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Abstract: Several polymer supported catalysts are prepared by treatment of 

Nafion@511 (abbreviated as NAFK below) with metal salts and found to be 

effective in promoting the dehydrogenative oxidation of alcohols with 'BuOOH. 

The formation of gummy precipitate and troublesome workup are serious 

problems arising from using chromium(VI) reagents for stoichiometric 

reagents for the oxidation of alcohols. In order to overcome these diffi- 

culties, polymer reagents such as poly(vinylpyridinium chlorochromate) 1 or 

poly(vinylpyridinium dichromate)* have been introduced.3 Although the puri- 

fication of the final products is easy, the exchange capacity of the polymer 

oxidants is usually low. Furthermore recycling of reagents requires 

troublesome steps of workup. Here we wish to report that t-butylhydro- 

peroxide oxidizes alcohols into the corresponding carbonyl compounds 

effectively under Cr(III) or Ce(IV) impregnated NAFK4 catalyst, which is 

reusable after simple washing. 

Naf ion@511: X = K (NAFK) 

Cr/NAFK: X = Cr( III) 

Ce/NAFK: X = Ce(IV) 

Polymer supported catalysts (Cr(III)/NAFK and Ce(IV)/NAFK) were 

prepared as follows. NAFK (1.1 g) was stirred with a solution of Cr(OAc)j 

(0.69 g) or (NH4)*Ce(N03)6 ( . 1 75 g) in deionized water (30 ml) for 36 h at 

25°C. The catalyst was filtered, washed with water (10 ml x 5) and dried to 

constant weight. Titrations of the polymers thus prepared indicated 

capacities of 0.68 mmol of Cr(II1) and 0.54 mmol of Ce(IV) per gram which 
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correspond to 75% and 

fully loaded resin. 

71% of the theoretical capacity (0.94 mmol/g) of a 

A solution of 1-phenylethanol (0.12 g, 1.0 mmol) in chlorobenzene (2.0 

ml) was added to a suspension of Cr/NAFK (50 mg) in chlorobenzene (1.0 ml). 

Then a solution of t-butylhydroperoxide in benzene5 (2.64 M, 1.5 ml, 4.~) 

mmol) was added and the whole was heated at 85°C for 6-8 h. The solid 

catalyst was filtered off and washed with AcOEt. The filtrate and washings 

were combined and washed with aq. NaHS03 and brine. Purification of the 

concentrated residue by silica gel column chromatography gave acetophenone 

(0.11 g) in 95% yield. The recovered catalyst was dried and reused without 

loss of Cr(II1) ion. 1-Phenylethanol was oxidized to acetophenone repeated- 

ly (first run, 95% yield, and second run with the recovered reagent, 92%). 

As shown in Table 1, secondary alcohols were easily transformed into 

the corresponding ketones in fair to good yields. Meanwhile, primary 

alcohols gave complex mixtures under the same reaction conditions. 6 

Table 1. Oxidation of alcohols with Cr/NAFK-tBuOOH systemapb) 

Alcohol Yield(%) of Alcohol Yield(%) of 

Carbonyl Compound Carbonyl Compound 

Cyclododecanol 86 4-t-Butylcyclohexanol 81 

PhCHZCHCH(OH)CH3 81 Carve01 82 

4-Dodecanol 81 PhCH(OH)CH3 95 

E-C~-C~H~CH(OH)CH~ 93 Ph2CHOH 98 

a) tBuOOH (4.0 mmol) and Cr/NAFK (50 mg, 0.034 mmol) were employed per one 

mmol of alcohol. b) Yields represent isolated, purified products. 

Table 2. Oxidation of alcohols with Ce/NAFK-tBuOOH systemarb) 

Alcohol Yield(%) of Alcohol Yield(%) of 

Carbonyl Compound Carbonyl Compound 

Cyclododecanol 82 4-t-Butylcyclohexanol 98 

2-Cyclododecen-l-01 82 Carve01 98 

4-Dodecanol 71 PhCH(OH)CH3 93 

3-Undecanol 79 ll-Dodecen-2-01 80 

a) The hydroxy compounds (1.0 mmol), tBuOOH (4.0 mmol), and Ce/NAFK (50 mg, 

0.027 mmol) were combined in benzene and the mixture was stirred for 6 h at 

80°C. b) Isolated yields. 
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Ce(IV)/NAFK-tBuOOH system has proved to be effective oxidant of alcohols. 

Carve01 (0.15 g, 1.0 mmol) and tBuOOH (3.09 M, 1.3 ml, 4.0 mmol) were added 

to a suspension of Ce(IV) supported polymer (50 mg) in benzene (4.0 ml). 

The resulting mixture was stirred for 2 h at 80°C. Workup and purification 

as described above gave carvone (0.15 g) in 98% yield. 

Other results are found in Table 2. In contrast to the previously 

reported (NH4)2Ce(N03)6_NaBrO3 system,7 this new method was not affected by 

the olefinic moiety in the substrates. Thus, 2-cyclododecen-l-01 and ll- 

dodecen-2-01 gave the corresponding ketones in good yields upon treatment 

with Ce/NAFK-tBuOOH system. A primary alcohol such as l-dodecanol was 

recovered practically unchanged. Selective oxidation of secondary hydroxyls 

in the presence of primary ones has been achieved as shown below. The 

reactions were performed with NaBrO3 as a co-oxidant in AcOH at 55°C and the 

reactions completed within 3 h.8 

OH 0 
NaBr03 

OH - OH 
Ce/NAFK 

82% (Ref. 9) 

HO CH,OH 
NaBr03 

- 0 CH,OH 
Ce/NAFK =o 

73% (Ref. 10) 

The Cr(II1) and Ce(IV) catalysts prepared from Nafion O-H (NAFH)ll also 

were effective for the transformation of alcohols into carbonyl compounds, 

but the products were contaminated by the di-t-butyl acetals which are 

ascribed to the NAFH catalyzed acetalization of the ketones. 12 Metals such 

as Cu(II), Ni(I1) and Mn(I1) supported on the resins were not so effective 

as Cr(II1) or Ce(IV). The starting alcohols were only partly (at most 30%) 

converted into ketones under the same reaction conditions. 13,14 

2. 
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