each ring proton
and by oxidative degradation to the known cis cyclopen-
tane diacid 23.22 This diacid had identical melting point,
IR, 1H, and 13C NMR spectra with an authentic sample
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of 23 independently prepared from the readily available
ketone 24.23,24

Our results suggest that such transannular cycloalkenyl-
ations in certain medium rings are reasonably efficient
and offer potential as a strategic element in the synthesis
of polycyclic natural products.
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