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Abstract—A variety of N-tosylaziridines undergo regioselective ring opening with tetrabutylammonium halides in the presence of
b-cyclodextrin in water at pH4 and room temperature to afford the corresponding haloamines in excellent yields.
� 2004 Elsevier Ltd. All rights reserved.
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N-Activated aziridines are versatile intermediates for the
synthesis of many biologically active compounds.1 Azir-
idines can be easily prepared and the inherent ring strain
leads to high reactivity with various nucleophiles.2 A
variety of nucleophiles have been developed for the ring
opening of aziridines such as silyl nucleophiles,3 organo-
metallic reagents,4 Wittig reagents,5 amines,6 hydroxyl
compounds.7 Metal halides such as InX3,

8 NaX or
MgBr2,

9 CeCl3Æ7H2O/NaI10 and TMSI.11 However,
many of these methods have limitations such as long
reaction times, high temperatures, the formation of reg-
ioisomers, etc. It is thus important to look for the devel-
opment of a mild, efficient and convenient protocol for
the regioselective synthesis of haloamines.

In continuation of our investigation on organic reac-
tions involving b-cyclodextrin in aqueous medium, we
have explored the regioselective ring opening of azir-
idines to afford b-haloamines by using the simple, read-
ily available, environment friendly and easy to handle
reagents, the tetrabutylammonium halides. They are
widely known as phase transfer catalysts and have been
extensively employed in various chemical transforma-
tions as nucleophilic halide sources.12 However, tetrabu-
tylammonium halides have not yet been explored for
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aziridine ring opening to the highly versatile haloamines.
Herein, we describe an efficient ring opening of aziri-
dines to vicinal haloamines in the presence of b-cyclo-
dextrin in water at pH4 (Scheme 1).

Tetrabutylammonium halides are nontoxic, easy to
transport, lead to nonpolluting by-products and cost-
effective processes. Tetrabutylammonium halides have
been utilized for the first time in the present investiga-
tion under biomimetic conditions involving b-cyclodex-
trin for the regioselective ring opening of aziridines. Our
earlier expertise in the field of biomimetic modelling of
organic reactions involving cyclodextrins13 prompted
us to attempt the regioselective ring opening of azir-
idines with tetrabutylammonium halides in the presence
of b-cyclodextrin (b-CD) as this is a useful synthetic
transformation with a variety of applications.9,14

Cyclodextrins, which are cyclic oligosaccharides, have
excited much interest as enzyme models due to their
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Table 1. Ring opening of styrene aziridine with TBAX

Aziridine Reagent Time (h) Yield (%)

With b-CD in
water at pH4

Styrene

aziridine

TBABr 5.0 85

TBAI 3.5 88

With b-CD
in water

Styrene

aziridine

TBABr 15 30

TBAI 12 55

Without b-CD
in water

Styrene

aziridine

TBABr 18 15

TBAI 15 20

Without b-CD
in water at pH4

Styrene

aziridine

TBABr 24 25

TBAI 20 35
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ability to bind substrates selectively and catalyze chem-
ical reactions by supramolecular catalysis involving the
reversible formation of host–guest complexes with the
Table 2. b-Haloamines from aziridines and tetrabutylammonium halides in

Entry Substrate Reagent Pr

1
N-Ts

TBABr
2 TBAI

3

N-Ts

Br

TBABr
B4 TBAI

5

N-Ts

Me

TBABr
M6 TBAI

7

N-Ts

O

TBABr

8 TBAI

9 N-Ts TBABr

10 TBAI

11 N-Ts TBABr

12 TBAI

13 N-Ts TBABr

14 TBAI

a All the products were identified by IR, NMR and mass spectroscopy.
b Yields of products isolated after column chromatography.
substrates by noncovalent bonding as seen in enzyme
complexation processes. Complexation depends on the
size, shape and hydrophobicity of the guest molecule.

Reactions were carried out by the in situ formation of a
b-cyclodextrin complex with aziridine 1 in water fol-
lowed by the addition of the tetrabutylammonium
halide at pH4 to give the corresponding haloamines 2
in impressive yields (Table 2).15 The yields were opti-
mum at pH4. The reaction goes smoothly at room tem-
perature without the formation of by-products or
rearranged products. The rate of haloamine formation
decreased in the order n-Bu4NI > n-Bu4NBr > n-
Bu4NCl reflecting the decrease in softness of the halide
ion. In the case of n-Bu4NCl the yields were very low
the presence of b-CD

oducta Time (h) Yield (%)b

NHTs
X

X = Br
X = I

5.0 85

3.5 88

NHTs
X

r
X = Br
X = I

5.5 87

3.5 90

NHTs
X

e
X = Br
X = I

5.5 85

4.0 92

NHTs
X

O
X = Br
X = I

6.0 84

4.5 86

NHTs

X
X = Br
X = I

5.0 92

4.0 95

NHTs

X
X = Br
X = I

5.0 94

3.5 96

X
NHTs

X = Br
X = I

5.5 90

4.0 92
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(<20%). All the products were characterized by 1H
NMR, IR and mass spectroscopy.

To study the scope of the reaction, we extended it to var-
ious cyclic, acyclic and aryl substituted aziridines. In the
case of 2-phenylaziridines (entries 1–8) the product
formed was the one from the attack of the nucleophile
at the benzylic carbon atom (internal attack). In the case
of acyclic terminal aziridines (entries 9–14) the reaction
was highly regioselective with the formation of only one
product from attack of the nucleophile at the less hin-
dered terminal carbon.

Here, the role of cyclodextrin appears to be not only to
activate the aziridine but also to promote highly regiose-
lective ring opening due to inclusion complex formation.
This mimicking of biochemical selectivity, which is due
to orientation of the substrate by complex formation
positioning only certain regions for favourable attack,
is superior to chemical selectivity, which involves attack
due to the intrinsic reactivity of the substrate at different
regions. A comparative study has been carried out by
taking styrene aziridine as an example in the presence
and absence of b-CD under acidic and neutral condi-
tions (Table 1). Higher yields in the presence of acid
may be attributed to the facile abstraction of proton
by the intermediate anion from the acidic medium than
from water.

In conclusion, we have demonstrated for the first time
that the ring-opening reactions of aziridines can be pro-
moted by tetrabutylammonium halides, so opening a
novel entry into using these reagents for the synthesis
of vicinal haloamines. Formation of unwanted by-prod-
ucts and low regioselectivities can also be avoided by
using this methodology.
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