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Manganese Porphyrin-catalysed Oxidation of Olefins to Ketones by 
Molecular Oxygen 

By M. PERREE-FAUVET* and A. GAUDEMER 
(Laboratoire de Chinzie de Coordination Bioorganique, L . A  . 255, Universite‘ Paris X I ,  91405 Orsay, France) 

Summary Manganese(II1) tetraphenylporphin MnIII(tpp) C1 
catalyses the specific oxidation of olefins to ketones by 
0, in the presence of [NBu,] [BH,] ; the latter reagent 
further reduces the ketones to the alcohols. 

achieved only when pure 0, and N, were alternately bubbled 
for periods of ca. 2 h (6  N,-0, purge cycles in 24 h). The 
organic products were isolated by column chromatography 
on alumina and analysed by g.1.c. and n.m.r. Both methods 
gave very similar results (Table). 

TABLE 
HOMOGENEOUS oxidation of olefinic compounds by molecular 
oxygen has been the subject of numerous investigations, bu t  
until now, except for radical-chain autoxidations, only very 
few examples of oxygenation reactions of ethylene deriva- 
tives have been rep0rted.l Recently, manganese tetra- 
phenylporphins MnIII(tpp)C12 and MnII(tpp) ,3 and phthalo- 
cyanins M n x J ( p ~ ) ~  were shown to  catalyse dioxygenation of 
alkyl-substituted indoles. Mn’II(tpp)Cl with NaBH, as 
reducing agent was also reported to promote the conversion 
of cyclohexene into a mixture of cyclohexanol and cyclo- 
hexen01.~ Finally, oxidation of $3-unsaturated ketones by 
0, to give enediones was achieved using catalytic amounts of 
MnII(sa1en) [salen = bis(salicylidene)ethylenediaminato] .6 
We report that the use of the system O,-MnIJI(tpp)CI- 
[NBu,] [BH,] allows the selective conversion of various 
olefins into the corresponding ketones which can be reduced 
in situ to alcohols. 

0 
R’ H R’ II R’ 

‘C=C / + O2 - ‘CHCR3 - ‘CHCH(OH)R3 
R 2 /  \R3 R2’ R2’ 

In a typical experiment, Mn‘II(tpp)Cl (0.05 mmol), 
[NBu,] [BH,] (2 mmol), and the olefin (5 mmol) were dis- 
solved in dry CH,Cl, (10 ml) ; the solution was first degassed 
with a nitrogen stream to allow the reduction of MnIII(tpp)Cl 
to MnII(tpp)t and the reaction mixture was then stirred at 
room temperature for 24 h in the presence of either air 
or pure oxygen. In the latter case the oxidations could be 

Olefin Products [ % yields based on MnIII(tpp)Cl] 
Cyclohexene Cyclohex-2-en- 1-01 (800) , Cyclohexanol (1 600) 
Cyclo-octene Cyclo-octanone (2000), Cyclo-octanol (800) 
Styrene Acetophenone (700), l-Phenylethanol (1 700) 
Oct-l-ene Octan-2-one (700), Octan-2-01 (900) 
(E)-l-Phenyl- Propiophenone (1 200), l-Phenylpropan-1-01 

prop-1 -ene (2000) 

If the reaction is carried out in the presence of pure 
oxygen the yields of oxidation products become negligible, 
indicating that high concentrations of 0, inhibit the oxida- 
tion. Further work is in progress to  find the origin of this 
effect : a possible explanation might be a rapid consumption 
of the reducing agent [NBu,] [BH,] in the presence of pure 

In all cases but one (cyclohexene) the olefin was con- 
verted into a simple oxidation product, the corresponding 
ketone. In  particular, styrene and (E)-l-phenylprop- l-ene 
were oxidised very cleanly to acetophenone and propio- 
phenone, respectively, showing the high regiospecificity of 
the reaction. The only other reaction product was the 
alcohol resulting from the reduction of the ketone by excess 
of borohydride, this reduction being slow in chlorinated 
solvents.’ At the end of the reaction, more than 80% of 
the catalyst could be re-isolated as MnlIl porphyrin. 
Epoxides were never detected as reaction products.: Cyclo- 
hexene oxidation led to a 2 : 1 mixture of cyclohexanol and 
cyclohexenol, the allylic oxidation product. Though the 

0 2 -  

7 The reduction of MnlI1(tpp)C1 to MnII(tpp) by [NBu,] [BH,] can be monitored by u.v.-visible spectroscopy when it is carried 
out under an inert atmosphere, the Soret band of the former compound (Amax 478 nm) being replaced by that of the latter (A,,, 
446 nm). 

$ Oxidations carried out with the system O,-MnIII(tpp) C1-NaBH, in a water-dichloromethane solvent mixture proved to be less 
selective but again no epoxides were formed. 
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mechanism of this oxygenation reaction remains to be 
established, it is likely that the role of [NBu,][BH,] is to 
reduce MnIII(tpp)Cl to MnII(tpp) which, by its known 
ability to bind 0, reversibly,* must be the true catalyst of 
the reaction. 

The oxidation reactions reported here differ markedly 
from the MnIII(tpp) C1-catalysed epoxidation of olefins using 

iodosylbenzene as oxygen donor.s Our efforts currently 
concern an investigation of the mechanism of this interesting 
new reaction, and also attempts to improve the yields of the 
oxidation products by the use of other metalloporphyrins 
and reducing agents. 

(Received,  1st December 1980;s C o m .  1282.) 

5 Received in revised form, 29th May 1981. 
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