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Dienylbenzocyclobutenes, readily available by the cycload-
dition of benzyne and ketene silyl actetal followed by addition of
dienyllithium, underwent thermal four-carbon ring expansion to
give benzocyclooctenone derivatives in high yields. In some
cases, acid treatment of the thermal product gave tricyclic ketones
via transannular bond formation.

The synthetic challenge posed by eight-membered rings has
attracted considerable interest in the synthesis of this structure
motif imbedded in natural products such as taxol and ophioborin.1

The major difficulty stems from the strain inherent in such a
medium ring by the transannular interactions.2 Herein, we report
a facile access to the eight-membered ring fused to an aromatic
ring by way of the [4þ 4] process3 summarized in eq 1, i.e., the
thermal rearrangement of the dienylbenzocyclobutene I to give
the eight-membered ring II, which is transformed spontaneously
(R ¼ H) or by acid hydrolysis (R ¼ SiMe3) to the benzocy-
clooctenone III in high yield.5

Eq 2 exemplifies the synthesis of the startingmaterial 4 by the
reaction of the dienyllithium [generated from 3a6 and t-BuLi (2
equiv)] and benzocyclobutenone 1. The latter, in turn, was
regiospecifically prepared by the [2þ 2] cycloaddition of
benzyne and ketene silyl acetal.7 Related compounds having
different substitution patterns at the � and � positions were
similarly prepared by using the dienylbromides 3b–3d as the
precursor to the respective dienyllithium. In one case, the
isomeric benzocyclobutenone 28 was also used (vide infra, see
Table 1, entry 1).

Preliminary experiments showed that the skeletal change of
the alcohol 4 was effected by simple heating in toluene (80 �C,
1.5 h), thereby giving the cyclooctenone 10 in 58% yield.9 The
product was solely composed of the unconjugated enone,
implying that the tautomerization of the initially formed dienol
occurred in a deconjugativemanner. The transformation of 4 to 10
was further facilitated by the conversion of 4 to the corresponding
silyl ether 5 (TMSCl, imidazole/DMF, 92%), which underwent
the ring expansion by heating in toluene at 80 �C for 1 h.
Evaporation of the solvent gave quantitative yield of the silyl
ether 11 that was essentially pure by NMR analysis (Scheme 1).

Hydrolytic conversion of 11 into 10 requires special notes
due to the competing transannular cyclization (see, eq 3).
Treatment of 11 with 0.1M H2SO4 gave the expected enone 10
along with the tricyclic compound 12, which was not too
unexpected if one considers the close proximity of the dimethyl
acetal moiety and the �-face of the silyl ether.3b,4 This
transannular cyclization became the sole event observed by
employing PPTS in MeOH at 60 �C. However, it was found that
KF inCH3CNeffected clean hydrolysis of 11 to give the enone 10
in 91% yield (eq 3).

Scheme 1.
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Application of the protocol to other substrates is summarized
in Table 1. The silyl ether 6, isomeric to 5, rearranged to give the
dienol silyl ether 13 in quantitative yield (entry 1), whichwas also
hydrolyzed to the corresponding ketone in 90% yield by the KF
procedure (vide supra). The thermal reaction was also applied to
the silyl ethers 7 and 8, having a �-butyl group or �,�-dimethyl
groups, to achieve ring expansion, albeit at a diminished rate.
Treatment of the respective products with acid (0.1M H2SO4/
THF, 0 �C) cleanly gave the enones 15 and 17 without
accompaniment by the transannular reaction,10 presumably due
to the increased steric bulk around the acetal moiety. If required,
however, the transannular bond formation could be cleanly
achieved by employing TMSOTf as exemplified the reaction of
14, the initial product from the thermal reaction of 7, to give the
ketone 16 in 82%yield (see below). TheNOE experiment showed
that the main product had a trans relation with respect to the
methoxy and the butyl groups, which could be rationalized by the
reactive conformerAwith the butyl group in a pseudo-equatorial
disposition.

Finally, the gem-dimethyl substrate 9 also underwent slow
ring expansion to give 71% yield of the enone 18, which is

particularly notable in view of the high steric hindrance at the
reacting centers (entry 4).

In summary, the present [4þ 4] approach to the benzocy-
clooctenone derivatives starting from cyclobutenes and dienes
should find utility in natural product synthesis, and further studies
are currently underway in our laboratories.

Dedicated to Professor Teruaki Mukaiyama on occasion of
his 75th birthday.
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