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The familiar Diels-Alder reaction giving cyclohexenes3 and the exceed-
ingly rare homologous combination of a vinylcyclopropane with an olefin to give

a cyclohepteneu both may be, according to the precepts of orbital symmetry

5, thermally-allowed [t§ + ug + uﬁ] or [w§ + 05 + rg] cycloreactions.

Recent work with vinylcyclopropanes, however, has shown that even with

theory

such strongly electrophilic olefins as tetracyancethylene, cyclobutanes through

(2+42) cycloadditions rather than cycloheptenes through the homologous Diels-

Alder process are formed.s’7

We have found that the somewhat exceptional vinylcyclopropane deriva-

8-10

tive b1cyc10[?.l.é]pent-2—ene (I) reacts as a homodiene with tetracyanoe-

thylene, giving 6,6,7,7-tetracyanobicyclo[3.2.@]hept-2—ene(II).
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When a solution of bicyclopentene9

and TCNE in tetrahydrofuran is
warmed to 0° for several hours, concentrated, and triturated with methanol, a
colorless light-sensitive 1:1 adduct is obtained (50% yleld after recrystalli-
zation from acetone); mp 196-198° (dec); m/e 194 (Mt, 011H6N4), 167, 129, 76,
and 66 (base peak). The nmr spectrum of the adduct in acetone-dg has multip-
lets at & 6.34, 5.98, 4.37, 4.17, and 3.02 ppm in a 1:1:1:1:2 ratio. Double
irradiation experiments at 100 MHz established the absolute magnitudes of the
spin-spin coupling interactions among the various protons; both of the methylene
protons were coupled to each vinyl hydrogen to comparable extents (1.8 to

2.2 Hz) and the 3J-coupling between vinyl protons was 5.9 Hz, thus supporting

structure II and excluding the alternative III.ll’12
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A side product in the reaction proved to be adduct IV13 formed, presum-
ably, either through a two-step addltion across fhe'c(l)—c(u) bond of bicyclo-
pentene or through an unexceptional Diels-Alder procéss utilizing cyclopénta-
dienelS, a common impurity in biéyclopehtene pfeparatiods. The first possibil-
ity seemed plausible in light of known additions across strained O-brldge single

14 2nd bicyclopentane.l® Additional experiments, though,

bonds of bilcyclobutanes
supported the second explanation. A solution of bicyclopentene 1n THF was
treated with dimsyl anion in DMSO and flash distilled at 10° (50 mm); glpc
analysis gave an estimate ofvthe small amount of cyclopentadiene contaminating
the bicyclopentene preparation. The product mixture from this preparation and
TCNE contained only the amount of adduct IV derivable from the original

cyclopentadiene impurity.
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If there 1s a two-step component in the bicyclopentene addition with
TCNE, it falls to produce IV in significant yleld; other possible products,
such as V and the numerous other compounds derivable from V, are not presently

Aexcluded.16

CN CN

C—C—H

CN CN

2

2
S + 7] homodiene

The energetic demands of the thermally allowed [vg + a
plus ethylene cycloaddition, though normally prohibitively high, are met by
bicyclopentene, thanks tc its unusually high ground state energy and favorable
geometry. It and other appropriate hydrocarbons with high heats of formation
may provide other examples of allowed but energetically expensive and there-

fore seldomly achleved cycloreaction processes.
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