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Abstract—The structures of various perhalodiones available by isomerization of the Diels–Alder dimers of tetrachloro- and
tetrabromocyclopentadienone have finally been determined unambiguously. © 2001 Elsevier Science Ltd. All rights reserved.

The Diels–Alder dimer (endo-octachloro-3a,4,7,7a-tet-
rahydro-4,7-methanoindene-1,8-dione, 1) of tetrachloro-
cyclopentadiene is rearranged on treatment with
aluminum chloride to a single (�95%) isomeric com-
pound A (mp 190°C). Treatment of 1 with liquid sulfur
trioxide gives A and another, but very similar, isomer B
(mp 280°C, dec.), favoring the latter by about 3:1.
Antimony pentafluoride rearranges 1 into a roughly
equal mixture of A and B. Neither isomer under any of
these reaction conditions is converted to the other.1

Optical spectroscopic analysis, all that was easily avail-
able at the time of the original work, made it clear that
both A and B were without the strained bridged car-
bonyl group of the starting material and had instead
only �,�-unsaturated ketone chromophores. Structures
2 and 3 were tentatively assigned to A and B (or vice
versa) based entirely on a proposed mechanism for the
Lewis acid-induced rearrangements, as shown in
Scheme 1.2

Structures 2 (to A) and 3 (to B) have also been assigned
by Scribner (again tentatively, even with more evidence)
to the products of reaction of 4, decachlorobis(cyclo-
pentadienyl), with dinitrogen tetraoxide.3

We have affirmed the gross 5-4-5 tricy-
clo[5.3.0.02,6]decane ring skeleton of A and B by 13C
NMR spectroscopy;4 each compound has only five
pairs of magnetically different carbons. But no firm
decision can be made from these data regarding the
relative positions of the carbonyl groups (head-to-head
versus head-to-tail) or of the syn/anti relation of the
five-membered rings about the central cyclobutane.

Padwa et al. reported that isomer A, but not B,5 can be
photoisomerized to a new isomer. They assigned it
structure 5 based primarily on 13C NMR and dipole
moment data. As this isomerization is readily reversed
thermally, A was assigned the cis,syn,cis and head-to-
head geometry of structure 6.6 However, as we show
here, these assignments are not correct.

We have now determined unambiguously, using single-
crystal X-ray analysis, that A and B are both in the
cis,anti,cis series, as originally assigned, and have struc-
tures 2 and 3, respectively.7

Keywords : tetrachloro- and tetrabromocyclopentadienone dimers;
Lewis acid-induced and photochemical rearrangements; tricyclo-
[5.3.0.02,6]- and tricyclo[4.2.1.12,5]decanes.
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We have repeated the photoisomerization of A reported
by Padwa et al. and have isolated the same product (mp
and 13C NMR comparisons). Single-crystal X-ray anal-
ysis shows definitively that this product is the head-to-
tail, centrosymmetric diketone 7,8 rather than the
previously proposed head-to-head isomer 5. The photo-
chemical/thermal ‘connection’ between 2 and 7 is
apparent in Scheme 2.

Scheme 1.

Scheme 2.
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We have found that octabromo-3a,4,7,7a-tetrahydro-
4,7-methanoindene-1,8-dione 8, the Diels–Alder dimer
of tetrabromocyclopentadienone, is also rearranged by
treatment with Lewis acids. Both AlBr3 and SO3 give in
good yield the cis,anti,cis diketone 9;9 its structure has
been confirmed by single-crystal X-ray analysis.
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