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Anionic cyclizations, widely utilized for the construction of
carbocycles and heterocycles, primarily involve stabilized anionic
intermediate$ although much attention has recently been devoted
to the cyclization of reactive anionic intermediates onto unacti-
vated alkene3.Herein we report a conceptually novel anionic
cyclization reaction oN-aziridinylimines, involving the formation
of consecutive carboncarbon 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 cyclizatiodss 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=€C bonds as acceptors (eq*?).
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Our initial studies evolve from the speculation that the
N-aziridinylimino group would function as the vinyl anion

equivalent and as the anionic acceptor (Schemé®\hen bis-

aziridinylimine 1a was treated with LDA (1.0 equiv) in THF at
—78 °C and the solution was warmed to room temperature,
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somewhat surprisingly, bicyclo[3.1.0lhexada was isolated
without the formation oRa. Apparently, lithiated aziridinylimine
3aunderwent tandem anionic cyclizations to resulttawvia the
formation of two consecutive carbeiwarbon 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 \kith
and 1c. Furthermore, in the case of tris-aziridinylimiie it is
noteworthy that tricyclic intermedia&underweni3-elimination

to afford 7 (49%) apparently due to the relief of cyclopropane
ring strain (eq 3¥.

N _LDA_ — (3)
< N R Azi THF s
N-AZI pn R R
§ R=CH,CH,Ph 6 7 (49%)

Our next studies involved initial attack of organometallic
reagents on theéN-aziridinylimino group and the subsequent
successive elimination to generate the anionic intermedate
which undergoes anionic cyclization reaction for ring formation
(Scheme 2). Treatment of bis-aziridinylimide with vinylmag-
nesium bromide (3 equiv) in THF at 6C for 3 h resulted ir10
(72%)1° 1t is noteworthy that the formation of0O is highly
stereoselectivar@nscis = 40/1) 1 However, wherlawas 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 ofL1 (39%) and12 (42%)!? This
result indicates that (i) allylmagnesium bromide was reactive
enough, attacking the ketonN-aziridinylimino group and (ii)
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107, 4579. (b) Chamberlin, A. R.; Bloom, S. H.; Cervini, L. A.; Fotsch, C.
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Ruchardt, C.; Roberts, J. D. Am. Chem. Sod.96Q 82, 2646.

(11) The ratio was determined by G®IS. The cis-isomer (0b) was
prepared by the known procedure (Felkin, H.; Umpleby, J. D.; Hagaman, E.;
Wenkert, E Tetrahedron Lett1972 2285). Furthermorel0b was converted
into 11bto determine the ratio dflaand11b (see Supporting Information).

(12) The use of 1.0 equiv of allyimagnesium bromide under the similar
conditions gave a mixture dfl (42%) andl2 (10%) along with the protonated
form of 8 (27%).
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Scheme 2 Table 1. Carbocycles via Anionic Cyclizations of

N-Aziridinylimines
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Azi—N N—Azi N—Azi

substrate RM? product yield, %
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16 (71%)
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N-~pzi
intermolecular addition of allylmagnesium bromide onto the

N-aziridinylimino group would be slightly faster than the cy- <L c
clization, presenting a striking contrast to those obtained in radical Az—N"

reactions:® This problem was solved by the use of reactive
allyllithium. Reaction ofla with allyllithium in THF at —20 °C c 23 (57%)"
for 10 min afforded11 in 69% yield without the formation of Azi=N” CN-Azi Ph

22 (83%)°

12. Somewhat surprisingly, the anionic cyclizationslaf with
allylmagnesium bromide and allyllithium did not exhibit high
stereoselectivitie¥! With allylmagnesium bromide, a 1:6 mixture Azi—NT
of trans (118 andcis-isomer ((1b)was obtained, whereas a 1:2
mixture of 11aand11bwas realized with allyllithium. Trapping
anion9 with methyl chloroformate was not efficient, yieldirig
in 30% vyield along with10 (36%)°> Furthermore, reductive \)K/
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@d NBS (Table aA: CH,=CHMgBr, THF, 60°C, 3 h; B: CH=CHLi, THF, 0°C,

1)7a 0.1 h; C: CH=CHCH,Li, THF, 0°C, 0.1 h; D: LiAlH,, THF, 20°C,

The synthetic usefulness of these anionic cyclizations was 3 h. "QuenChlﬂg with @ and NBS, respectively.trans-/cis-lsomer
explored with several structurally different bis- and tris-aziridin- bY *H NMR: 204.3/1,213.2/1,221/3.4.% The ratio of isomers were
ylimines, and the synthetic potential of this approach is clearly détermined by GEMS: 231/1,24 3/1.°Reference 17.
evident in the carbocyclic ring formation processes as summarized |n conclusion, we have demonstrated (i) novel anionic cycliza-
in Table 1. The attractiveness of this approach is apparent fromtions usingN-aziridinylimines as 1,1-dipole, in which the forma-
the efficiency of the formation of three consecutive carbon  tion of consecutive carbercarbon bonds has been achieved for
carbon bonds in a single step to yield tricyclic compo2il the first time, and (ii) its application to construct bicyclic and
bearing a quadrone skeleton with two alkenyl groups for further tricyclic carbocycles, providing efficient routes to natural product
manipulationt®” As compared with the previously reported synthesis. Further studies on the application of this approach to
methods involving reactive anionic intermediates, the present natural product synthesis and the use of unactivated olefins as
approach suggests several exciting directions. First, the initiation anionic acceptors are in progress.
by the addition of organometallic reagents bearing functional
groups to the substrates would be feasible. Second, sequential Supporting Information Available: Experimental procedures as well
anionic cyclizations to accomplish multiple transformations in a as spectral data for the reaction products (PDF). This material is available
single step could be utilized.Finally, of synthetic significance  free of charge via the Internet at http://pubs.acs.org.
is the use of this approach for the formation of consecutive jaggpp22p
carbon-carbon bonds.
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(13) Curran, D. P. InComprehensie Organic SynthesisTrost, B. M., determined by comparison af values fH NMR) of CH in 26 and 27.
Fleming, I., Eds.; Pergamon Press: New York, 1991; Vol. 4, Chapter 4.2.  Danishefsky, S.; Vaughan, K.; Gadwood, R.; TsuzukiJKAm. Chem. Soc.

(14) We have no clear answer why organometallic reagents would influence 1981, 103 4136.
the stereochemical outcome of the cyclized products. Stereochemistry of the
anionic cyclizations will be investigated in the near future.
(15) The reason for the low efficiency of trapping the resulting anions is (. J=7.5 Hz)
unclear at the present. Furthermore, we failed to trap alkyllitheuim THF H (d,J=7.7 Hz) H 576 ppm
with several electrophiles. Probably, alkyllithiwould destroy THF rapidly. cHo 289 ppm) Loomt
Stanetty, P.; Mihovilovic, M. DJ. Org. Chem1997, 62, 1514.
(16) Wender, P. A.; Wolanin, D. JIl. Org. Chem.1985 50, 4418 and 26 27
references therein. (18) Bailey, W. F.; Rossi, KJ. Am. Chem. S0d.989 111, 765.

HO



