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There 1s considerable current interest in electrochemically initiated aromatic substitu-

tion reactions.l™!

:f.od:l.d.es8 stimulated this investigation of the electrochemical ilodination of aromatic

These recent reports and our own studies on the oxidation of organic

molecules.

Although direct electrochemical chlorinations of aromatic molecules are readily obtained
by the oxidation of chloride ions, the oxidation of iodide ion in the presence of aromatic
molecules does not ordinarily yield iodoaromatic products.9 This result is explicable in
terms of one electron iodide oxidation to iodine atoms and moleculer iodine, neither of whict
are active halogenating agents. We hypothesized that electrochemical iodinations might be
feasible, however, under somewhat different conditions where either positive iodine species
or aromatic cation radicals would be generated., This hypothesis was explored by carrying out
the controlled potential oxidation of a mixture of a number of simple aromatic molecules and
iodine in acetonitrile-lithium perchlorate solution. The reactions were carried out in a
three-compartment cell using a platinum sheet anode and a silver-silver nitrate reference
electrode. The anolyte was initilally 0.2 M in iodine and about 0.0l M in aromatic. After
passaege of about ten millifaredays of electricity, the products were simply worked up by
evaporating the solvent; adding ether; and washing this mixture with water, aqueous thiosul-
fete and water; and drying and eveporating the ether. Except for the anthracene and nitro-
venzene reactions, it was found that aromatic iodination was indeed successful. In the case
of several alkyl substituted aromatics, a second very interesting side chain substitution
reaction was observed. These alkyl substituted products were acetamldes which apparently

8,10 fhe yields of

formed by reaction of benzylic type carbonium ions with acetonitrile.
various ring and side chain substituted products, based on the initiel amount of aromatic,

are compiled in Table I.
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TABLE T
Aromatic % Yield
Mono Iodoaromatic Side Chain Suustitution

Benzene 11 -
Toluene 16 para; 16 ortho;

<2 meta 0
p-Xylene 50 12 2.
p-Xylene °- 66 =
Mesitylene 73 0
Anisole ©- 13 para; 6 ortho;

< 1 meta -
Anthracene 0 -
titrobenzene 0 -
Triphenylmethane 15 35 ¢

a., Nep-Tolylacetamide

b. Using tetra-n-propylammonium fluchorate as electrolyte
¢. Some tsrry products also formed

d. Triphenylmethanol

g fna

Two general classes of mechanism must be considered for these reactions. Peth:

o

velving: 1, - initial iodine oxidation followed by electrophilic substitution vy zome —ositive

iodine species or 2. ~ reactions initiated by oxidation of the arcmstic susstrzie.
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Although the indicated steps following initial oxidation are only operational, there is some
analogy for each of the overall mechanisms. The electrochenical oxidation of certain aromatic
substrates in acetic acid, for example, produces ring and side chein scetoxylation vie initial
oxidation of the aromatic substrate.l These rcactions involve trapping of aromatic cations
with nucleophilic reagents. In the present reaction ring iodination could similarily re-
sult from trapping a cation radical with the free radical trap iodine. Alternatively, one
might invoke electrophilic iodination and side chain substitution in analogy with the re-
actions of aromatic molecules with ioline monochloride. This positive iodine compound has
been shown to give ring and/or side chain substitution with many aromatic molecules. 1t There
seems to be little reason to invoke oxidation of the aromatic in these ring substitutions
although they could intervene in the side chain reactions found only with the easily oxidized
hexomethylbenzene and durene,

Our present results are only consistent with mechanisms exemplified by 1. 1In contrast to
the work with anodic acetoxylation,l we have found that all those molecules which are cleanly
iodinated have relatively high oxidation potentials. Those molecules with oxidation poten-
tiels less than thet of the relatively high concentrations of moleculer iodine, e.g., anthra-
cene, give products characteristic of aromatic oxidation in the absence of iodine. TFurther-
more, we find that all successful iodinations and side chein substitutions srise from oxida-
tions whose current-potential and current-time bhehavior are essentially the same as that of

iodine in the absence of aromatic substrate. Finelly, this kind of mechanism explains why
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the iodoaromatics are formed as stable products. In earlier work we have demonstrated that
iodoaromatics are electro-oxidized more easily than their non-iodinated counterpart and

undergo coupling to yield diaryliodonium 1ons,8 e.g.:

+o
—e- -e”
I = I-<::> _— 42:)»& -<Cj> +u*

It seems clear that one must in fact avoid oxidation of the aromatic molecule for successful
conversion to the mono-iodinated product.

A number of mechanistic alternetives exist for the steps following iodine oxidetion. The
ring iodinations undoubtedly involve electrophilic attack by iodine cations or these cations
complexed to traces of water, iodine or acetonitrile,12 since high ortho, para to mets sub-
stitution ratios are obtained and nitrobenzene is unreactive. As such, they represent the
most clear cut case of an electrochemically initiated electrophilic aromatic sutstitutien
reaction. The mechanism of side chain substitution may very well be more complex. An inter-
csting scheme proposed by Keefer and Andrewsll for side chain chlorination with iodine mono-
chloride can, for example, be adapted to the present case. It may be noted that «-iodoarom-

stics could slso be involved since they would be oxidatively converted to the observed side

. e f3 1 Ciz
I + —_— H e—k9
CH3

CHs
Cho - cHy * ) CHp-NHCOCH,
-c 1) CH3Q
H o oy L) oz
Ef:r ﬁ¢D 2) H 0
Cig CHy CHgy

chain substituted products.8 Whetever the detailed pathways, it is clear thet both thz ring

and side chain subhstitution mechanisms will be ~losely related to the oxidation pethwey for

. 13
molecular iodine.

LY

3tudies of Lodine oxid~bilon and the more detailed aspects of the reactions rzportec here

el

in progress.
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