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Abstract—Dibenzo tricyclo[3.3.0.02,6]-1,2,5,6-tetrasubstituted octanes, the �twisted� highly strained valence isomers of substituted
dibenzo[a,e]cyclooctatetraenes, were synthesized and their structure characterized by single-crystal X-ray analysis. Their skeletal
rearrangement was experimentally observed.
� 2004 Elsevier Ltd. All rights reserved.
The structural diversity of the valence isomers of
strained ring systems and the intramolecular skeletal
rearrangements between these valence isomers have long
been of great interest from the point of view of synthetic
applications and mechanistic studies.1 Among strained
ring systems, tricyclo[3.3.0.02,6]octane (I),2–4 tricyclo-
[3.3.0.02,6]-octa-3,7-diene (II), and tricyclo[3.3.0.02,6]-
octa-3-ene (III),5–8 have attracted much attention and
have been characterized by spectroscopic measurements
and predicted by theoretical calculations (Fig. 1). How-
ever, their structures have not been determined by sin-
gle-crystal X-ray structural analysis.9

In 1964, Stiles and Burckhardt reported a novel skeletal
rearrangement of 5,6-disubstituted dibenzo[a,e]cyclo-
octatetraenes IV to 5,11-disubstituted dibenzo[a,e]cyclo-
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Figure 1.
octatetraenes VI either thermally or photochemically
(Scheme 1).10a The authors proposed a �twisted� inter-
mediate (V, Scheme 1),3a which possesses the carbon
skeleton central to I–III. Although structurally and
mechanistically interesting, however, the proposed inter-
mediate V has never been prepared. In this letter, we
would like to report the first preparation and structural
characterization of this type of highly strained com-
pounds (Scheme 2). Complete transformation of the iso-
lated �twisted� intermediates 2 to the cyclooctatetraene
derivatives 3 was experimentally observed.

Lithiation of diiodo compounds 4 (4a: R = Et, 4b:
R = Pr) in diethyl ether with t-BuLi generated their cor-
responding dilithio intermediates 1 (1a: R = Et, 1b:
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R = Pr) in quantitative yields (Scheme 3).11 Addition of
2equiv of CuCl to the diethyl ether solution of 1a
(R = Et) afforded two cyclic products 2a and 3a, along
with two linear products 5a and 6a, after the reaction
mixture was stirred from �78 �C to room temperature
for 4h and was quenched with 3N HCl (Scheme 3).
Products 2a, 3a, 5a, and 6a were obtained in 22%, 7%,
9%, and 17% isolated yields, respectively. When the
dilithium reagent 1b (R = Pr) was used, its correspond-
ing products were obtained in similar yields. It is note-
worthy that formation of copper mirror is observed on
the wall of the reaction vessel.

Compound 2a was stable at room temperature,12 its
structure was determined by X-ray analysis and shown
in Figure 2.13 As determined by electron diffraction,3c

the highly puckered four-member ring in I has an aver-
age C–C bond length 1.556Å with a puckering angle of
53.3�, while the average C–C bond length was calculated
to be 1.548Å with a puckering angle of 55.8� by using
MM3 and 1.552Å with a puckering angle of 49.5� by
using MM4, respectively.3i For II, ab initio MO calcula-
tion gave the C–C bond length in the puckered four-
member ring as 1.570Å, the length of the C–C single
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Scheme 3.
bond outside of the puckered four-member ring as
1.526Å, and the C–C double bond length as 1.321Å.8a

For 2a, the determined lengths of the C–C bonds in
the puckered four-member ring were 1.597(3), 1.588(3),
1.595(3), 1.590(3) Å, respectively, for C7–C9, C7–C10,
C8–C9, and C8–C10, with an average length of
1.593Å, which is much longer than those reported num-
bers. The puckering angle of 2a is determined to be
58.48� (or 58.70�), which is bigger than those reported
numbers.

In order to obtain experimental evidence for the pro-
posed transformation from 2 to 3, the isolated com-
pound 2a was dissolved in toluene and the solution
was heated to reflux (Scheme 4). Within 2h, 2a disap-
peared completely and transformed to 3a in a quantita-
tive yield.14 This is the first experimental evidence for
such skeletal rearrangement.

Furthermore, the CuCl-mediated reaction was carried
out in reflux toluene (Scheme 5). This experiment
resulted in the formation of the substituted dibenzo-
[a,e]cyclooctatetraene 3a in 52% isolated yield as the
major product. The intermediate 2a was obtained in less
than 3% yield. No linear products 5a and 6a were
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obtained. These results are informative for understanding
the reaction mechanisms.

A proposed reaction mechanism is given in Scheme 6. A
dicopper reagent 7 is assumed to be the first intermedi-
ate. Dimerization of aryl lithium and vinyl lithium com-
pounds in the presence of CuX has been one of the
frequently used methods to achieve synthesis of biaryl
and dienyl compounds.15,16 Therefore, dimerization of
two molecules of 7 would afford two new dicopper re-
agents 8 (via cross-coupling of one vinyl copper with
one aryl copper) and 9 (via coupling of two vinyl cop-
per). Substituted dibenzo[a,e]cyclooctatetraenes 3 can
be directly formed from 8 via intramolecular coupling.
The diarylcopper intermediate 9 undergoes intramolecu-
lar radical attack leading to the formation of 10, which
can generate either 3 or 2 via different radical processes.

In conclusion, we report here the preparation, structural
characterization, and skeletal rearrangement of the
�twisted� highly strained valence isomer of cycloocta-
tetraene derivatives. Further investigation into the reac-
tion mechanisms and the reaction scope are under
progress.
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radiation, k = 0.71073Å), T = 293(2)K. The structure was
solved by direct methods and refined against F2 for all
observed reflections. Programs used: Sheldrick, G. M.
(1997) SHELXS97. CCDC 223354 contains the supple-
mental crystallographic data for this paper. These data
can be obtained from the Cambridge Crystallographic
Data Centre (Cambridge Crystallographic Data Centre,
12, Union Road, Cambridge CB21EZ, UK;
fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).

14. Formation of cyclooctatetraene (COT) derivatives, see: (a)
Lawrie, C. J.; Gable, K. P.; Carpenter, B. K. Organome-
tallics 1989, 8, 2274–2276; (b) Takahashi, T.; Sun, W.;
Nakajima, K. Chem. Commun. 1999, 1595–1596; (c)
Yamamoto, Y.; Ohno, T.; Itoh, K. Chem. Commun.
1999, 1543–1544; (d) Yamamoto, Y.; Ohno, T.; Itoh, K.
Chem. Eur. J. 2002, 8, 4734–4741; (e) Chen, C.; Xi, C.;
Lai, C.; Wang, R.; Hong, X. Eur. J. Org. Chem. 2004,
647–650.

15. For reviews, see: (a) Paquette, L. A. Tetrahedron 1975, 31,
2855–2883; (b) Maitlis, P. M. J. Organomet. Chem. 1980,
200, 161; (c) Jolly, P. W. In Comprehensive Organometallic
Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W.,
Eds.; Pergamon: London, 1982; Vol. 8, pp 649–670; (d)
Lautens, M.; Klute, W.; Tam, W. Chem. Rev. 1996, 96, 49;
(e) Fletcher, A. J.; Christie, S. D. R. J. Chem. Soc., Perkin
Trans. 1 2001, 1–13.

16. (a) Wittig, G.; Klar, G. Liebigs Ann. Chem. 1967, 704, 91–
108; (b) Normant, J. F. Synthesis 1972, 63–80; (c) Chao,
C.; Zhang, P. Tetrahedron Lett. 1988, 29, 225–226; (d)
Broka, C. A. Tetrahedron Lett. 1991, 32, 859–862; (e)
Kabir, S. M. H.; Iyoda, M. Synthesis 2000, 13, 1839–1842;
(f) Lai, C. W.; Lam, C. K.; Lee, H. K.; Mak, T. C. W.;
Wong, H. N. C. Org. Lett. 2003, 5, 823–826; (g) Li, G.;
Fang, H.; Xi, Z. Tetrahedron Lett. 2003, 44, 8705–8708.


	Synthesis, structural characterization, and skeletal rearrangement of dibenzo tricyclo[3.3.0.02,6]-1,2,5,6-tetrasubstituted octanes
	Acknowledgements
	References and notes


