
Journal of Molecular Catalysis A: Chemical 223 (2004) 57–60

Synthesis of aziridines using new catalytic systems
with bromamine-T as the nitrene source
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Abstract

Two new polymer based catalysts, one manganese derived and the other iron derived have been prepared and characterised and successfully
applied in the aziridination reaction. For the first time aziridination with H� in the absence of any metal catalyst has been carried out. The latter
reaction is shown to give selectively thetransproduct in the case of substituted olefins. The results from preliminary studies on asymmetric
aziridination with several naturally occurring alkaloids are also discussed.
©

K

1

f
l
r
c
v
w
n
e
t
o
o
c
[
p
e
t
H
w

pro-
n of

d the
ine-
l

nese
n
rised
with

st is

1
d

2004 Elsevier B.V. All rights reserved.

eywords: Bromamine-T; Aziridination; Manganese(II); Iron(III); Asymmetric aziridination

. Introduction

Aziridines are important heterocyclic compounds as they
orm part of several natural products[1], mostly with bio-
ogical activity. The shortest route to the aziridines is its di-
ect preparation from olefins, which involves transition metal
atalysed transfer of nitrogen atom[2]. We have recently de-
eloped[3] an improved process for aziridination of olefins
ith Bromamine-T. However, heterogeneous aziridination is
ot well studied. In this paper, we present our results of het-
rogeneous aziridination of alkenes with new catalytic sys-

ems as well as with zeolite H�. Three pioneering devel-
pments in catalytic asymmetric aziridination include that
f Evans et al. who used bis (oxazoline)–copper complex as
hiral catalyst for the enantioselective aziridination of olefins
4]. Asymmetric aziridination of styrene with (diimine) cop-
er (I) Schiff bases as catalysts was performed by Jacobsen
t al. [5] and Masamune and Lowenthal[6] achieved enan-

ioselective aziridination with modified bisoxazoline ligand.
erein, we present our results of asymmetric aziridination
ith naturally occuring alkaloids.

2. Experimental

The solvents were purified and dried as per standard
cedures. The polymeric material used for the preparatio
the catalysts was obtained from Ion Exchange (India) an
natural alkaloids were purchased from Aldrich. Bromam
T was prepared as per literature method[3]. All the spectra
data were recorded on standard instruments.

2.1. Polymer supported catalysts

In the present investigations a new chelated manga
metal complex on a polymer support[7] as well as a new iro
complex on a polymer support have been well characte
and successfully applied in the aziridination of alkenes
Bromamine-T[8,11].

2.2. Synthesis and characterization of the two new
catalysts

Preparation and properties of the new iron cataly
∗ Corresponding author. Fax: +91 20 589 3614.
E-mail address:bhanu@dalton.ncl.res.in (B.M. Chanda).

described in detail elsewhere[11]. The route followed for
the manganese catalyst is as shown. (Scheme 1). The poly-
mer supported iron complex was synthesised in non-aqueous
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Table 1
Catalytic aziridination of olefins with Mn and Fe polymer catalysts

Entry Substrate Product Yield (%)a

With Mn catalyst With Fe catalyst

1 42 57

2 73 66

3 – 75

4 28 46

5 70 60

6 60 20

7 – NR (RT), 30 (MW)

a Isolated yield; NR: no reaction; MW: microwave.

medium starting fromp-phenylene diamine (Scheme 2).
Styrene was converted to the corresponding aziridine in high
yield. The results obtained from both these catalysts are given
in Table 1.

Zeolite beta is high silica, large-pore crystalline alumi-
nosilicate material[9]. A single report[10] of heterogeneous
aziridination using Cu exchanged HY zeolite with PhI = NTs
as the source of nitrogen is available. In the present work,
aziridination of styrene using H� (500 mg, 10% (w/w)) in the
absence of any metal catalyst (Scheme 3) gave the product in
good yield. Several olefins were subjected to aziridination in
a similar fashion (Table 2).

Scheme 1.

Scheme 2.

2.3. Aziridination of olefins

2.3.1. A typical procedure for the aziridination of olefins
Styrene (0.10 ml; 2.0 mmol), bromamine-T (0.10 g;

0.4 mmol), and the catalyst (0.10 g) along with activated
powdered molecular sieves (0.05 g) in dry acetonitrile (5 ml)

Scheme 3.
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Table 2
H� catalysed aziridination of olefins

Entry Substrate Product Yield (%)a Temperature (◦C)

1 54 RT

2 52 RT

3 43 RT

60 45

4 60 RT

5 26 RT

6 28 RT

40 45

7 35 RT

44 45
a Isolated yield.

Scheme 4.

was stirred for 15 h at ambient temperature to affordN-p-
toluenesulfonyl-2-phenyaziridine (6.0 mg; 42%).

2.3.2. A typical procedure for asymmetric aziridination
of styrene

A suspension of anhydrous copper(II) chloride, alkaloid
(12 mol%) in dry acetonitrile at 60◦C for 2 h. was stirred with
Bromamine-T or PhI = NTs (1 mol) and the olefin (5 mol)
for 5 h at room temperature (Scheme 4). The results are sum-
marised inTable 3.

Table 3
Enantioselectve aziridination of olefins using copper alkaloids complexes

Entry Substrate Nitrene Source Solvent Metal Salt Ligand Yield % ee (%)a

1 Styrene PhI = NTs EDC Cu(acac)2 Quinine 50 28
2 Styrene PhI = NTs CH3CN CuCI2 Quinine 43 17
3 Styrene Chloramine-T CH3CN CuCI Quinine 32 7
4 Styrene Bromamine-T CH3CN CuCI2 Dihydro-quinine 39 43
5 Styrene Bromamine-T CH3CN CuCI2 Cinchonine 10 20
6 Styrene Bromamaine-T CH3CN CuCI2 N-benzyl ephedrine 60 10
7 DHN Bromamine-T CH3CN Cu

a The ee’s were measured by comparison with known optical rotations. Az ith quini
as the ligand.

3. Result and discussion

The polymer anchored Mn-complex was found to be
a good heterogeneous catalyst for the aziridination of
olefins with bromamine-T. Equally effective was the new
iron-catalyst in the aziridination reaction (Table 1). With
the latter, even less reactive methycinnamate underwent
aziridination under microwave conditions. Recyclability
and reusability of the catalysts without loss of activ-
ity could be effected. Our Mn-based catalyst’s perfor-
mance is better than Mn-based homogeneous counterpart
investigated for PhI = NTs. H� catalysed aziridination
of olefins selectively gives thetrans product, which can
be attributed to the pore size of the zeolite. Extensive
molecular modelling studies are underway to explain the
mechanism.
CI2 Sparteine 38 12

iridination of quinine is not observed in the experiments carried out wne
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For the first time, we have studied asymmetric aziridina-
tion of alkenes with Bromamine-T with cinchona alkaloids
as well as sparteine andN-benzyl ephedrine as ligands. High-
est enantioselectively was realised with the cinchona alkaloid
dihydroquinine (Table 3).

The aziridines were characterised by usual analytical tech-
niques.

4. Conclusion

The manganese and the iron polymer based catalysts
have been found to be efficient in aziridination reactions.
H� catalyses aziridination under heterogeneous conditions
in the absence of any metal catalyst giving selectively
the trans product. Studies on asymmetric aziridination,
have demonstrated the efficacy of cinchona alkaloids as
ligands.
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