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Abstract: For the first time a mild and efficient pro-
cedure has been developed for the C-3 selective ring
opening, under biomimetic conditions, of 2,3-aziridi-
no alcohols and their derivatives with nucleophiles
such as aromatic thiols and amines catalyzed by b-cy-
clodextrin in water at room temperature to afford
the corresponding b-amino sulfides and diamines
with high regioselectivity in impressive yields. The
use of cyclodextrin precludes the use of either acid
or base and the catalyst can be recovered and reused.
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Aziridines are well known carbon electrophiles and
their synthetic potential is enhanced by their ability to
undergo regioselective ring opening reactions, especial-
ly for the synthesis of nitrogen-containing compounds
such as amino acids,[1] heterocycles [2] alkaloids[3] etc. Al-
though the ring opening of N-tosylaziridines has been
studied with several nucleophiles,[4] little attention has
so far been given to the chemistry of 2,3-aziridino alco-
hols and their derivatives. Only very few methods are
known for the ring opening of 2,3-aziridino alcohols
with nucleophiles[5] but no general methodology was re-
ported on their reactionwith thiols andamines.Regiose-
lective cleavage of 2,3-aziridino alcohols and their deriv-
atives with thiols and amines is interesting because the
resulting amino sulfides and diamines are biologically
and synthetically important classes of compounds in
the field of pharmaceuticals,[6] especially for the syn-
thesis of the hydroxy-amino-thiol moieties found in
some HIV protease inhibitors.[7]

The straightforward synthesis of amino sulfides and
diamines involves the ring opening of aziridineswith thi-

ols and amines. However,most of these ring openings of
substituted aziridines require acid or base catalysis such
as boron trifluoride ·etherate, CAN, trifluoromethane-
sulfonic acids, sodium phosphate buffer etc.[8] Many of
these Lewis acids are deactivated or sometimes decom-
posed by nitrogen-containing reactants and even when
the desired reaction proceeds, more than stoichiometric
amounts of the Lewis acids are required because the
acids are trapped by nitrogen. In the case of reactions
with thiols, large excesses of thiols are generally
used.[9] Moreover, these reactions involve elevated tem-
peratures and strict anhydrous conditions utilizing ex-
pensive and stoichiometric amounts of reagents with ex-
tended reaction times, undesirable side reactions and
lower yields. The utility of these reactions is dependent
on the regioselectivity at C-2 and C-3. Ring opening of
2,3-aziridino alcohols and their derivatives with thiols
and amines show different ratios of C-2 and C-3 iso-
mers.[8] In some cases selectivitywas lostwith reflux tem-
peratures. Examples of higher C-3 selective ring open-
ing have yet to be reported.
In view of these limitations, there is still need for a

widely applicable approach for the C-3 selective ring
opening of various substituted aziridines, preferably us-
ing water as solvent with a recyclable catalyst minimiz-
ing the use of harmful organic solvents as green chemis-
try is becoming a central issue in both academic and in-
dustrial research in the 21st century.[10] Thus, the develop-
ment of environmentally benign and clean synthetic
procedures is the goal of present day research thereby
minimizing the cost of waste disposal. There is need
for developing highly regioselective aziridine ring open-
ing reactions in water without using any harmful organic
solvents because water is a safe, economical and envi-
ronmentally benign solvent.[11] In our efforts to develop
biomimetic approaches for chemical reactions involving
cyclodextrins in water,[12] we present herein the first C-3
selective thiolysis and aminolysis of 2,3-aziridino alco-
hols and their derivatives with aromatic thiols and
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amines catalyzed by b-cyclodextrin in water. This meth-
od provides facile and practical access to various b-ami-
no sulfides and diamines (Schemes 1 and 2).
Cyclodextrins are cyclic oligosaccharides possessing

hydrophobic cavities which bind substrates selectively
and catalyze chemical reactions with high selectivity.
They catalyze reactions by supramolecular catalysis in-
volving reversible formation of host-guest complexes
by non-covalent bonding as seen in enzymes. Complex-
ation depends on the size, shape and hydrophobicity of
the guest molecule. In this way they mimic biochemical
selectivity which is due to orientation of the substrate by
complex formation positioning only a certain region for
favourable attack and thus will be superior to chemical
selectivity,which involves randomattack due to intrinsic
reactivity of the substrate at different regions. These at-
tractive features of cyclodextrins in the biomimetic
modelling of chemical reactions prompted us to investi-
gate the regioselective ring opening of 2,3-aziridino al-
cohols and their derivatives with aromatic thiols and
amines in the presence of b-cyclodextrin (b-CD) as
this is one of the most useful synthetic transformations
with a variety of applications.
In general, the reactions were carried out by the in situ

formation of the b-CD complex of 2,3-aziridino alcohols

in water followed by the addition of thiophenol and stir-
ring for 8 h at room temperature to give the correspond-
ing b-amino sulfides (Scheme 1; Table 1) with C-3-
opened product as the only isomer (as detected by 1H

Scheme 1.

Table 1. Synthesis of b-amino sulfides from 2,3-aziridino alcohol derivatives in the
presence of b-CD.

[a] Only one regioisomer could be detected by 1H NMR spectroscopic analysis.
[b] Isolated yields.

Scheme 2.
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NMR spectroscopic analysis and comparison of the 1H
NMR spectra with those reported in the literature[4])
in impressive yields (86–94%). Similarly, amines were
added after complexation to b-CD to give the diamines
(Scheme 2; Table 2). Thus, it has been shown for the first
time that b-amino sulfides and diamines of high synthet-
ic potential can be made in a biomimetic fashion with
high regioselectivity in the presence of b-cyclodextrin
in water. The reaction proceeds smoothly at room tem-
perature without the formation of any side products or
rearrangements. These cyclodextrin-mediated, water-
based reactions proceed under mild conditions without
the need for organic solvents. The b-cyclodextrin can
be easily recovered and reused. These reactions do not
proceed in the absence of cyclodextrin.
The role of b-CD leading to regioselective ring-open-

ing through the formation of an inclusion complex of the
aziridine could be seen from our earlier 13C NMR stud-
ies on a similar type of compounds in which the p-tolu-
enesulfonyl group and C2 carbon of the aziridine ring
are deshielded, indicating their inclusion in the hydro-
phobic cavity of cyclodextrin.[13] This type of encapsula-
tion of aziridine by b-CD exposes only the a position,
i.e., the C3 position for nucleophilic attack by thiols
and amines leading to the high regioselectivity. Apart
from this, it also leads to the formationof themore stable

benzylic carbocation. Thus, the ring opening occurred
exclusively at the benzylic position with the formation
of only one regioisomer.
In some cases reported in literature, blocking of the

free hydroxy group of the substrate with TBDMS led
to much slower reactions (no ring opening occurred at
or below room temperature) and elevated temperatures
led to cleaving off of the TBDMS group along with ring
opening,[5d] whereas in our reactions, apart from pro-
ceeding at room temperature, the TBDMS group also
remained intact. The reaction conditions are mild and
no side products or decomposition of the products are
observed.
In conclusion, 2,3-aziridino alcohols and their deriva-

tives have been opened in a C-3-selective fashion for the
first time with various thiophenols and amines. This
methodology represents a simple, convenient and highly
efficient method for the synthesis of b-amino sulfides
and diamines. The notable features of this method are
cleaner reaction profiles, high yields and operational
simplicity. Above all, these reactions are carried out in
water. This methodology will be a useful addition to
modern synthetic methodology with the ever-growing
demand for eco-conscious chemical processes and in-
creasing interest in green chemistry.

Table 2. Synthesis of diamines from 2,3-aziridino alcohol derivatives in the presence
of b-CD.

[a] Only one regioisomer could be detected by 1H NMR spectroscopic analysis.
[b] Isolated yields.
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Experimental Section

Materials

The starting 2,3-aziridino alcohols and their derivatives were
prepared from the corresponding epoxides in four steps: (a)
ring opening of the epoxides with NaN3;

[14] (b) protection of
the resulting azido alcohol with TBDMSCl;[15] (c) reduction
of the protected azido alcohol using Ph3P;

[16] (d) protection of
the amine as tosylate using TsCl.[17] The final aziridino-
TBDMS alcohols are quite stable compounds. The TBDMS
groupwas deprotected byTBAFwhenever the freeOHwas re-
quired.[18]

General Procedure

b-Cyclodextrin (1 mmol) was dissolved in water (15 mL) at
60 8C, the 2,3-azidridino alcohol (1 mmol) dissolved in acetone
(1 mL) was added slowly with stirring and the mixture was
cooled to room temperature. This was followed by the addition
of thiophenol or amine (1 mmol) and stirring was continued at
room temperature. After completion of the reaction, the or-
ganic material was extracted with ethyl acetate, the organic
phase was separated, filtered and washed with brine. The or-
ganic phase was then dried (Na2SO4), filtered and the solvent
was removed under vacuum. Although seen as a single com-
pound on TLC, the product was purified by silica gel column
chromatography using ethyl acetate:n-hexane as eluent.
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