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Mn-porphyrins catalyse the epoxidation of various alkenes by magnesium monoperoxyphthalate: with 0.1 25- 1 % of 
tetra-2,6-dichlorophenylporphinatomanganese(111) acetate as a catalyst, alkene conversion is nearly complete within 
0.5-5 minutes at 0 "C and good epoxide yields (60-93%) are obtained. 

Recently much attention has been devoted to metalloporph- 
yrin-catalysed oxygenations of hydrocarbons in order to 
develop new useful synthetic methods and to mimic the 
activity of the cytochrome P-450 enzymes. 1 Many oxidants 
have been evaluated as oxygen donors in these catalytic 
reactions (e.g. iodosylarenes, sodium hypochlorite , molecular 
oxygen, alkylhydroperoxides, hydrogen peroxide, amine 
N-oxides, potassium hydrogen persu1phate)la but, surpris- 
ingly, organic peroxy acids have received little attention.* 

We have now found that a stable, cheap, recently developed 
water-soluble peracid derivative, the magnesium monoper- 
oxyphthalate,3 is a very efficient reagent for the epoxidation of 
alkenes under phase-transfer conditions and in the presence of 
Fe- or. Mn-porphyrins as catalysts. The best results were 
obtained with 5,10,15,20-tetra-2,6-dichlorophenylporphin- 
atomanganese(Ir1) acetate (TDCPP-Mn) , a complex known 
to be remarkably stable towards oxidative degradation .4 

TDCPP-Fe also catalyses alkene epoxidation, but it is less 
efficient than the manganese complex. Small yields of 
epoxide, if any, are obtained when the reactions are repeated 
in the absence of the metal porphinate. 

With magnesium monoperoxyphthalate, like with other 
oxygen donors,la the addition of a heterocyclic nitrogen base 
(pyridine or 4-methylpyridine) remarkably improves the 
epoxidation rate, although it is not a necessary condition for 
the reaction. In the presence of the base, even electron-poor 
alkenes, such as isobutyl-3-butenoate, are efficiently epoxi- 
dised under very mild conditions. In a typical experiment the 
manganese complex (5 ymol), 4-methylpyridine (0.2 mmol), 
benzyldimethylesadecylammonium chloride (10 ymol) , and 
the alkene (0.5-4 mmol, see Table 1) are dissolved in 2.5 ml 
of dichloromethane and the resulting solution is cooled to 
0 "C. Then magnesium monoperoxyphthalate (filtered 20% 
aqueous solution, 2 mol per mol of alkene) is added and the 
reaction is initiated by vigorous stirring. After the required 
time the aqueous and the organic layers are separated. The 
latter is analysed by g.1.c. with n-dodecane or n-octadecane as 
an internal standard. Some significant results are reported in 
Table 1. Turnover rates as high as 1600 (epoxide/catalyst)/min 
for styrene epoxidation are obtained, thus indicating that this 
catalytic system is considerably more efficient than most of 
those previously described. To the best of our knowledge only 

Table 1. Epoxidation of alkenes by magnesium monoperoxyphthalate catalysed by Mn- or Fe-p0rphinates.a 

[Alkenell Time/ Alkene Epoxide 
Alkene Porphinate Nitrogen Base [porphinate] min conversion/% yieldb/% 
Styrene 

7 $  

7 ,  

,> 

Dodec-1-ene 
Isobutyl-3-butenoate 

Cyclo-octene 
> 1  

3 5  

None 
TPP-Mne 

TDCPP-Fe 
TDCPP-Mn 

4-Methylpyridine 
,) 
9 ,  

9 )  

7 ,  

7 ,  

7 )  

Pyridine 
None 

C 

200 
800 
800 
400 
100 
800 
800 
800 

0.5 
2 

0.5 
0.5 
4 
2 
3 
3 
3 

d 

67 
37 

100 
96 
92 

100 
100 
65 

1 
38 
12 
90 
77 
60 
93 
92 
61 

a Conditions as described in the text. b Yields (based on starting alkene) were determined by g.1.c. using an internal standard. 
4 mmol. 

Styrene: 
Not determined. e TPP-Mn: 5,10,15,20-tetraphenylporphinatomanganese(111) chloride. 
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the use of iodosylpentafluorobenzene, a sophisticated and 
dangerous5 oxygen donor, allows higher reaction rates, up to 
300 turnovers per sec in the epoxidation of norbornene.6 

In the case of reactive alkenes (e.g. cis-cyclo-octene), 50 000 
moles of substrate are converted by one mole of catalyst 
(room temp. , overnight, pH of the aqueous phase adjusted to 
6.5 to prevent the epoxide hydrolysis; epoxide yield 93%). 
With less reactive substrates, the competitive oxidation of the 
porphyrin itself becomes important and when isobutyl-3- 
butenoate is used as the substrate the catalyst is completely 
destroyed after 100 turnovers. 

It is worth noting that, in the absence of a reactive substrate, 
TDCPP-Mn shows a considerable ‘catalase activity’ and 
extensive decomposition of the peroxyphthalate occurs. 
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