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Abstract: A novel combination of  Pd(OAc)2/pyridine/MS3A catalyzes the aerobic 
oxidation of  various benzylic alcohols into corresponding aldehydes and ketones in good 
yield. Primary and secondary aliphatic alcohols also are smoothly oxidized to aldehydes 
and ketones, respectively, under the same conditions. 0 1998 Elsevier Science Ltd. All rights reserved. 

The transformation of alcohols into aldehydes and ketones is a fundamental reaction in organic 

synthesis.l So far, some stoichiometric oxidants such as manganese and chromium salts have been widely 

used for this purpose, I c, d but they are toxic and the use of these reagents induces hazardous problems. To 

overcome these problems the development of catalytic process using aerobic conditions is of great value. 2 

Recently, Mark6 et al. found an effective catalytic system using CuCl/phenanthroline/K2CO?lDBADH2 and 

TPAP/MS4A employing molecular oxygen or air as co-oxidant. 3 Kaneda et al. also reported, quite 

recently, that Ru-AI-Mg hydrotalcites work as reusable heterogeneous catalysts for the aerobic oxidation of 

allylic and benzylic alcohols. 4 

With regard to aerobic oxidation of alcohols into aldehydes and ketones palladium complexes were 

well investigated, but most of them required the combined use of molecular oxygen and re-oxidants such as 

copper salts. 5 In 1977, palladium-catalyzed aerobic oxidation without re-oxidants was reported by 

Schwartz et al., who found that a combination of PdCI2 and NaOAc was effective for oxidation of 

secondary alcohols into ketones at 38 °C in ethylene carbonate as solvent. 6 In 1996 and 1997, Kaneda et 

al. reported selective dehydrogenative oxidation of allylic alcohols to c~,~-unsaturated aldehydes catalyzed 

by Pdclusters in the presence of molecular oxygen without re-oxidants. 7 These studies are quite 

interesting, but these systems are not yet applicable to a wide range of alcohols. Henry et al. reported a 

similar type of catalytic aerobic oxidation of various alcohols using palladium salts supported on a 

polypbenylene polymer. 8 

We have been investigating homogeneous and heterogeneous catalytic systems for oxidation of various 

organic compounds. 9 During the course of these studies, we have now found that the aerobic oxidation of 

alcohols to carbonyl compounds smoothly proceeds in the presence of a catalytic amount of Pd(OAc)2, 

pyridine and MS3A. We report herein a novel procedure for simple, practical, clean and selective 

oxidation of various alcohols into corresponding aldehydes and ketones. 10 

In the search for the catalyst in aerobic oxidation of alcohols, we found that Pd(OAc)2 was a good 

catalyst to promote the oxidation of benzyl alcohol in the presence of base under 02 atmosphere (Scheme 1, 

Table 1). Among organic bases examined, pyridine was revealed to be most effective (entries 1-5). 

Interestingly, when MS3A was added to the reaction mixture, the oxidation proceeded more efficiently to 

give a quantitative yield of benzaldehyde (entry 6). The reaction also proceeded using air instead of 02, 

but continuous bubbling of air was required as well as longer reaction time. I I The complete conversion of 

alcohols was attained at 80 °C, but at lower temperature the rate of oxidation was slow. Other 

palladium(II) reagents, i.e. PdCI2. PdCI2(CH3CN)2, were ineffective for this oxidation. 
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Scheme 1 
5 mol % Pd(OAc)2 

[ ~ }  "/CH2OH base(0' lmm°l)  ,. O / C l i O  

toluene, 80 ° C, 2 h 
under 02 

Table 1. Pd(OAc)2-Catalyzed Oxidation of Benzyl Alcohol 
by Molecular Oxygen a 

entry base conversion(%) GLC yield(%) b 

1 - -  5 5 

2 pyridine 86 86 

3 2,6-1utidine 82 81 

4 triethylamine 78 76 

5 2,2'-bipyridine 5 5 

6 c pyridine - 100 quantitative 

a) Reaction conditions; Pd(OAc)2 (0.05 mmol), benzyl alcohol (1.0 
mmol), base (0.1 mmol), toluene (10 mL), under atmospheric 02 at 
80 °C for 2 h. 
b) Bibenzyl was used as an internal standard. 
c) In the presence of MS3A (500 mg). 

Next, we carried out oxidation of various alcohols under the optimum conditions, the results of which 

being listed in Table 2.12 Primary and secondary benzylic alcohols were converted to corresponding 

aldehydes and ketones in 89-100% yield within 2 h (entries 1-7). The amount of Pd(OAc)2 can be reduced 

to 1 mol%, but longer reaction time was required to attain the quantitative conversion (12 h, entry 3). 

Surprisingly, primary aliphatic alcohols were smoothly oxidized to aldehydes in high yields (entries 8 and 

10). Secondary aliphatic alcohols also were converted into ketones in high yields under the same 

conditions (entries 11 and 12). For practical purpose, the large scale oxidation of p-methoxybenzyl 

alcohol (1.38 g, 10.0 mmol) was carried out to give p-methoxybenzaldehyde (1.29 g, 9.50 mmol, entry 4). 

In general, an effective catalyst for oxidation of benzylic alcohols is also applicable to that of allylic 

alcohols. However, oxidation of cinnamyl alcohol by this system was sluggish and only 65% of 

cinnamaldehyde was obtained even by prolonging the reaction time (12 h) under the identical conditions. 

Although the details are not yet known, we suppose that the reaction proceeds via formation of a Pd(II)- 

alkoxide species 6, 8 from alcohol and Pd(II)-pyridine complex 13 followed by p-elimination of a Pd(II)- 

hydride species from the alkoxide species. The Pd(II)-hydride species can be converted again to an active 

Pd(II) species by molecular oxygen, 14 the divalent palladium complex working as an active species 

throughout the reaction. 

In conclusion, a system of  simple combination of commercial ly available reagents, 

Pd(OAc)2/pyridine/MS3A, has shown a high catalytic activity for aerobic oxidation of benzylic and 

aliphatic alcohols. Scope and limitations of this oxidation as well as mechanistic work will be reported in 

due course. 
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Scheme 2 
5 mol% Pd(OAc)2 

@H pyridine, MS3A O 
R1-CH--R 2 R1-C-R 2 

toluene, 80 °C, 2 h 
under 02 

R l=aryl, alkyl R2=H, alkyl 

Table 2. Pd(OAc)2-Catalyzed Oxidation of Alcohols by Molecular Oxygen a 

entry substrate product  conversion(%) isolated yield(%) 

2 CHO ~ 100 96 
3b . ~ O H  ~ ~100 96 
4 c MeO MeO" v -100 95 

~ O H  i . . ~  CHO 5 92 89 
C C 

6 O 2 N ~ ~  OH O 2 N ~ [ ~  CHO 94 92 

7 95 94 

8 ~ , ,~CHO 96 95 
9d OH \ /16 61 58 

10 ~ l o O H  ..~CHO\/lO 97 93 

11 98 97 

12 O -100 93 
13 d B u t ~ o H  B u t " " ' ~  89 80 

a) Reaction conditions; Pd(OAc)2 (0.05 mmol), alcohol (1.0 mmol), pyridine (0.2 mmol), MS3A 
(500 mg), toluene (10 mL), under atomospheric 02 at 80 °C for 2 h. 

b) 1 mol% Pd(OAc)2, for 12 h. 
c) lO-Fold scale reaction using 1 mol% Pd(OAc)2 and 1.00 g of MS3A for 12 h. 
d) In the absence of MS3A. 
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