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Autoxidation of 4 - Alkyl- 2,b -dig t - butylphenols with 
Di- (3- Salicylideneaminopropyl)aminecobalt( 11) Catalyst 

By TERUO MATSUURA,* KATSUMI WATANABE, and AKIRA NISHINAGA 
(Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University, Kyoto, Japan) 

Summary Autoxidation of 4-alkyl-2,6-di-t-butylphenols 
(111) with di- (3-salicylideneaminopropyl) aminecobalt ( I I) 
catalyst in methanol gives the corresponding quinols, 
4-alkyl-2,6-di-t-butyl-4-hydroxycyclohexa-2,5-dienones 
(IV), which are formed via the corresponding hydro- 
peroxides (V) . 

IN the catalysed autoxidation of phenols, diphenoquinones, 
benzoquinones, and polyphenylene ethers can be selectively 
prepared by an appropriate choice of catalyst, solvent, and 
starting materia1.l-3 The autoxidation of p-unsubstituted 
phenols in the presence of a cobalt(I1) complex, Salcomine 
(I), giving the corresponding p-ben~oquinones,2*~ drew our 
particular attention, because two moles of (I) form a quite 
stable complex with one mole of oxygen. We now have 
found that di-(3-salicylideneaminopropyl)aminecobalt (11) 

(11), an oxygen carrier which forms a complex with one 
mole of oxygenJ4 also acts as a homogeneous catalyst for the 
oxidation of phenols with molecular oxygen in organic 
media, and that the catalytic autoxidation of 4-alkyl-2,6-&- 
t-butylphenols (111) results in selective introduction of 
oxygen a t  the $-position to give the corresponding p-quinol 
(IV) in good yield. This provides a convenient method 
for the preparation of p-quinols. 

When oxygen was bubbled through a solution of 2,6-di-t- 
butyl-fi-cresol (111; R = Me; 8 mmoles) and (11) (3.6 
mmoles) in methanol (300 ml) at room temperature until 
the starting phenol was completely consumed (20 hr.), 2,6- 
di-t-buty1-4-hydroxy-4-methylcyclohexa-2,5-dienone (IV; 
R = Me)5 was obtained in 96% yield. Under similar 
conditions6 2,4,6-tri-t-butylphenol (111 ; R = But) gave 
2,4,6-tri- t-bu tyl-4-hydroxycyclohexa-2,5-dienone' (IV ; R 
= But; SO%), an o-benzoquinone (V; 6%), and the starting 
phenol (54%). 

Although 2,6-di-t-butyl-4-hydroperoxy-4-methylcyclo- 
hexa-2,5-dienone (VI; R = Me)6b was stable to methanol 
and to the conditions employed for working-up the reaction 
mixture from (111; R = Me), it was quantitatively reduced 
to the corresponding quinol (IV; R = Me) in the presence 

OH OH 
B u t m B u t  
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of cobalt complex (11) in methanol. The catalytic autoxi- 
dation of (111; R = Me) with (11) in chloroform or benzene 
resulted in the formation of a complex mixture of products 
which showed the same t.1.c. pattern as that of products 
obtained by treatment of hydroperoxide (VI) with (11) in 
chloroform or benzene. These results indicate that (111) is 
first oxidized to (VI) which in turn is reduced in the presence 
of (11) in methanol to form (IV). 

The catalysed autoxidation of various phenols with (11) 
was also carried out in methanol. 2,d-Di-t-butylphenol 
gave a dimer (VII; 20%), (V; 9.2%), and the starting 
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phenol (70%) after 70 hr 4-Brorno-2,6-di-t-butylphenol C0,Et) resisted autoxidation The catalysed autoxidation 
(111, R = Br) gave 4 4,4’,4’-tetra-t-butyldiphenoquinone of (111, R = Me or But) with Salcomine (I) gave neither 
(22%) with the starting phenol recovered (78%) after 140 hr quinols (IV) nor hydroperoxides (VI), but unusual products 
Monoalkylated phenols and 2,6-di-t-butylphenols bearing whose structures are currently being investigated 
an electron-withdrawing group (111, R = CN, CHO, or 
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