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The transition-metal-catalyzed ring formation of hydroxy
allenes in a highly regio- and stereoselective manner is a
well-documented synthetic procedure.1 Amino allenes, the
aza-analogues of hydroxy allenes, also constitute an impor-
tant class of molecules with interesting chemical properties
due to their cumulated double bonds. Allenes bearing an
amino group separated from the carbon atom by one to four
carbon atoms have been attractive substrates for construct-
ing five- and/or six-membered azacycles.2-5 Transition-metal
complexes such as Ag(I),2 Pd(0 or II),3 Hg(II),4 and organo-
lanthanides5 have been reported to be effective catalysts for
the cyclization reaction.6

Currently, there is considerable interest in the synthesis
and reaction of aziridines7,8 since these compounds are often
vital structural units of biologically active molecules and are
frequently employed as key synthetic building blocks of
natural products and elsewhere.9 It was of considerable
interest to determine whether amino allenes can be cyclized
into substituted aziridines using a transition-metal-based
catalytic system (Scheme 1). Although the intramolecular
cyclization reaction of amino allenes of type 1 with tran-
sition-metal catalysts yielding pyrrolines such as 2 is
known,2a,b,3b the ring-forming reaction for constructing

thermodynamically less stable 2-alkenylaziridines 3 has no
precedent as far as we are aware. Herein we report, for the
first time, a simple method for converting amino allenes 1
to sterically congested aziridines 3 which are not readily
accessible by other means.

The requisite enantiopure N-sulfonylated amino allenes
bearing a methyl group at the terminal sp2-carbon atom
were prepared in high yields starting from natural R-amino
acids by following the published procedure.10

To our disappointment, as shown in Scheme 2, initial
experiments with the amino allene 4 by exposure to silver-
(I) salts such as AgBF4 and AgNO3-CaCO3 yielded only the
pyrroline derivative 5. Gallagher and co-workers have
developed effective transition-metal-catalyzed syntheses of
five- and/or six-membered azacycles from amino allenes.3a,4

Attempted palladium-catalyzed cyclization reaction under
the Gallagher conditions11 in the presence of an aryl halide
and a base in DMF again resulted in the formation of five-
membered azacycle 6 as the sole isolable product. Quite
similar results were obtained by exposure of 7 to otherwise
identical reaction conditions yielding 8 or 9 as the exclusive
or major product. The structures of 3-pyrrolines 5 and 9 were
unequivocally ascertained by single-crystal X-ray analyses.
From the above results, we were initially apprehensive that
the expected aziridine ring forming reaction could not be
realized.

Fortunately, after considerable unsuccessful experimenta-
tion, our concerns were put to rest. Scheme 3 demonstrates
how the chiral amino allenes were employed in a synthesis
of the congested 2-alkenylaziridines. The most dominant
factor in determining the site of intramolecular cyclization
leading to aziridines was found to be the solvent employed.
Although its exact role was unclear, dioxane was found to
be the solvent of choice for the aziridination of amino allenes.
Arylation takes place at the allenic central carbon to provide
2-alkenylaziridines in good yields. Some representative
examples are listed in Table 1 and Scheme 3.

Typically, the aziridination reaction proceeded well when
a dioxane solution of the allenic sulfonamide 4, iodobenzene
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(4 equiv), potassium carbonate (4 equiv), and a catalytic
amount of Pd(PPh3)4 (4-10 mol %) was refluxed under
argon, yielding 2,3-cis- and 2,3-trans-2-alkenylaziridines 10
and 11 in an 82:18 ratio in a good combined yield (Scheme
3 and entry 1, Table 1).12 There was no evidence of formation
of any five-membered azacyclic compound. Although Pd-
(PPh3)4 proved to be the most convenient catalyst, Pd(OAc)2/
4PPh3 was equally efficacious (entry 2, Table 1). Similarly,
by using p-iodotoluene instead of iodobenzene, the expected
aziridines 12 and 13 were obtained in 64% combined yield
from 4 (entry 3, Table 1). On the other hand, exposure of
the amino allene 7, a diastereomer of 4, to the otherwise
identical conditions involving iodobenzene described above
yielded the expected aziridines 10 and 11 bearing a phenyl
group along with a small amount of the 3-pyrroline deriva-
tive 9 (entry 4, Table 1). In a similar manner, a 12:85:3

mixture of the p-tolylated aziridines 12 and 13 and 3-pyr-
roline 14 was obtained from 7 by the use of p-tolyl iodide in
place of iodobenzene (entry 5, Table 1).

Quite similar results to those for the allenes 4 and 7 were
obtained from the palladium-catalyzed cyclization reactions
of amino allenes 15 and 18 with (S,aS)-stereochemistry and
allenes 21 and 23 having (S,aR)-configuration. The results
are shown in entries 6-9 in Table 1 and Scheme 3.

As an additional example, the (S,aS)-amino allene 4 was
subjected to a palladium-catalyzed cyclization reaction in
dioxane using â-bromostyrene. From this reaction, only 1,3-
dienylaziridines 25-27 as a stereoisomeric mixture were
obtained in 80% combined yield (Scheme 4).

A plausible rationale for the intramolecular aziridination
reaction of amino allenes starting from (S,aS)-amino allene
28 is depicted in Scheme 5.13 The phenylpalladium(II) iodide,
formed in situ from iodobenzene and Pd(0), would generate
η3-allylpalladium complexes A and B by reaction with 28.6a,14

The η3-allylpalladium moiety in A and B would be suf-
ficiently electrophilic to undergo nucleophilic attack by the
nitrogen, affording 2,3-cis- and 2,3-trans-aziridines 29 and
30, respectively.

We are now undertaking extensive study on clarification
of the scope of the present reaction under various reaction
conditions.
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Table 1. Palladium(0)-Catalyzed Aziridination Reaction
of Amino Allenesa

entry substr
reactn

time (h) ArI product ratiob
yield
(%)c

1 4 6 PhI 10:11 ) 82:18 80
2d 4 2 PhI 10:11 ) 84:16 83
3 4 6 p-MePhI 12:13 ) 91:9 64
4 7 2.5 PhI 10:11: 9 ) 2:90:8 79
5 7 3.5 p-MePhI 12:13:14 ) 12:85:3 44
6 15 4.5 PhI 16:17 ) 85:15 79
7 18 4 PhI 19:20 ) 80:20 79
8 21 4 PhI 16:17:22 ) 17:67:16 73
9 23 3.5 PhI 19:20:24 ) 17:78:5 77
a All reactions were carried out in 1,4-dioxane under reflux using

Pd(PPh3)4 (4-10 mol %), K2CO3 (4 equiv), and ArI (4 equiv) except
for entry 2. b Ratios were determined by 1H NMR (270 MHz).
c Combined isolated yields. d Pd(OAc)2/4PPh3 (10 mol %) was used.
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