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The oxidative coupling reaction of 2,6-dimethylphenol has been studied using basic copper(H) 
catalytic systems, the heterogeneous complexes derived from copper(H) chloride, and potassium 
hydroxide, sodium hydroxide, and sodium methoxide in a methanol solution. With these basic 
copper(I1) catalysts, the oxidation products were poly(2,6-dimethyl-1,4-phenylene oxide) (C-O 
coupling) and 3,3’,5,5’-tetramethyldiphenoquinone (C-C coupling). The reaction time, the inor- 
ganic base added, and the mole ratio of base to copper(H) chloride were found to affect the course 
of oxidation and/or the selectivity of products. The KOH/CuClr mole ratio was particularly sensi- 
tive to the oxidation activity and the coupling manner of 2,6-dimethylphenol. The kinetic data 
obtained from the oxygen absorption rate showed that the rate was first-order in the 2,6-dimethyl- 
phenol concentration and oxygen partial pressure, respectively. On the other hand, the rate was 
found to be independent of the concentration of the basic copper(I1) catalyst for the higher concen- 
trations, and ca. one-half-order for the lower concentrations of the basic copper(I1) catalyst. On the 
basis of the kinetic result, a reaction scheme is proposed in which the phenol-O2 species interacts 
with the heterogeneous basic copper(I1) complex to form a phenol-Or-Cu(I1) intermediate. This 
reaction is the rate-controlling step. It was suggested that the basic copper(I1) complex might be 
termed as a “heterogenized homogeneous catalyst.” 

INTRODUCTION 

Copper ions have been shown to act as 
catalysts in the oxidation of organic sub- 
strates by molecular oxygen (I). It is well 
known that the complexation of Cu(I1) ions 
by certain ligands modifies its catalytic ac- 
tivity. Since the discovery by Hay and his 
group on 2,6-dimethylphenol polymeriza- 
tion by oxidative coupling catalyzed with 
homogeneous copper(I) chloride-pyridine- 
O2 system (2), the development of the ox- 
idative coupling polymerization of 2,6-di- 
substituted phenol with a variety of cata- 
lytic systems has been described by many 
workers (2, 3). The copper(I) chloride- 
pyridine-O2 catalytic system is a novel ex- 
ample of a transition metal coordination ca- 
talysis in a homogeneous solution. The 
study of phenol oxidation with a catalytic 
system involving a copper-nitrogen coordi- 
nate linkage might clarify the mechanism of 

certain important enzymes of an oxidase 
type and shed light on the subject. 

A heterogeneous catalytic system such 
as transition metal ions attached to an insol- 
uble support has been well known to have 
several practical advantages. Thus, the re- 
action products are easily separated from 
the catalyst and the latter is available to use 
again. The halogen displacement polymer: 
ization of 2,4,6-trihalogenophenol with a 
heterogeneous basic copper(I1) catalytic 
system without an amine under relatively 
mild reaction conditions has been reported 
to give the corresponding poly(dihalo- 
phenylene oxide) (4). Also, it has been re- 
ported that the heterogeneous basic copper 
(II) system (containing copper(I1) salt and 
inorganic base such as KOH) could form an 
active species for the oxidative coupling re- 
action of 2,6-dimethylphenol (5). In the 
study, the KOH/CuC12 mole ratio was 
found to be the main factor which controls 
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the coupling manner; namely, increasing 
this ratio was favorable for C-O coupling 
whereas the C-C coupling was preferen- 
tially obtained under a low KOH/CuC12 
mole ratio. Furthermore, the properties of 
the heterogeneous basic copper(I1) systems 
were studied by ESR measurements (5). 
Very little is known of the primary mecha- 
nistic process which generates the phenoxy 
radicals by the heterogeneous basic cop- 
per(H) catalyst. In seeking to extend this 
work, we present in this paper the kinetic 
data on the oxidative coupling of 2,6-di- 
methylphenol under various reaction condi- 
tions. We also wish to report the effects of 
the catalytic composition, reaction time, 
and concentration of copper(I1) chloride on 
the reactivity and/or the coupling manner. 

EXPERIMENTAL 

The infrared spectra were obtained with 
a Hitachi recording spectrophotometer, 
Model EPIG 2. Visible ray spectra were 
measured by a Nippon Bunkko spectro- 
photometer, Model UVIDEC-420. All 
spectra were obtained in l-cm quartz cells 
at room temperature. Microanalyses were 
performed by the Microanalysis Center, 
Kyoto University. 

Materials. 2,6-Dimethylphenol was puri- 
fied by recrystallization from n-hexane. Re- 
agent grade anhydride copper(I1) chloride 
was used after drying at 110°C under vac- 
uum for 2 hr. Reagent grade KOH, NaOH, 
and NaOCH3 were used without further pu- 
rification. Methanol was refluxed with mag- 
nesium metal and distilled. 

Oxidative coupling reaction of 2,6-di- 
methylphenol with heterogeneous basic 
copper complex. The oxidation reac- 
tions were run in a 50-ml round-bottom 
flask, which was connected with a mechani- 
cal stirrer, a cooler, a gas inlet tube, a drop- 
ping funnel, and maintained in a thermo- 
stated water bath. The desired copper(I1) 
chloride was dissolved in methanol, and a 
methanolic solution of sodium methoxide 
was added to the resultant clear-green ho- 
mogeneous copper(H) solution. A meth- 

anolic solution of 2,6-dimethylphenol in a 
dropping funnel was added to the catalytic 
system. The reaction mixture was stirred 
vigorously for the prescribed time under an 
oxygen atmosphere. In the case of the reac- 
tion under a nitrogen atmosphere, nitrogen 
gas was introduced to both the methanolic 
solutions of catalyst and 2,6-dimethyl- 
phenol for 30 min and then the reaction was 
started by the method previously de- 
scribed. Details of the identification of the 
oxidation products were presented in a pre- 
vious paper (5). The products obtained 
were identified as poly(2,ddimethyl-I ,4- 
phenylene oxide) and/or 3,3’,5,5’-tetra- 
methyl-4,4’-diphenoquinone by their ir 
spectra and elementary analyses. 

Isolation of basic copper catalyst. In 
a methanolic solution of CuCIZ, a metha- 
nolic solution of KOH was added dropwise 
under a magnetic stirring. The resultant 
precipitate was filtered out and dried under 
vacuum. 

Oxygen absorption measurement. Oxy- 
gen absorption measurements during the 
oxidative coupling reaction of 2,6-dimethyl- 
phenol were carried out in a constant pres- 
sure gas absorption apparatus consisting of 
a reaction vessel with a magnetic stirrer 
connected to a gas buret and a U-tube ma- 
nometer. The reaction vessel, which was 
thermostated at 30°C was attached to a 
pressure-equalized dropping funnel to 
which a methanolic solution of 2,6-di- 
methylphenol was added. The whole reac- 
tion system was saturated with oxygen for 
40 to 60 min under vigorous stirring. When 
equilibrium was obtained, the 2,6-dimethyl- 
phenol solution was added to the catalytic 
solution in the reaction vessel. The oxygen 
consumptions at constant pressure were 
measured at regular time intervals. 

RESULTS 

Oxidative coupling reaction of 2,6-di- 
methylphenol with basic copper cata- 
lytic system. The heterogeneous basic cop- 
per(I1) catalytic systems used here were 
CuCl,-KOH, CuC&-NaOH, and CuCl*- 
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FIG. 1. Dependence of the oxidative coupling products on reaction time. 2,6-Dimethylphenol, 0.2 
mole/liter; reaction temp, 30°C; O2 atmosphere, 1 atm; solvent, 50 ml of MeOH; 0, polyphenylene 
oxide (C-O coupling); 0, diphenoquinone (C-C coupling); (a) CuCIr-KOH system; (b) -, CuCh- 
NaOH system; ---, Cut&-NaOCHj system. 

NaOCH3 systems. The oxidation products 
were poly(2,6-dimethylphenylene oxide) 
(C-O coupling product) and/or 3,3’,5,5’- 
tetramethyl-4,4’-diphenoquinone (C-C 
coupling product) irrespective of the cata- 
lytic system studied. Figure 1 indicates the 
dependence of the yield of the oxidative 
coupling products on reaction time. 
Diphenoquinone increased with the reac- 
tion time immediately after the reaction 
starts. On the other hand, the behavior of 
the polymer yield is notable as shown in 
Fig. 1: the long induction period and the 
rapid acceleration after the onset of the re- 
action. It should be pointed out that the be- 
haviors of the yield of the oxidation prod- 
ucts vs reaction time with these three 
catalytic systems (Figs. la, b) were similar, 
irrespective of the heterogeneous basic 
copper(I1) catalytic system. 

Figure 2 shows the effect of the concen- 
tration of CuCl~(KOH/CuCl~ mole ratio = 
1) on the yields of the oxidative coupling 
products. It is evident that the increase of 
the CuClz concentration resulted in an in- 
crease of both the C-O and C-C coupling 
product yields at the initial stage, but fur- 
ther increase of the concentration of CuClz 
leveled off the yields. Particularly, the yield 
of the C-O coupling product (polymer) 
tended to decrease with the increase of the 

CuClz concentration at more than 0.012 
mole/liter. A similar behavior of the cata- 
lyst concentration on the yield of the C-C 
coupling product (diphenoquinone) has al- 
ready been reported for the selective C-C 
coupling reaction of 2,6-dimethylphenol 
catalyzed by the copper(I1) nitrate-acetoni- 
trile complex (6). 

It has been suggested that the main factor 
which controls the coupling manner (C-O 
and/or C-C coupling) was the KOH/CuC12 
mole ratio (5). Thus, it was reported that an 
increase of this ratio was favorable for the 
C-O coupling, whereas the C-C coupling 

60 - 

FIG. 2. Dependence of the yield of the oxidative 
coupling products on the concentration of CuC&. 2,6- 
Dimethylphenol, 0.2 moleiliter; KOH/CuClr (mole ra- 
tio = 1); reaction temp, 30°C; O2 atmosphere, 1 atm; 
reaction time, 4 hr; solvent, 50 ml of MeOH; 0, 
polyphenylene oxide; 0, diphenoquinone. 
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FIG. 3. Dependence of the yield of the oxidative 
coupling products on the KOH/CtQ mole ratio. 2,6- 
Dimethylphenol, 0.2 mole/liter; CuC12, 0.01 mole/liter; 
reaction temp, 30°C; O2 atmosphere, 1 atm; solvent, 50 
ml of MeOH; reaction time, 4 hr; 0, polyphenylene 
oxide; l , diphenoquinone. 

product was preferentially obtained under 
low KOH/CuQ ratios. To see the effect of 
the KOH/CQ mole ratio on both the oxi- 
dation activity and the coupling mode sys- 
tematically, 2,6-dimethylphenol was re- 
acted with various mole ratios of 
KOHICuC12. Figure 3 indicated the rela- 
tionship between the yield of the oxidative 
coupling product vs the KOH/CuC12 mole 
ratio under a constant concentration of 
CuC12. As has been reported previously (5), 
the C-C coupling product was formed al- 
most selectively at low KOH/CuC12 mole 
ratios, though the yields of diphenoquinone 
were low. Also, it is evident that the yield 
of the C-O coupling product increased with 
the increase of the KOH/CuC12 mole ratio 
in the range of the mole ratios of less than 1. 
However, it must be noted that at a mole 
ratio of more than 1, the yields of the C-O 
and C-C coupling products decreased in- 
versely. Particularly, the activity for the C- 
O coupling mode decreases markedly with 
the increase of the ratio at the KOH/CuC& 
mole ratios of more than 1. Thus, the selec- 
tivity for the C-O coupling product has 
been shown to have a maximum value at a 
KOH/CuC12 mole ratio of approximately 1. 
Table 1 indicates the effect of the base/ 
CuC12 mole ratio on the oxidation activity 

and the oxidative coupling manner. Only 
copper(I1) chloride itself, without a base 
such as KOH, had no activity for the oxida- 
tive coupling reaction of 2,6-dimethyl- 
phenol. Instead of using a CuC12-KOH sys- 
tem as a catalyst, Cu(OH)2 was indepen- 
dently sampled as a catalyst for this reac- 
tion; however, it had no catalytic activity. 
The use of CHjONa as a base tended to 
have a similar effect as KOH for both the 
oxidation activity and the oxidative cou- 
pling manner, though the sensitivity of the 
CH30Na/CuC12 mole ratio on the oxidative 
coupling mode seemed to be higher than the 
corresponding sensitivity for the KOH/ 
CuC12 mole ratio. 

The oxidative coupling reaction of 2,6-di- 
methylphenol, catalyzed with a CuClz- 
KOH system, was evaluated under a nitro- 
gen, instead of an oxygen atmosphere, to 
test the role of oxygen. No oxidative cou- 
pling product was obtained, however, un- 
der a nitrogen atmosphere, even when 1: 1 
molar of the CuClz-KOH catalyst (KOH/ 
CuC12 mole ratio = 1) was treated with 2,6- 
dimethylphenol. 

Figure 4 indicates the oxygen amount 
consumed vs reaction time for the oxidative 
coupling of 2,6-dimethylphenol with 
CuCIZ-KOH, -NaOH, and -NaOCH3 cata- 
lytic systems. The rates of the oxygen ab- 

TABLE 1 

Oxidative Coupling Reaction of 2,6-Dimethylphenol 
Catalyzed by Basic Copper(D) Complexes0 

CU(l1) 
salt 

Base Base/CuClz 

(mole ratio) 

Reaction Product 

time yield (%) 

(hr) 
c-o c-c 

CUCI~ - 0 4 0 0 

Cu(OH)2 - 0 4 0 0 

CUQ KOH 0.5 IO 0 II 

1.0 4 54 20 

I.5 6.5 0 II 

20 4 17 0 
NaOCH, 0.5 5.5 0 10 

1.0 5.5 51 20 

I.2 5.5 0 II 
1.5 5.5 0 Trace 

o 2,&Dimethylphenol, 0.2 mole/liter; Cu(ll) salt, 0.01 moleAiter; 02 
atmosphere, I atm; solvent, 50 ml of MeOH. 
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FIG. 4. Dependence of the amount of oxygen ab- 
sorbed on the reaction time. 2,6-Dimethylphenol, 0.2 
mole/liter; CuCl?, 0.01 mole/liter; Base/CuCl, (mole 
ratio), 1; reaction temp, 30°C; O2 atmosphere, 1 atm; 
solvent, 50 ml of MeOH; 0, CuC12-KOH system; a, 
CuQ-NaOH system; 0, C&l,-NaOCH, system. 

sorption obtained from the three slopes are 
shown in Table 2. Changing the base did not 
result in a striking difference in the oxida- 
tive activity, though the order of the activ- 
ity was KOH > NaOH > NaOCH3. 

The basic copper(H) complex, isolated 
by a filtration of the heterogeneous meth- 
anolic solution of CuClz and KOH (KOH/ 
CuCl2 mole ratio = 1, 0.1 g), was used as a 
catalyst for the oxidative coupling reaction 
of 2,6-dimethylphenol (Table 3). In a meth- 
anol solvent, the isolated basic copper(I1) 
system was found to have an activity for 
2,6-dimethylphenol oxidation comparable 
with that of the nonisolated catalytic sys- 
tem. This result indicates that the heteroge- 
neous parts of the basic copper(I1) complex 
are active species for 2,6-dimethylphenol 

TABLE 2 

Effect of Base on the Activity in the Oxidative 
Coupling of 2,6-Dimethylphenol” 

Catalyst system Oxygen absorption rate (r) 
(mole/s) 

CuClz-KOH 4.0 x 10-J 
-NaOH 3.6 x lo-’ 
-NaOCHI 3.2 x lo-’ 

a 2,6-Dimethylphenol, 0.2 mole/liter; CuClz, 0.01 
mole/liter; Base, 0.01 mole/liter; Oz atmosphere, 1 
atm; solvent, 50 ml of MeOH; reaction temp; 30°C. 

oxidation; however, a benzene solvent 
made the isolated catalytic system nonac- 
tive for the oxidative coupling of 2,6-di- 
methylphenol. It is interesting to note that 
by using the corresponding phenoxide an- 
ion dissolved from the methanolic solution 
of KOH, instead of an original 2,6-di- 
methylphenol as a reactant, only the C-O 
coupling product was obtained with the iso- 
lated catalytic system, though the oxidation 
activity became rather low. 

Kinetics of 2,CGdimethylphenol oxidation 
catalyzed with basic copper system. In 
order to check the significance of gas-liq- 
uid mass transfer, the effect of stirrer speed 
on the initial oxygen absorption rate was 
studied at 30°C with the heterogeneous ba- 
sic copper(I1) catalyst (KOH/CuC12 mole 
ratio = 1). The rates were found to be inde- 
pendent of the speed of agitation at more 
than 1400 rpm which suggests that gas-to- 
liquid mass transfer resistance is negligible 
under this reaction condition (Fig. 5). 

The rate of oxygen absorption (r) depen- 
dence on 2,6-dimethylphenol concentration 
was indicated in Fig. 6a as a log-log plot. 
Figure 6b illustrates the relationship be- 
tween the rate and the partial pressure of 
oxygen. As evidenced from Figs. 6a,b, both 
graphs are straight lines with slopes of 1. 
This result indicates that the rate is first- 
order in the concentration of 2,6-dimethyl- 
phenol and the partial pressure of oxygen, 
respectively. On the other hand, the log- 
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FIG. 5. Effects of stirrer speed on the rate of the 
oxygen absorption. 2,6-Dimethylphenol, 0.2 mole/li- 
ter; CuC12, 0.01 mole/liter; KOH/CuC12 (mole ratio), 1; 
reaction temp, 30°C; O2 atmosphere, 1 atm; solvent, 50 
ml of MeOH. 
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FIG. 6. Log-log plots of oxygen absorption rates versus the concentration of 2,6-dimethylphenol, 
the partial pressure of oxygen, and the concentration of CuC12. (a) CQ, 0.01 mole/liter; KOH, 0.01 
moleihter; reaction temp, 30°C; 02 atmosphere, 1 atm; solvent, 50 ml of MeOH; (b) 2,6-dimethyl- 
phenol, 0.2 mole/liter; CuC12, 0.01 mole/liter; KOH, 0.01 mole/liter; reaction temp, 30°C; solvent, 50 
ml of MeOH; (c) 2,6dimethylphenol, 0.2 mole/liter; reaction temp, 30°C; O2 atmosphere, 1 atm; 
solvent, 50 ml of MeOH. 

log plot between the rate and the concentra- 
tion of CuC12 is shown in Fig. 6c. The plot 
shows a folded straight line, in which, at 
low-level copper(I1) chloride concentra- 
tions, the slope of this straight line is ca. 
0.5, and at high levels of the copper(I1) 
chloride, the rate is independent of the cop- 
per(I1) concentration, Thus, the slope is 
zero. From the results obtained above, the 
rate equation may be represented as 

k . (2,6-Dimethylphenol) 
* (02) * (Cu(II))‘~ 

r= 1 + k’ - (CU(II))“~ (1) 

Reuse of basic copper catalyst. Ef- 
forts were made to reuse the basic copper 
(II) catalyst (KOH/CuC12 mole ratio = 1) 
in the oxidation of 2,ddimethylphenol. At 
first, the amount of oxygen absorbed during 
the reaction was measured with the reac- 
tion time. After the amount of oxygen ab- 
sorbed nearly leveled off, the same amount 
of 2,6-dimethylphenol as the first run was 
added in the reaction mixture and again, the 
amount of oxygen absorption was followed 
with the reaction time. This result is illus- 
trated in Fig. 7 where the initial concentra- 
tion of 2,6-dimethylphenol was 3.2 x 10e2 
mole/liter. The slopes of the oxygen ab- 
sorption amount vs reaction time for the 
initial and the second runs were almost sim- 
ilar to each other, as evidenced from Fig. 7. 
Thus, this result seems to indicate that the 
present basic copper(I1) catalyst is reusable 

without an appreciable loss in the oxidation 
activity. 

DISCUSSION 

Only copper(H) chloride and only KOH 
had no activity for the 2,6-dimethylphenol 
oxidation. Also, although copper(H) hy- 
droxide (CUE) was used as a catalyst 
for the oxidative coupling of 2,6-dimethyl- 
phenol, it was found that no oxidation prod- 
uct was obtained and the starting phenol 
was recovered quantitatively. On the other 
hand, from the study on the effect of KOH/ 
CuC12 mole ratio on the oxidative coupling, 
the catalyst with the composition of KOH/ 
CuC12 = I was found to have a maximum 

0 
J 

FIG. 7. The amount of oxygen absorbed versus reac- 
tion time. 2,6-Dimethylphenol, 0.032 mole/liter; 
CuC&, 0.015 moleiliter: KOH, 0.015 mole/liter; reac- 
tion temp, 30°C; O2 atmosphere, 1 atm; solvent, 50 ml 
of MeOH. 
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activity for the present oxidation reaction. 
Judged from the series of experimental 
results, the active catalytic series for the 
oxidative coupling reaction of 2,ddimethyl- 
phenol seem to be polymeric or oligomeric 
species which had a composition of Cu 
Cl(OH) and were bridged by OH- and Cl- 
ligands. This consideration may be sup- 
ported furthermore by the fact that the iso- 
lated heterogeneous part of the basic cop- 
per(I1) system had a catalytic activity for 
the 2,ddimethylphenol oxidative coupling 
reaction. 

It must be noted that the heterogeneous 
part of the basic copper(I1) catalytic system 
had a catalytic activity for the phenol ox- 
idative coupling. We carefully observed the 
state of the heterogeneous basic copper(I1) 
catalyst at the initial stage of the oxidative 
coupling reaction. After ca. 5 min, the het- 
erogeneous part of the basic copper(I1) cat- 
alytic system dissolved in the methanol 
solvent to result in seemingly the ho- 
mogeneous-like catalytic system. The 
separation of the heterogeneous part of the 
basic copper(I1) catalyst from the metha- 
nolic reaction solution by filtration was tried 
ca. 5 min after the oxidative coupling reac- 
tion of 2,6-dimethylphenol. No precipitate, 
except a small amount of red crystal of 
diphenoquinone, was obtained by the filtra- 
tion. It may be of interest to consider the 
behavior of the heterogeneous basic cop- 
per(U) catalyst at the initial stage of the oxi- 
dation in connection with the result obtained 
previously (5) by ESR measurement of the 
basic copper(I1) catalyst. Thus, an ESR 
spectrum, assigned to a monomer-like pla- 
nar copper(I1) complex, was observed at 
the atmosphere of the oxidation reaction of 
2,6-dimethylphenol. This was observed in 
place of a broad ESR peak which was ob- 
served under vacuum and may be caused 
by a strong interaction between a spin-spin 
dipole observed in a polynuclear array of 
copper(I1) ions (5). From these experimen- 
tal observations, it may be reasonable to 
suppose that under an oxygen atmosphere 
and in the presence of 2,6-dimethylphenol, 

TABLE 3 

Oxidative Coupling of 2,6-Dimethylphenol Catalyzed 
by Isolated Basic Copper(H) Complexes” 

Catalyst 
(CuCIJKOH 

mole ratio 
= 1) 

Solvent Product 
yield (ST) 

c-o c-c 

Initial O2 
absorption 

rate 
(mole/s) 

Isolated MeOH 57 19 3.0 x 10-7 
system” MeOH’ 20 0 1.6 x IO-’ 

Benzene 0 0 - 
Nonisolated MeOH 55 20 4.0 x 10-J 

systemd 

” Z,dDimethylphenol, 0.2 mole/liter; reaction temp, 30°C; 
02 atmosphere, 1 atm; reaction time, 4 hr; solvent, 50 ml. 

b Isolated catalyst, 1 g. 
( KOH (0.2 mole/liter) was taken in the dropping funnel, in 

which the methanolic solution of 2,6-dimethylphenol (0.2 
mole/liter) has been already introduced. 

d 2,6-Dimethylphenol, 0.2 mole/liter; reaction time, 4 hr; 
reaction temp, 30°C; O2 atmosphere, I atm; CuClz, 0.01 mole/ 
liter: KOH, 0.01 mole/liter. 

the basic copper(I1) catalyst shows the cat- 
alytic activity in the homogeneous state 
that has a mononuclear copper(I1) complex 
structure rather than a polynuclear copper 
(II) complex structure. In other words, the 
present basic copper(I1) catalytic system 
may be termed as a “heterogenized, homo- 
geneous catalyst.” As has been suggested 
previously (5), the role of oxygen may be 
thought to dissolve or weaken the bonds of 
the polynuclear copper(I1) system to form a 
homogeneous system from a heterogeneous 
system and facilitate the replacement of a 
hydroxy anion by a phenolate anion in addi- 
tion to the role of the reoxidation of copper 
ions. In fact, in a benzene solvent, the iso- 
lated heterogeneous basic copper(I1) cata- 
lyst remained in a heterogeneous state dur- 
ing the oxidation reaction of 2,6-dimethyl- 
phenol, and no product of the oxidative 
coupling reaction was obtained as shown in 
Table 3. 

It has been found that the basic copper 
(II) system acts as a one-electron transfer 
reagent by the ESR measurement of 2,6-di- 
tert-butyl-4-methylphenol with the basic 
copper(I1) catalyst (5), as well as the homo- 
geneous basic copper(I1) system (7, 8). 
Thus, a one-electron transfer from 2,6-di- 
methylphenol moiety to the basic copper 
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(II) species in a phenoxo-copper(B) inter- 
mediate complex results in the correspond- 
ing phenoxy radical, which, in turn, 
couples to give the corresponding oxidative 
coupling product. Although we have no di- 
rect information on the reaction intermedi- 
ate at the present stage, the reaction 
scheme for the oxidative coupling of 2,6-di- 
methylphenol catalyzed by the heteroge- 
neous basic copper(I1) complex 

n Cdl 1 
KOH . kl \ 

’ k2 

cuw, 

tr 1 

r- J”3 

(2 1 

(3 ) 

-I (II) + l/m Cd II )“A OH-- CuW~/m-02 (4 1 

J 

( IN ) 

(111 ) - (5 1 

( IV ) 

4 
(-Jc; 2 -..A Oxidative COUpling Product (6 ) 

CH3 

Reaction scheme 

may be considered as a plausible reaction 
on the basis of the kinetic data and the 
properties of the observed catalytic system. 
At first, copper(I1) chloride can react with 
KOH to form the corresponding polymeric 
(or oligomeric) basic copper(I1) species 
(Cu(II),, Eq. (2)). 2,6-Dimethylphenol and 
oxygen molecules weakly interact with each 
other to form species (II). It is suggested 
that species (II) reacts with the polymeric 
basic copper(I1) species to form a copper 
(II)-phenoxo moiety complex (III) in the 
rate-determining step. Species (III) can 
yield the corresponding phenoxy radical in 
a fast electron transfer process (Eq. (5)) 
that will yield an oxidative coupling prod- 

uct via some coupling processes (Eq. (6)). 
If, as suggested, the rate-determining step 
is Eq. (4), the rate of this reaction will be 
expressed by 

r = k.(Il)~(Cu(ll)n Iy” (7) 

By applying the steady state approximation 
(Bodenstein approximation) to species (II), 
we can obtain 

C”3 
kg. ( 0 4 OH ) (02) 

(ill 5 CH3 

!A 
(8 ) 

k4 + k.i Cuii~), ) 

Also, it can be expressed that if Ki = k,lkz, 

( CuUi), ) = K1.C Cu(lI) ,” (9) 

Then, the reaction rate (r) can be expressed 
in the form of Eq. (10) by replacement of 
Eq. (8) to Eq. (7) 

1Jm 
k- k3-K, 

l/m “/m 
..- I 

k + k.Kl .( Cu(lII ) 

Equation (10) may be expressed in the form 

Vm -j Vi& 
C”3 

r=k.kgKj .kq.(02)4cuW 1 ,( 0 
4 

OH 1 (11) 

C”3 

on the assumption that k4 % k * Kf” 
(CU(II))~‘~. On the other hand, if k4 -+ k * 
.I’” (CU(II))“‘~, Eq. (10) may be expressed 
in the form 

(12 ) 

Equations (lo), (1 I), and (12) are consistent 
with the observed kinetic behavior of the 
basic copper(I1) complex which catalyzes 
the oxidative coupling of 2,6-dimethyl- 
phenol, though we have no information on 
the structures of the intermediate species 
(II) and (III) at this stage. 

Finally, some comments may be given on 
the factor which governs the oxidative cou- 
pling manner in the basic copper(B) cata- 
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lytic system. In the oxidative coupling reac- 
tion of 2,6-dimethylphenol, catalyzed with 
the isolated basic copper(I1) complex, the 
introduction of an equivalent amount of 
KOH, as 2,6-dimethylphenol formed the 
C-O coupling product selectively, is shown 
in Table 3. In contrast, an appreciable 
amount of C-C coupling product was pro- 
duced under the same reaction condition as 
stated before, except for the absence of the 
excess KOH. From the results, the pres- 
ence of the corresponding phenolate anion, 
liberated by the interaction of 2,6-dimethyl- 
phenol with the added KOH under the 
former reaction condition, may be respon- 
sible for a selective C-O coupling produc- 
tion in the oxidative coupling of 2,6-di- 
methylphenol. In comparison with free 2,6- 
dimethylphenol, which forms the interme- 
diate phenol-Cu(I1) complex (such as spe- 
cies (III)) with the basic copper complex 
through hydrogen bonding, the correspond- 
ing phenolate anion may be able to more 
strongly interact with Cu(II) ions in the ba- 
sic copper(I1) complex. The difference of 
the interaction of the phenol moiety with 
the basic copper(U) complex may be sug- 
gested as one of the factors that govern the 
oxidative coupling manner in the oxidative 
coupling of 2,6-dimethylphenol catalyzed 
by the basic copper(H) complex. 
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