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The structural diversity of the valence isomers of strained ring Table 1. CuCl-Mediated Dimerization of 1,4-Dilithiodienes 2
systems and the intramolecular skeletal rearrangements betweer€2ding to the Synthesis of Substituted Semibullvalenes 4 and
these valence isomers have long been of great interest from the
point of view of synthetic applications and mechanistic studlies.
Among strained ring systems, semibullvalene, a valence isomer of
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cyclooctatetraene (COT for short), has attracted much attehtfon.
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Since Zimmerman and co-workers reported the synthesis of Et Et
semibullvalene in 1968great interest has been continuously paid ~ b o Et 4a 80 5a
to the synthetic methods and skeletal rearrangement studies of this gt~ L L Et Et
type of strained ring systems, not only because semibullvalenes Et Et Et Et Et
demonstrate the extremely raplégenerateCope rearrangement, Pr Pr Pr Pr Pr
which deserves both theoretical and experimental investigations,  pr. Ny o Pr Pr
but also because efficient and practical synthetic methods are still « L: 2b Pr 4b 85 5b
demanding:2 In this communication, we would like to report an Pr ol Prl Pr Pr
efficient synthetic method, structural characterization, and skeletal Pr ' ' Pr Pr
rearrangement of multi-substituted semibullvalenes (Scheme 1). Bu Bu py,Bu Bu Bu
To the best of our knowledge, this is the first synthesis of Bu._~ L u Bu Bu
semibullvalenes using the metal-mediatee-@ bond forming « _Lj 2¢ Bu Bu 4c 88 5¢
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1 2 dimerigfiﬁ)r; aGenerated in situ from their corresponding diiodo compounds and
// t-BuLi as shown in Scheme ®Reaction conditions shown in Scheme 1.
R R e R R J R R Isolated yield.c Quantitative yields oba—d from 4a—d at 140 to 16C°C.
R R
R R i .
. feating RmR‘i R@—R [quat. C], 131.32 [quat. C]) show this molecule to ha@g,
R R q“a':_gfsg"e R X symmetry which may be explained by averaging of signals due to
R R y R R R R rapid degenerate Cope rearrangement. The structuyte ldis been
5 'y 4 determined by single-crystal X-ray analysis (Figure 1). The apparent

1,2,3,4-Tetraethyl-1,4-dilithio-1,3-dier#a (1 mmol) in a 10 mL
solution of toluene was generated in situ from its corresponding
1,4-diiodo compound.a (1 mmol) andt-BuLi (4 mmol) at 0°C
(Scheme 1}.After addition of 2 equiv of CuCl at 0C, the reac-
tion mixture was heated to 5UC and stirred at this temperature
for 4 h. Quench of the reaction mixture with aqueous NaHCO
followed by normal workup procedure afforded the semibullvalene
4a in 80% isolated yield as the only product (Table 1). These
semibullvalenes could be thermally transformed to their corre-
sponding COT derivativesat 140 or 160C in quantitative yields
(Table 1)87

The NMR data of semibullvalenéa—4d show very interesting
and characteristic patterns. For example,iieNMR data of4b
(75.4 MHz, CDC}, Me,Si, room temperature) = 14.96 [CHy,
15.04 [CHy], 15.20 [CH], 20.30 [CHy], 21.71 [CH], 23.31 [CHj],
29.90 [CH), 30.11 [CH), 30.37 [CH], 65.69 [quat. C], 100.68
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extremely long C2C8 distance (1.913 A) is quite different from
that of unsubstituted semibullvalene in the gas phase (1.660 A),
which is certainly due to a dynamic or static disorder of two
nondegenerate semibullvalene molecules in the solid $fate
sum of distances of G2C8 (1.913 A) and C4C6 (2.084 A), which
is regarded as a molecular property, is 4.01 A, close to those of
semibullvalenes rearranging rapidly (3:93.99 A)3a

When 1,2-diphenyl-3,4-dimethyl-1,4-dilithio-1,3-dieBe (Scheme
2) was treated with CuCl in ED, semibullvalenédewas obtained
in 44% isolated yield upon hydrolysis with aqueous NaHCID
the reaction mixture was quenchedhv8 N aqueous HCI instead
of aqueous NaHC§) the pentalene derivativé was obtained in
45% isolated yield. No such acid-mediated transformation was
observed forda—d. In addition, unlikeda—d, heating of4e did
not afford its corresponding COT derivatives, but a mixture of
products, including the pentalene derivatvéScheme 2). Treat-
ment of isolatedde with 12 N aqueous HCI at room temperature
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Figure 1. X-ray structure ofb.
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generated the pentalene derivate/en a quantitative yield within

2 h. Averaged signal of two methyl carbons in tH€ NMR
spectrum ofde (12.80, 13.68) suggests that the molecule also
undergoes rapid degenerate Cope rearrangement.

Figure 2. X-ray structure ofde

The structure ofiehas been determined by single-crystal X-ray
structural analysis (Figure 2). The sum of the distance of C2

(1.971 A) and the one of G4C6 (2.018 A) is 3.99 A. The values

for both distances result from the superposition of two molecules
in the solid state which may exchange by a nondegenerate or an
almost degenerate Cope rearrangement. Definitive conclusions
require further studies as described in the referéhce.

In conclusion, we report in this paper a simple and efficient
synthetic method of multi-substituted semibullvalenes by metal-
mediated C-C bond forming reactions. Structural characterization,
skeletal rearrangement, and reaction chemistry are also preliminarily
studied here. Further investigation into the reaction scope and
studies on the chemical and physical properties of these otherwise
unavailable semibullvalenes are in progress.
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