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Mercuration and the Mercuration of Diphenyl Sulfone.
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In previous papers of this series, the mercuration of several aromatic compounds
has been reported. The present paper is on the mercuration of diphenyl sulfone
together with the mechanism of aromatic mercuration as a general conclusion of our
recent work. '

The mercuration of benzophenone” one of the meta~dlrectors, was reported to have
occurred ortho to the keto group. Our attention was called to the mercuration of
drpheny] sulfone which is ordinarily thought of as a mete—director to electrophilic agents.

The mercuration of diphenyl sulfone was worked up in the usual manner and the
crude chloromercuridiphenyl sulfone obtained was purified from ethanol to fine plates,
m.p. 247~248°(decomp.). This was subjected to bromination in glacial acetic acid to
give a bromo derivative corresponding to formula, C;,HyO.BrS, m.p. 117~119°, undepressed
on admixture with an authentic sample synthesized from benzene and o-bromobenzene-
sulfonyl chloride by the Friedel-Crafts reaction.®» Hence the mercuration of diphenyl
sulfone in the 2-position.
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Although the hlStOI‘Y of the study of direct aromatic mercuration is long,? few
studies have been made on its reaction mechanism.

Maschmann® and Albert® reported that the mercuration of aromatlc amines goes
through the initial formation of the mercuric salt of the bases, successive rearrangement
of the mercuric acid group, and then the substitution. Klapproth? tried the mercura-
tion of nitrobenzene and of toluene with mercuric perchlorate and acetate, and found
that the position to be mercurated differs according to the mercurating agent employed,
the cause of which was attributed to the difference in the degree of ionization between
the two reagents.

Though aromatic mercuration has been thought of as an electrophilic substitution
reaction, many anomalous cases have also been observed. The compounds possessing
ortho—para directing group, such as phenols,® anilines,” and chlorobenzene,!® are usually
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mercurated in the ortho- and para-positions as expected. Pyridine'? is mercurated in
the 3-position, and pyrldme 1-oxide' in the 4-position. However, when mercurating
compounds having meta—dlrectmg group, such as mtrobenzene,‘?’) ‘benzoic acid,® or benzo-
phenone,? the substitution does not proceed normally, as it gives the orftho-mercurated
compound as the main product. Moreover, the prediction that the compounds of quino-
line 1-oxide series would be merciirated in the 4-position, was borne out by experimental
results, since the substitution in the 8-position took place.''™ In other cases, azoxy-
benzene (m.p. 36°)'® undergoes mercuration in both the ortho- and pam«pomtmns in the
ratio of about 4 : 1 (no other electrophilic reactions of azoxybenzene itself yields 2-
substituted derivative). Further, 4~bromoazoxybenzene'® is easily mercurated in the
Z2-position, but 2Z-bromoazoxybenzene'® is mercurated with great difficulty in the 4-
position, most of the starting material being recovered even under drastic conditions.
The mercuration of benzyl alcohol'™ proceeds smoothly, yielding the ortho- and para-
isomers and polymercurated derivatives with ortho—isomer predominating. Thus,
orientation anomaly in aromatic mercuration, which the mere eléctrophilic view fails
to account for, is observed not only with mefa—directors, but, in some cases, with orfho-
para directors and with the compounds of other types, e.g. quinoline I1-oxides.

- Attempts to explain these irregular experimental results led to the following conclu-
sions, that, (1) aromatic mercuration, as a rule, is an electrophilic reaction, but (2)
when mercurating compounds possessing the substituents that has lone-pair electrons,
the mercuric salt employed functions, at first, as a coérdinating agent with the substi-
tuent already present, forming a transient ring complex by the approach of the codrdin-
ated mercury to an appropriate carbon atom, if any, in the ring. It is then that the
substitution takes place, from which it can be taken for granted that the spatial
condition is the determining factor as to where mercuration occurs.

The great codrdinating tendency of mercuric salts is shown by the fact that they
give a codrdination complex even with anisole,’® to say nothing of those they give with
organic bases and heterocyclic N-oxides.'” When no codrdination is possible, the
reaction proceeds just as in other electrophilic substitution reactions.

As to the spatial factors in quinoline l-oxide series, it is possible for the mercury
atom attached to the lone pair of the oxygen atom to be in the vicinity of the carbon
atom at the 8-position; but. in the case of pyridine I-oxide no such mutual approach
between the mercury and the carbon atoms is possible. Therefore, the former is
mercurated in the 8-position, but the latter in the 4-position where the highest electron
density is expected.'® The predominant or exclusive orfho mercuration of azoxybenzenes,
benzyl alcohol, diphenyl sulfone, or other meta—d1rectors is well accounted for by these
hypotheses.

Similarly, the well-known facts that the sulfonation of anthraqumone in the presence
of a mercury catalyst gives a-sulfonic acid?*”, and that without the catalyst, it gives
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B-sulfonic acid,® are also understandable, for the a-mercurated anthraquinone gives
the corresponding sulfonic acid in high yields when treated with oleum.?

The schematic formulae that illustrate how aromatic mercuration might take place
can be drawn as follows :
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‘With respect to the mercuration of azoxybenzenes, according to our hypotheses, the
orientation can be explained only by their {rams-configuration, for by their cis-configu-
ration the mercuration should occur, just as in nitrobenzene, in the ortho-position of
the benzene ring united to the nitrogen atom carrying oxygen, which fact is contradic-
tory to the experimental data, as shown below : on
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The metalation of diphenyl sulfone® and of N,N-dimethylaniline® is reported to
occur ortho to the substituents, and that of benzotrifluoride?® takes place in both oytho—
and para-positions at the ratio of about 5:1. This ortho—-predomination in metalation
has some similarity to that in mercuration. Concerning the reaction mechanism,

Morton?? postulated the initial coordination of the metal atom with the substituent
Fy
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and proposed the schema shown.

It is of much interest that the present authors reached essentially the same conclu-
sion in another field of metalation, though their work has been done almost independently
from. his.

The authors express their heartfelt thanks to Messrs. Sheichi Kanatomo, Yasuo Ito, Akira Yanagi,

Akio Kawakami, and Tatsuyuki Kawahara for their help in this research.  Microanalytical data are
by Mr. Itatani of this faculty.

Experimental

Mercuration of Diphenyl Sulfone—A mixture of diphenyl sulfone(2.5 g.), mercuric acetate(3.7 g.),
and few drops of glacial AcOH was heated at 170~180° under reflux until solid. This was put into
brine, boiled for a few mins., and filtered hot to remove the unreacted starting material. The residue
(4.2 g.) was repeatedly recrystallized from EtOH. Colorless fine plates, m.p. 247~248°(decomp.), giving
positive tests for Hg, Cl, and S.

Bromination of the Mercurial—A mixture of the mercurial (1 g.), Bry(0.4¢.), and glacial AcOH"
(15cc.) was heated at 80~90° until in colorless solution, cooled, and neutralized with conc. KOH
solution under ice cooling. The extraction and the recrystallization of the resinous residue from EtOH
yielded colorless crystals, m.p. 117~119°, unchanged by an authentic sample prepared from benzene
and o-bromobenzenesulfonyl chloride by the Friedel-Crafts reaction. Anal. Calcd. for C.HO:BrS: C,
48.48; H, 3.03. Found: C, 48.70; H, 3.32. ‘

Summary

1) The mercuration of diphenylsulfone ‘with mercuric acetate was found to occur
in the 2-position.
2) Following reaction mechanism was proposed for aromatic mercuration.

1) Aromatic mercuration, as a rule, is an electrophilic reaction.

ii) When mercurating the compound possessing a substituent which has lone-
pair electrons, the initial codrdination of the mercury atom with the substituent, and
the transient ring complex formation by the approach of the mercury atom to an appro-
priate carbon atom, if any, in the nucleus might take place. It is then that the sub-
stitution occurs. It is therefore clear that spatial condition is the determining factor
as to where it is mercurated.

When the coodrdination is impossible or has no effect, the reaction proceeds just zs
in other electrophilic substitution reaction.
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