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Organic peroxides are frequently used as oxidants in 
organic synthesis especially for the epoxidation of electron­
deficient alkenes e.g. %昌unsaturated carbonyl compounds? 
Alkaline solutions of hydrogen peroxide and Z^rr-butyl 
hydroperoxide are powerful nucleophilic oxidizing agents 
for this purpose? In the epoxidation of %昌enones, per­
oxides are superior reagents to organic peracids with respect 
to their mildness, good yields and absence of by-products. 
Epoxidation of electron-deficient alkenes is normally slug­
gish with electrophilic oxidizing agents such as mCPBA.

While hydrogen peroxide has been used frequently for 
oxidation of organic compounds, there is some hazard 
connected with the use of concentrated solutions of H2O2. 
On the other hand, general intere아 is the development of 
new clean oxidation methods which can supply the needs fbr 
improvements in epoxide synthesis. Generally, these needs 
concern more selective epoxidation methods with preferably 
heterogeneous recyclable, and with safe, clean and regener­
able oxidants. Tw。complexes ofH^O? with urea (UHP) and 
DABCO-di-N-oxide are known reagents3 but they have 
some limitations involved in the selection of proper solvent 
to conduct the reactions under heterogeneous conditions.

Polymer supported reagents have had much attentions in 
recent years due to their selectivity, stability and easy hand­
ling.4-6 They could serve as heterogeneous, clean and 
regenerable reagents in the epoxidation reactions. Prepa­
ration of polymer complexes of hydrogen peroxide was also 
reported7 but we could not find any synthetic use in the 
literature. Also the epoxidation of olefins with a crosslinked 
polystyrene-supported tert-bufyl hydroperoxide have been 
inve아igated but it suffers from low yields, low selectivity 
and long reaction times.응 A number of epoxidation methods 
have been developed for %昌unsaturated carbonyl com­
pounds which involve sodium peroxide,9 Keggin heteropoly 
compounds with aqueous H2O2 in acetonitrile,10 hydrogen 
peroxide in ionic liquid/water biphasic system,11 urea­
hydrogen peroxide,12 dioxirane13?14 and many asymmetric 
methods." In this paper we report an efficient epoxidation of 
%昌enones with a polymer supported hydrogen peroxide 
under heterogeneous conditions.

Results and Discussion

We recently reported the use of polyvinylpyrrolidone 
supported hydrogen peroxide (PVP-H2O2) as a stable and

Scheme 1

recyclable solid oxidant in the presence of KI or I2 for 
iodination of some activated aromatic compounds.16 This 
reagent could be dried as a solid and powdered in a mortar. 
The capacity of PVP-H2O2 was determined to be 7.5 mmol 
of H?O2 per gram of the solid reagent. The reagent could be 
아ored in refrigerator for several months without loss of its 
weight or activity.

In this procedure, various %昌unsaturated carbonyl com­
pounds were reacted with PVP-H2O2 in the presence of few 
drops ofNaOH in dioxane under reflux conditions (Scheme 
1)・

We first optimized the epoxidation reaction with 2-cyclo- 
hexene-l-one as a model, and then applied the conditions for 
other enones (Table 1). Under these conditions 2-cyclo- 
hexene-l-one was converted to 2,3・epoxy cyclohexanone in 
95% isolated yield after 20 min. (Table 1, entry 8). Poly­
vinylpyrrolidone can be recycled and reused by a simple 
filtration after completion of the reaction. As shown in Table 
1, most of the %昌unsaturated carbonyl compounds were 
cleanly converted into the corresponding epoxides in good 
to excellent yields. Epoxides of simple olefins were obtained 
in poor yields (Table 1, entries 11,12). This method showed 
excellent selectivity between 2-cyclohexene-1 -one and cyclo­
hexene. 2,3-Epoxy cyclohexanone was obtained with 98%

Scheme 2
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Table 1. Conversion of carbon-carbon double bonds to epoxides 
with PVP- H2O2 in dioxane under reflux conditions

Entry S 냐bstrate Product^
「胃的 TimeYiM 
substrate 〃、 小八 

…1…宀 0) (%) molar ratio

1

2

3C

4

5

4:1

4:1

3:1

4:1

6 3:1

11

3:1

3:1

4:1

10

3:1

3:1

3.5 96

5 90

4 65

5 80

6 87

1 91

3 85

20 min. 95

15 min. 98

2 96

24 25

24 30

"AH p負)diets are known compounds and were identified by comparison 
of their physical or spectral data with those of authentic samples, 
'is시 ated yield, ^without addition ofNaOH. ^room temperature

yield in the presence of cyclohexene after 2 h in refluxing 
dioxane while cyclohexene was remained intact (Scheme 2).

In Scheme 3 a plausible mechanism for the reaction is 
proposed involving formation of HOO- and a nucleophilic 
attack of HOO- on ^^unsaturated carbonyl compound.

We observed that without adding NaOH the reaction was 
slow and yields were low for example in the absence of

NaOH 2-cyclohexene-1 -one was converted to 2,3・epoxy 
cyclohexanone in 35% isolated yield after 60 min. with 
PVP-H2O2 in dioxane under reflux conditions.

In conclusion, PVP-H2O2 is a stable and eco-friendly 
reagent for the selective, clean and safe epoxidation of a& 
unsaturated carbonyl compounds. High reaction yields, mild 
reaction conditions, simple setup and workup procedure are 
additional merits of our protocol.

Experimental Section

General. Polyvinylpyrrolidone K-30 (Mw. 40,000) was 
purchased from Fluka chemical company and other chemicals 
were obtained from Merck chemical company. The progress 
of the reaction was monitored by thin-layer chromatography 
on commercial Merck precoated TLC plates (silica gel 60 
F254) or by GLC on a Shimadzu model GC 10-A instrument. 
All products are known and they are identified by com­
parison of their physical and spectroscopic data with those of 
authentic samples after purification by column chromato­
graphy. Melting points were determined in open capillary 
tubes with a Buchi 510 apparatus. FT-IR spectra were 
recorded on a Perkin Elmer RXI spectrometer.

Preparation of polyvinylpyrrolidone supported hydro­
gen peroxide (PVP-H2O2). To a solution of 30% H2O2 (6 
mL) at 0 °C was added polyvinylpyrrolidone K-30 (2 g) 
while the solution was gently stirred. After 1 h, the resulting 
solution was poured into a plate and dried overnight at room 
temperature. Then, the dried solids were powdered in a 
mortar. The capacity of the reagent was determined to be 7.5 
mmol of H2O2 per gram of the solid reagent. The reagent 
could be stored in the refrigerator fbr several months without 
loss of its weight or activity.

Typical procedure; conversion of 2-cyclohexene-l-one 
to 2,3-epoxy cyclohexanone with PVP-H2O2. To a solution 
of 2-cyclohexene-1 -one (0.096 g, 1 mmol) in dioxane (5 
mL), were added PVP-H2O2 (0.4 g, 3 mmol) and 4 drops of 
aqueous solution of NaOH (0.1 Mol/L). The mixture was 
refluxed and the progress of the reaction was monitored by 
TLC. After 20 min. the reaction mixture was filtered. 
Extraction of mixture by dichloromethane (3 x 10 mL) and 
column chromatography on silica gel by using petroleum 
ether-ethyl acetate (2 : 1) as eluent gave 2,3・epoxy cyclo­
hexanone (0.106 g, 95% yield).
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