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Pyramidalized alkenes are compounds that contain carbon–
carbon double bonds in which one or both of the sp2-
hybridized carbon atoms does not lie in the same plane as the
attached atoms.[1] Such alkenes are interesting targets for both
synthetic and theoretical organic chemists owing to their
intriguing physical properties and fascinating reactivity.[2] In
recent years, we have been engaged in the synthesis, chemical
trapping, dimerization, and cross-coupling of several highly
pyramidalized alkenes that contain the bisnoradamantane
skeleton.[3]

Herein we report the generation of pentacy-
clo[6.4.0.02,10.03,7.04,9]dodeca-5,8,11-triene (4), its trapping
with 1,3-diphenylisobenzofuran, and its unusual dimerization
to the polycyclic compound 6 by an uncatalyzed thermal
[2+2+2+2] cycloaddition process with formation of four new
carbon–carbon bonds (Scheme 1).

Previous work in this field showed that vicinal diiodo
compounds are suitable precursors for highly pyramidalized
alkenes,[2, 3] so the generation of 4 was envisioned from the
diiodo derivative 3, whose preparation from the known
compound 1 appeared to be straightforward.[4] The double
bisdehydroxylation of 1 to 3 was accomplished by following
the procedure of Eastwood et al.[5] Reaction of 1 with neat
N,N-dimethylformamide dimethyl acetal gave bis(dimethyl-
formamide cyclic acetal) 2 as a mixture of diastereomers.
Heating 2 with acetic anhydride yielded 3 as a white solid in
83% overall yield. As expected, reaction of 3 with tert-
butyllithium in THF at �67 8C in the presence of 1,3-
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diphenylisobenzofuran gave Diels–Alder adduct 5 (63%
yield). Reaction of 3 with 8 equivalents of molten sodium in
1,4-dioxane under reflux for 4 h gave a mixture of three main
products (GC–MS). The product eluted first (tr= 12.7 min,
M= 156, 19.5% area ratio) corresponded to the known
reduction product 7 (1H NMR);[6] according to our previous
results on related substrates,[4] the second product (tr=
22.9 min, M= 242, 15.3% area ratio) could be 8, derived
from the addition of the intermediate pyramidalized alkene
and the solvent (1,4-dioxane), and the third product (tr=
29.3 min, M= 308, 62.6% area ratio) is a dimer of 4.
Column chromatography of this mixture (neutral aluminum
oxide, hexane), allowed us to isolate dimer 6 in 24% yield.
The 1H and 13C NMR spectra of this dimer showed the lack of
the C2v symmetry characteristic of the expected cyclobutane
or derived dimers,[3,4] and the presence of C2 symmetry, which
led us to propose structure 6, in which the two halves are
orthogonally fused. X-ray diffraction analysis unequivocally
established 6 as the structure of the isolated dimer.[7]

Dimer 6 is the result of a [2+2+2+2] cycloaddition of two
molecules of triene 4. A possible mechanism for the
dimerization of 4 to 6 is shown in Scheme 2. Two units of 4

are first connected by forming a C�C single bond
and, after rotation around the new C�C bond, a
cascade radical process would give dimer 6 with
formation of four new C�C bonds and three new
rings.

This proposal was based on a) the fact that,
some time ago, Eaton and Lukin provided the first
demonstration of the intermediacy of biradicals in
the dimerization of strained olefins by using 1-
iodoadamantane as a probe in the dimerization of
cubene,[2a] and b) the biradical character of 11%
for 4, calculated by using the two-configuration
self-consistent field (TCSCF) procedure of Gaus-
sian98[8] and the 6-31G(d) basis set with the HF/6-
31G(d) optimized geometry.

The first [2+2+2+2] cycloaddition was discov-
ered 55 years ago by Reppe, and several additional
examples were described later.[9] All these reac-
tions are stepwise processes catalyzed by com-
plexes of Ni,[9] Fe, Mo, or Rh.[10] Although a
pericyclic process of the type [p2s+p2s+p2s+p2s] is
not thermally allowed according to theWoodward–

Hoffman rules, photochemically it would be allowed. How-
ever, to the best of our knowledge, examples of [2+2+2+2]
cycloadditions in the absence of a metal catalyst, either
thermally or photochemically induced, have never been
described, with the exception of the tetramerization of 1,2-
cyclohexadiene to give, among other products, two isomeric
cyclooctane derivatives.[11]

In conclusion, the dimerization of the highly pyramidal-
ized alkene 4[12] to its dimer 6 described herein is a unique
example of an uncatalyzed thermal [2+2+2+2] cycloaddition.
Moreover, this type of process may be extended to more
complex transformations; for instance, the dimerization of a
triquinacene derivative that contains a highly pyramidalized
C¼C bond with its opened face in an endo arrangement could
provide a dodecahedrane derivative by a [2+2+2+2+2+2]
cycloaddition, a type of transformation that many have tried
without success till now with triquinacene and numerous
triquinacene derivatives under different reaction conditions.
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