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Abstract—Reaction between benzal dihalides, benzaldehyde imines, and magnesium in ether affords aziridines in modest yields.
Two mechanistic pathways for aziridine formation are discerned. One path involves nucleophilic attack by an alpha-halo Grignard
species on the imine; the other involves electrophilic attack on imine by phenylcarbene to afford an azomethine ylide. © 2001
Elsevier Science Ltd. All rights reserved.

A variety of methods for the preparation of aziridines
have been reported.1–4 Some, such as the thermolysis of
b-haloamines,5 involve transformation of a pre-existing
C–C–N chain. Others can be characterized as of [1+2]
type; they involve (a) addition of a nitrogen species to
an alkene or (b) a carbon species to an imino (C�N)
linkage. Type (a) processes include the copper-catalyzed
addition of chloramine to alkenes6 and the addition of
carboethoxynitrene to activated esters.7 Type (b) pro-
cesses include the addition of diazo compounds or
sulfur ylides to imines.8–11 Another [1+2] sequence
could be envisioned in which a benzal dihalide (1) first
reacts with magnesium to form an alpha-halo Grignard
reagent (2), the latter adds to an imine component of
the solution, and the resulting adduct (4) then cyclizes
to the aziridine (Scheme 1). We report successful imple-
mentation of this synthetic route and the surprising
discovery that there are in fact two mechanistic paths to
aziridine using this protocol.

Benzal chlorobromide (1b) and benzal bromide (1a)
were allowed to react with varying molar ratios of

benzaldehyde n-propyl imine (3a) and magnesium
under ultrasonic irradiation. The products isolated
(flash chromatography) were a mixture of aziridine 5,
reductive dimers of the starting imine (6), the imidazo-
lidine 7, and a mixture of cis- and trans-stilbenes (8)
(Scheme 2, Table 1). Initial experiments in THF
afforded low yields of aziridines, but ether was found to
afford better yields and was used for the experiments in
Table 1. A few experiments were carried out with
substituted imines 3b,c (runs 9–12). Authentic samples
of cis- and trans-5 were prepared by reaction between
the appropriate stilbene oxide and propylamine to
afford the appropriate b-aminoethanol (9), followed by
cyclization of 9 with triphenylphosphine/diethyl azodi-
carboxylate.12,13 Dimers 6 are produced by reaction of 3
with magnesium. They were formed in significant
amounts only in those reactions in which the reaction
of 1 with magnesium appeared to be slow. Only stilbe-
nes were produced if imine 3 was omitted from the
solution. Imidazolines 7 hydrolyzed to a mixture of
benzaldehyde and 6 during chromatography and were
characterized only by mass spectrometry.14

Scheme 1.
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Scheme 2.

Table 1. Magnesium-promoted reaction between benzal dihalides with imines

Run ImineHalide Ratio of 3 to 1 5 (%) cis :trans Ratio 7 (%)

3a 1:11 241a 72:28 9
3a 3:1 392 67:331a 12
3a 6:1 601a 61:393 17

1b4 3a 1:1 10 29:71 3
1b5 3a 3:1 19 19:81 4

3a 6:1 211b 17:836 4
3b7 1:11a 23 75:25 12
3b 3:1 351a 65:358 18

1a9 3c 1:1 21 58:42 8
10 1a 3c 3:1 32 49:51 11

The dibromide (1a) and chlorobromide (1b) were found
to differ in several significant respects in this reaction.
First and most striking, the cis-aziridine (cis-5) is the
major isomer produced with 1a, while trans-5 predomi-
nates in the reactions carried out with 1b. Secondly,
substantial quantities of imidazolidine 7 are produced
when halide 1a is used, whereas the amount of 7
produced is very low with 1b as reactant. Finally, the
yields of 5 and 7 are substantially dependent upon the
concentration of imine with dibromide 1a but much less
so with chlorobromide 1b. We conclude from these
results that there are two paths to aziridine 5 in this
system. Path A produces all or mostly trans-5, is less
sensitive to the concentration of imine, and does not
produce imidazolidine 7. Path B affords cis-5 as the
major or exclusive product, is quite sensitive to the
concentration of imine, and can lead to 7 as a side

product. We propose that path A involves the mecha-
nism of Scheme 1, i.e. nucleophilic attack of the ini-
tially-generated a-halomagnesium species 2 upon 3 to
form a b-chloro nitrogen species (4), which then cyclizes
to 5. The preferred stereochemistry of addition of 2 to
3 should be such that the two phenyl rings are as far
apart as possible in the transition state. This suggests
that the major diastereomer of 4 produced should be the
erythro diastereomer, which would then be expected to
cyclize to trans-5 (Scheme 3). A minor pathway would
involve formation of threo-4 and ultimately cis-5.

We suggest that path B involves loss of magnesium
halide from 2 to afford phenylcarbene (10) (Scheme 4).
Nucleophilic attack on 10 by imine 3 would produce
the azomethine ylide 11. Molecular mechanics
calculations15 on 11 predict that the s-cis/s-trans struc-

Scheme 3.
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Scheme 4.

(1)

Scheme 5.

ture shown is lower energy than the all s-trans or all
s-cis stereoisomers. Orbital symmetry-controlled
cyclization of this stereoisomer should proceed in con-
rotatory fashion to afford cis-3, and 7 would be formed
by [2+3] cycloaddition of 11a to starting imine 3.16,17

This path would be favored for 1a because of the better
leaving group ability of bromide, though it is unlikely
that either dihalide reacts exclusively by just one path.

A final unexpected result must be mentioned here. As
mentioned above, cis- and trans-stilbenes 8 are pro-
duced as side products in these reactions. These are
presumably formed by reaction of carbene 10 with 2,
followed by loss of magnesium halide (Eq. (1)).18 Both
aryl groups therefore originate from the geminal halide

1. For this reason we were surprised to find the substi-
tuted stilbenes 12 (from 3b) and 13 (from both 3b and
3c) among the reaction products in runs 7–10 (total
yields of 12 and 13 ca. 5–10%).

We believe that this constitutes evidence that azome-
thine ylide formation is reversible (Scheme 5). Because
carbenes are electrophilic, both methyl and fluorine
should stabilize the substituted carbene (10b,c) resulting
from decomposition of mixed ylide 11b,c.19 Trapping of
10b,c by MgBrX or 2a would then lead on to 12 and
13. As Scheme 5 would predict, runs 7–10 also pro-
duced the unsubstituted imine 3a as well as aziridines
and imidazolidines containing varying degrees of
substitution.
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