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Ring opening of 2-(cyanomethyl)aziridines by acid chlorides:
synthesis of novel 4-amino-2-butenenitrile derivatives

through intermediate aziridinium salts
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Abstract—1-Arylmethyl-2-(cyanomethyl)aziridines were transformed into novel N-arylmethyl-N-(2-chloro-3-cyanopropyl)amides as
the major reaction products upon treatment with acid chlorides in CH2Cl2 through the ring opening of intermediate aziridinium
salts. Subsequently, N-arylmethyl-N-(2-chloro-3-cyanopropyl)amides were converted into stable N-arylmethyl-N-(3-cyano-2-propen-
yl)amides for the first time by means of a dehydrochlorination mediated by Et3N in CH2Cl2.
� 2007 Elsevier Ltd. All rights reserved.
The aziridine moiety represents a valuable three-mem-
bered ring system in organic chemistry, ideally suited
as a building block towards a large variety of ring
opened or ring expanded amines.1 The ring opening of
activated aziridines (bearing an electron-withdrawing
group at nitrogen) has been studied in detail due to
the high reactivity of these constrained azaheterocycles
with regard to many types of nucleophiles.2 On the other
hand, the chemistry of non-activated aziridines has been
evaluated to a much lesser extent, despite of the often
complementary reactivity with respect to their activated
counterparts. Although the ring opening of activated 2-
substituted aziridines almost exclusively takes place at
the unsubstituted aziridine carbon atom (except in the
case of 2-aryl substitution), the regioselectivity of the
ring opening of non-activated 2-substituted aziridines
through intermediate aziridinium salts appears to be
highly dependent on the substrate, the nucleophile and
the solvent.3 Consequently, many research efforts are
devoted to this matter.

A few reports are available on the regioselective ring
opening of 2-substituted aziridinium salts (different from
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.01.039

Keywords: 2-(Bromomethyl)aziridines; Aziridinium salts; Ring open-
ing; Regioselectivity; Amino nitriles.
* Corresponding author. Tel.: +32 92645951; fax: +32 92646243;

e-mail addresses: matthias.dhooghe@UGent.be; norbert.dekimpe@
UGent.be
2-phenyl substitution) at the more hindered aziridine
carbon atom.4 This unique feature offers a useful tool
in targeted organic synthesis and is considered as a
important synthetic advantage of non-activated 2-
substituted aziridines with regard to their activated
counterparts. Recently, non-activated 2-acyl substituted
aziridines have been ring opened at the substituted
position upon reaction with acid chlorides.5 In the latter
report, it was erroneously stated that only 2-allyl-, 2-
benzyl- and 2-acylaziridinium salts, derived from the
corresponding non-activated aziridines, are known to
undergo regioselective cleavage at the more hindered
aziridine carbon atom. However, a large variety of 1-
arylmethyl substituted 2-(bromomethyl)-, 2-(aryloxy-
methyl)- and 2-(alkanoyloxymethyl)aziridines have been
transformed regioselectively into the corresponding N-
(2-bromopropyl)amines upon treatment with arylmethyl
bromides in acetonitrile,6 in which the arylmethyl bro-
mide acts both as the activator of the aziridine ring to-
wards an aziridinium intermediate and as the provider
of the nucleophile (bromide), which opens up the ring
at the substituted position. In continuation of our efforts
in this field, and stimulated by the recently published
work on 2-acyl substituted aziridines,5 the reactivity of
a totally different type of 2-substituted aziridines, that
is, 1-arylmethyl-2-(cyanomethyl)aziridines, towards acid
chlorides is disclosed in the present Letter. This
approach afforded a convenient route towards 4-amino-
2-butenenitrile derivatives as the major reaction prod-
ucts, which can be considered as interesting structural
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Table 1. Synthesis of N-arylmethyl-N-(2-chloro-3-cyanopropyl)amides
3 from 1-arylmethyl-2-(cyanomethyl)aziridines 1

Entry Starting
aziridine

R1 R2 3/4a (Ratio) Isolated
yield (%)

1 1a H Me 3a/4a (68/32) 95
2 1b 4-Cl Me 3b/4b (70/30) 98
3 1b 4-Cl CH2OMe 3c/4c (65/35) 100
4 1c 4-Me CH2OMe 3d/4d (70/30) 86
5 1d 4-OMe Me 3e/4e (82/18) 100
6 1d 4-OMe CH2OMe 3f/4f (75/25) 93
7 1e 3-OMe Me 3g/4g (68/32) 97
8 1e 3-OMe CH2OMe 3h/4h (80/20) 100

a Determined by means of 1H NMR.
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analogues of the neurotransmitter c-aminobutyric acid
(GABA).

1-Arylmethyl-2-(cyanomethyl)aziridines 1 can be pre-
pared in a very efficient way by the treatment of 1-
arylmethyl-2-(bromomethyl)aziridines,7 a peculiar yet
promising class of b-halo amines, with 1 equiv of potas-
sium cyanide in DMSO and heating at 60–70 �C for
3 h.8 The combination of an aziridine moiety and a cya-
no group in these unexplored compounds enables the
preparation of a variety of functionalized amino nitriles
through the ring opening reactions of the constrained
ring. Treatment of aziridines 1 with 1.05 equiv of an acid
chloride (acetyl chloride or methoxyacetyl chloride) in
dichloromethane under nitrogen atmosphere resulted
in a mixture of b-chloro amine derivatives 3 as the major
constituents (65–82%) and regioisomers 4 as the minor
products (18–35%) (Scheme 1, Table 1).9 The acid
chloride reacts readily with the basic nitrogen lone pair
of aziridines 1 affording highly electrophilic aziridinium
intermediates 2, which are prone to ring opening by the
in situ liberated chloride anion. A distinct preferential
attack of chloride at the more hindered aziridine carbon
atom is observed, affording mainly N-(2-chloro-3-cyano-
propyl)amides 3 as a new (although rather instable) class
of compounds in good yields. The formation of minor
regioisomers 4 is the result of the ring opening of azirid-
inium salts 2 at the less hindered position, and their
presence in the reaction mixtures was acknowledged
based on a detailed spectroscopic analysis. When aceto-
nitrile was used as the solvent instead of dichlorometh-
ane, a similar isomeric ratio of compounds 3/4 was
obtained. Attempts to separate b-chloroamides 3 and 4
by means of column chromatography failed due to the
instability and high sensitivity towards hydrolysis of
these compounds, resulting in complex mixtures.

The ring opening of aziridinium salts by halides consti-
tutes a very powerful method for the preparation of syn-
thetically interesting b-halo amines and, consequently,
many synthetic efforts have been reported in this field.3,10

The presence of a b-chloro nitrile moiety in amides 3
facilitated a dehydrochlorination reaction towards the
corresponding a,b-unsaturated nitrile derivatives. In this
way, novel 4-amino-2-butenenitrile derivatives 5 were
prepared as mixtures of E/Z-isomers by a simple basic
treatment of 3-chlorobutanenitriles 3 with 1.5 equiv of
Et3N in CH2Cl2 for 21 h at room temperature (Scheme
2, Table 2).11 The stable butenenitriles 5 could be puri-
fied easily from the reaction mixtures by means of col-
umn chromatography on silica gel, affording pure
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samples for analytical purposes, although the E/Z-iso-
mers could not be separated from each other.

The minor constituents 4, present in the reaction
mixtures obtained from the treatment of 2-(cyano-
methyl)aziridines 1 with an acid chloride, did not under-
go an elimination reaction, but instead hydrolysis of an
in situ formed intermediate 4,5-dihydrooxazolinium salt
7 took place during an aqueous workup, affording 4-
(alkanoyloxy)butanenitriles 6 (Scheme 2). The latter
compounds were isolated by column chromatography
allowing full spectroscopic characterization.

The reaction mixtures contained a third unidentified side
product in small quantities (<10%), which could not be
isolated by means of column chromatography. Prob-
ably, it concerns an isomeric form of 2-butenenitriles 5
in which the double bond has migrated towards the 3-
position (based on 1H NMR).

The reaction of 2-(cyanomethyl)aziridines 1 with benzo-
yl chloride, however, resulted in rather complex reaction
mixtures in which the desired b-chloro amines were
present based on 1H NMR. Treatment of these reaction
mixtures with Et3N afforded the corresponding butene-
nitrile derivatives, although the complexity of the mix-
tures thus obtained did not allow isolation by means
of column chromatography.

The search for new pathways towards amino nitriles as
precursors of the corresponding amino acids is an
important challenge in organic synthesis, and to date
many efforts are devoted to the development of new
entries towards a variety of amino nitrile derivatives.12

The general interest in structural (in casu unsaturated)
analogues of the neurotransmitter c-aminobutyric acid
(GABA), as well as the manifold efforts reported in
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Table 2. Synthesis of N-arylmethyl-N-(3-cyano-2-propenyl)amides 5

from N-arylmethyl-N-(2-chloro-3-cyanopropyl)amides 3

Entry R1 R2 Product 5

(Yielda, E/Zb)
5/6b (Ratio)

1 H Me 5a (44%, 70/30) 5a/6a (81/19)
2 4-Cl Me 5b (39%, 70/30) 5b/6b (73/27)
3 4-Cl CH2OMe 5c (32%, 65/35) 5c/6c (80/20)
4 4-Me CH2OMe 5d (24%, 70/30) 5d/6d (84/16)
5 4-OMe Me 5e (36%, 73/27) 5e/6e (75/25)
6 4-OMe CH2OMe 5f (35%, 65/35) 5f/6f (79/21)
7 3-OMe Me 5g (47%, 75/25) 5g/6g (65/35)
8 3-OMe CH2OMe 5h (38%, 70/30) 5h/6h (75/25)

a After column chromatography.
b Determined by means of 1H NMR.
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the literature for the production of LL-carnitine from cro-
tonobetaine illustrate the relevance of 4-amino-2-buten-
enitrile derivatives 5 in organic chemistry.13

In conclusion, the reactivity of 2-(cyanomethyl)aziri-
dines towards acid chlorides has been evaluated for
the first time, pointing to a useful transformation of
the former into new N-arylmethyl-N-(2-chloro-3-cyano-
propyl)amides through the ring opening of intermediate
aziridinium salts with a preferential attack of chloride at
the more hindered aziridine carbon atom. These findings
broaden the present knowledge on 2-substituted aziridi-
nium salts and their applicability in organic synthesis.
N-Arylmethyl-N-(2-chloro-3-cyanopropyl)amides were
subsequently converted into novel N-arylmethyl-N-(3-
cyano-2-propenyl)amides by means of a dehydrochlori-
nation reaction mediated by Et3N in CH2Cl2.
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