
CHEMISTRY LETTERS, pp. 1385-1388, 1986. (C) 1986 The Chemical Society of Japan

A Facile Method for the Oxidation of Aldehydes 

to Carboxylic Acids via Acetal-type Diperoxides

Teruaki MUKAIYAMA, Norikazu MIYOSHI, Jun-ichi KATO, and Masahiro OHSHIMA 

Department of Chemistry, Faculty of Science, 

 The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

In the presence of a catalytic amount of trityl perchlorate, 

aldehydes smoothly react with t-butyl trimethylsilyl peroxide to 

give the acetal-type diperoxides in good yields. Treatment of

these diperoxides with piperidine at  90℃ or the aqueous

solution of CuSO4 and L-ascorbic acid at room temperature gave 

the corresponding carboxylic acids in good yields.

The oxidation of aldehydes to carboxylic acids is one of important functional 

group interconversion reactions frequently employed in organic synthesis. Many 

methods have been reported concerning this reaction,') however, the conventional 

methods generally required the oxidants containing hazardous or expensive heavy 

metals, such as KMn04, Cr03, Ag2O. Some methods are reported on the oxidation of 

aldehydes by the use of the oxidants free from heavy metals, for example, hydrogen 

peroxide,2) sodium chlorite,3) calcium hypochlorite.4) Since some of these 

reactions are applicable to the limited substrates, the novel and useful methods 

for the oxidation of aldehydes are still desired. 

In the previous paper, it was reported that, in the presence of a catalytic 

amount of trityl perchlorate, dimethylacetals of aldehydes reacted with t-butyl 

trimethylsilyl peroxide to afford the acetal-type peroxides, and further treatment 

of the peroxides with piperidine in methanol at 60 C gave the corresponding 

methyl esters in good yields.5) So we next tried the oxidation of free aldehydes, 

and in our continuous investigation, the oxidation of aldehydes to the 

corresponding carboxylic acids was achieved by the two-step procedure including 

(I) the addition of t-butyl trimethylsilyl peroxide to aldehydes catalyzed by 

trityl perchlorate and (II) the conversion of the acetal-type diperoxides to 

carboxylic acids. 

 First, we examined the reaction conditions for the addition of t-butyl 

trimethylsilyl peroxide (2) to aldehydes (1), and it was found that, in the 

presence of 5 mol% trityl perchlorate, the reaction proceeded smoothly in CH2Cl2 

even at-78 C to afford the acetal-type diperoxides (3) in good yields. The 

results are shown in Table 1.



1386 Chemistry Letters , 1986

Scheme 1.

Table 1. The synthesis of acetal-type diperoxidesa)

 a) Molar ratio of 1: 2 is 1: 3. 

 b) Isolated yields. All the products gave satisfactory spectral data (NMR 

 and IR). 

Next, the reaction conditions for the conversion of the diperoxides to the 

corresponding carboxylic acids were investigated, and it was found that the 

carboxylic acids (4) were obtained in good yields when the diperoxides (3) were 

heated with piperidine6) in water at 90 OC (Method A). Further investigation made 

it possible to convert the diperoxides to the carboxylic acids under milder 

conditions. That is, the diperoxides (3) were treated with the aqueous solution 

of CuSO4 and L-ascorbic acid) at room temperature, and the carboxylic acids (4) 

were obtained in good yields. Nearly the same results were obtained by the use of 

a catalytic amount of CuSO4 in the above reaction (Method B). Based on this 

observation, the synthesis of the various carboxylic acids was tried and the 

results are summarized in Table 2. According to this method, the carboxylic acids 

with various functional groups, such as olefin, benzyl ether, halide, sulfide, are 

easily prepared under mild conditions (entries 3-6). And it is noted that the 

sulfide group, which is easily oxidized to sulfoxide by the conventional oxidation 

methods of aldehydes,3) was left intact under the reaction conditions.
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Method A: piperidine/H2O, 90 C 

Method B: CuSO4, L-ascorbic acid/THF-H2O, r.t. 

 Scheme 2. 

Table 2. The synthesis of carboxylic acids

a) Isolated yields. All the products gave satisfactory spectral data (NMR 

and IR data). 

b) The reaction was carried out by the use of a catalytic amount of CuSO4. 

c) The reaction was carried out in THF-H20-HMPA (2:2:1).

 A typical procedure is described for the oxidation reaction of 3-

phenylpropanal; To a CH2Cl2 solution (2ml) of trityl perchlorate (9 mg, 0.003 

mmol) were added 3-phenylpropanal (67 mg, 0.5mmol) and t-butyl trimethylsilyl 

peroxide (1.5mmol)8) in CH2Cl2 (3ml) at-45 C (acetonitrile-dry ice bath) 

under argon atmosphere. The reaction mixture was stirred for 10 min, then quenched 

with pH 7 phosphate buffer. The organic materials were extracted with ether three 

times, and the combined extracts were washed with a saturated aqueous solution of 

NaCl and was dried over Na2SO4. The solvent was evaporated and the residue was 

purified by preparative TLC (silica gel) to afford 1,1-bis(t-butyldioxy)-3-

phenylpropane (140 mg, 95% yield). 

 The methods for the synthesis of the carboxylic acid from the acetal-type 

diperoxide are as follows; (Method A) 1,1-Bis(t-butyldioxy)-3-phenylpropane (105 

mg, 0.35mmol) was dissolved in a mixture of piperidine (1ml) and water (1ml) 

and heated at 90 C (bath temp) for 3 h. Then the reaction was quenched with 2 

mol dm-3 HCl. After stirring for 30 min, the organic materials were extracted 

with CH2Cl2 seven times, and the combined extracts were dried over Na2SO4. After 

evaporation of the solvent, the crude product was purified by preparative TLC 

(silica gel) to afford 3-phenylpropionic acid (47 mg, 88%). (Method B); To a THF
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solution (1ml) of 1,1-bis(t-butyldioxy)-3-phenylpropane (76 mg, 0.26mmol) was 

added a solution of CuSO4 (59 mg, 0.37mmol) and L-ascorbic acid (67 mg, 0.38 

mmol) in water (1ml) at room temperature, and the reaction mixture was stirred 

for 8 h. After the usual work-up, 3-phenylpropionic acid was obtained in 77% 

yield. 

Thus, the addition of t-butyl trimethylsilyl peroxide to aldehydes was 

smoothly promoted by a catalytic amount of trityl perchlorate to afford the 

acetal-type diperoxides, and the acetal-type diperoxides were converted to the 

corresponding carboxylic acids in good yields under mild conditions. It is noted 

that the acetal-type diperoxides can be easily obtained according to the present 

reaction and it is expected that these interesting intermediates are applicable to 

various useful synthetic reactions. Further investigation is now in progress.
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