Notes

Hydrolysis of a,a,a-Trichlorotoluene. «,o,a-Trichlorotoluene
(4.1 g, 21 mmol) was stirred magnetically with 30 ml of 20% aque-
ous NaOH at 80°. Runs catalyzed by surfactant contained either
0.11 g (0.30 mmol) of cetyltrimethylammonium bromide or 0.20 g
(0.17 mmol) of Brij 35. All organic reagents were purchased from
Aldrich. The work-up of product consisted of acidifying with HCI,
cooling in ice, filtering, washing the collected solid with cold water,
and drying the solid. The unpurified benzoic acid melted at 119-
121°.
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Many of the electrochemical oxidations of aromatic com-
pounds are considered to proceed via cation radical inter-
mediates.! Dimethoxybenzenes produce the quinone di-
ketals in methanolic potassium hydroxide? and form
methoxybenzonitriles in acetonitrile solution of tetraethyl-
ammonium cyanide? or in methanol containing sodium cy-
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anide.* These products arise from the attack of nucleo-
philes on the highest positive center of cation radical, a car-
bon atom bearing a methoxy substituent. When a bulky
nucleophile such as pyridine or substrate itself is used, the
attacking point changes; the anodic pyridination® and the
anodic coupling® of o-dimethoxybenzene!® occur on the
carbon atom with an aromatic hydrogen.

On the other hand, the electron transfer reaction of di-
methoxybenzenes by lead tetraacetate in acetic acid pro-
duces dimethoxyphenyl acetates.!! In this case, the acetox-
ylated position is the carbon atom with an aromatic hydro-
gen. Data on anodic acetoxylation are indispensable to clar-
ify which is the cause of an apparent contradiction of at-
tacking points, the different oxidant or the nature of nu-
cleophile. Anodic acetoxylation of dimethoxybenzenes has
been described only in the case of the para isomer. The re-
ported product is 2,5-dimethoxyphenyl acetate; however,
details are not clear.!?

Results

Methoxybenzenes were electrolyzed in a one-compart-
ment cell under a nitrogen atmosphere using platinum foil
anode in glacial acetic acid containing sodium acetate with
a constant current of 0.1 A. The results of these studies are
summarized in Table I.

Anodic oxidation of p-dimethoxybenzene produced a
68% yield of 2,5-dimethoxyphenyl acetate as the sole organ-
ic product, except for a very small amount of a brownish
substance.

The electrochemical oxidation of m-dimethoxybenzene
gave a 2.5% yield of a 16:1 mixture of 2,4- and 2,6-di-
methoxyphenyl acetate, respectively, together with a con-
siderable amount of tarry product.

Under identical conditions, o-dimethoxybenzene pro-
duced a 8.9% yield of a mixture of 2,3- and 38,4-dimethoxy-
phenyl acetate in the proportions 1:90, along with a signifi-
cant amount of tarry residue.

Discussion

The primary step of anodic acetoxylation is attributed to
a direct discharge of the aromatic at the anode to a cation
radical intermediate.}3 The second stage is the combina-
tion reaction of the cation radical intermediate with nu-
cleophile. Observed orientations in the aromatic cyanation
of methoxybenzenes are in accord with the spin density
distributions calculated from ESR spectra of the cation
radicals.®'415 In each case, the methoxyl displacement by

OMe OMe OMe
OMe 0.161 0241
5933 0.0 0.084
0.012 0.0
0.162 0270 OMe
OMe

cyanide ion occurs at the position of highest spin density.
This can also account for the position of attack by methox-
ide ion.? In contrast, the acetoxylation by a metal ion oxi-
dant!! and the present electrode process does not occur at
these positions. This would be ascribable to the instability
of an acylal type intermediate, because acetate ion is a bet-
ter leaving group than methoxide ion.?® Bonding between
the oxygen atom of the cation radical and acetate ion, fol-
lowed by rearrangement,?! is also improbable, because
o-dimethoxybenzene does not produce 2,3-dimethoxyphen-
yl acetate predominantly (see Table I). The mechanism
shown in Scheme I would, therefore, be reasonable to ac-
count for the anodic acetoxylation of dimethoxybenzenes.
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Table I
Anodic and Lead Tetraacetate Oxidation of Dimethoxybenzenes

Product distribution

Conversion, Yield,? Lead tetra-

Reactantd Faradays % Producte % Anodic acetate
p-Dimethoxybenzene 0.183 93.1 2,5-Dimethoxyphenyl acetate 68.0 100 100
m-Dimethoxybenzene? 0.072 34.5 2,4-Dimethoxyphenyl acetate 2.3 94 95
2,6-Dimethoxyphenyl acetate 0.2 6 5
o-Dimethoxybenzened 0.074 13.8 2,3-Dimethoxyphenyl acetate 0.1 1 1
3,4-Dimethoxyphenyl acetate 8. 929 99

a Considerable amounts of tarry substance were produced. # Based on dimethoxybenzene consumed. ¢ Data from ref 11.

d Registry no. are, respectively, 150-78-7, 151-10-0, 91-18-7. € Registry no. are, respectively, 27257-06-3, 27257-07-4,

944-99-0, 27257-08-5, 7208-46-5.
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Isomer distributions from anodic acetoxylation are also
shown in Table I, together with the corresponding data
from lead tetraacetate oxidation. A comparison between
anodic and lead tetraacetate oxidations demonstrates the
fundamental similarity between these two reactions; the
cation radical intermediates produced from the different
sources show the analogous preference for aromatic acetox-
ylation.

An alternative mechanism for aromatic substitution in-
volves an aromatic proton release,?%23 followed by further
anodic oxidation and attack by acetate ion (or solvent ace-
tic acid), thus leading to the aromatic acetoxylation prod-
ucts. However, this mechanism cannot elucidate the isomer
distribution observed.

Experimental Section

The spectroscopic instrumentation was as previously de-
scribed.1”?

Materials. Analytical grade acetic acid and sodium acetate were
used directly. 0- and m-dimethoxybenzene were shaked with aque-
ous sodium hydroxide and purified by distillation. p-Dimethoxy-
benzene was recrystallized from ethanol.

The following reference materials were prepared according to
the literature: o-, m-, and p-methoxyphenyl acetate,'* 2,3-1%4
2,4-25 252 26-24 3427 and 3,5-dimethoxyphenyl acetate,2628
and o-methoxyphenoxymethyl acetate.?

Electrolysis. The preparative experiments were run according
to the following standard procedure. The electrolyte was made up
of 0.09 mol of the organic compound, 0.15 mol of anhydrous sodi-

um acetate, and 150 ml of glacial acetic acid. The electrolysis was
conducted at the terminal voltage of about 20 V to maintain the
current of 0.1 A in an undivided cell under a nitrogen atmosphere.
Platinum foils having an area of 8 cm? were used as electrodes.
During the electrolysis, the solution was stirred magnetically and
cooled externally with water. The electrolyzed solution was poured
into a vigorously stirred slurry of sodium bicarbonate in water.
The ether extract was washed with sodium bicarbonate, dried over
sodium sulfate, filtered, and stripped on a rotary evaporator. A
crude product was then analyzed by GLC using AGL and PEG
6000 columns. Each product was separated in pure form by pre-
parative VPC and characterized by ir and NMR spectra.
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