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Abstract—Ring-opening of aziridines with potassium thiocyanate and thiols has efficiently been carried out at room temperature in
the presence of sulfated zirconia to give the corresponding b-aminothiocyanates and b-aminosulfides, respectively, in high yields
within 2 h and with high regioselectivity. The catalyst, a solid acid, functions under heterogeneous conditions.
� 2005 Elsevier Ltd. All rights reserved.
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Aziridines are important precursors for the synthesis of
various nitrogen-containing bioactive molecules, such as
heterocycles,1a,b alkaloids1c and amino acids.1d,e They
behave as carbon electrophiles capable of reacting with
different nucleophiles and their ability to undergo regio-
selective ring-opening reactions contributes mainly to
their synthetic utility.2 Thus, several methods have been
developed for the regioselective ring-opening of aziri-
dines with various nucleophiles.3 While we were devel-
oping a novel procedure for cleaving aziridines with
KSCN, two methods for such a conversion were
reported using LiClO4

4a and b-cyclodextrin.4b The first
method required 4–8 h while the second method took
26 h to form the products. The recovery and recycling
of the catalysts in these processes were not discussed.

We have observed that the aziridine ring can be opened
smoothly with KSCN in the presence of sulfated zirco-
nia to give the corresponding b-aminothiocyanates in
high yields (Scheme 1).

b-Aminothiocyanates are utilized for the synthesis of
thiazoles and benzothiazoles having pesticidal proper-
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ties.5 A series of such compounds were prepared6 using
various N-tosyl-2-aryl(alkyl) aziridines (Table 1). The
conversion required only 2 h at room temperature and
the ring-opening of the aziridines took place regioselec-
tively. With N-tosyl-2-arylaziridines, products 2 result-
ing from cleavage at the benzylic position, and with
N-tosyl-2-alkylaziridines, products 3 resulting from the
cleavage at the terminal position were formed predomi-
nantly along with minor amounts of the other regioi-
somers. The ratios of 2 and 3 was determined from 1H
NMR spectra of the crude products and the pure com-
pounds were fully characterized from their 1H NMR
and mass spectra.6

In the case of the symmetrical bicyclic aziridines 4 only
products 5 were formed (Scheme 2), the stereochemistry
of which were found to be trans from 1H NMR spectra.6

Sulfated zirconia was also found to be an efficient catal-
yst for ring-opening of aziridines with thiols to form b-
aminosulfides (Schemes 3 and 4).

b-Aminosulfides are useful precursors for the synthesis
of various bioactive compounds.7 Several methods were

mailto:biswanathdas@yahoo.com


Table 1. Synthesis of b-aminothiocyanates from aziridines using sulfated zirconiaa

Entry Aziridine Product Isolated yield (%)b

1

N-Ts

2a

NHTs

SCN

91 (5)

2

Me

N-Ts

2b

NHTs

SCN

Me

89 (7)

3

Cl

N-Ts

2c

NHTs

SCN

Cl

84 (9)

4

MeO

N-Ts

2d

NHTs

SCN

MeO

86 (6)

5

O

N-Ts

2e

NHTs

SCN

O

82 (8)

6
N-Ts NHTs

SCN
3a

85 (9)

7
N-Ts NHTs

SCN
3b

83 (10)

8 N-Ts
5a

SCN

NHTs

89

9 N-Ts

5b
SCN

NHTs

87

a All the products were characterized from spectral (1H NMR and MS) data.
b Yields reported in parentheses are for the other regioisomer.
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developed earlier for the preparation of b-aminosulfides
by ring-opening of aziridines with thiols using protic
and Lewis acids and bases.8 However, many of these
methods required large excesses of thiols, more than
stoichiometric amounts of the catalysts and harsh reac-
tion conditions. The recovery of the catalyst was also a
problem.

A series of b-aminosulfides was prepared6 from different
N-tosyl-2-aryl(alkyl) sulfides by treatment with various
thiophenols in the presence of sulfated zirconia (Table
2). The conversion took place at room temperature
and the products were formed in high yields within
2 h. Here also, the ring-opening of the aziridines



Table 2. Synthesis of b-aminosulfides from aziridines using sulfated zirconiaa

Entry Aziridine Product Isolated yield (%)b

1

N-Ts

NHTs

S-C6H4-p-Cl

7a

90 (5)

2

Me

N-Ts

7b

NHTs

Me

S-C6H5

92 (7)

3

Cl

N-Ts

7c

NHTs

Cl

S-C6H5

89 (9)

4

Br

N-Ts

7d

NHTs

Br

S-C6H4-p-OMe

87 (6)

5

MeO

N-Ts

7e

NHTs

S-C6H5

MeO

93 (8)

6
N-Ts NHTs

S-C6H5

8a
84 (7)

7
N-Ts NHTs

S-C6H5

8b
85 (10)

8
N-Ts NHTs

S-C6H5

8c
81 (12)

9 N-Ts

NHTs

S-C6H510a

91

10 N-Ts

10b

NHTs

S-C6H4-p-Cl
88

a All the products were characterized from spectral (1H NMR and MS) data.
b Yields reported in parentheses are for the other regioisomer.
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occurred with high regioselectivity. N-tosyl-2-arylaziri-
dines afforded predominantly products 7 (formed by
cleavage at the benzylic position) while N-tosyl-2-alkyl-
aziridines gave products 8 (formed by cleavage at the
terminal position). The ratios of 7 and 8 were again deter-
mined from the 1H NMR spectra of the crude products.

Ring-opening of symmetrical bicyclic aziridines 9 with a
thiol afforded only 10 as the products (Scheme 4). The
stereochemistry of the products were also found to be
trans from the 1H NMR spectra.

The catalyst, sulfated zirconia,9 a solid acid, works
under heterogeneous conditions. Over the past few years
this catalyst has gained significant attention in laborato-
ries and industry due to its excellent catalytic activity
over a wide range of organic syntheses and transforma-
tions.9 The use of conventional protic and Lewis acids
pose significant risks in handling, disposal and regener-
ation. Sulfated zirconia can be easily handled and
removed from the reaction mixture. In the case of
ring-opening of aziridines with KSCN and thiols the
catalyst was recycled three times, its activity gradually
decreased for ring-opening with KSCN while no appre-
ciable change in activity was observed for ring-opening
with thiols. In the absence of this catalyst cleavage of
aziridines did not take place.

In conclusion, we have developed a novel and efficient
method for ring-opening of aziridines with KSCN and
thiols for the preparation of b-aminothiocyanates and
b-aminosulfides using sulfated zirconia under very mild
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conditions. The operational simplicity, high yields and
regioselectivity and reusability of the catalyst are nota-
ble advantages of this method.
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