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Abstract. Some electron-rich l-arylazo-2-naphthols undergo novel electrochemical oxidations,
leading either to substitution by a nucleophilic aniline or to oxidative dimerisation. 1In the
former case subsequent reduction of the azo bond provides a new route to unsymmetrical
diarylamines.

The electrochemical reduction of arylazo compounds is well—known.I The corresponding
oxidation of these species is far less-well documented.2 In the course of attempts to
synthesise novel heterocyclic compounds by electrooxidative routes, we have electrolysed
solutions of the arylazo compounds, (1). In the event, no cyclised products based on (1) have
yet been observed. However, two new oxidative reactions have been discovered, which may have
synthetic potential.

Available evidence3 indicates that (1) exists in solution predominantly as the hydrazo

tautomer (2), so that both (1) and (2) are potential substrates for electrolysis.
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Electrolysis of (la) in a 2-compartment cell,4 where transfer of electrolyte between anode
and cathode was possible, resulted in production of a new coloured compound, as monitored by
tlc and change of colour of the solution. Work-up of the reaction mixture yielded (3a)5 and
1,2-naphthoquinone. When the electrolysis was repeated in a 3-compartment cell4 (no transfer
of solution between anode and cathode compartments possible), with (la) confined to the anode
compartment, no electrolysis products were observed. However, electrolysis after the addition
of o-anisidine to the solution of (la) in the anode compartment again led to the formation of
(3a). If o-anisidine was replaced by p-anisidine, the corresponding isomeric product (3b)

could be isolated.
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The results of these observations are rationalised as follows. FElectroreduction of (la)
occurs at the cathode in the 2-compartment cell to give o-anisidine and l-amino-2-hydroxy-
naphthalene. The latter is oxidised to the observed quinone under the conditions of the
experiment.6 Unreacted (la) is oxidised at the anode to radical cation (4), where it reacts
further with the o-anisidine to give observed product (3a) (Scheme). 1In the absence of a
reductive step (3-compartment cell) no o-anisidine is generated, so formation of (3a) is no

longer possible until the anisidine is intentionally added to the anode compartment.
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(a) X = 2-MeO, Y = 2"-MeO (74%)

(b) X = 2-MeO, Y = 4'-MeO (7%) (5)

(c) X = 2,5—(MeO)2, Y = 2'-Me0

(d) X = 2,5—(Me0)2, Y = 4'~MeO (28%) (a) X = 2,5-(Me0)2, X' = 2',5'—(Me0)2 (347)
(e) X = 2~Me0O-5-Me, Y = 2'-~MeO (b) X = 2-Me0-5-Me, X' = 2'-Me0-5'-Me (147%)
(f) X = 2-MeO~-5-Me, Y = 4'-MeO (97) (¢) X = 2,5—(Me)2, X' = 2’,5'-(Me)2
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Electrooxidation of the 2,5-dimethoxy analogue (lb) in a 3-compartment cell in the absence
of free anisidine followed a different pathway. In contrast to the lack of reaction of (la),
the primary oxidised species (4) reacts with unoxidised (1b), and is then further oxidised to
the dimeric product (5a) (Scheme). If, however, either o- or p-anisidine are added to the
anode compartment, this oxidative dimerisation is suppressed in favour of oxidative
substitution to give (3c) and (3d), respectively. Thus, under these conditions, the reaction
reverts to that of the analogue (la). Parallel behaviour is noted for the 2-methoxy-5-methyl
derivative (lc), where oxidative dimerisation to (5b) in the absence of added aniline gives way
to formation of (3e) or (3f) in the presence of the anisidines. In contrast, the 2,5-dimethyl
derivative (1d) preferentially gives the dimer irrespective of the presence or absence of other
nucleophilic anilines.

There are several restrictions to the generality of these reactions:

- Relatively electron-rich species favour this electrooxidation. Thus, (1d), which is
unsubstituted, (le), which is substituted by a weakly donating 2-methyl group, and (1f),
which contains a less well conjugated donor, give very low yields from electrooxidations
(products not isolated).

- Furthermore, (1) must be unsubstituted para to the azo group, since (lg) and (lh) gave no
isolable product. Only para-attack in (4) has been observed.

- Apparently, only very nucleophilic or readily oxidised anilines attack (4). m-Anisidine,
for example, fails to react with (la). (An alternative mechanistic rationalisation for
production of (3) and (5), compared with that in the Scheme, involves coupling of two
cation radicals.)

The yields of the products (3) and (5) are very dependent on the exact conditions used,
ranging upwards from 7%Z. (See Scheme, where ylelds are unoptimised, but refer to
chromatographed, then recrystallised material. Missing data imply the products were not 1007
pure.) However, a partially optimised reaction between (la) and an excess of g—anisidine gave
(3a) in 747 yield. Further electrooxidation of the primary products, (3) or (5), is the main
obstacle to higher yields.

To date, we have been unable to effect these reactions by chemical oxidants. Nor have we
found any report of analogous reactions in the literature.

Some of the arylaminoanilines (6), necessary for direct synthesis of (3) by conventional
diazotisation-coupling, are not readily available. Thus the new electrochemical route to (3)
has further novel synthetic potential, in that the reaction offers an attractive entry to such
unsymmetrical electron-rich diarylamines (6). For instance, dithionite reduction of (3a) gave
a quantitative yield of (6; X = 2-MeO, Y = 2'-Me0), along with l-amino-2-hydroxynaphthalene
(7).7 This degradation also provides further confirmation of the structure of (3a), in

addition to physical evidence.5
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The oxidised species is believed to be the hydrazo tautomer (2). No arvlazo compound known
to be constrained in the azo form, including the O~methylated derivative (8),8 has been
oxidised under the conditions we have used for the reactions described in this Letter. This is
consistent with the observed oxidative pathway. Electron loss at the anode is expected to be
easier for the relatively electron-rich hydrazo-substituted ring in (2) (i.e. donor-
substituted), compared with the tautomer (1) which contains the electron-withdrawing azo group.
The relative tendency of a substrate to undergo oxidative substitution compared with dimer-

isation probably depends on the degree and type of molecular association at the anode surface.

Conclusion - These results show that aromatic amines can be protected as arylazo-2-naphthols,

and are then activated toward oxidative aromatic substitution selectively at the para-position.
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