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Electrochemical oxidation of methylanisoles in methanol containing sodium cyanide was investigated. In the
cases of ortho- and meta-substituted methylanisoles, nuclear cyanation took place preferentially. With p-methyl-
anisole, side-chain methoxylation surpassed nuclear cyanation. The data obtained are compared with those of
other electron-transfer reactions such as the anodic acetoxylation and the acetoxylation and chlorination by metal
oxidizing agents. Factors controlling the competition between nuclear and side-chain substitution in alkyl aro-
matic compounds are ascribable to the degree of positive charge on the aromatic carbon atoms in the cation radi-

cals as well as the nucleophilicity of attacking agents.

The electrochemical oxidation of alkyl aromatics has at-
tracted considerable attention.? It is common to observe
products resulting from substitution on both the aliphatic
side chain and the aromatic nucleus. There appear to be at
least two distinct mechanisms, one in which the substrate
is oxidized in the primary electrode reaction, while the
other in which the primary electron transfer is from either
an anion or the solvent, If electron-donating groups such as
methoxy are introduced on the aromatic ring, then the oxi-
dation potential of substrates goes down and the former
type of mechanism becomes predominant.28

The oxidation of alkyl aromatic compounds by means of
metal salts has also been studied extensively. Application
of strong oxidants such as cobalt(III) or manganese(III) to
substrates having relatively low oxidation potential causes
a charge-transfer reaction involving aromatic cation radical
intermediates, which gives side chain substitution prod-
ucts.? In the presence of relatively reactive nucleophiles
such as chloride ion, nuclear substitution is observed to-
gether with side chain substitution.3P

The anodic cyanations of alkyl aromatic hydrocarbons
such as toluene and tetralin were previously tried in metha-
nol.* Side-chain methoxylation was the main reaction and
small amounts of nuclear cyanation products were by-pro-
duced. The primary electrode process of this reaction is the
oxidation of aromatic compounds to cationic species which
subsequently react with nucleophiles.5 There appear to be
two essentially important means for favoring anodic cyana-
tion: one is to lower the oxidation potential of organic com-
pounds and the other is to increase the positive charge on
any of the aromatic carbon atoms in anodically generated
cationic species. If a suitable substituent is put on the aro-
matic ring, these two favorable factors will be satisfied and
cyanation may well become the main reaction. We expected
a methoxy group to be such a substituent. In the cases of o-
and m-methylanisoles, aromatic cyanation became the
main reaction. With p-methylanisole, side chain methoxy-
lation was still predominant. In this article, factors control-
ling the relative prevalence of the two pathways leading to
the nuclear cyanation and the side chain methoxylation are
discussed.

Results

The anodic oxidation of o-methylanisole in methanol
containing sodium cyanide was carried out under a nitro-
gen atmosphere at 25 + 1°, with a constant current of
0.1 A. Four aromatic cyanation products, 4-methoxy-3-
methyl-, 3-methoxy-4-methyl-, and 2-methoxy-3-methyl-
benzonitriles, and o-methylbenzonitrile, were formed to-
gether with a substantial amount of aromatic methoxyla-
tion product, 2,5-dimethoxytoluene. Table I summarizes
the results of electrochemical reaction. It also contains the

results of anodic cyanation in the acetonitrile solution of
tetraethylammonium cyanide.

The electrochemical oxidation of m- methylanisole gave
four ring cyanation products, 2-methoxy-6-methyl-, 4-me-
thoxy-2-methyl-, and 2-methoxy-4-methylbenzonitriles,
and m- methylbenzonitrile. Very small amounts of uniden-
tified methoxylation products were by-produced. The reac-
tion in acetonitrile gave the same type of products in poor
yield.

Under the above conditions, p-methylanisole gave mono-
and di-side-chain methoxylation products, p-methoxy-
methylanisole and p-methoxybenzaldehyde dimethyl ace-
tal, together with three aromatic cyanation products, 2-me-
thoxy-5-methyl- and 5-methoxy-2-methyl-benzonitriles
and p-methylbenzonitrile, and a very small amount of side
chain cyanation product, p-methoxybenzyl cyanide. The
reaction in acetonitrile solution of tetraethylammonium cy-
anide yielded the same cyanation products. Methoxyl dis-
placement by nitrile did not occur.

The current efficiency for these reactions was 60% or so
and the remainder of the current would be consumed with
the oxidation of cyanide ion. Cyanide ion discharges at the
potentials used probably to produce a cyano radical, which
might attack the coexisting cyanide ion to form cyanogen
anion radical or dimerize to cyanogen.?®

Discussion

The cyanation reaction was first attributed to an ion dis-
charge mechanism.26 However, as a result of recent inves-
tigations, there is general agreement so far as the aromatic
compound is concerned. Several types of experimental evi-
dence in favor of direct anodic oxidation of the substrate
have been presented; they include voltammetric data, con-
trolled potential electrolysis experiments, and results from
product analyses.57-9

The nuclear cyanation and side chain oxidation of alkyl
aromatic compounds are formally a 2-equiv change. Con-
trolled potential coulometric data of the anodic cyanation
of 2,5-dimethylfuran, 2,5-dimethylthiophene, and diphe-
nylamines support this experimentally,5¢89 although in the
case of methylanisoles we were unable to use this technique
because of increasing contamination of the anode surface
by the electrolysis product. At least two types of cationic
intermediates are conceivable: a cation radical produced by
an initial one-electron oxidation!? and a dication formed by
either a single two-electron transfer?2¢ or a disproportiona-
tion of initially produced cation radicals.!112 By analogy
with the anodic pyridination of 9,10-diphenylanthracene!3
and the anodic hydroxylation of thianthrene,!! a mecha-
nism involving a cation radical intermediate is reason-
able.!¥ It is difficult to detect directly the cation radical as
the intermediate under the strongly basic environments
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Table 1

Anodic Cyanation of Methylanisoles

Yoshida, Shigi, and Fueno

Reactant
(Registry no.)

Product

Current efficiency,a %

o-Methylanisole
(578-58~5)

m-Methylanisole
(100-84-5)

p~Methylanisole
(104-93-8)

o0-Methylbenzonitrile
4-Methoxy-3-methylbenzonitrile
3-Methoxy-4-methylbenzonitrile
2-Methoxy- 3-methylbenzonitrile
2, 5-Dimethoxytoluene
m~Methylbenzonitrile
2-Methoxy- 6-methylbenzonitrile
4- Methoxy-2- methylbenzonitrile
2-Methoxy-4-methylbenzonitrile
p-Methylbenzonitrile
2-Methoxy- 5-methylbenzonitrile
5-Methoxy-2-methylbenzonitrile
p-Methoxybenzyl cyanide
p-Methoxymethylanisole
p-Anisaldehyde dimethyl acetal

@ Based on 2e process. ® Temperature, 25°; electricity, 1 F/mol. ¢ Based on 4e process.

such as methanolic sodium cyanide. Even in weakly basic
media such as acetonitrile-perchlorate, the cyclic polaro-
gram of p- methylanisole does not give two oxidation peaks
separately but gives a peak which corresponds to the trans-
fer of two electrons; a proton peak is observed on the ca-
thodic sweep.!” The esr measurement of cobaltic acetate
oxidation in trifluoroacetic acid, a very weakly basic medi-
um, has shown the presence of the cation radical of p-
methylanisole.3b

The mechanism shown in Scheme I would, therefore, be
reasonable to account for the electrochemical oxidation of
alkyl aromatics. The principal part of this mechanism is
what we previously proposed for the anodic oxidation of
2,5-dimethylfuran5c and 2,5-dimethylthiophene® and is
closely related to that proposed for the oxidation of toluene
by cobaltic acetate.3® The anodically generated cation radi-
cal 1 is attacked by the cyanide ion (or methanol) to pro-
duce the radical 2 (or 6), followed by further anodic oxida-
tion and successive proton release, thus leading to the aro-
matic cyanation (in part methoxylation) products. Part of 1
should also undergo deprotonation to afford the usual radi-
cal intermediate 8, which should eventually give rise to
side-chain oxidation products.

An alternative mechanism for side-chain oxidation is the
ion discharge mechanism. Cyanide ion unquestionably dis-
charges at the potentials used probably to produce a cyano
radical, which might abstract a hydrogen atom from the
side chain. However, cyanide ion oxidation would not relate
directly with the side-chain methoxylation: if the anodical-
ly generated radicals abstract a hydrogen atom from the
side chain of methylanisole, o- and m-methylanisoles as
well as p- methylanisole should produce the side-chain
methoxylation products.

In a previous paper of this series,! we demonstrated
unambiguously that there are two essentially important

stages for anodic cyanation of aromatic compounds: the-

first stage is the electrochemical oxidation of organic com-
pounds to cation radicals and the second step is the combi-
nation reaction of the anodically generated cation radicals
with cyanide anion. One can facilitate the former stage by
lowering the oxidation potential of substrates by introduc-
ing the electron-donating groups such as methoxy on the
aromatic nucleus. The second stage is apparently assisted
by larger positive charge localized on the carbon atoms in
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the cation radicals formed. This latter stage is in fact essen-
tial; although both o- and m- methylanisoles have a higher
oxidation potential than p- methylanisole,'® their current
efficiency in aromatic cyanation is even greater than that of
the p- methyl isomer.

Nuclear Substitution. The remarkable reaction of cat-
ion radicals in the present electrolyte system is the attack
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of a nucleophile on the aromatic nucleus. This type of reac-
tion is especially important with o- and m- methylanisole
cation radicals. According to the proposed mechanism in
Scheme I, it is to be expected that the carbon atoms of a
higher positive charge in the cation radicals 1 would react
more readily with a nucleophile. Net charge distributions
calculated for methylanisole cation radicals by the w tech-
nique®? show much the same distribution pattern as that of
displacement products of aromatic hydrogen by cyanide
ion.23

0.4909
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00% 005013 0
01312
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An another possible reaction of alkyl aromatic cation
radicals is a loss of an « proton, which competes with an at-
tack of a nucleophile on the aromatic nucleus. This com-
petitive reaction was indeed found to be important in the
case of p- methylanisole. The relative extent of nuclear oxi-
dation is directly related to the degree of positive charge on
the carbon atom with an aromatic hydrogen relative to that
in the other positions of the cation radical. The relative de-
gree of positive charge on the carbon atoms with an aro-
matic hydrogen in p- methylanisole cation radical is less
than that in o- and m-methylanisole cation radicals.
Therefore, the anodic oxidation of o- and m- methylani-
soles occurs almost exclusively on the aromatic nucleus,
whereas in p- methylanisole cation radical, a proton loss
competes with a nuclear attack.

The nuclear attack is important when the relatively reac-
tive nucleophiles such as cyanide or chloride ion are used.
Thus, while the oxidation of p-methylanisole gave only
small amounts of nuclear acetoxylation products in the
presence of acetate ion,2¢:24 it gave nuclear cyanation prod-
ucts in considerable yields in the presence of cyanide ion.
Similarly, the oxidation of toluene with cobaltic acetate
gave no measurable nuclear acetoxylation in the presence
of acetate ion, whereas it gave substantial yields of nuclear
chlorination products in the presence of high chloride ion
concentrations.?? Analogous results were also obtained
with 2-methylnaphthalene. The anodic acetoxylation of
toluene is interpreted in the same manner. The relative
ratio of nuclear acetoxylation' to side-chain acetoxylation
was 2.5 in acetic acid containing acetate ion,22 whereas it
decreased to 0.1 in acetic acid containing nitrate ion.2d For
anisole, ethylbenzene, and tert-butylbenzene, this tendency

-is more remarkable. It has been found that the presence of
acetate ion is essential for nuclear acetoxylation to occur;
no reaction occurs if tosylate or perchlorate is substituted,
even with acetic acid as the solvent.2¢

To check the possibility that methoxymethylbenzonitrile
may be produced by anodic cyanation of dimethoxytoluene
initially obtained by anodic methoxylation of methylani-
sole, the anodic cyanation of 3,4-dimethoxytoluene was in-
vestigated. The reaction product was not 2-methoxy-5-
methylbenzonitrile but 2-methoxy-4-methylbenzonitrile.
It is, therefore, concluded that 2-methoxy-5-methylbenzon-
itrile is produced by the direct substitution of aromatic hy-
drogen of p- methylanisole by cyanide ion.

Side-Chain Substitution. A possible reaction of alkyl
aromatic cation radicals is the proton expulsion from the

. side chain alky! group.®8 The benzylic radical formed is
then rapidly oxidized to the corresponding benzylic ca-
tion.” p- Methoxybenzyl cation combined predominantly
with the solvent methanol to give p- methoxymethylani-
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sole; the side-chain cyanation product, p- methoxybenzyl
cyanide, was formed only in trace amounts. To ascertain
this preference of the cation for methanol, the competitive
reactions of solvent methanol and sodium cyanide with p-
chloromethylanisole were investigated. it is known that
this chloride readily produces the p-methoxybenzyl cat-
ion.25 Product analysis showed that p- methoxymethylani-
sole was the major product, in agreement with the results
of anodic oxidation.

p- Anisaldehyde dimethyl acetal is produced by the fur-
ther oxidation of methoxymethylanisole.28

Experimental Section

The electrochemical and spectroscopic instrumentation and
techniques were as previously described.>°

Materials, Methanol was purified as previously described.® Re-
agent grade sodium cyanide was used with no purification other
than drying. Methylanisoles and tolunitriles were obtained com-
mercially and were purified by distillation before use.

Tetraethylammonium cyanide was prepared according to the
method given by Andreades and Zahnow.5®

The following reference materials were prepared according to
the literature: 2-methoxy-3-methylbenzonitrile,?” 2-methoxy-4-
methylbenzonitrile,2® 2-methoxy-5-methylbenzonitrile,® 2-me-
thoxy-6-methylbenzonitrile,3! 3-methoxy-2-methylbenzonitrile,3?
3-methoxy-4-methylbenzonitrile,®  4-methoxy-2-methylbenzo-
nitrile,* 4-methoxy-3-methylbenzonitrile,3% 5-methoxy-2-methyl-
benzonitrile,® p-methoxybenzyl cyanide,3” 2,338 2,4-3% 2,5-,%0
2,6-,41 3,4-%2 and 3,5-dimethoxytoluenes,** p-methoxymethylani-
sole,* p-anisaldehyde dimethyl acetal® 2- and 3-acetoxy-4-
methylanisoles,3 and p-methoxybenzyl acetate.*®

Anodic Cyanation, A methanolic solution (200 ml) of methyl-
anisole (14.6 g, 0.12 mol) and sodium cyanide (5.9 g, 0.12 mol) was
electrolyzed at 25°, with a constant current of 0.1 A at 13-19 vV,
until 1 F/mol of charge was passed through the solution. The ca-
tholyte was a methanol solution of sodium cyanide. The electrol-
yzed mixture was treated as usual.5 The products were analyzed
by vpe, the column packing being PEG 6000.

Each product was separated in pure form by preparative vpc
and the ir, nmr, and mass spectra of the products were compared
with those of the corresponding authentic sample.

Anodic Acetoxylation of p- Methylanisole in Methanol. The
anolyte was made up of 19.5 g (0.16 mol) of p- methylanisole and
13.1 g (0.16 mol) of sodium acetate in 200 ml of methanol. The ca-
tholyte was a methanolic solution of sodium acetate (0.8 M). The-
electrolysis was carried out at 25°, with a constant current of 0.1 A
until 1 F/mol had passed through the electrolyte. The solution was
then dropped into a vigorously stirred slurry of sodium bicarbon-
ate in water. The organic product was taken up in ether, dried over
sodium sulfate, filtered, and stripped on a rotary evaporator. The
residue was then analyzed by glc using PEG 6000 column. The fol-
lowing materials were obtained: p- methylanisole recovered (8.53 g,
0.070 mol), 2-acetoxy-4-methylanisole (0.36 g, 0.002 mol; current
efficiency, 2.5% based on 2e process), p-methoxybenzyl acetate
(0.25 g, 0.001 mol; current efficiency, 1.3%), p-methoxymethylani-

~sole (3.94 g, 0.026 mol; current efficiency, 32.5%), and anisaldehyde

dimethyl acetal (1.01 g, 0.006 mol; current efficiency, 15.0% based
on 4e process).

Registry No.—o-Methylbenzonitrile, 529-19-1; m-methylben-
zonitrile, 620-22-4; p-methylbenzonitrile, 104-85-8; p-methoxyben-
zyl cyanide, 104-47-2; 2-methoxy-3-methylbenzonitrile, 53078-68-
5; 2-methoxy-4-methylbenzonitrile, 53078-69-6; 2-methoxy-5-
methylbenzonitrile, 53078-70-9; 2-methoxy-6-methylbenzonitrile,
53005-44-0; 3-methoxy-4-methylbenzonitrile, 3556-60-3; 4-me-
thoxy-2-methylbenzonitrile, 21883-13-6; 4-methoxy-3-methylben-
zonitrile, 53078-71-0; 5-methoxy-2-methylbenzonitrile, 22246-19-
1; p-methoxymethylanisole, 1515-81-7; 2,3-dimethoxytoluene,
4463-33-6;  2,4-dimethoxytoluene,  38064-90-3;  2,5-dimeth-
oxytoluene, 24599-58-4; 2,6-dimethoxytoluene, 5673-07-4; 3,4-di-
metholytoluene, 494-99-5; 3,5-dimethoxytoluene, 4179-19-5; p-

-methoxybenzaldehyde dimethyl acetal, 2186-91-7; sodium cyanide,

143-33-9.

Supplementary Material Available. The ir, nmr, and mass
spectra of the products will appear following these pages in the mi-
crofilm edition of this volume of the journal. Photocopies of the
supplementary material from this paper only or microfiche (105 X
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148 mm, 24X reduction, negatives) containing all of the supple-
mentary material for the papers in this issue may be obtained from
the Journals Department, American Chemical Society, 1155 16th
St., N.W., Washington, D. C. 20036, Remit check or money order
for $3.00 for photocopy or $2.00 for microfiche, referring to code
number JOC-75-63.
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Reaction of isocyanides, 1, with thiocarboxylic acids, 2, have been found to give novel N- thioformyl-N- acylam-
ides, 3, and in certain instances, thioformamide 4. The formation of 3 thus represents a departure from the usual
reaction of mercaptans or carboxylic acids with 1. The former usually give simple alkylthio o adducts, while form-
amide and acid anhydride formation results from reaction of the latter with 1. When phosphorus thio acids are
herein substituted for 2, simple « adducts 5 are first formed which, via measurable first-order kinetics, are trans-
formed to novel, stable N- thioformyl-N- phosphoramides, 6. The reaction rates are shown to depend on the na-
ture of both the phosphorus thio acid and the isocyanide, with no 6 evident from reaction of phosphinodithioic
acid with 1. Finally, reaction of dithiocarbamic acids (via their salts) with 1, is shown to give the o adduct 7 in a

reaction that is largely reversible at high temperatures.

The reaction of mercaptans with organic isocyanides has
been shown to give « adducts or isothiocyanates, depending
upon the reactants, catalyst, and reaction systems.? On the
other hand, « adducts arising from carboxylic acids are un-

stable, with formamide and acid anhydrides as the prod-
ucts isolated.?

It was therefore of interest to study the reaction of isocy-
anides with thio acids. These latter materials have chemi-



