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Abstract

4,40-Diphenoquinone1a can be oxygenated to givep-benzoquinone2a when treated with PbO2 in a solvent
containing an aqueous acid. The conversion of1a is facilitated when the acid is strong and the solvent is of low
basicity. The concentration of H2O in the medium also has a profound effect on the rate of conversion of1a. These
facts may indicate that protonation of1a is the first step in the conversion into2a. 4,40-Diphenoquinones1b and
1c can be analogously converted intop-benzoquinones2a and2b, respectively. Benzoquinones2 can thus be the
ultimate products of both oxygenation and dehydrogenative dimerization of phenols3. © 2000 Elsevier Science
Ltd. All rights reserved.

p-Benzoquinones are versatile starting materials for the preparation of various compounds.1 A number
of reagents can producep-benzoquinones from 4-unsubstituted phenols as the ultimate products of
oxygenation. In such oxidations, however, the benzoquinones are frequently accompanied by 4,40-
diphenoquinones, the eventual products of dehydrogenative C–C coupling of the phenols, as the minor
products or as the major ones.2 Isolation ofp-benzoquinones from mixtures containing the corresponding
4,40-diphenoquinones is often tedious principally because the latter, crystalline products, show signi-
ficantly poorer solubility than the former ones in common organic solvents. Up to now, only a limited
number of oxidation methods including Fremy’s salt,3 Jones reagent4 and thallium(III) nitrate5 have
been used for preparation ofp-benzoquinones from 4-unsubstituted phenols. These methods provide
little or no 4,40-diphenoquinones. We herein wish to report that in the presence of a strong aqueous acid,
4,40-diphenoquinones can be oxygenated by PbO2 to give the correspondingp-benzoquinones and that
p-benzoquinones can thus be the ultimate products of both oxygenation and dehydrogenative coupling
of 4-unsubstituted phenols.
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We have recently reported a new method of the preparation ofp-benzoquinones from 4-unsubstituted
phenols. It consists of treating the phenols briefly with PbO2 in AcOH containing 70% HClO4.6 In
this conversion, the choice of solvent is important. For instance, the oxidation of 2,6-di-tert-butylphenol
(3a) with this method affords 2,6-di-tert-butyl-p-benzoquinone (2a) in nearly quantitative yield and no
3,5,30,50-tetra-tert-butyl-4,40-diphenoquinone (1a), whereas varied amounts of1aare yielded in addition
to 2a if AcOH is replaced by other solvents such as acetone or DME. In continuation of this study,
prolonging the reaction time of3a with PbO2/70% HClO4 in, for example, DME was found to increase
the yield of2a and decrease that of1a, although relatively slowly. The result appeared to indicate that
both oxygenation (giving2a) and dehydrogenative dimerization (giving1a), of 3a took place rapidly
and, unexpectedly, conversion of1a into 2a followed under the reaction conditions.

To confirm that1acould indeed be oxygenated, the reaction of1awith PbO2/70% HClO4 was carried
out in various solvents (Table 1). As expected,1a was found to be converted into2a. However, the rate
of conversion was very much dependent on the solvent. Consumption of1a was complete or almost
complete and2awas obtained in 45–74% yield when the reaction was done in MeCN, acetone or AcOH.
A significant amount of1a was recovered unchanged from the reaction in DME. The reaction in MeOH
was quite slow and only a small amount of2a was yielded. It appeared that the rate of oxidation of1a is
enhanced by a solvent with low basicity.7 If so, the concentration of H2O, which is relatively basic,7 in
the medium should also have a profound effect on the rate of reaction of1a. In fact, a substantial decrease
in the rate of conversion of1a was observed when the reaction in acetone (run 5, Table 1) was carried
out in the presence of a relatively small amount (0.5 mL) of added H2O: only 44% of1awas consumed.
Employing more H2O (2 mL) totally inhibited the reaction of1a.8

Table 1
Conversion of1a into 2awith PbO2 and 70% HClO4 in various solventsa



687

The reaction of1a to give2awith PbO2 and various aqueous acids in acetone was also tested (Table 2).
Compound1a was quantitatively recovered when CF3CO2H was employed as the acid. With MeSO3H,
2awas obtained but recovery of1awas also substantial. The reaction with CF3SO3H was fast and only a
small amount of1awas recovered. As described above, consumption of1awas complete in the reaction
in the presence of HClO4. The results appeared to suggest that a stronger acid accelerates the reaction of
1a.

Table 2
Conversion of1a into 2awith PbO2 and various aqueous acids in acetonea

From the facts shown above, it may be reasonably assumed that reaction of1a proceeds as shown
in Scheme 1. Protonation of1a to generate cation4 is the primary step in the conversion into2a. To
protonate1a effectively, which may be weakly basic, employment of a strong acid and a weakly basic
medium is required. The reaction of4 with H2O to give phenol5 must be reversible as exposure of1a to
a mixture of 70% HClO4 and acetone resulted in the complete recovery of1a. Since3a can be directly
oxygenated by PbO2/70% HClO4 (see above), oxygenation of5 with the same oxidant or with PbO2 and
other strong aqueous acids to give bis(cyclohexadienone)6 ought to be a feasible process.9

Scheme 1.
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The conversion of a 4,40-diphenoquinone to ap-benzoquinone appears to be a general reac-
tion. This was supported by the fact that 3,5,30,50-tetraisopropyl- (1b) and 3,5,30,50-tetramethyl-4,40-
diphenoquinone (1c) were converted into 2,6-diisopropyl- (2b) and 2,6-dimethyl-p-benzoquinone (2c),
respectively, by oxidation with PbO2/70% HClO4 in acetone, although the yields were not high (42
and 29%, respectively).10 Lack of stability of the diphenoquinones to 70% HClO4 in acetone perhaps
contributed to low yields of the benzoquinones. The selectivities of formation of2band2cwere improved
when aqueous MeSO3H, to which1b and1c were inert in acetone, replaced 70% HClO4 in the above
reactions, although the rates of consumption of1b and1cwere decreased.

The overall effect of HClO4 on the oxidation of3a, 2,6-diisopropylphenol (3b) and 2,6-di-
methylphenol (3c) with PbO2 in acetone/H2O was remarkable (Table 3). With HClO4, the reactions of
3 for a sufficient time gave thep-benzoquinones in good to high yields and no 4,40-diphenoquinones.
Without HClO4, in contrast, the reactions of3aand3b afforded the 4,40-diphenoquinones in good yields
and nop-benzoquinones. The reaction of3c without HClO4 yielded only a small amount of1c and no
2c, the principal products being unidentified.

Table 3
Effect of HClO4 on oxidation of phenols3 with PbO2 in acetone/H2Oa

It is emphasized that PbO2 may not be the sole oxidant which, in the presence of a strong aqueous acid,
can convert 4,40-diphenoquinones top-benzoquinones. Any oxidant that can oxygenate phenols (in the
presence or absence of a strong acid) may also bring about this conversion in the presence of a strong acid
(cf. Scheme 1). An example is shown below. Reaction of1awith ceric ammonium nitrate (CAN), another
one-electron oxidant, in acetone containing 70% HClO4 was completed rapidly and2a was produced in
63% yield. If HClO4 was omitted in this run, most of the starting material (1a) (96%) was recovered
unchanged. Accordingly, oxidation of3a with CAN/70% HClO4 in acetone gave2a (65%) and no1a,
while both2a (25%) and1a (66%) were obtained when HClO4 was omitted.

Our study may present a principle of reducing or eliminating formation of 4,40-diphenoquinones while
increasing that ofp-benzoquinones in the oxidation of 4-unsubstituted phenols.
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