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Anionic cyclizations, widely utilized for the construction of
carbocycles and heterocycles, primarily involve stabilized anionic
intermediates,1 although much attention has recently been devoted
to the cyclization of reactive anionic intermediates onto unacti-
vated alkenes.2 Herein we report a conceptually novel anionic
cyclization reaction ofN-aziridinylimines, involving the formation
of consecutive carbon-carbon bonds, which we believe has
considerable synthetic potential for the construction of carbocycles
(eq 1). Although we have demonstrated a similar approach via
sequential radical cyclizations,3 as far as we are aware, this anionic
approach is unprecedented because all sequential ring forming
reactions developed to date involve the formation of alternating
carbon-carbon bonds using CdC bonds as acceptors (eq 2).4,5

Our initial studies evolve from the speculation that the
N-aziridinylimino group would function as the vinyl anion
equivalent6 and as the anionic acceptor (Scheme 1).7,8 When bis-
aziridinylimine 1a was treated with LDA (1.0 equiv) in THF at
-78 °C and the solution was warmed to room temperature,

somewhat surprisingly, bicyclo[3.1.0]hexane4a was isolated
without the formation of2a. Apparently, lithiated aziridinylimine
3a underwent tandem anionic cyclizations to result in4a via the
formation of two consecutive carbon-carbon bonds. This reaction
occurred very rapidly at-10 °C, going to completion within 10
min. The use of a catalytic amount of LDA (0.1 equiv) under the
similar conditions resulted in somewhat lower yield (65%) and
longer reaction time (5 h). Similar results were obtained with1b
and 1c. Furthermore, in the case of tris-aziridinylimine5, it is
noteworthy that tricyclic intermediate6 underwentâ-elimination
to afford 7 (49%) apparently due to the relief of cyclopropane
ring strain (eq 3).9

Our next studies involved initial attack of organometallic
reagents on theN-aziridinylimino group and the subsequent
successive elimination to generate the anionic intermediate8,
which undergoes anionic cyclization reaction for ring formation
(Scheme 2). Treatment of bis-aziridinylimine1a with vinylmag-
nesium bromide (3 equiv) in THF at 60°C for 3 h resulted in10
(72%).10 It is noteworthy that the formation of10 is highly
stereoselective (trans/cis) 40/1).11 However, when1awas treated
with allylmagnesium bromide (3 equiv) in THF at room temper-
ature, the reaction proceeded rapidly and was complete within
10 min, yielding a mixture of11 (39%) and12 (42%).12 This
result indicates that (i) allylmagnesium bromide was reactive
enough, attacking the ketonicN-aziridinylimino group and (ii)
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intermolecular addition of allylmagnesium bromide onto the
N-aziridinylimino group would be slightly faster than the cy-
clization, presenting a striking contrast to those obtained in radical
reactions.13 This problem was solved by the use of reactive
allyllithium. Reaction of1a with allyllithium in THF at -20 °C
for 10 min afforded11 in 69% yield without the formation of
12. Somewhat surprisingly, the anionic cyclizations of1a with
allylmagnesium bromide and allyllithium did not exhibit high
stereoselectivities.14 With allylmagnesium bromide, a 1:6 mixture
of trans- (11a) andcis-isomer (11b)was obtained, whereas a 1:2
mixture of11aand11b was realized with allyllithium. Trapping
anion9 with methyl chloroformate was not efficient, yielding13
in 30% yield along with10 (36%).15 Furthermore, reductive
cyclization was achieved by treatment with lithium aluminum
hydride in THF at room temperature for 5 h, in which the resulting
anion could be successfully quenched with O2 and NBS (Table
1).7a

The synthetic usefulness of these anionic cyclizations was
explored with several structurally different bis- and tris-aziridin-
ylimines, and the synthetic potential of this approach is clearly
evident in the carbocyclic ring formation processes as summarized
in Table 1. The attractiveness of this approach is apparent from
the efficiency of the formation of three consecutive carbon-
carbon bonds in a single step to yield tricyclic compound25
bearing a quadrone skeleton with two alkenyl groups for further
manipulation.16,17 As compared with the previously reported
methods involving reactive anionic intermediates, the present
approach suggests several exciting directions. First, the initiation
by the addition of organometallic reagents bearing functional
groups to the substrates would be feasible. Second, sequential
anionic cyclizations to accomplish multiple transformations in a
single step could be utilized.18 Finally, of synthetic significance
is the use of this approach for the formation of consecutive
carbon-carbon bonds.

In conclusion, we have demonstrated (i) novel anionic cycliza-
tions usingN-aziridinylimines as 1,1-dipole, in which the forma-
tion of consecutive carbon-carbon bonds has been achieved for
the first time, and (ii) its application to construct bicyclic and
tricyclic carbocycles, providing efficient routes to natural product
synthesis. Further studies on the application of this approach to
natural product synthesis and the use of unactivated olefins as
anionic acceptors are in progress.
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Scheme 2 Table 1. Carbocycles via Anionic Cyclizations of
N-Aziridinylimines

a A: CH2dCHMgBr, THF, 60°C, 3 h; B: CH2dCHLi, THF, 0 °C,
0.1 h; C: CH2dCHCH2Li, THF, 0 °C, 0.1 h; D: LiAlH4, THF, 20°C,
3 h. b Quenching with O2 and NBS, respectively.c trans-/cis-Isomer
by 1H NMR: 20 4.3/1,21 3.2/1,22 1/3.4. d The ratio of isomers were
determined by GC-MS: 23 1/1, 24 3/1. e Reference 17.
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