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The reaction of potassium superoxide with vitamin K, and its related compounds 

in the presence of crown ether gave the corresponding 2,3-oxide and nhthalic acid. 

The oxidative cleavage of oxirane ring by superoxide ion has been observed with 

vitamin K, 2,3-oxide and certain epoxides. 

In recent years there has been considerable interest concerning the chemistry of superoxide 

ion, O;, as a possible active species for certain biological oxidations.' The deleterious 

effects of 0; in biological systems have also become increasingly evident.' The reaction of 0; 

with vitamin K, is of particular interest not only from the view point of the protection against 

0; in biological systems but also as a model for the microsomal conversion of the vitamin to its 

2,3-oxide catalyzed by epoxidase.2 We wisn to report our observation on the reaction of vitamin 

K derivatives with potassium superoxide (K02) dissolved in organic solvents by complexation with 

crown ethers. Before we initiated an investigation on the reaction, the rate constants of the 

reversible electron-transfer reactions between 0; and vitamin K, or 1,4-naphthoquinones in 

aqueous solutions have been reported.3 However, nothing has been known of the chemistry of the 

reactions. 

In a typical experiment, a solution of 2,3-dimethyl-1,4_naphthoquinone a (1 mnol) in dry 

benzene (20 ml) was added to a mixture of powdered potassium superoxide (4 mmol) and 18-crown-6 

ether (1 mmol) dissolved in dry benzene (40 ml). The mixture was vigorously stirred under the 

stream of oxygen for 1 h. The solution was acidified with 2N HCl and the mixture was extracted 

with saturated NaHC03. The aqueous extracts were acidified and extracted with ether to give 

phthalic acid (2 (19%). The benzene layer was dried over Na2S04 and the solvent was removed 

under vacuum. The residue was purified by preparative TLC (silica gel) to give the 2,3-oxide 3 
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(7%). 

In control experimentskwas oxidized in the presence of ha202 or potassium acetate in 

place of KO2 under identical conditions. In both cases l+was recovered quantitatively. The 

reaction of&with KOH-crown ether under oxygen atmosphere was sluggish and gave only small 

amounts of phthalic acid 2 even after 3 h. 
* 

These results indicate that 0; is indeed involved 

in the reaction, and that the base-catalyzed autoxidation of 1 is not involved to any 
* 

substantial extent. 

The reaction of 0; with vitamin K, ($ or its model compound5 gave essentially the same 

result (Table 1). Vitamin K, yielded the corresponding 2,3-oxide$(l6%) and phthalic acid%) 

(19%). In the case of2 cinnamic acid and benzoic acid resulting from the degradation of the 

side chain were obtained in addition to: and$(entry 6 and 7). As evident from Table 1, the 

yield of phthalic acid (2) was increased by prolongation of the reaction time, suggesting that 

2 was formed by further oxidation of the 2,3-oxide with 0;. In fact, 2,3-epoxy-1,4-naphtho- 
rLr 

quinones (&$,L) were oxidized slowly by 0; under the conditions to give &and the products 

deriving from side chain degradation (entry 8-10). Under conditions in which 3 or chalcone 

oxide (entry 11) was oxidized, styrene oxide 

that an adjacent carbonyl group is necessary 

0;.4 

and stilbene oxide were inert 

for the oxidative cleavage of 

w 

toward Oh, indicating 

the oxirane ring by 

0 

a CH3 

R 

K02 ~ &;3 + a:::: 

crown ether 

0 0 

2, R = CH3 

J-9 R = phytyl 

5 R = CH2CH=CHPh 

2, R = CH3 2 
3c 

0, R = phytyl 

2, R = CH2CH=CHPh 

The chemical reactivity of 0; has been a subject of much current controversy.5 Recent work 

by Sawer et.,6 has claimed the inertness of 0; toward electron-rich substrates as an 

oxidizind agent, although its nucleophilicity and its reducing power seem to be well 

established. 
5 

In the present case, neitherA nor&has acidic hydrogens which might be removed 
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Table 1 Reaction of Vitamin K, and its Related Compounds with Potassium Superoxide in Benzenea 

Entry Substrate KO 
21 

Reaction Products (%lb Recovered 
(mnol) INIl time substrate (%) 

1 i (1) 4 mm01 10 min 3 (16) 3 (16) i,(15)d 

2 4 (1) 4 

3 J (l)c 4 

4 $(l) 4 
5 2 (1) 4 

6 2(l) 4 
7 k(l) 4 -_____-__--__-___- 

8 J(l) 4 

9 Q (0.75) 1.5 

10 ,7 (1) 4 
--_____ __---_-_-_________. 

11 
P 

PhCC\H/CHPh 4 
0 

(1) 
12 PhC\H-/CHR 4 

0 
(1) 

R = H, Ph 

lh $ (19) 2 (7) 
-u 

2h 2 (23) 3 (5) 
-d 

lh p (19) $ (16) 
-d 

3h $ (21) Q (12) 
-d 

0.5 h f (3) 1 (8) PhCH=CHC02H (4) 
-d 

4h 2 (19) PhCH=CHC02H (8) 
-d 

PhC02H (3) - 
_______----_-----_--___________----------~~__~~~_____~-~~~~ 

8h p (43) 

p (l!Xd 

CH3C02H 3 (46) 
5h 

4h 2 (23) 

2 (54)d 
PhCH=CHC02H(4) PhCH=CHCH2C02H(2) &,(15) 

____________z---__---_--_-----------------_-----------__- 

7h PhC02H (55) 

7h No reaction 

aThe reactions were carried out under oxygen atmosphere at room temperature. Under 

nitrogen atmosphere the reactions were much slower but gave essentially the same results. bThe 

product was identified by comparison with the authentic sample. 'In dry pyridine. 
d 
A complex 

mixture of products has been obtained. 

by 0;. In addition, the reaction of&with 0; in riqorously dry pyridine also proceeded to 

give the same products (entry 3). The results indicate that the proton transfer to 0; is not 

involved at least in the initial step of the reaction. We suggest the following mechanism 

involving2 as an intermediate, which may be formed by direct attack of 0; to the electron- 

deficient double bond (path a) or by an electron transfer from Oh to the naphthoquinone (path b) 

(Scheme I).3y7 Electron transfer from 0; toB+will give&which subsequently undergoes ring 

closure to give the 2,3-oxide&exactly in the same manner as in the epoxidation ofAwith 

hydroperoxy anion.8 The mechanism of the oxidative cleavage of the oxirane ring is not clear. 

However, nucleophilic attack of 0; on the oxirane carbon may be responsible for the cleavage. 

In conclusion, the results described here indicate that once 0; is produced in biological 
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systems, it rapidly reacts with vitamin K derivatives to give the corresponding 2,3-oxide and 

phthalic acid.' 

Scheme I 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

e. 
0 
d. 
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