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Table 1 Oxidation of aldehyde 2 to carboxylic acid 6_a 

pH of yield recovered 
entry buffer added reaction time of 6 (%) 5 (%) 

1 2.0 

2 3.7 

3 4.4b 

4 5.0 

5 6.0 

6 7.0 

7 10.0 

8 12.0 

9 C 

10 d 

20 min e 43 45 

10 min 95 

2 min 95 

2 min 95 

2 min 96 

2 min 96 

10 min 91 

40 min e 90 5 

6 min 86 

4h 38 56 

a See the text for the reaction conditions. b 5% NaH2P04 (2 mL) used. c H20 used 

instead of a phosphate buffer solution. d Solid KMn04 added. e All of the KMn04 

consumed by the end of the specified reaction time. 

After a certain reaction time, the oxidation was quenched by the addition of a saturated 

solution of Na2S03 and the resulting pH of the mixture was adjusted to 3 with cold (O'C) 

dilute HCl to dissolve the colloidal Mn02. The usual extractive workup followed by flash 

chromatography on silica gel provided the carboxylic acid 6, and in some cases with 

recovered 5. 

Table 1 summarizes the results. With a buffer solution of pH 4.4, 5.0, 6.0, or 

7.0, the oxidation of 5 to 6 is brought to completion in excellent yields (entries 3 -6). 

In the pH 2 and 12 experiments (entries 1 and 7) KMn04 auto-decomposes rapidly, the 

aldehyde 5 being partially recovered. Note the amount of the phosphate used in the 

oxidation is small, yet is still sufficient to prevent the hydroxide produced from 

causing deleterious effects. In the absence of water, the oxidation proceeds much more 

slowly6 (entry 9), and this result may be compared with three known procedures as applied 

to the conversion of 5 to 6: (1) KMn04 (1 equiv) and dicyclohexyl-18-crown-6 in benzene . _ 
(reaction conditions, 36 h at room temperature),7 yield of 6, 46% and recovery of 5, 42%; 

(2) Bu4NMnO4 (2-3 equiv) in pyridine (2 h at rocm temperature),8 6, 73% and 5, 17X"(3) 

NaMnO4.H20 (5 equiv) in hexane (3 h under reflux),g 6, 29% and 5, 63%. 

In a second set of experiments we have examined the extent to which various protected 

hydroxyl groups survive under the conditions specified in Table 1, entry 3, which appeared 

most suitable for this purpose. The substrates are 7a-e, 1 and 3. As Table 2 indicates, 

the aldehydes having an acetonide, benzyl ether, 10 te"t"rahydropyrany1 ether, methoxymethyl 
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Table 2 Oxidation of aldehydes !a-$, 1, and 2 to the corresponding 

entry substrate reaction time (min) 

0 

CHO 

zt? 10 
+,OSiMe,‘Bu 

40 80-85 

carboxylic acidsa 

yield (%) 

98 

95 

98 

99 

98 

97 

a Conditions specified in Table 1, entry 3. 

ether and/or silyl ether are smoothly and rapidly converted to the corresponding 

carboxylic acids (entries 1 -5). Thus, through this modified version of KMn04 oxidation 

the synthetic intermediates 2 and 4 described in the introduction are now in our 

possession.ll 

A variety of reliable oxidizing reagents for the conversion of "sensitive" alcohols to 

aldehydes or ketones are available, but for the oxidation of "sensitive" aldehydes 

to carboxylic acids there are only a few. In view of its operational simplicity, 

efficiency, and selectivity, the modified method described above will hopefully prove to 

be of wide synthetic utility. 
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'H NMR spectra of 2 (400MHz, CDC13); 6 -O.Ol(s, 3H), 0.035(s, 3H), 0.044(s, 3H), 
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