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The oxidation of diacetone-l-sorbose, 1,to 2-keto-l-gulonic 

acid,II/which is an intermediate in the synthesis of vita- 

min C / is effected usually with alkaline sodium hypochlori- 

te solutions in the presence of nickel salts /1,2/. Although 

the process is of considerable practical value, nothing is 

known about the mechanism of this oxidation. 

Sodium hypochlorite and nickel salt solutions produce a fi- 

nely divided, black precipitate, designated usually as nicke- 

lit hydroxide. The following observations strongly suggest 

that this substance is the true catalyst in the above oxida- 

tion of I: 

l./ 

* 

2./ 

The nickel salt proved to be essential for a practical 

rate of reaction, as in the absence of nickel no II could 

be isolated from the reaction mixture in experiments 

/70°C, 1 hour reaction time, NaOCl: I molar ratio 3,6:1/ 

which on addition of a nickel salt /0,56 %, based on I 

and calculated as metallic nickel/ produced yields of II 

usually in the range of 90 %. 

Nickelous hydroxide proved to be ineffective as catalyst 

of the oxidation. With black nickelic hydroxide preformed 

from a nickel salt and sodium hypmhlorite, oxidation 

rapidly sets in on the addition of I end the reaction 

mixture has to be cooled intensely. Changing however, 

the order of the additions of the components to nickel 

salt, NaOH, I and, at last NaOCl, the oxidation of nicke- 

lous to nickelic hydroxide appears to be rather inhibi- 

ted by I, the color of the precipitate changing only very 
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slowly from green over gray to black, the oxidation re- 

qu:.ring accordingly aa induction period that is consi- 

de]*ably prolonged. The same will be the case when 

the addition of NaOCl does not follow the rate of 

the oxidation. In this case the initially black 

nizkelic hydroxide precipitate changas to gray, 

oxidation will stop and can be reinitiated only 

with a large surplus of sodium hypochlorite. 

Nakagawa and co-workers /3/ oxidized alcohols to carboxylic 

acids with stoichiometric amounts of pickelic hydroxide, de- 

signated by them as “nickel peroxide”. In view of the re- 

sults presented above, the conclusion seemed to be justified, 

that in the transfer of oxygen from sodium hypochlorite to I 

nickelic hydroxide is an intermediate. Actually, a stoichiomet- 

ric anount of separately prepared nickelic hydroxide readily 

oxidized I, as shown by separate experiments, to II. 

Nickelic hydroxide was prepared as described by Nskagawa /3/ 

It contained after washing and drying at room temperature 

3.5 q-atom active oxygen and 6.5 mg-atom nickel per gram. 

thus corresponding to an approximate composition Xi/OE/3.2H20. 

Its quantity used in stoichiometric oxidation was calculated 

on the basis of the active oxygen content. Oxidation of I 

uas carried out as follows. 

The calculated amount of nickelic hydroxide, necessary to se- 

cure the intended oxygen: I ratio, was suspended in water by 

stirring. To this suspension was gradually added a solution 

prepared from 46 g /0,175 g mole/ I and 10 g/ OS25 g mole/ 

NaOH in 140 ml of water. Temperature rose spontaneously to 

about 5C°C. Then the reaction vas completed by heating the 

mixture to 70°C for 90 minutes. After left cooling the mix- 

ture was filtered by suction end the nickel 

pitate was washed several times with water. 

rates were then concentrated in vacua below 

and cooled to 0%. If was precipitated from 

Ice-cold hydrochloric acid. The product yas 

by its acid number and specific rotation. 

containing preci- 

The combined filt- 

30°C to 360 ml, 

the solution with 

characttrised 
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The yield of II was found to vary with the active oxygen: 

I ratio. Using a theoretical amount of nickelic hydroxide, 

/oxygen:1 = 2:1/, a 49.0 % yield of II was secured. At the 

ratio of oxygen:1 = 3,6:1, the yield obtained was 73.6 46. This 

beneficial effect of excess oxidizing agent was observed in 

catalytic oxidation experiments too and indicated, that some 

side reactionsusing oxygen took place. 

The results thus furnish evidence that in the oxidation of 

I by sodium hypochlorite in the presence of nickel salts, 

nickelic hydroxide is the active agent of the oxygen trans- 

fer. 
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