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While the suggestion that the transition-metal-catalyzed olefin
metathesis might proceed by a [2 + 2] cycloaddition followed by
cycloreversion was proven incorrect,! the intriguing prospect for
transition-metal-catalyzed [2 + 2] cycloadditions remains.? Our
report of a Pd-catalyzed metathesis of 1,6-enynes? led us tosuggest
that such a cycloaddition indeed occurred but that the intermediate
cyclobutene was highly strained because it was the equivalent of
a trans-cycloheptene (see emboldened structure, eq 1), a species
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not known to exist at ambient temperature.* On the other hand,
the stability of trans-cyclooctene at ambient temperature® suggests
that increasing the tether length of the enyne could lead to an
isolable cyclobutene if the pathway of eq 1 is correct. In this
communication, we report the success of this goal.

The cyclooctene substrate 1,5 available in straightforward
fashion from 3-bromocyclooctene and dimethyl 4-(trimethylsilyl)-
3-butynylmalonate in three steps, was explored as our test
substrate. Heating a mixture of 4% TCPCHFB (2), 4% tri-o-
tolylphosphite (3), bis(heptafluorobutyl) acetylenedicarboxylate
(4), and enyne 1 in dichloroethane at 80 °C gave an 85% yield
of a crystalline (mp 98.5-99.5 °C) isomer (MS and combustion
analysis) lacking vinylic protons but bearing two sp? carbons (8
162.3, 129.0) (eq 2). X-ray crystallography of 56 confirmed the
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cyclobutene structure and indicated an unexpected stereochemical
result—a trans-8,6 ring fusion!

In conjunction with a program directed toward the synthesis
of taxanes, we were particularly interested in cyclohexene
substrates. Alkylation of the phenylsulfonyl analog of 6 did not
proceed, whereas the sterically less bulky 1,3-benzodithiole
tetraoxide 6%% gave a nearly quantitative yield of the substrate
7b (NaH, DMF) after desilylation (K,CO;, CH;OH, CHCI;, eq
3). Under the above conditions, cyclization gave a crystalline
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(mp 225 °C) cyclobutene isomer (8)¢ for which the position of
the double bond was confirmed by ozonolysis to the ketoaldehyde
9. COSY NMR experiments revealed a closed coupled system
for H.—Hg4 in 9 at § 3.36 (ddd, J = 15.8, 13.5, 7.1 Hz, H,), 2.93
(ddd, J = 154, 13.6, 6.1 Hz, H,), 2.44 (ddd, J = 15.9, 5.9, 2.1
Hz,H.),and 2.27 (ddt,J = 15.7, 7.1, 2.1 Hz, H;) with additional
long-range coupling of the latter proton to the bridgehead
proton—a feature that establishes the double bond of the precursor
8 as depicted rather than the isomeric cyclobutene 8a which
involves olefin isomerization.® The allylic cyclobutene proton H,
of 8 (3 3.08) shows coupling to the adjacent methylene group of
J = 12.1, 4.4 Hz indicative of this proton being pseudoaxial,
consistent with cis—cis ring fusions, in contrast to the stereo-
chemistry observed in the cyclooctenyl case (vide infra).
Surprisingly, replacement of the gem sulfonylsubstituents with
gem diester groups as in 10c6 led to only very low conversion
under standard conditions. However, introduction of an electron-
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withdrawing group on the terminal acetylenic carbon of 10¢ (LDA,
CICO,CH3, quantitative) gave a substrate (10a) which reacted
under the standard conditions to provide a 52% yield of the
cycloisomer 11 or 12 (or low-energy boat conformer 13)
corresponding toa cis- or trans-fused 6,6 ring fusion, respectively.
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Molecular modeling reveals that H, has dihedral angles of 56°
and 175°in 11, 75° and 165° in 12, and 53° and 170° in 13 with
the hydrogens of the adjacent methylene group and that H, has
dihedral angles of 2° and 120° in 11, of 34° and 80° in 12, and
(8) Cf.: Kundig, E. P.; Cunningham, A. F. Jr. Tetrahedron 1988, 44,
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32° and 149° in 13 with the hydrogens of its adjacent methylene
group. Using the normal Karplus relationships, the observed
coupling constants for H, (6 2.65) of 4.6 and 10.2 Hz and for H,
(6 2.84) of 11.5 and 5.4 Hz correspond more closely to those
expected for the dihedral angles of 11 than of either 12 or 13, in
support of the assignment of the cis-6,6 ring fusion as depicted
in 11a.¢ COSY and hetero-COSY nmr experiments provided
additional support for the structural assignment.

While the cyclization of 10a may proceed through a chair
conformation possessing the acetylenic side chain in either an
equatorial or an axial orientation, the stereochemical assignment
of the product 11a suggested that cyclization may have proceeded
from the conformer possessing an equatorial side chain. Toverify
this conclusion, we examined the conformationally more rigid
substrate 10b.6 Cyclization proceeded under the same conditions
as above, requiring 8 days to give a 75% yield of 11b,5 whose
COSY 'H NMR spectrumrevealed the same proton relationships
as for 11a.

The isolation of the cyclobutenes in the reactions of 1,7-enynes
clearly supports their intervention in the metathesis of 1,6-enynes.
While we lack direct evidence for the palladacyclopentene
intermediate at this juncture,’ its involvement provides the most
logical pathway for the formation of the cyclobutenes. Both
conformational and electronic effects contribute to the success
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of the reaction, and it appears as if one of these effects may
compensate for inadequacies in the other. A most interesting
contrast occurs in the stereochemical course of this reaction in
comparing the cyclooctene and cyclohexene substrates. In the
former, the acetylene approaches the olefin on the face opposite
that to which the tether is attached; whereas, in the latter, the
approach is on the same face as the tether—results that parallel
our observations with the intramolecular Pd-catalyzed TMM
cycloadditions to cyclooctenyl versus cyclohexenyl acceptors.?
Conformational analyses analogous to those presented for the
cycloaddition reactions nicely account for this dichotomy.
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