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Swmnary: Potassium permanganate adsorbed on solid supports can be used to oxidize 

unsaturated secondary alcohols to the corresponding ketones without degradation of the 

carbon-carbon double bonds. 

The adsorption of reagents onto solid supports is known to induce changes in the 

reactivity and selectivity of a number of important reactions including substitutions, 

eliminations, additions, reductions and oxidations'. Although in the majority of these 

reactions organic polymers are used for solid supports it has been observed that inorganic 

solids are preferable for use with permanganate2. Because this reagent is a strong oxidant 

it rapidly degrades most organic polymers3. 

Previous reports have described the use of hydrated molecular sieves, alumina and copper 

sulfate as solid supports for the oxidation of secondary alcohols to ketones2. Primary 

alcohols (other than benzyl alcohol) were observed to give very low yields. In our 

laboratories we have found that the use of potassium permanganate adsorbed on solid supports 

(bentonite or copper sulfate pentahydrate) not only increases the ease with which these 

reactions can be effected, it also induces a remarkable selectivity. Whereas permanganate in 

solution oxidizes unsaturated alcohols preferentially at the point of unsaturation4, the use 

of solid supports supresses this reaction and allows for the formation of unsaturated ketones 

in high yields. This is a remarkable observation when it is recalled that the reduction of 

permanganate by olefins in solution is so facile that it has been used historically as a test 

for the presence of unsaturation5. 

Table I contains a summary of the results we have obtained for the oxidation of several 

representative secondary alcohols. The synthetic value of these results is apparent when it 

is noted that such reactions in the past have usually been achieved by the use of activated 

manganese dioxide6. The permanganate reaction does not require an activation procedure nor 

the use of expensive equipment or materials. In a typical procedure potassium permanganate 

and the solid support were first ground together in a mortar and then transferred to a 50 mL 

round bottomed flask. The alcohol, in 20 mL of solvent, was added and the mixture heated 
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Table 1. The Oxidation of Alcohols 

Alcohol Oxidant Solvent Time Yielda 

Z-Decanol 
(3.2 mmol) 

2-Decanol 
(2.6 mmol) 

1-Nonen-3-01 
(3.2 mmol) 

1-Nonen-3-01 
(3.2 mmol) 

1-Octen-3-01 
(3.2 mmol) 

1-Octen-3-01 
(3.2 mmol) 

1-Phenyl-1-buten-3-01 
(2.8 mmol) 

1-Phenyl-1-buten-3-01 
(2.8 mmol) 

Bentonite (0.5 g) 
KMnO4 (1 g) 

CuS04.5Hz0 (1 g) 
KMn04 (1.4 g) 

Bentonite (4.5 g) 
KMnO,+ (5.5 g) 

CuS04*5H20 (2 g) 
KM@ (3 g) 

Bentonite (4.5 g) 
KMn04 (5.5 g) 

CuS04.5H20 (2 g) 
KMn04 (3 g) 

Bentonite (3.6 g) 
KMn04 (4.9 g) 

CuS04*5H20 (1.6 g) 
KMn04 (2.7 g) 

1-Phenyl-1-buten-3-01 CuS04.5Hz0 (1.6 g) 
(2.8 l~s'lol) KMn04 (2.7 g) 

a Isolated yield unless indicated otherwise. 
b Yield estimated by glc. 

CHzCl, 

CHzCl, 

CHzCl, 

CH2C12 

CH&12 

CHzC12 

CHeCl, 

CH2C12 

C6H6 

24 h 

20 h 

60 h 

48 h 

60 h 

48 h 

20 h 

20 h 

7.8 h 

95% 

100% 

82% 

87% 

928 

89%b 

91% 

90% 

86% 

under gentle reflux with good stirring for the designated time (Table 1). At the end of the 

reflux period the mixture was cooled to room temperature, 20 mL of ether was added and after 

stirring for another 10 min the solid residue was separated by filtration through Celite. 

This residue was washed several times with ether, after which the organic solutions were 

combined, dried over anhydrous magnesium sulfate and carefully evaporated to yieldtheproduct. 

The following generalizations were noted: (i) Unsaturated alcohols require more oxidant 

and longer reflux periods than the corresponding saturated compounds. (ii) The required 

reflux period is, in general, shorter for copper sulfate pentahydrate as comparedtobentonite. 

(iii) The presence of a phenyl group in conjugation with the double bond increases the ease of 

oxidation of the alcohols. (iv) Nonallylic unsaturated alcohols are more difficult to 

oxidize than the corresponding a,e-unsaturated alcohols. (v) If a large excess of 

oxidant and/or a long reflux period is used, cleavage of the carbon-carbon double bond may 

occur. For example, the oxidation of 1-phenyl-1-butene-3-01 (2.8 mmol) with 20 mmol of KMn04 

and 5.1 mmol of CuS01,.5Hz0 in benzene for 22 h gave 68% ketone and 26% benzaldehyde. 
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