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: +
In the presence of quinones as cocatalysts, Fe3 -catalyzed

hydroxylation of benzene with H provided phenol in moderate

(o}
272
yields. 1,2-Naphthoquinone-4-sulfonate facilitated the hydroxyla-

tion with much greater efficiency.

Recently, attention has been focused on the direct formation of phenols

1)

from the corresponding aromatic compounds. In particular, the hydroxylation

with H202 in the presence of metal catalyst, for example, Fe2+—H202 (Fenton’s

reagent) is of potentially practical importance and its mechanism has been the

subjects of extensive studies.z) However, the Fenton reaction itself requires

large amounts of Fe2+, which seriously limits the possibility of synthetic

utility of this and closely related reactions.3)
On the other hand, little attention has been paid to the hydroxylation

using the combination of Fe3+ with H,0, due to the slow rate of reaction and

4 In this paper, we would like to show that the hydro-

+
-H,0,

the low yield of phenol.

3 can be made catalytic in Fe3+ by using a qui-

xylation of benzene with Fe
none as the cocatalyst.

A typical reaction was carried out under a nitrogen atmosphere at ambient
temperature in a two-phase system of H20 (50 mL) and benzene (2 mL) containing
Fe2(504)3 (0.05 mmol) and a guinone (0.1 mmol). H202 (1 mmol) was added to the
solution all at once and the mixture was mechanically shaken during the course
of the reaction. The standard procedure to determine the phenol yield was sim-
ilar to those described previously.5)
added.

Table shows the results of the hydroxylation in the presence of various

The phenol yields were all based on H202

quinones and other electron-transfer reagents, for comparison. In any case,

phenol was obtained as the major product. No appreciable amount of byproducts
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Table. Hydroxylation of benzene with Fe3+-H-202 in the presence of quinonesa)
Cocatalyst mmol Fe3+, mmol Phenol Yield, %
none 0.1 0.1 1.9
p-benzogquinone 0.1 0.1 30.7
0.01 0.01 b)
2,5-dimethyl-p-benzoguinone 0.1 0.1 32.1
1,2-naphthoguinone 0.1 0.1 30.1
anthraquinone-2-sulfonate 0.1 0.1 32.0
anthragquinone-2,7~disulfonate 0.1 0.1 32.6
anthraquinone~2,6-disulfonate 0.1 O.ld) 1.5
0.1 0.1 36.1
0.1 0.1 38.1
0.1 0.1f) 1.5
0.01 0.01° 0.2
anthraquinone-1,5-disulfonate 0.1 0.1 3.7
anthraquinone-1,8-disulfonate 0.1 0.1 3.6
1,2-naphthogquinone-4-sulfonate 0.1 0.1 39.0
0.1 0 0
0.01 0.1 41.4
0.01 0.01% 33.1
0.01 0.002%) 17.1
0.01 0.002% 22.6
cu?t 0.1 0.1 19.1

la)

phenazine methosulfate 0.1 0.1 22.5

a) Unless otherwise noted, the conditions were the same as described in the text;
shaken for 2.5 h. The solutions were not buffered to show initially pH 3.0.
For ¢) and d), the pHs of the reaction media were adjusted with H SO4 to 3.0
and 1.7, respectively, and for e), f), and g), with NaOH to 3.5, 3.5, and 4.4,
respectively.

b) Detected, but a trace amount.
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Figure. The time course of the hydroxylation. Phenol yield against time.
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were found except for only traces of biphenyl and hydroquinone. In general,

the yields of phenol were constantly greater than 30 %.6)

However, anthraqui-
none-1,5 or 1,8-disulfonate exhibited no activity. This failure of these di-
sulfonates to accelerate the reaction may be due either to decreasing oxidizing

7)

power of the quinones or to increased steric hindrance to approach of, pre-
sumably, the hydroxycyclohexadienyl radical by two sulfonate groups located at
the peri-positions of the gquinone-carbonyl groups.s) 3,5-Di~-t~-butyl-o-benzo-
quinone, 2,3,5,6-tetramethyl-p-benzoquinone, and 1,4-naphthogquinone ( not shown
in Table) were also inefficient which seems to be attributed to their high in-
solubility in the agqueous phase rather than any other factors.

The reaction was pH dependent. Namely, the phenol yields for anthraqui-
none-2,6-disulfonate or 1,2-naphthoquinone-4-sulfonate, for example, were only
slightly different in weakly acidic media (3.0¢{ pH<4.5), but went remarkably
down to less than 1.5 % when the pH of the medium was decreased to 1.7 or in-~
creased to 5.5. The reduction of yield is not a result of the formation of bi-~
phenyl or any other byproducts at the expense of phenol, but due to no appre-
ciable consumption of H202.

A typical time dependence of the phenol yield is indicated in the Figure,
in which the catalytic activity of two typical water-soluble gquinones, 1,2-
naphthogquinone-4-sulfonate and anthraquinone-2,6-disulfonate, are compared;
with the latter sulfonate, the reaction was initially slow, accompangeg)with a

’ Cu2+

was also equally effective and provided phenol in a slightly reduced yield. On

definite induction period, to finally give rise to 36.1 % of phenol.

the other hand, when the former sulfonate was used, even if in small quantities,
a rapid reaction took place, affording phenol in ca. 40 % yields within 5 min.
Apparently, this guinone cocatalyst promotes the hydroxylation with a rate at
least 30 times higher than that in the presence of the disulfonate, and the
turnover of Fe3+ reaches greater than 100.

In conclusion, certain quinones play a vital role in the Fe3+—promoted
hydroxylation of benzene with H202, generally giving moderate yields of phenol.
1,2-Naphthoquinone-4-sulfonate is remarkably effective as the cocatalyst.lo)
Thus, the high activity of the present catalyst system, leading to a cleaner re-
action with no dark deposit, has almost certainly much synthetic utility.

Further study on the mechanism and scope of this hydroxylation is current-
ly in progress. The details will be reported elsewhere in the near future.
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