
1 I72 J .  CHEM. SOC., CHEM. COMMUN., 1993 

Detection of Oxidation Radicals of Z3-Enediol Form of 2,3-Dioxoguluno-6-lactone by 
Pulse Radiolysis 
Kunihiko Nakatap Hideo Horii* b and Naofumi Moritaa 

a Laboratory of Food Chemistry, Department of Agricultural Chemistry, College of Agriculture, and b Research Institute 
for Advanced Science and Technology, University of Osaka Prefecture, 1-2 Gakuen-cho, Sakai, Osaka 593, Japan 

The OH adduct radicals of the 2,3-enediol form of 2,3-dioxoguluno-6-lactone (2,3-End.DKGL) have been observed in 
aqueous solution by pulse radiolysis (the adduct radicals were converted into the one-electron oxidation radical in 
alkaline solutions by dehydration); the oxidation radical has also been produced by oxidation of 2,3-End.DKGL by the 
atide radical (N3-). 

L-Ascorbic acid (AsA) is easily oxidized to dehydro-L-ascorbic 
acid (DHA), and then hydrolysed to 2,3-dioxo-~-gulonic acid 
(DKG) in neutral and alkaline solutions. DKG can be 
converted into 2,3-End.DKGL and the 3,4-enediol form of 
2,3-dioxoguluno-6-lactone (3,4-End. DKGL) by enolization 
and subsequent cyclization of DKG in neutral solution,lJ but 
3,4-End.DKGL is rather unstable in aqueous solution. Both 
2,3-End.DKGL and AsA have the 2,3-enediol group in their 
structures. The study of the oxidation mechanism of 2,3- 
End.DKGL is important in relation to the metabolism of AsA 

in living organisms. Therefore, we are interested in studying 
the oxidation intermediates of 2,3-End.DKGL in order to 
clarify the oxidation mechanism of 'reductone' including 
AsA,3 adrenaline, dopamine and triose reductone . 43  

This paper deals with the oxidation of 2,3-End.DKGL in 
aqueous solution by the OH radical (-OH) and N3* using the 
pulse radiolysis technique. 2,3-End.DKGL was obtained by 
addition of sodium hydroxide to an ethanolic DHA solution 
and purified by diethylaminoethyl cellurofine column chro- 
matography.6 The pK, was determined to be 3.68 from the 
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Fig. 1 Spectra of radicals obtained from 2,3-End.DKGL by pulse 
radiolysis; (a) :  pH 6.25, immediately after the pulse; (b):  pH 8.75, 
0.1 ms after the pulse; 2 x 10-4 mol dm-3 2,3-End.DKGL, N 2 0  
saturated and (c ) :  0.02 mol dm-3 NaN3, pH 7.86, immediately after 
the pulse, 2 x 10-4 mol dm-3 2,3-End.DKGL, N20 saturated. 
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Scheme 1. Proposed mechanism for the formation of radicals from 
2,3-End.DKGL and 'H or N3* 
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original acids. This fact enables us to presume that the pK, 
value of the 2,3-End.DKGL radical is smaller than that of the 
acid by -4. Hence, the 2,3-End.DKGL radical must be in a 
dissociated form at neutral pH. 

The rate constant for the dehydration of the OH adduct 
radicals by OH- was found to be k = (1.6 k 0.2) X 104 + (6.8 
k 0.4) x 108 [H+] s-1 from the relation of k vs. concentration 
of OH- (5.6 x 10-6 to 4 x mol dm-3) inN& saturated 
solutions of 2 x mol dm-3 2,3-End.DKGL. On the other 
hand, 2,3-End.DKGL is directly oxidized by N3* to yield the 
oxidation radical. The rate constants for reactions of 2,3- 
End.DKGL with *OH and N3* were found to be (8.8 k 0.8) x 
109 dm3 mol-1 s-l at pH 7.65 and (3.5 k 0.4) x 109 dm3 mol-1 
s-l at pH 7.76, by kinetic analyses of the formation of the 
transient intermediate at 490 nm in the range of 2 to 4 x 

dm-3 mol2,3-End.DKGL, respectively. The OH adduct 
radical and the oxidation radical of 2,3-End.DKGL decay by 
second-order kinetics with rate constants of (1.4 k 0.1) x 
108dm3mol-ls-1 at pH6.3 and (6.8 k 0.4) x 
lo7 dm3 mol-l s-1 at pH 7.9, above 5 Gy per pulse. 

The loss of 2,3-End.DKGL for OH radical oxidation at 
pH 6.25 was observed to be (3.4 k 0.1) X 10-7 mol J-1 by 
HPLC analyses after 6OCo y-ray irradiation. This result 
indicates that the transient intermediate decays by dispropor- 
tionation, since the radiation chemical yield of *OH is 6.3 x 
10-7 mol J-1.7 A proposed mechanism for the oxidation of 
2,3-End.DKGL is shown in Scheme 1. 
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