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Abstract

The Cu-Na-HSZ-320 zeolite can be utilised as an efficient and reusable catalyst in the allylic oxidation
of olefins with tert-butyl perbenzoate to give the corresponding allylic esters in good yield and excellent
selectivity. © 2000 Elsevier Science Ltd. All rights reserved.
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The allylic oxidation of olefins is recognised as one of the most useful routes to produce allylic
alcohols, esters and ethers.1 In particular, oxidation of C�H bonds by copper catalysed reaction
with an organic peroxyester (the Kharasch–Sosnovsky reaction) represents an easy and general
methodology for the synthesis of esters of allylic alcohols.2 Moreover, considerable attention has
been devoted recently to the asymmetric Kharasch–Sosnovsky reaction in the presence of chiral
copper complexes.3

Recent years have seen an increasing interest into the catalysis by solid materials for fine
chemicals preparation4 since this approach frequently results in an improvement of the produc-
tive process from both an economical and ecological point of view.5

Our interest in the preparation and use of solid catalysts for the production of fine chemicals6

prompted us to reinvestigate the Kharasch–Sosnovsky reaction over copper-exchanged zeolites.
The catalysts utilised were Cu-Na-HSZ-320 and Cu-Na-ZSM-5 prepared by a conventional

ion-exchange method7 in which commercially available zeolites Na-HSZ-3208 or H-ZSM-59 were
treated with an aqueous solution of Cu(II) nitrate at 90°C for 2 hours, washed with deionised
water, filtered, dried and calcined at 500°C for 15 hours in air.10 Although the effective catalyst
in the Kharasch–Sosnovsky reaction has been suggested to be a Cu(I) species,11 we decided to
use Cu(II)-exchanged zeolites on the basis of recent results from literature12 and previous

* Corresponding author. Tel: +39 0521 905551; fax: +39 0521 905472; e-mail: sartori@unipr.it

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (00 )01587 -2



8948

experience from our laboratory suggesting that both Cu(I)- and Cu(II)-exchanged Na-HSZ-320
zeolites showed similar catalytic efficiency.

A first series of experiments was performed by reacting tert-butylperbenzoate 2 with various
cycloalkenes 1a–c in the presence of the two Cu(II)-exchanged zeolites with different pore
dimensions. Results reported in Table 1 suggest that despite the quite similar copper content the
two zeolites show a dramatically different catalytic efficiency.

Table 1
Allylic oxidation of cycloalkenes using two different Cu(II)-exchanged zeolitesa

Entry 3 Yield (%)n

Cu-Na-ZSM-5 [Cu (% wt): 2.0]Cu-Na-HSZ-320 [Cu (% wt): 2.8]

a 7601b

2 70b 4
5c 684

a 1a–c (0.030 mol), 2 (0.010 mol), cat. (0.1 g).
b Reaction temperature=45°C (cyclopentene bp=44°C).

These results can be rationalised assuming that the diffusion of reagents and products through
the zeolite Cu-Na-HSZ-320 (pore dimension 7.4 A, ) is almost completely unrestricted whereas
Cu-Na-ZSM-5 (pore dimension 5.1–5.6 A, ) can suffer from some diffusion resistance which
hampers the accessibility to the surface active sites of the catalyst.

The reaction with the zeolite Cu-Na-HSZ-320 can be successfully applied to different olefins
giving allylic benzoates in satisfactory to good yields13 (Table 2).

The mildness of the reaction conditions makes it possible to use both cyclic and linear olefins
giving the corresponding allylic benzoates without formation of any side products such as
isomeric compounds obtained by allylic rearrangement frequently observed when the reaction is
carried out under homogeneous catalysis.14

The possible leaching of copper catalyst was then examined by using the standard procedure
suggested by R. A. Sheldon.15 Thus, the model reaction mixture between 1b and 2 in the
presence of Cu-Na-HSZ-320 was filtered at 80°C after 10 hours when 3b was produced in 44%
yield. An additional amount of reagents 1b (30 mmol, 2.5 g, 3.0 ml) and 2 (10 mmol, 1.6 g, 1.9
ml) was added to the solution and the solid catalyst, and both reaction mixtures were heated at
80°C for a further 10 hours. Production of 3b in 42% yield with the solid catalyst and in about
3% yield with the solution confirms that the reaction mainly occurs on the surface of the solid
catalyst.

Finally, the zeolite Cu-Na-HSZ-320 has been recycled almost 10 times in the model reaction
between 1b and 2 showing a modest increase in efficiency: from 70% in the first cycle to 79% in
the last cycle.
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Table 2
Synthesis of various allylic benzoates 3 promoted by Cu-Na-HSZ-320 zeolite
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