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Cobalt(I1)-Catalyzed Oxidation of 2,6-Xylenol in Toluene
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The oxidation of 2,6-xylenol with molecular oxygen has been studied using toluene as a
solvent and bis(n-butyl-N-salicylideneiminato)cobalt (IT) as a catalyst. The products of the
oxidation were 3,5,3',5'-tetramethyldiphenoquinone-4,4’ and low molecular weight poly (2,6-
dimethylphenylene-1,4-oxide). During this reaction the irreversible oxidation of cobalt (II)
chelate has been observed. A simple reaction scheme has been suggested to describe the com-

plex kinetic behavior.,

INTRODUCTION

Owing to its great industrial importance,
the metal-catalyzed oxidation of 2,6-di-
substituted phenols with molecular oxygen
has been the subject of many papers. A
large number of different oxidizing agents
has been already used. Effective catalysts
of this oxidation include cobalt(II) che-
lates, especially the N,N’-ethylenebis(sali-
cylideneiminato)cobalt (1), and their de-
rivatives (salcomines) (I-5). Lately the
use of cobalt(Il)-phthalocyanine (6, 7),
cobalt (II)-tetraphenylporphyrin  (6), and
cobalt (IT)-dimethylglyoxime (6) has been
reported in the literature. In these papers
consideration has been predominantly given
to the reaction conditions and products,
whereas kinetic data are rather searee.
Recently in our institute it was found
that  bis(n-butyl-N-salicylideneiminato)-
cobalt (I1), whose extraordinary behavior
in redox reactions has already been de-
scribed (8), showed under certain condi-
tions the ability also to catalyze xylenol
oxidation. The subject of this paper is the
kinetics and products of this reaction.

EXPERIMENTAL METHODS

Chelates bis(n-butyl-N-salicylideneimi-
nato)cobalt (II) (CoB,) and Tris(n-butyl-
N-salicylideneiminato)cobalt (III)  (CoBj;)
were prepared according to Charles (9).
The analyses of Co and N agreed with
theoretical values. 2,6-Xylenol (Chemical
Works Zéluzi, Czechoslovakia) was purified
by zone melting and contained 0.01¢}, of
impurities. Toluene (Lachema, Czecho-
slovakia) was purified by distillation.

The oxidation of 2,6-xylenol was carried
out under an atmosphere of pure oxygen
in a stirred glass reactor. The amount of
the absorbed oxvgen was measured volu-
metrically, by means of a 50-ml graduated
gas burette attached to this reactor. The
measurements were carried out within the
region where no influence of stirring on the
rate of reaction was observed. Spectro-
metric measurements were performed on
an ir spectrometer UR 10 (Zeiss, Jena),
on a uv-VIS spectrometer Spectromom 202
(Hungary), and on a Varian E3 X-band
EPR spectrometer with 100-kHz modula-
tion. The tle analyses were performed on
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Fra. 1. Catalyzed oxidation of 2,6-xylenol. The
experimentally found relation between the volume
of absorbed oxygen A (moles/liter) and time. O
with CoB; only, @ with CoB, in the presence of
cyclohexylamine (8-1072 mol/liter). [2,6-Xylenol],
= 0.33 mol/liter, [CoB:Jo = 1.95-107% mol/liter,
temperature = 29.8°C,

activated lavers of silica gel G. The mobile
phase was a mixture of benzene and
methanol, 95:5 (v/v). Co(II) was deter-
mined spectrophotometricslly after extrac-
tion into the water layer as a thioeyanate
complex.

RESULTS

Pure solutions of 2,6-xvlenol in toluene
show no perceptible oxygen absorption at
temperatures of 20-40°C. Addition of 92
mg (0.22 mmol) of CoB; to 10 ml of
toluene containing 1.19 g (9.76 mmol) of
2,6-xylenol caused the solution to absorb
108 ml (4.82 mmol) of oxygen during 24 hr,
thereby giving the stoichiometric ratio 2,6-
xyvlenol:oxyvgen of 2.03:1. No free 2,6-
xvlenol was found in the solution. Filtration
of the reaction slurry gave 0.52 g of red
precipitate. The ir and uv-VIS speetra of
this compound were identical with the
speetra  of  3,5,3",5 -tetramethyldipheno-
quinone-4,4’. The identification was con-
firmed by tle. The filtrate was diluted with
the same volume of methanol. A white
precipitate could be isolated (0.45 g). The
ir spectrum of this precipitate was identical
with the speetrum of poly(2,6-dimethyl-
phenylene-1,4-oxide). The molecular weight

229

determined  viscometrically (10) was ap-
proximately 2-10% The remaining products
obtained on (‘V‘lp()l‘ati()ll of the reaction
mixture were a Co(IIT) compound identi-
fied by means of ir, uv-VIS speetra and tle
as CoBs;, and a (-:unpound (0.19 g), the ir
speetrum of which corresponded with the
spectrum of low molecular weight polymer.
Therefore, the CoBy-catalvzed oxidation
of 26-xyvlenol follows the stoichiometrie
ecquation :

CH,
n CoB,
n OH + 502 —_—
-nH
CH, nH,0
H, CH, CHj
n=x
— TC% +7 0 0
CH, CH,
(1)

The rate of oxygen absorption by 2,6-
xvlenol solutions in toluene was measured
under the atmosphere of pure oxygen with
various CoB, and 2,6-xylenol initial concen-
trations at various temperatures. The plot
of absorbed oxygen vs time was an S-shaped
curve with variable slope (see Fig. 1). The
reaction rate determined from the tangent
in the middle, approximately lincar part of
the curve was proportional to the square
of the CoB, initial concentration. The
reaction order relative to 2,6-xylenol initial
concentration was not explicit. The relation
between the rate of reaction and tempera-
ture passed through a maximum. In the
course of the oxidation the initial red color
of the solution gradually changed to green,
indicating evidently the oxidation of Co(IT)
to Co(III). The decrease of Co(II) concen-
tration was confirmed by dicect analysis.
The results are summarized in Table

In order to throw more light on the rather
complicated kinetic behavior, the reaction
between molecular oxvgen and CoBy che-
late was studied by various methods in the
absence of 2,6-xylenol. When oxygen was
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TABLE 1

Rate of 2,6-Xylenol Oxidation at Various Temperatures and
Various 2,6-Xylenol and CoB, Initial Concentrations

Temperature (°C)
[2,6-XylenolJs (mol/liter)

[CoB;Je-10? (mol/liter) 0.51 0.76
Rate X 10t (mol/liter -min) 0.18 0.50
[2,6-Xylenol o (mol/liter) 0047  0.11
[CoBy]J,-102 (mol/liter)
Rate X 104 (mol/liter -min) 1.9 2.1
Temperature (°C) 20
[2,6-Xylenol 3y (mol/liter)
[CoB3Js-10? (mol/liter) 1.87
Rate X 104 (mol/liter-min) 1.6
[CoB:]-10* (mol/liter)

unreacted after 4 hr 1.60

29.8
0.33
0.97 1.28 1.58 1.95
0.71 1.45 2.0 3.06 3.10 3.14
0.15 0.20 0.25 0.30 0.33
1.95
2.2 2.4 2.5 2.7 3.0
30 40 50
0.33
2.01 1.90 1.90
3.2 3.3 2.3
1.78 1.86 1.90

added to the toluene solution of CoB, in
the cuvette of an EPR spectrometer, the
EPR signal (octet) representing the inter-
action of an unpaired electron with the
magnetic moment of the Co nucleus
(I = %) was registered. Analogous spectra
have already been reported in the literature
and they have been assigned to adducts
between molecular oxygen and cobalt(11)
complexes with the stoichiometry 1:1
(11, 12). Nevertheless, when pure and dry
CoB; solutions in toluene were allowed in
contact with molecular oxygen, no volu-
metrically measurable absorption was de-
termined. Both the oxygen absorption and
the oxidation of Co(II) to Co(III) were
observed in the presence of moisture. The
reaction was irreversible. The final molar
ratio CoB,:0; absorbed was found to be
1:0.24. The final products of this reaction
were a chelate CoB; identified both by
means of ir and uv-VIS spectra and by tle
and oxides of cobalt(III). The stoichiom-
etry of this reaction may therefore be
written as follows:

4+ 4CoO(OH). (2)
As water was one of the final products in

2,6-xylenol oxidation, it seemed very reason-
able that the Co(II) decrease observed

during this oxidation was the result of
Reaction (2). It was verified that at the
temperatures used the CoBj; chelate had
no cffect on the 2,6-xylenol oxidation, and
its rate was always proportional to the
concentration of remaining CoB,. Thus
Reaction (2) simultaneously reduced the
catalytic activity of the cobalt chelate.

The absence of an induction period and
an increase of reaction rate was observed
after a small addition of cyclohexylamine
to the reaction mixture (Fig. 1). By means
of ir and uv-VIS spectroscopy, the reaction
product was found to be 2,6-dimethyl-1,4-
benzoquinone.

DISCUSSION

The results show that the CoBy-catalyzed
oxidation of 2,6-xylenol is a complex
process and that a rather complicated
reaction mechanism should be expected.
From the EPR measurements it has been
concluded that in the initial reaction stages
an adduct is formed between the CoB,
chelate and oxygen. The volumetric mea-
surements show that the concentration of
this adduct should be very low. It is
assumed from the external order of the
oxidation with regard to the Co(II) initial
concentration that the next step should
be the reaction of this adduet with another
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CoB. molecule, probably to give the
CoB,:0:-CoB, complex. The primary radi-
al products should be formed by the
reaction of this complex with 2,6-xylenol.

CoB: + 0, 2 CoB,0, )
CoB.:0s + CoB: — CoB.0,CoB, 4)

CoB20.CoB: + 2,6-xylenol —
radical products.  (5)

On the basis of papers by Tkad et al. (13)
it is presumed that these radicals are fixed
on the cobalt atoms, and that the reaction
proceeds by a sequence of redox and
exchange steps within the ligand sphere of
the catalytic complex.

The interpretation of the reaction kineties
is complicated by the side reaction giving
inactive Co(III) products and thereby
deereasing the active cobalt concentration.
Nevertheless, the complexity of kinetie
relations cannot be aseribed to this ir-
reversible reaction only. The observed
Co(IT) decrease cannot explain the curved
relation between the rate of 2,6-xvienol
oxidation and temperature (see Table 1).
Evidently both the reaction rate increase
in the initial stages of reaction and its
unusual temperature dependence should be
ascribed to the sequence of consecutive
reactions within the catalytic complex.

The sensitivity of metal-catalyzed oxi-
dations of phenols to the presence of amines
is well known from the literature (2, 14).
Amines enter the ligand sphere of the metal
atom and substantially influcnce the chemi-
al character of the eatalytic complex. As
a result there are changes both in kineties
and reaction products. This was found also
with chelate CoB,, if evclohexylamine was
added. A different reaction mechanism
should be used to explain the benzo-
quinone formation. It is supposed the
amine displaces the radicals fixed on the
cobalt atom, and the oxidation of 26-
xvlenol proceeds outside the cobalt complex,

Compared with chemically similar saleo-

mines, the catalytic activity of CoB3,
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chelate 1s substantially lower. The strue-
tural differences between these chelates
should cause this behavior. The salcomines
are planar (15), whereas the bis(alkyvl-\-
salicylidenciminato)eobalt (IT1) chelates arc
known to be tetrahedral (76). A dis-
advantageous reorganization of their ligand
sphere is connected with the formation of
adducts with oxygen. Low adduet concen-
tration and slower reaction rate should be
observed as a consequence,
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