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OXIDATIVE POLYMERIZATION OF 2,6-DIMETHYLPHENOI BY
COPPER(II)CHLORIDE-AMINE,  COMPLEXES:EFFECT OF AMINES ON
POLYMERIZATION ACTIVITY.

Sudhakar S. Mahajan, Bhaskar B. lIdage, Bhimrao D.
Sarawade, Nayaku N. Chavan, and Swaminathan Sivaram.
Division of Polymer Chemistry,

National Chemical Laboratory,

Pune 411 008, India.

ABSTRACT

2,6-Dimethylphenol (2,6-DMP) undergoes oxidative
polymerization with CuClg.2HoO-aliphatic amine complexes
in a 70:30(v/v) o-dichlorobenzene-ethanol solvent.Unlike
pyridine, polymerization occurs even in the absence of
added base. Apart from basicity, factors such as steric
effects and nature of ligand coordination to Cu(II) have
profound effect on catalyst reactivity.

INTRODUCTION

Since the discovery of oxidative polymerization of
2,6-dimethyiphenol (2,6-DMP) by copper(I)chloride-0o-
pyridine complex by Hay and coworkers (1) a variety of
copper—amine complex systems have been reported as
catalysts in both published and patented literature

(2,3). In spite of the extensive literature on such
catalysts, few studies are available on the effect of
amine structure on catalyst efficiency. With the

Cu({I)Cl-pyridine system, steric factors were found ¢to
affect both the rate and selectivity of oxidative
coupling, using a series of pyridines substituted in the
2—- and 6-position (4). From a more detailed kinetic
analysis Tsuchida and coworkers concluded that with
Cu(I)Cl-amine systems, the difference in the activities

*NCL Communication No.48386
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of amine ligands in the region of low monomer concentr-
ations are related to both the ease of electron transfer
as well as steric bulk of the ligand (5). Pyridine was
found to be more effective than aliphatic amines as evi-
denced by a large value of equilibrium constant associa-
ted with the formation of the intermediate complex ES
in the well known Michaelis-Menten equtaion. On the
contrary, Cu(lI)Cls-pyridine is inactive as a catalyst
for oxidative polymerization, because, for electron
transfer between Cu(Il)/2,8-DMP, a ligand complex of low
coordination is believed to be necessary (6). Surprisin-
gly oxidative polymerization with Cu(II)Clgs-aliphatic
amines have not been reported in the literature. We
therefore undertook a systematic study on the effect of
various aliphatic amines on the oxidative polymerization
of 2,6-DMP using copper(ll)chloride dihydrate as cataly-
st. This paper reports the results of this study.

EXPERIMENTAL

Materials: Commercial 2,6-DMP was recrystallized from
n-hexane and dried under vacuum prior to use. Reagent
grade CuClp.ZH20 was used as received.The various amines
were purified prior to use by standard procedures. 0-di-
chlorobenzene was fractionally distilled and a constant
boiling middle fraction was used for reaction. Ethancol
was distilled prior to use.

Oxidation Procedure: The oxidative polymerization was
run in a 250 mL three necked cylindrical flask provided
with a jacket, magnetic stirrer and a thermowell. One of
the outlet was connected to a gas burette and a U-tube
manometer. The third outlet capped with a self sealing
rubber septum, was used for charging the monomer. In a
typical experiment, the desired quantities of o-dichlor-
obenzene-ethanol(70:30 v/v), CuCleo.Z2H30 and an amine was
charged to the reaction flask. After dissolution of the
catalyst components, oxygen was purged through the flask
for 20-30 minutes at 30%0.1°C. Oxygen saturation led to
catalyst complex formation indicated by change of green
Cu(II) color to either blue or orange depending on the
nature of amine. At this point 20 mL of a 0.2M solution
of 2,6-DMP in o-dichlorobenzene-ethancl was slowly intr-
oduced into the flask by means of a hypodermic syringe.
Oxygen uptake started without any induction period and
wag recorded as a function of time. The reaction mixture
turned wine red. Depending on the amine used,the polymer
precipitated at varying time intervels. The reaction was
continued till oxygen absorption ceased. Thereafter the
mixture was poured in methanol containing 5 vol% conc.
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HCl, washed, filtered and dried. In all experiments,less
than 0.1% by weight of 3,3°,5.,5 -tetramethyl-4,4"-diphe-
noguinone (DPQ) was detected (7).

The reaction rate, Rpay, was calculated from the
maximum slope of the oxygen consumption curve. Int-
rinsic viscosity was measured in an Ubbelohde dilution

viscometer in chloroform at 30%0.1°C.

RESULTS AND DISCUSSION

The oxidative polymerization of 2,6-DMP with copper
(II)chloride dihydrate and various amines was performed
in o-dichlorobenzene-ethanol (70:30 v/v) at 30x0.17°C.
Most of the earlier studies on oxidative polymerization
have been conducted in solvents wherein the polymer has
good solubility (example, chloroform, benzene, toluene,
o-dichlorobenzene etc.). However,patent literature reve-
als that polymerization can be conducted in solvents
where the polymer formed is not completely soluble (8).

The amines used in the study were as follows: sec-
ondary amines such as di-n-butylamine (acyclic), piperi-
dine and piperazine (cyclic), tertiary amines such as
triethylamine and 1,4-diazabicyclo(2.2.2.)octane (DABCO)
and 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) and second-
ary/tertiary amines bearing oxygen functionality such as
diethanolamine, triethanolamine and morpholine. The ami-
nes spanned a range of pK, values as well as steric
structures.

The nitrogen to copper ligand ratio was varied
between 25-100. In this range, the final oxygen absorpt-
ion uniformly exceeded 100%. The results are shown in
Table. The oxygen absorption rate for the various amines
at N/Cu ratio of 50 is shown in Figure.

The yield of methanol inscluble polymers are based
on dry weights of the isclated product and the weight of
Z2,6-DMP originally present. The total yield is less than
quantitative. This is believed to be due to loss of met-
hanol soluble low molecular weight polymer fractions in
the work up. This was confirmed in the case of piperazi-
ne where the methanol soluble fractions were predominan-
tly oligomeric poly(phenylene ethers) (Mn = 475).

The polymer conversion was invariant with N/Cu
ratio. However,the reaction rate showed a pronounced te-
ndency to accelerate at higher N/Cu ratios. In view of
the high ligand ratios used and the fact that the final
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oxygen consumption uniformly exceeds 100%, it was concl-
uded that the autoretardation effect due to water formed
in the reaction was not important. In all cases, select-
ivity to C-0 coupling product was greater than 99%. The
intrinsic viscosity of the polymer decreased in the ord-
er, (N/Cu = 50), morpholine~ piperidine~ydi-n-butylamine
“>piperazine = DBU.

Of the amines studied, DABCO, diethanolamine and
triethanolamine showed no oxygen uptake. For the four
secondary amines examined, the polymerization rate (Rpax
at N/Cu=50) decreased in the order piperidiney morpholi-
ne » di-n-butylamine piperazine. These observations est-
ablish that pKa of bases alone do not determine catalyst
activity.

Oxidative polymerization of 2,6-DMP with Cu(II)-
amine complexes is believed to involve the intermediacy
of a six coordinated octahedral complex, wherein the am-
ine occupies the four square planar coordination spheres
and a rate determining dimerization step resulting in
the formation of a binuclear complex(I)(Scheme) (9).

A sterically demanding amine such as di-n-butyl-
amine may be expected to react slowly compared to piper-
idine. For the same reason triethylamine also showed
diminished activity. DABCO, a less sterically hindered
nitrogen base, did not also show any polymerization
activity. This could be due to its relatively weak basi-
city in hydroxylic medium. Of the three oxygen contain-
ing bases of almost similar pKa s only morpholine showed
good polymerization activity in conjunction with CuClo.
2Hp0. Diethanolamine and triethanolamine are bidentate
ligands capable of coordination to copper(II) through
both nitrogen and oxygen (10). This may inhibit electron
transfer between Cu(ll)/2,86-DMP which is favored by a
complex of low coordination (6). Morpholine is a monode-
ntate ligand capable of coordination only through nitro-
gen and hence is active. The lower pKa of morpholine
relative to piperidine results in reduced catalyst
activity.

Surprisingly, piperazine showed very poor activity
eventhough it has a structure similar to morpholine.
Also, N,N'-di-tert-butylethylenediamine has a structure
similar to piperazine with a relatively more hindered
environment around nitrogen is reported to be an active
catalyst in conjunction with Cu(II) (11). Our results
suggest that piperazine functions as a weak monodentate
ligand to Cu(Il) and is even less effective than di-n-
butylamine. The reasons for poor conversion is not
clear at the present time.
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In conclusion, CuClg.2Hz0 forms active oxidative
polymerization catalyst with secondary aliphatic amines.
Tertiary amines are inactive. Unlike CuClg-pyridine
which is active only in presence of an added base like
potassium hydroxide {(12Z2) aliphatic amine form active
catalyst complexes under neutral conditions.
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