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Abstract: Three different methods of epoxidation using heterogcncous catalysts are compared, under 
different conditions, in the benchmark epoxidation of ct-isophorone. The use of tert-butyl 
hydroperoxide/KF-AI203 in toluene leads to the highest (almost quantitative) yield, whereas the system 
H202/hydmtalcite leads to the best result described to date using this oxidant. 
Copyright © 1996 Elsevier Science Ltd 

Epoxidation of tx,13-unsaturated carbonyl compounds is of great interest in organic synthesis, given the 

usefulness of the epoxides as synthetic intermediates.l The classic epoxidation reactions, using hydrogen 

peroxide in a basic medium, suffer some drawbacks, so that several new methods, such as the use of sodium 

hypochlorite, 2 dioxiranes, 3 or sodium perborate under phase tranfer conditions 4 have been developed. Recently, 

ten-butyl hydroperoxide (TBHP) has been used in the presence of a titania-silica catalyst, 5 or KF/A1203. 6 On 

the other hand hydrogen peroxide has also been used as an oxidant in the presence of hydrotalcite. 7 The use of 

heterogeneous catalysts has clear advantages relating to the separation and purification of the products, so that 

improving their performance constitutes an interesting goal. In this communication we will describe the results 

obtained with three heterogeneous systems in the benchmark reaction of epoxidation of a-isophorone. The 

reason for choosing this compound is that it is not particularly easy to epoxidise, because the carbon-carbon 

double bond is B-substituted, leading to a better understanding of the performance of the epoxidation system. 
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The results obtained using H202-hydrotalcite (Table) are limited by the low selectivity in the oxidant. 

Although this selectivity can be improved using an excess of isophorone, in general, it is preferable to work 

with an excess of oxidant. With TBHP-KF/Ai203 the selectivity in the oxidant is higher, and it is further 

improved by using an excess of isophorone. Again, the best result is obtained with an excess of oxidant, leading 

to conversions of up to 96%, which are as good as those described using methyl/trifluoromethyl)dioxirane. 3a It 
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has recently been reported that TBHP-KF/A1203 is unable to epoxidise a-isophorone: 6 however, in our work, 

using this system leads to the best results described to date for this reaction. Although the catalyst used is not 

exactly the same, this does not justify such a huge difference of behaviour, and we believe that the reason for 

this change is the use of toluene instead of acetonitrile --which is acid enough to react with the catalyst-- as the 

reaction medium. This dramatic change reveals the active role that the solvent may play in these systems. 

It is important to note that H202 cannot be used with KF/A1203 because of the solubility of KF, but 

hydrotalcite is not basic enough to promote the epoxidation with TBHP. 

Table. Results obtained in the epoxidation of a-isophomne with several systems, a 
Oxidant/catalyst 

TBHP-Ti/SiO2 b 

H202--Hydrotalcite c 

TBHP-KF/A1203 d 

isophorone oxidant 
(mmol reagent.g -1 cat.) 

154 27 
27 27 

4 18 
154 27 

127 27 

6.6 24.6 

154 27 
154 27 
27 27 
4 18 
6 18 

~tr'.mm I I I l i ~ ,  m a ~  

toluene 60 24 
toluene 20 48 

toluene 60 24 
methanol 60 24 

methanol 20 24 

methanol 20 72 

toluene 60 1 
toluene 60 24 
toluene 20 24 
toluene 20 24 
toluene 20 24 

%epoxide %select. 
in oxidant 

30 53 
3 21 

20 12 
41 41 

11 39 

66 18 

45 82 
55 83 
30 69 
96 e 59 

84 60 
a Reactions are monitored by G-C, the catalyst is separated by filtration, washed, and the product purified by flash chromatography on 
silica gel, using CH2CI 2 as an eluent, and identified by IH-NMR (ref. 3b). b Obtained by treating silica gel with Ti(Oipr)4 (ref. 8). 
c Mg/AI = 2.8. d Purchased from Fluka, it contains 5.5 mmol of fluoride per gram of solid, e 82% isolated yield. 
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