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Both nuclear and side chain anodic aromatic substitution reactions involving substitution by
acetoxy (1,2), cyano (3,4,5,6), and methoxy (7) groups have been reported recently. That anodic
aromatic substitution reactions involve oxidation of the aromatic substrate at the anode was first
proposed by Eberson (8). That discharge of the aromatic substrate takes place in nuclear acetoxyl-
ation has now been well established (l1). Anodic substitution by cyanide ion was believed to
involve discharge of cyanide ion to a reactive radical which attacked the aromatic species (5).

It was later shown that substitution by cyanide only occurs at anode potentials great enough to
discharge the aromatic compound although cyanide is discharged at much lower anode potentials(3).
While the mechanism of nuclear anodic substitution proposed by Eberson (1) is generally accepted,
there remains conflicting views on anodic side chainsubstitution. We prefer a mechanism in which
the predominant mode of side chain acetamidation (9), methoxylation (4,10), and acetoxylation (11)
involves an initial oxidation of solvent or electrolyte which then abstracts hydrogen from the side
chain of the alkylaromatic compound. The resulting radical may then undergo anodic substitution.
Eberson advocates a mechanism similar to that observed in nuclear substitution for side chain ace-
toxylation (1) and side chain acetamidation (12). Ross and coworkers (13) support Eberson's view
of side chain acetoxylation, however, propose that side chain anodic substitutions occurringin the
presence of easily oxidized nitrate ion involve the hydrogen abstraction mechanism.

We now wish to report anodic aromatic substitution by cyanate. Electrolysis of methanolic
solutions of anisole containing potassium cyanate at an anode potential of +1.8V (vs SCE) results

in substituion of hydrogen by a methylcarbamyl group along with formation of methyl carbamate.
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When the electrolysis was conducted at an anode potential of +1.0V (vs SCE) the only product
detected was methyl carbamate (eqn. 2). Since the anode potential necessary to discharge anisole
in this system would be expected to be about +1.6V (vs SCE)*, the formation of carbamates derived
from anisole apparently results from the reaction of cyanate ion with a species formed by oxidation
of anisole at the anode (eqn. 1). That the substitution reaction indeed does involve cyanate ion
rather than methyl carbamate as the substituting species was shown by the failure to isolate
aromatic carbamates when the aromatic species was electrolyzed in methanol containing methylecar-
bamate and sodium perchlorate (as supporting electrolyte). Thus the mechanism of anodic nuclear
substitution by cyanate ion has the same general characteristics as acetoxylation (1) and

cyanation (3).

We have applied this reaction to anisole, anthracene, benzene, napthalene, and toluene. In
general the reaction is not of much preparative value since the yield is low (< 20%). However,
it may find application in the preparation of carbamates that cannot be synthesized by more
common techniques.

We have also observed anodic side chain substitution by cyanate. Triphenylmethylisocyanate
was obtained when triphenylmethane was electrolyzed in the presence of mercuric cyanate in acetone.
This reaction required the presence of a supporting electrolyte (sodium perchlorate). The solution
did not conduct current in the absence of the electrolyte indicating the covalent character of
mercuric cyanate. Eberson has shown that nuclear acetoxylation of alkylaromatics can be completely
suppressed by employing a non-nucleophilic anion (sodium perchlorate) rather than acetate ion (1).
Exclusive side chain acetoxylation is observed and is attributed to the action of acetic acid as
the nucleophile. OQther examples of substitution by neutral species can be found in acetamidation
(9,12) and methoxylation (4,5,10). There has been no indication that neutral species can partici-
pate in nuclear substitutions. Therefore, it is not surprising that only side chain substitution
by mercuric cyanate is observed in view of its covalent character. We were unable to detect iso-
cyanates when anisole, napthalene, or anthracene were electrolyzed in acetone containing mercuric

cyanate and sodium perchlorate.

*The oxidative polarographic halfwave potential of anisole in acetic acid (14) is +1.67 V (vs SCE)

and +1.65V(vs SCE) in acetonitrile (15).
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We propose that substitution by mercuric cyanate on the side chain of triphenylmethane takes
place by the same mechanism that has been proposed for acetamidation (9), acetoxylation (11),
methoxylation (10), and for the formation of benzyl nitrate from electrolysis of toluene containing
solutions (13). That is, some species other than the aromatic substrate is discharged at the anode
to form a free radical. The free radical then abstracts side chain hydrogen to form the substituted
benzyl radical which undergoes anodic oxidation and reaction with a nucleophile (eqm. 3}, In the

present case mercuric cyanate may be capable of oxidizing the triphenylmethylradical to the

X > .
(Ph)BC—H X —— (Ph)BC- + HX o)
Hg (NCO)
(Ph)3c- ~e N (2h) C+ 2 S (+) 0G0

carbonium ion. However, triphenylmethane does not react with mercuric cyanate under the

conditions of the electrolysis until current is passed.

This work has shown that the cyanate group may participate in both nuclear and side chaix
anodic substitutions. Nuclear subsitituion by cyanate fulfills the accepted criteria for a
mechanism involving discharge of the aromatic substrate as the primary anode reaction.

Our present state of knowledge does not allow us to propose that the hydrogen abstraction
mechanism accounts for all anodic side chain substitution products. Evidence that this mechanism

occurs is compelling (9,10,11,13). On the other hand, there is no concrete evidence that side

chain anodic substitution ever involves direct anodic oxidation of the alkylaromatic compound.
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