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stantially correct.
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Seven-membered carbocycles occur among many classes of
natural products. Most commonly, the seven-membered ring is
bound to at least one additional ring of another size. Especially
well-known examples are the guaianes and pseudoguaianes,! but
other cases include the himachalenes (e.g., a-himachalene, 1),?
colchicine (2),? and the phorbol esters (e.g., 3).* Because of the
importance of these compounds, many methods have been devised
for the construction of cycloheptane derivatives.* However, we
now report the very direct formation of a tricyclic cyclo-
heptanone-containing system in a one-pot reaction sequence, which
is based upon the condensation of an enolate with a cyclopropanone
derivative and which apparently employs the homoenolate re-
activity of a cyclopropanoxide intermediate.®

Reaction of the readily available cyclopropanone ethyl hemi-
acetal (4)7 with methylmagnesium bromide followed by the ad-
dition of lithium cyclohexenolate affords a mixture of products
composed of the formal cyclopropanone adduct § in 14% yield
and, much more interestingly, the tricyclic product 6 in 67% yield
(eq 1). A small amount (3%) of starting material 4 is recovered,
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but other components, present in trace quantities in the reaction
mixture, have not been identified.

Determination of the structure of product 6 was initially dif-
ficult, even with the use of 300-MHz 'H NMR and europium shift
reagent studies. However, the '"H NMR spectrum obtained at
600 MHz is sufficiently resolved to permit assignment of the
indicated structure.® Subsequent single-crystal X-ray diffraction
studies (Figure 1) confirm this assignment.’

In order to probe the pathway by which 6 is formed, we have
done a number of further experiments, the most important of
which are summarized here. When the simple adduct 5 is isolated
from the original reaction mixture, purified, and then subjected
to further reaction with methylmagnesium bromide and lithium
cyclohexenolate, tricyclic 6 is obtained in 80% yield (eq 2).
Silylation of adduct 5 to give 7 followed by reaction with lithium
cyclohexenolate permits isolation of the further adducts 8-10 (eq
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3), although we have yet to find suitable conditions for conversion
of 8 or 9 into 6. The homoenolate reactivity of these systems is
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clearly demonstrated by the cleavage of adduct 5 to give the ethyl
ketone 11 (eq 4). Reaction of the silyl ether 7 with tetra-n-bu-
tylammonium fluoride also gives ketone 11.

Based upon the above observations, we propose the pathway
shown in Scheme I for formation of tricyclic product 6. Mag-
nesium chelation apparently plays a key role in that when control
experiments of the types described above are done in the absence
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of magnesium species, formation of 6 is greatly diminished or even
fails completely. Note that the conformations that we have chosen
for the intermediates account for the overall stereochemistry of
the reaction sequence.

In conclusion, we have discovered a pathway for the very direct
construction of complex cycloheptanone-containing systems. The
utility of this reaction sequence is potentially very great if two
different enolates, either of which may be generated from cyclic
or acyclic ketones, can be used sequentially (eq 5). Our further
efforts are being directed toward this generalization of the an-
nulation procedure.!?
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added to methylmagnesium bromide (2.50 M solution in THF, 8.2 mL, 21
mmol) in THF (40 mL) with an addition funnel over a 20-min period at 0
°C under nitrogen.'? After the reaction mixture was stirred for 1 hat 0 °C,
a solution of lithium cyclohexenolate [prepared by addition of n-butyllithium
(1.50 M solution in hexane, 13.7 mL, 21 mmol) to diisopropylamine (2.08 g,
20.6 mmol) in THF (40 mL) at =78 °C, followed by warming to 0 °C for 30
min, recooling to —78 °C, addition of cyclohexanone (2.02 g, 20.6 mmol), and
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The reaction mixture was then warmed to 25 °C over 15 min and stirred for
1 h. Ether (150 mL) and saturated aqueous NH,Cl (40 mL) were added, the
layers were separated, and the organic phase was washed with water (40 mL),
dried (MgSO,), and concentrated in vacuo. The residual yellow oil was
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a colorless solid: mp 187-188 °é; IR (CCly) 3450, 2960, 2870, 1700, 1460,
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