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ABSTRACT

On treatment of 5-siloxyhexa-1,2,5-trienes with a catalytic amount of W(CO) 6 under photoirradiation, formal Cope rearrangement proceeded to
give 2-siloxyhex-1-en-5-ynes in good yield. The electrophilic activation of the allenyl moiety by W(CO) 5 triggers the intramolecular attack of the
silyl enol ether in a 6- endo manner to produce a cyclohexenyl tungsten species. Carbon −carbon bond cleavage occurs by electron donation
from the anionic W(CO) 5 into the silyloxonium moiety to afford the products with regeneration of the W(CO) 5(L).

Low-valent carbonyl complexes of group 6 metals such as
M(CO)5(L) (M ) Cr, Mo, W; L ) THF, Et3N, etc.) have
emerged as useful catalysts for the electrophilic activation
of unsaturated carbon-carbon bonds, and a variety of new
reactions have been developed recently.1 In the course of
our studies on W(CO)5(L)-catalyzed cyclization reactions of
silyl enol ethers,2 we found that W(CO)5 can activate the
allenyl moiety effectively, and theendo-selective cyclization
of allenyl silyl enol ethers was found to proceed smoothly,2f

where 5-siloxyhexa-1,2,5-triene1agave six-memberedâ,γ-
unsaturated ketone2a in 68% yield by carrying out the

reaction using a catalytic amount of W(CO)6 (0.2 equiv)
under photoirradiation in the presence of H2O (3.0 equiv)
(eq 1).3

During these studies, we found that the reaction of the
same substrate1a in the absence of H2O under similar
conditions proceeded by a different pathway to give a formal
Cope rearrangement product, 2-siloxyhex-1-en-5-yne3a, in
good yield. While there has been an abundant study of
thermal or transition-metal-catalyzed Cope rearrangements
of hexa-1,5-dienes,4 that of hex-1-en-5-ynes or hexa-1,2,5-
trienes has not been studied extensively despite their synthetic
potential.5-8 In this paper is described a novel W(CO)5(L)-
catalyzed formal Cope rearrangement of 5-siloxyhexa-1,2,5-
trienes leading to 2-siloxyhex-1-en-5-yne derivatives.
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When 5-siloxyhexa-1,2,5-triene1a was treated with a
catalytic amount of W(CO)6 (0.2 equiv) in THF at 40°C
under photoirradiation for 1 day in the absence of H2O, the
cyclized product2a was obtained in a trace amount and
2-siloxyhex-1-en-5-yne3a, a formal Cope rearranged prod-
uct, was obtained in 81% yield (Scheme 1).

No reaction occurred when the substrate1awas irradiated
at ambient temperature in the absence of W(CO)6,9 and thus,
activation of the substrate1a by W(CO)5(L) is essential for
this transformation.10 The reaction pathway is proposed as
follows: Coordination of W(CO)5, generatedin situ from
W(CO)6 under photoirradiation, onto the allenyl moiety gives
the allene-W(CO)5 η2-complex A. Then, intramolecular
attack of the silyl enol ether occurs on the distal carbon of
the electrophilic allene moiety to give the vinylmetallic
intermediateB. Electron donation from the W(CO)5 anion

into the silyloxonium moiety induces the carbon-carbon
bond cleavage to give 2-siloxyhex-1-en-5-yne3a with
regeneration of W(CO)5(L) (path a). Six-memberedâ,γ-
unsaturated ketone2a is obtained by the protonation of the
carbon-tungsten bond with a trace amount of H2O present
in the reaction mixture (path b).

Examinations of several reaction conditions revealed that
the reaction time was greatly diminished from 1 day to 2 h
by changing the reaction solvent from THF to toluene.
Furthermore, by the addition of a catalytic amount of
DABCO (0.1 equiv), the reaction proceeded cleanly to give
the product3a in 90% yield as a sole product.11

Under these optimized conditions, reactions of a variety
of 2-siloxyhex-1-en-5-ynes were carried out, and the results
are summarized in Table 1.

The catalytic process worked well either with substrates
containing a trisubstituted silyl enol ether moiety or a
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Scheme 1

Table 1. Formal Cope Rearrangement of
5-Siloxyhexa-1,2,5-trienes1 with a Catalytic Amount of
W(CO)6 in Toluenea

a The reaction was carried out with1 and DABCO (0.1 equiv) in toluene
(0.1 M) in the presence of W(CO)6 (0.2 equiv) at 40°C under photoirra-
diation, unless otherwise noted.b The reaction was carried out in toluene
(1.0 M). c syn:anti)1:1
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trisubstituted allene moiety to give the corresponding prod-
ucts 3b-d in good yield (entries 2-4). In the case of
substrate1epossessing both of these trisubstituted moieties,
the reaction gave the product3e in moderate yield as a 1:1
mixture ofsynandanti isomers (entry 5). It was noted that
the reaction in the presence of H2O gave the cyclized product
2e in 71% yield stereoselectively (Scheme 2). Thus, isomer-
ization probably occurred at the vinylmetallic intermediate
B and/orC by DABCO.

Next we examined a ring-expansion reaction by formal
Cope rearrangement of a cyclic 5-siloxyhexa-1,2,5-triene.12

When cyclooctane derivative4 was irradiated in the presence
of W(CO)6 (1.0 equiv) and DABCO (1.1 equiv) in toluene,
the reaction proceeded as expected to give the ring-expanded
12-membered cyclic product513 in 53% yield as an 86:14

mixture of E andZ isomers14 together with a 26% yield of
silyl enol ether6 (eq 2).

In summary, we have developed a formal Cope rearrange-
ment of 5-siloxyhexa-1,2,5-trienes catalyzed by W(CO)5(L).
We can prepare two types of synthetically useful compounds,
that is, 6-endocyclization products or the Cope rearrange-
ment products, from the same starting materialsVia the same
intermediates simply by changing reaction conditions. Further
studies to expand the utility of this reaction are in progress
in our laboratory.
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(14) The geometry of5 was not determined.

Scheme 2

Condition A: W(CO)6 (0.2 equiv) and DABCO (0.1 equiv) in
toluene (1.0 M) under photoirradiation at 40°C. Condition B:
W(CO)6 (0.2 equiv) and H2O (3.0 equiv) in THF (1.0 M) under
photoirradiation at 40°C.
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