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Abstract

The copper-catalysed aziridination of styrene with copper-exchanged zeolite Y (CuHY) and copper(ll) triflate (2u(OTf)
as catalysts is described and discussed. In particular, the effects of reaction conditions on the yield and enantiomeric excess
of the aziridine product are described usitg(p-nitrophenylsulfonyl)imino]phenyliodinane (PHANS) as nitrene donor. By
careful control of the styrene:nitrene donor molar ratio and the solvent, an ee of 95% can be obtained for the heterogeneously
catalysed bis(oxazoline)-modified zeolite CuHY. The ee achieved with the zeolite immobilised catalyst is significantly higher
than that achieved for the non-immobilised homogeneous catalyst under comparable reaction conditions. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction act as effective asymmetric homogeneous catalysts
for the aziridination of alkenes. We subsequently
The immobilisation of homogeneous catalysts con- demonstrated that cations ion-exchanged into the
tinues to be a research topic that attracts considerableintra-crystalline pores of zeolites and mesoporous
attention. The design of asymmetric heterogeneous materials can act as heterogeneous asymmetric cat-
catalysts is of particular importance, and the immobil- alysts [6-12]. We used this approach to show that
isation of known homogeneous asymmetric catalysts CU?" ion-exchanged in zeolite H-Y, when modified
provides a viable pathway. Previous studies [1-5] by bis(oxazolines), was active for the aziridination
have shown that copper-bis(oxazoline) complexes can of alkenes but, in our early studies [8,9], the ee was
relatively low, ca. 35-40%. In these initial studies,
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nor, [N-(p-nitrophenylsulfonyl)imino]phenyliodinane
(PhIENNSs), the ee for styrene aziridination can be

increased to ca. 80% [13]. In this paper, we demon-
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3. Results and discussion

3.1. Effect of solvent on the aziridination

strate that even higher ee’s can be achieved by carefulof styrene

optimisation of the reaction conditions.

2. Experimental
2.1. Materials

Ultrastabilised NH* Y zeolite (Union Carbide,
5.0 g) was stirred with a solution of copper(ll) acetate
(0.5mol 1, 100ml) for 24 h at 258C. The material
was then centrifuged, washed with distilled water. The
copper-exchanged zeolite Y (CuHY, 3.2wt.% Cu)
so obtained was then dried (110, 24 h), calcined
(550°C, 5h) and stored in a desiccator prior to use.
Styrene and the bis(oxazoline) were obtained from
Aldrich. The Ph¥NNs nitrene donor was prepared
according to the following procedure. lodobenzene

In our previous studies using PINTs as nitrene
donor, we found that acetonitrile was the preferred
solvent for the heterogeneously catalysed process
using CuHY. A series of experiments was, there-
fore, carried out with PRINNs as nitrene donor
with CuHY as catalyst using a range of coordinat-
ing (acetonitrile, nitromethane, methanol, anisole,
acetone) and non-coordinating (toluene) solvents.
The results are shown in Fig. 1. In the absence of
the bis(oxazoline), high yields of the aziridine are
obtained with nitromethane and acetonitrile, and in-
termediate yields are obtained with methanol, acetone
and toluene. Anisole appears to give a poor yield
of the aziridine. However, when the bis(oxazoline),
2,2-bis[(&R)-4-phenyl-1,3-oxazolin-2-yl] propanel)
was added, acetonitrile and nitromethane retained

diacetate (3.22g; 1.0mmol) was added to a stirred high yields of aziridine. However, only acetonitrile
mixture of potassium hydroxide (1.4g; 0.025mmol) gave the aziridine with a high ee (85%). Hence, these
and p-nitrobenzenesulfonamide (2.02 g; 1.0 mmol) in experiments confirm that acetonitrile is the preferred
methanol (40 ml), keeping the temperature &CO  solvent for PiENNSs as nitrene donor for the hetero-
during the addition. The solution was stirred at room geneous catalyst CuHY.
temperature and the precipitate, formed over a 4h
period, was recovered by filtration, washed with O“f‘e){v[‘fo
distilled water and dried at 2% in a vacuum des- | I\)
iccator. The material was confirmed to be FNNs S/N N/
by NMR spectroscopy and the yield was 3.23¢g Ph Ph
(80.6%). 1

A similar set of experiments was carried out us-
ing the homogeneous catalyst Cu(QrIfand the
results are also shown in Fig. 1. In the absence of
Styrene (1.0 mmol), nitrene donor (0.2-5.0mmol) the bis(oxazoline), the yield obtained for the ho-

2.2. AZridination of styrene

and catalyst (heterogeneous catalyst CuHY0.3g;
homogeneous catalyst GDTf)> = 1.5x 10-* mmol)
were stirred together in dry solvent (2.5%nat 25°C.

mogeneous catalyst is significantly lower than that
obtained with CuHY for all the solvents investigated.
However, when the chiral ligand is present, the yields

If a chiral bis(oxazoline) (0.07 mmol) was added, this are significantly higher for the homogeneous catalyst.
was stirred with the catalyst in the dry solvent prior to  This may indicate that the heterogeneous CuHY cat-
the addition of the styrene and the nitrene donor. The alyst may become diffusion limited when the chiral
reaction mixture was stirred at 28 until complete ligand is present, and this leads to the decrease in the
dissolution of the nitrene donor. The product was then yield observed. Alternatively, it is possible that the
filtered through a plug of silica gel with acetonitrile relative concentrations of the reagents within the pore
(50 ml) together with biphenyl as an internal standard of the zeolite may be significantly different from the
as eluent. Flash chromatography gave the aziridine assolution concentration, and this effect is exacerbated
a colourless solid. by the presence of the chiral ligand. This differential
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Fig. 1. Effect of the solvent on the yield and ee for the CuHY and Cu@g#&talysts with and without the addition of bis(oxazoline):
(a) CuRY; (b) Cu(OTf).

distribution effect has recently been demonstrated homogeneous catalyst. These differences demonstrate

in aromatic acetylations using zeolite catalysts in a that the immobilised catalyst behaves differently from

detailed study by Derouane et al. [14,15]. its non-immobilised counterpart, as we have previ-
The bis(oxazoline)/Cu(OT4) catalyst gives the  ously noted with PHNTSs as the nitrene donor [8,9].

aziridine high ee in methanol and nitromethane, in

addition to acetonitrile. This is in contrast to the 3.2. Effect of nitrene donor:styrene molar ratio

bis(oxazoline)-modified CuHY catalyst, which gives on azridination

relatively poor ee in methanol and nitromethane. In

addition, the heterogeneous catalyst gives a signifi- In the initial studies concerning the aziridina-

cantly higher ee in toluene, when compared with the tion of alkenes using homogeneous?Cucatalysts,
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Table 1

Effect of amount of nitrene donor on the aziridination of styrene in the absence of bis(oxazoline) ligand

Styrene:nitrene donor CuHY Cu(Otfp

molar ratio — - — -
Reaction timé (h) Yield (%) Reaction tim# (h) Yield (%)

5:1 0.75 87 0.75 88

31 15 73 1.0 76

11 15 57 1.5 59

1:15 15 85 2.0 93

aReaction time followed by dissolution of the nitrene donor.

by Evans and co-workers [2-5], high molar ratios highest for conditions where there is either an excess
of the substrate relative to the nitrene donor were of substrate or an excess of nitrene donor.
used. Typically, ratios of substrate:nitrene donor of A set of experiments was then carried out in the
5:1 were used to drive the reaction rapidly to com- presence of the bis(oxazoline}l)(and the results
pletion and to obtain optimal yield. In our earlier are shown in Table 2. These experiments were con-
work [8,9,13], we have shown that high yields of ducted until the dissolution of the PHINs was
the aziridine can be obtained with the heterogeneous complete, and this was taken as the completion of
CuHY catalyst with much lower substrate:nitrene the reaction. For both CuHY and Cu(O7f)n the
donor molar ratios. Sédergren et al. [16] have also presence of the bis(oxazoline), the reaction time in-
reported that high yields of the aziridine can be creased significantly compared with the reaction in
achieved when an excess of the nitrene donor is the absence of the ligand (compare Tables 1 and 2).
used (nitrene donor:substrate 1.5:1 molar ratio) The vyield of aziridine follows the same trend with
with the homogeneous catalyst. Hence, the effect of styrene:PHNNs molar ratios, as observed in the ab-
the nitrene donor:styrene molar ratio was investi- sence of the bis(oxazoline). In addition, the ee’s are
gated for the unmodified and bis(oxazoline)-modified also observed to follow the same trend. In particular,
catalysts. the highest combination of yield and ee, in these ex-
The initial experiments concerned the unmodified periments, for both Cu(OTf)and CuHY, is observed
catalysts and the results are shown in Table 1. It is ap- for the styrene:PHNNs = 1:1.5 molar ratio. In view
parent that similar yields of the aziridine are obtained of this, a series of experiments was carried out to ex-
for both the Cu(OTf) and CuHY catalysts. However, plore the styrene:PANNs molar ratios between 1:1.0
the reaction time increased significantly with the in- and 1:1.5, in the presence of bis(oxazoling), @nd
creasing amount of the nitrene donor but this probably these data are shown in Table 3. These experiments
merely reflects the solubility of PANNs in the ace-  were carried out for a standard time of 16 h, in con-
tonitrile solvent. Interestingly, the yield of aziridine is  trast to the previous experiments which were carried

Table 2
Effect of amount of nitrene donor on the asymmetric aziridination of styrene
Styrene:nitrene donor CuHY Cu(OTf)p
molar ratio — - - - -

Reaction timé (h) Yield (%) ee (%) Reaction tinfe(h) Yield (%) ee (%)
5:1 1.0 83 78 0.5 92 61
31 3.0 67 45 15 80 48
1:1 25 53 36 1.0 64 40
1:15 5.0 78 85 15 96 81
13 10.0 61 68 5.0 71 72
15 16.0 53 46 8.5 63 57

aReaction time followed by dissolution of PHiINS.
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Table 3
Effect of amount of nitrene donor on the asymmetric aziridination
of styrené

Styrene:nitrene donor CuHY Cu(OTfy
molar ratio - -
Yield (%) ee (%) Yield (%) ee (%)

1:1.0 68 49 27 65
111 85 81 83 77
1:1.2 88 89 72 88
1:1.3 82 91 99 80
1:1.4 77 95 99 79
1:15 67 88 83 87

2Reaction time: 16 h.

out for a range of times based on the dissolution of
PhIFNNs. Both the heterogeneous CuHY and the
homogeneous Cu(OT) catalysts show significant
increases in both the yield and ee of the aziridine.
The trends are, however, slightly different for the two
catalysts. For the homogeneous catalyst, Cu(9Tf)
the highest yields of the aziridine are formed with a
styrene:PNNs molar ratio of 1:1.3 and 1:1.4. For
CuHY, the highest yields are obtained at a lower ex-

cess of the nitrene donor, and the highest yields are [

obtained with styrene:PANNs molar ratios of 1:1.1

and 1:1.2. This is perhaps due to the molar ratio of
the substrate and nitrene donor being different within
the micropores of the zeolite immobilised catalyst
when compared with the solution concentration. The

ee’s also show significant differences between the two
catalysts under these experimental conditions. In par-

ticular, the ee with the CuHY catalyst is significantly

higher than that observed with the homogeneous cata-

lyst, Cu(OTf). Using bis(oxazoline)-modified CuHY
with styrene:PHNNSs ratios of 1:1.3 and 1:1.4, it is

possible to achieve an ee greater than 90%. These ex-

575

represents a viable approach to achieving asymmetric
catalysis capable of achieving an ee greater than 90%.
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