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The tricyclic anion 5, generated from the corresponding
hydrocarbon 3 with n-BuLi, undergoes the circumambulatory
rearrangement at -78 °C to afford the anion 6, which stereo-
selectively reacts with deuterium oxide at low temperature and
undergoes further rearrangements to the stable cyclopentadienyl
anion derivative 9 at elevated temperature.

There are several reports on rearrangements in which a
cyclopropane ring circumambulates on the periphery of a cyclic
polyene or a polyenylium ion.!">3 According to symmetry
conservation considerations,* such a cyclopropyl migration can
thermally proceed regardless of the number of total electrons
concerned in the process. However, stereochemical behavior of
the migrating group differs depending on the number; the
migrating group should invert configuration in processes
involving (4n+2) electrons and retain it in those involving 4n
electrons. It has been recognized that in general circumam-
bulation occurs much easier in the latter electron system, which
displays antiaromatic character and is destabilized relatively to its
transition state, than the former electron system.> Although many
experimental and theoretical studies®> on circumambulatory
rearrangements of polyenyl and cationic species have been
documented, neither thermal nor photochemical migration of a
cyclopropane ring in anionic species has been disclosed yet.% For
examlpe, two bicyclo[5.1.0Joctadienyl anions, 1 and 2, which
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are likely to be suitable for detecting a cyclopropyl migration,
have appeared in the literature.”-8 However, Kloosterziel et al.
concluded that the degenerate circumambulation does not
thermally occur in bicyco[5.1.0]octadienyl anion 1, based on the
result of its temperature-independent 1H NMR spectra.’
Additionally irradiation of solutions of 1 and 2 proved that
disrotatory ring opening and closing are the only processes
observed under the photochemical conditions.8:9 Merein we
report generation and thermal rearrangements of tricyclic
undecatrienyl anions, derived from tricyclo[5.3.1.0]Jundeca-
2,4,9-triene (3),1%1! indicating chemical evidence supporting
such cyclopropane ring circumambulation of anionic spieces.
While treatment of 3 with n-BuLi in THF at -78 °C did not
give any coloration of the solution, addition of HMPA as a co-
solvent to this mixture resulted in a dark red solution to suggest
generation of anionic spieces. Quenching of this reaction

solution with water after 20 min at -78 °C gave the
rearranged hydrocarbon as sole product in 49% yield. Though
this product was an air-sensitive oil, its structure was confirmed
as 4 through a combination of two-dimensional measurements
and extensive NOE experiments in the !H and 13C NMR
spectroscopy.'? 13 Quenching of the reaction solution with
either D,O or CH30D under the same reaction condition afforded
the hydrocarbon containing one deuterium atom. The
incorporation of deuterium atom was found to be site- and
stereoselective by comparison of the 'H NMR spectrum
of the deuterated product with that of the undeuterated 4, as
shown partially in Figure 1. That is, the incorporation occurs
selectively at the C-4 carbon of 4 with anti configuration against
the cyclopropane ring. From these facts, it is evident that the
rearrangement of 3 to 4 proceeds through an anionic
intermediate. Therefore, the formation of 4 might best be
explained by the mechanism depicted in the Scheme 1;
deprotonation of 3 with n-BuLi gives the anion 5 which then
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undergoes the circumambulatory rearrangement to give the anion
6,14 followed by protonation to lead to 4 as a final product.
Judging from the optimized structure of the anion 6 obtained by
semiempirical molecular orbital calculations (PM3 method),!?
the anti face of 6 is sterically less crowded for an electro-
philic attack. Therefore, the reason for the stereoselectivity
observed in the deuteration reaction can be attributed to steric
hindrance between deuteron and one of the methylene protons on
the cyclopropane ring at least as one of it.!0 It is noteworthy that
the rearrangement is quite a facile process, since quenching with
deuterium oxide even after a short reaction period of 5 min at -78
°C gave 4-d; and 3 without any detection of the dueterated 3 or
its double bond position isomers. On the other hand, quenching
of the solution with water after the reaction mixture was warmed
to 0 °C gave a mixture of 4-methyldihydroazulenes, which
included 4-methyl-1,4-dihydroazulene 7 as a major product, in
17% yield. This mixture of products was found to be entirely
same as one obtained in the reaction of methyllithium and
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Figure 1. '"H NMR Spectra (400 MHz) in CDCls solution
of 4-d, (top) and 4 (bottom) (360 MHz sweep width).

azulene,!’ indicating the formation of 4-methyl-4H-azulenyl
anion 9 as the latest intermediary carbanion for this second
rearrangement. Since it has previously been reported that the
anion 1 undergoes cleavage of the cyclopropane ring to the
methylene cycloheptadienyl anion at above 0 °C > and the
cycloheptadienyl anion in hexahydroazulene isomerizes to the
more stable cyclopentadienyl anion by a stepwise protonation-
deprotonation mechanism, '8 the formation of this mixture can be
explained by the pathway shown in the Scheme 1.1°

In summary, for the first time we have obtained chemical
evidence that supports a cyclopropyl migration on the periphery
of a cyclic polyenyl anion, though lacking direct detection of
anionic species, 5 and 6. Concurrently we revealed some
chemical behavior of the intermediary anion, such as the selective
incorporation of an electrophile at low temperature and the
rearrangement to a stable anionic species at elevated temperature.
Experiments designed to know whether in this rearrangement the
migrating methylene group invert or retain its congfiguration are
now in progress .
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