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Mechanisms of the Wallach Rearrangement

By Shigeru OAE, Tsugio FukumoTro
and Masayuki YAMAGAMI

(Received October 23, 1961)

Shemyakin, Maimind and Vaichunaite! have
shown, using °N-labeled azoxybenzene (I) that
I was observed to rearrange to 4-hydroxyazoben-
zene (III) or (IV) under various conditions®®
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in which the two benzene rings were attacked
with equal ease. Azoxybenzene recovered
from these reactions remained practically un-
changed in isotope distribution: They postul-
ated that the rearrangement proceeds through
a symmetrical intermediate, II.

H.SO4 CsHs—N—lsN—Cng,
CeHs;-N(0)=N-C¢H; —— NS

I 1I
—— CgHs-N=15N-CsH,OH (p)
11
CsH;s-15N=N-CsH,OH (p)
v

The formation of the N, N-oxide intermediate
II was further emphasized by the Russian
workers®? in their finding that there was no
incorporation of !®O into p-nitroazoxybenzene
from !®Q-labeled sulfuric acid in the isomeri-
zation of B-p-nitroazoxybenzene (V) to a-p-
nitroazoxybenzene (VI).

Cng,—N:If—CeH.,NOe(p) - CeHs—If=N'CsH4N02(P)
O o
\4 VI

An alternative mechanism was suggested by
Gore® to proceed via monocation (VII) in which
nucleophilic attack by -OSO,OH or -OSO.Cl
is restricted to the far ring.

@ =
CoH;-N(OH)=N-CoH; « CeHs-N-N =<_>®
OH T

VII

The latter mechanism is similar to that of
the Bamberger reaction® and one can expect
that the p-positions would be attacked pre-
ferentially by more nucleophilic ethoxy group
when the reaction is conducted in the mixture
of ethanol-sulfuric acid as was shown by
Yukawa?, in the case of the Bamberger re-
action. p-Aminophenol formed by the Bam-
berger reaction of phenylhydroxylamine was
shown to incorporate !®0 from the reaction
medium when the reaction was carried out in
180-labeled sulfuric acid®. We have carried
out the reaction by heating azoxybenzene in
the mixture of ethanol and sulfuric acid for
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Shr. at 90°C, but the reaction was found to
proceed very little, recovering original material
in almost quantitative yield. We have
reacted azoxybenzene in 83% sulfuric acid,
labeled by 0.67% #O and found that the
resulting p-hydroxyazobenzene incorporated no
130 from the medium (CO, found, 0.202 20,
tank CO,, 0.2049, 20). We also found that
the rearrangement of a-p-bromoazoxybenzene
was much slower than that of unsubstituted
compound in the same medium (83% H:SO.).

CsHs—N=N—CsH4Br (p) — HOC6H4—N=N—C5H4BT (p)
|

O
VIIT X

a-p-Nitroazoxybenzene is known to rearrange
slowly®. These findings together with the fact
that a substantial proportion of azoxybenzene
is reduced by potassium iodide to azobenzene
in the rearrangement reaction in chlorosulfonic
acid, seem to suggest that the rearrangement
in these oxy-acids is an acid catalyzed bi-
molecular oxidation reaction where p-positions
of benzene rings of the N, N-oxide II or of
azoxybenzene are attacked by oxygen of
protonated N, N-oxide II or N-oxide.

A similar rearrangement of azoxybenzene to
o-hydroxyazobenzene by ultraviolet light has
been known®. In this case, the reaction take
place not only in non-acidic medium, such as
aqueous alcohol but also in solid state. The
Russian workers?® found that the original
excess of 1°N was in the nitrogen group attached
to the hydroxylated benzene when carried out
the reaction in 85% ethanol for 65 hr. at 30~
45°C. We have carried out the reaction in
859 ethanol containing 15% H,'®*O (enriched
by 0.67% !80) and found that the resulting o-
hydroxyazobenzene incorporated very little
excess *O from the medium (CO; found,
0.2139% of 130, tank CO,, 0.204% #0). We
favor that the reaction proceeds through an
intramolecular oxygen radical shift from N-
oxide. A similar free radical shift is known
in the reaction of dimethylaniline-N-oxide with
acetic anhydride!®.

Further work is in progress in this laboratory
to elucidate the mechanism using %0-labeled
azoxybenzene. Details of this work and further
work will be published shortly.
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