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Periodic Acid, a Novel Oxidant of Polycyclic Aromatic Hydrocarbons

By ALEXANDER J. FATIADI

(Institute for Matevials Reseavch, National Bureaw of Standards, Washington, D.C. 20234)

TREATMENT of pyrene (I) with paraperiodic acid in
aqueous acetic acid produces! the coupling product
1,1’-bipyrenyl (II) in over 709, yield.

In order to determine whether periodic acid?
would serve as a general reagent for effecting similar
coupling reactions, other polycyclic aromatic
hydrocarbons were treated with this reagent.
It was found that many of these hydrocarbons
are affected by periodic acid; however, instead of
coupling, oxidation to quinones occurs.

A solution of naphthacene (III) (1-15 g., 0-005
mole) in NN-dimethylformamide (100 ml) was
stirred with an aqueous solution of paraperiodic
acid (4-6 g., 0-02 mole; 5 ml.) at 120° for 5 min. and
then (to slow down the vigorous reaction) at 70°
for 30 min. The reaction mixture was treated with
water (50 ml.), and cooled to yield naphthacene-
quinone (1-0—1-1g.; 80—859,), m.p. 278—281°.
After purification this was proved to be identical
with an authentic sample® by mixture m.p.,
infrared spectrum, and thin-layer chromatography
on silica gel G. Oxidation of (III) in glacial acetic
acid proceeds also, but only in 40—509%, yield.

Similarly, by use of an approximately 1 :4 molar
ratio of substrate to periodic acid, the following
hydrocarbons were oxidized; anthracene in NN-
dimethylformamide, at 95° for 5 min. and at
70° for 30 min., to anthraquinone (91—95%);
naphthalene in glacial acetic acid, at 110° for
5 min. and at 70° for 30 min., to 1,4-naphtha-
quinone (70—769,); and phenanthrene in dioxan,
at 95° for 5§ min. and at 30° for 30 min., to
phenanthrenequinone (50%). In the same way,
benz[alanthracene (in NN-dimethylformamide)
was oxidized to benz[a]anthracene-7,12-dione
(78—829,) ; pentacene (in NN-dimethylformamide)
to pentacene-6,13-quinone 81-—879%,), and ace-
naphthene (in acetic acid) to acenaphthene-
quinone (65—709%,). By use of a ca. 1:2 molar
ratio of hydrocarbon to periodic acid, anthrone
(in acetic acid) was oxidized to the quinone
(949,). Little or no reaction was observed with
biphenyl, perylene, coronene, p-terphenyl, and
triphenylene, chrysene and picene.

When sodium metaperiodate was used instead of
periodic acid, none of these reactions was observed.
E.s.r. monitoring of the reaction of periodic acid
on anthracene, either in aqueous acetic acid or
aqueous NN-dimethylformamide (in the range

0—100°), indicated that there is no radical
participation in the oxidation.

In contrast, dimerization of (I) to (II) proceeds
through the radical intermediate, and the e.s.r.
spectrum of this radical is shown in the Figure.
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FiGURE. The e.s.r. spectrum of pyrene radical, prepared
by treatment of pyrene (in acetic acid) with periodic acid,
H,I10,, (in water) at voom temperature, g = 2-0041.

As suggested previously,! the first step in the
oxidations may involve association between periodic
acid (an electrophile) and the free-valence centrets®
of the aromatic ring; this possibility is in agree-
ment with the basicity of polycyclic aromatic
hydrocarbons.87

Hence, the behaviour of periodic acid toward
polycyclic aromatic hydrocarbons has a unique,
two-fold character; it can produce coupling products
through a radical intermediate, or quinones by a
two-equivalent oxidation.
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