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One of us has earlier reported on the reaction
between iron(III) chloride and methylbenzenes
and its mechanism.>* The reaction shows
similarities with the anodic oxidation of methyl-
benzenes yielding biaryls and/or diphenyl-
methanes.? In a recent report it was shown
that selective formation of diphenylmethanes
can be achieved by the oxidation of methyl-
benzenes using various iron(III) salts (chloride,
sulfate, nitrate, acetate and perchlorate) in
the presence of perchloric acid using acetic
acid as a solvent at elevated temperatures.®
In the absence of perchloric acid the yields
were low. In many cases the reaction was
catalytic in iron(III) and the authors proposed
that reoxidation of iron(II) was caused by
atmospheric oxygen. We have been studying
a similar reaction for some time and now report
results showing that the proposed mechanism °
is not correct and that the reoxidation of iron(IT)
is caused by perchloric acid.

When iron(II) chloride is heated with p-
xylene in acetic acid and in the presence of
perchloric acid I is formed (Table 1, run No. 1).
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The yield of 1 is better than 100 9, if one
assumes that iron(III) is the oxidant respon-
sible for converting p-xylene into 1. The
reaction would then require 2 mol of iron(III)
for each mole of 1 formed. A prolonged reaction
time (run No. 2) increased the yield of I slightly.
Runs Nos. 3 and 4 show that no reaction takes
place in the absence of either iron(II) or per-
chloric acid. Reactions 1—-4 were carried out
in an air atmosphere. Run No. 5 was carried
out under pure nitrogen (with careful exclusion
of oxygen) which resulted in a slightly lower
yield of 1 but the reaction was still catalytic.
Thus, the results of these experiments (runs
Nos. 1—5) do not indicate that oxygen plays
a major role in the oxidation of iron(II) to iron-
(III). Finally, we carried out a reaction where
perchloric acid was replaced by trifluoro-
methanesulfonic acid, a strong non-oxidizing
acid (run No. 6); a low yield of I was obtained.

We believe that an explanation of our results
is consistent with the assumption that the
major reaction path involves perchloric acid
oxidation of iron(II) to iron(III). The latter
species acts as the oxidant towards p-xylene.
Oxygen plays only a minor role in the reoxida-
tion of iron(II) as indicated by the result of
run No. 6. It is well known that perchloric
acid is a weak oxidant at room temperature
but a strong one at temperatures above 100 °C.*
The results from run No. 4 shows that perchloric
acid is not the oxidant responsible for the
formation of 1.

We have also studied the reaction between
iron(I1I) chloride and p-xylene in acetic acid
and verified the low yield of 1 previously
reported.® This is, however, not surprising.
When iron(III) chloride is heated in acetic
acid a red iron(IIT) compound is formed. At
room temperature it precipitates from acetic
acid.®’ We found that the red iron(III) com-
pound is inactive as an oxidant. Since some
oxidation took place between iron(III) chloride
and p-xylene in acetic acid, there are probably
other iron(III) compounds formed acting as
oxidants. A recent report on the analysis of

Table 1. Yields of 1 in the oxidation of p-xylene (80 mmol) in acetic acid (50 ml) at 114 °C for 5 h.

Run No. FeCl;/mmol HCIO04/mmol 1% /mmol mol of 1/mol
of FeCl,

1 5 40 2.91 0.58

2 5 40 3.17¢ 0.63¢

3 5 0 0 0

4 0 40 0 0

5 5 40 2.724 0.544

6 5 0 0.31¢ 0.06°

4170 9, HCIO,. ? Determined by GLC. €17 h. 4In a pure nitrogen atmosphere. ¢ In the presence of

CF,SO,H (40 mmol).
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the products in the reaction between iron(III)
chloride and acetic acid shows that four iron(III)
compounds are formed depending on the
reaction conditions.” One of these is the red
precipitate mentioned above. We have found
that treating solid iron(III) chloride with
a .solution of dichloromethane containing
slightly more than one equivalent of acetic
acid produces a soluble iron(III) species. This
compound reacts with methylbenzenes pro-
ducing diphenylmethanes selectively. A full
report of this reaction will be published later.

Experimental. Commercial anhydrous iron
(III) chloride and acetic acid was used without
further purification. The reaction conditions
are given in Table 1. The reaction mixtures
were worked up adding dichloromethane (100
ml), washing the solution 3 times with water.
The organic phase was dried over anhydrous
sodium sulfate, filtered and concentrated by
evaporation in vacuo. The resulting solution
wag analyzed by GLC using an HP 6830 A
instrument equipped with an electronic inte-
grator on a 2 mx 0.3 em 3 9, OV-17 on Chro-
mosorb W column. I was identified by com-
parison with an authentic sample (GLC, MC).
The yields were determined by calculation of
the GLC peak areas after calibration of I
against a standard.
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Protonation and Deprotonation of
Enamines. III. On the Use of Ion
Exchange Resin for Selective
Protonation of Enamines
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In a previous paper! we reported that the
isomeric enamines obtained from isopropyl
methyl ketone and morpholine, Ia and 2a (Fig.
1), could be easily separated by treating the
tautomeric mixture with gaseous HCl or tri-
fluoroacetic acid (which can afford a selective
protonation of Ia). We have studied whether
this technique could be improved to achieve
the separation either by column chromatog-
raphy or by batch procedure using aeid ion
exchange resin. Different types of resins were
examined for enamine protonating abilities.
‘“Amberlyst 15", a macroreticular resin with
aromatic sulfonic acid groups and only ca.
2 9% of moisture content, was found to be suit-
able. Other strongly acidie resins of the polysty-
rene — divinylbenzene type have a moisture con-
tent of ca. 50 9% causing hydrolysis of the en-
amines. Drying of these resins evidently altered
their properties since the dried resins were
almost devoid of enamine protonating ability
when used in pentane. The enamines studied
were the tautomeric equilibrium mixtures ob-
tained from morpholine and isopropyl methyl
ketone, (Ia, 2a), cyclopentyl methyl ketone,
(1b, 2b) and cyclohexyl methyl ketone, (Ic,
2c). The isomer distribution (pentane solution,
room temperature) was Ia:2a=29:71, 1b:2b=
9:91 and Ic:2c=65:35.

Results. Preliminary experiments have shown
that adding Amberlyst 15 to a pentane solution
of Ia and 2a (equilibrium mixture) changed
the isomeric distribution with a relative in-
crease of 2a, i.e. a selective protonation of Ia.
A study of the effects of amount of resin (1-—3
equivalents/Ia), concentration of enamine solu-
tion (0.5—2.0 M) and temperature (—78 to
25 °C) showed that neither the amount of resin
nor the enamine concentration affected selec-
tivity. The temperature is the only important
factor, and that low temperature does not give
selectivity, is probably due to a rapid non-

® ®
RyCH—C=CH, RLC=C~CH,
! 2
Fig. 1. The enamines studied. a, R=CHg;
b, Ry= —(CH,)(—; ¢, Ry=—(CH,);—.
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