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Copolymerization via zwitterion

11. N-Phenylmaleimide with 2-ethyl-2-oxazoline
B.L. Rivas*, G. del C. Pizarro, and G.S. Canessa

Polimeros, Departamento de Quimica, Facultad de Ciencias, Universidad de Concepcion,
Casilla 3-c, Concepcidn, Chile

SUMMARY

Copolymers of 2-ethyl-2-oxazoline (ETOX) and N-phenylmaleimide(PhMI)
without initiator were prepared at different feed mole ratios, solvents,
temperatures and times. The copolymers are almost statistical and rich in
N-phenvlmaleimide. The copolymer composition was determined by 1H NMR.

INTRODUCTION

Iwitterion copolymerization occurs in the absence of an added initia-
tor hy reacting an electrophilic monomer (ME) and a nucleophilic monomer(MN)
(1-10). This copolymerization is considered to proceed through zwitterion
intermediates *MNME~ Jeadina to alternating or statistical copolymers.

Among the nucleophilic or electrophilic monomers studied by other authors

or by us are: cyclic iminoethers, ethyleneimine, cyclic phosphites, a,g-un-
?atur§ted acids, lactones, sultones, cyclic anhydrides, N-phenylmaleimide
1-10).

The present paper renorts the copolymerization of 2-ethyl-2-oxazoline
nucleophilic monomer with M-phenylmaleimide as the electrophilic monomer.
The copolymerization was carried out under different experimental conditions
(feed mole ratio, temperature, time and solvent).
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EXPERIMENTAL PART

Matesnials: MN-phenylmaleimide (PhMI) was synthesized according to the lite-
rature(11). 2-Ethyl-2-oxazoline (ETOX) (commercial reagent Aldrich Chem.
Co.) was nurified by distillation from KOH. A1l the solvents were purified
bv usual methods (12).

Copolumernization: An example is a follows: In a polymerization flask, a
mixture of ETOX (0.06 mole) and PhMI (0.06 mole) under gaseous N, was dis-
snlved in the solvent. Then the system was kept at 60°C for 90 E. The
copolymerization mixture was poured in 250 ml of diethyl ether giving a
pinkish-white polymeric material. It was purified by reprecipitation and
dried under vacuum,

Measurements : 1p Nvr spectra were recorded at room temperature on a Va-
rian T 60 A using in CDCi3 solutions with TMS as internal standard. The IR
spectra were recorded on a Perkin Elmer 577 spectrophotometer. The visco-
sitv of the conolymer was determined using DMF solvent and an Ostwald vis-
cometer, at 30.0% 0.1°C.

RESULTS AND DISCUSSICM

In the last few years we have reported several copolymerization systems,
one of them being the ohtalic anhydride with 2-methyl-2-oxazoline statisti-
cal cepolymers rich in the nucleophilic monomer (13). Simionescu and co-
workers {5) have renorted the copolymerization of N-phenylmaleimide with
2-methyl-2-oxazolina. We now report the copolymerization of N-phenylma-
leimide (PhMI) with 2-ethyl-2-oxazoline (ETOX).

Copolymerizations were carried out at different feed mole ratios but
keening the total amount of comonomers constant (See Table 1). The copoly-
rerization conditions are summarized in the Table 1.

The PPMI/ETOX copolymers are pinkish-white, soluble in organic sol-
vents such as CPC13, PMSO, pyridine.

The hiahest conversion, determined from the insoluble fraction in
diethyl ether, was obtained with a feed mole ratio of ME:MN (2:1)(Table 1,
conolymers 3,6,10) With increasing time the yield increases. (See Table 1,
copnlvmers 1,4 and 7). For conolymer 7 (90h, 60°C) the yield is 79.7%.
Temnerature increases conversions. The intrinsic viscosity of the copoly-
mers increases with increasing temperature (See Table 1, copolymers 7, 8
and 9).

The effect of solvent polarity on the yield and the copolymer visco-
sitv were studied assuming that the copolymerization occurs via dipole io-
nic species. The hiabest yield is obtained in the most polar solvent,
CHLCN. However, the highest intrinsic viscosity is obtained in an apolar
sn?vent, benzene (See Table 2).
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The IR spectra of the copolymers show absorption bands at 1700 em-1,
corresponding to v._n (anhydride),and at 1625 cm-! corresponding to vesp
(amide) due to the”obening of the oxazoline ring (See Fig. 1).
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Fiaure 1. IR spectra of a) Copolymer ¢ PhMI/ETCX
b) 2-Ethyl1-2-oxazoline and c) Phenylmaleimide

1p R spectra of the copolymers (Figure 2) show four signals assign-
ed as follows: sional (a) at §=0.9-1.4 to CH3 protons, signal (b) at
6=2.1-2.6 to -CHpCH3 protons; signal (c) at =3.0-4.2 (-CH and -CH,CH,N-)
nrotons, and signal (d) at §=7.0-7.7 to aromatic protons.
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Ficure 2. 1H MMR snectrum (60 MHz, CDC13, T™S, room. temperature)
of Copolymer 9 PhMI/ETOX.
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The copolymer composition was determined by comparing the equivalent
area of protons in the ME and MN units incorporated. into the copolymer
(see Table 1). The proton area of the MN unit was determined from the me-
thyl protons which resonate between §=0.9 arid 1.4 and for ME it was deter-
mined from the aromatic protons which resonate between §=7.0 and 7.7.

Copolymer compositions determined by 14 NMR are very similar to that
determined from the elemental analyses, using the ratio N/C, (this ratio is
independent of the occluded water in the copolymer).

Almost all the copolymers are statistical and rich in the electrophi-
lic unit.

By increasing the dielectric constant of the solvent, temperature,
and copolymerization time, decreases the extent of incorporation of elec-
tronhilic unit approaching the alternating copolymer. In the case of co-
polymer 9 (90h, 70°C) alternating copolymer is obtained (See Table 1). Si-
mi]ar]y; alternatina cooolymer arises in the presence of acetonitrile (See
Table 2).

With respect to the copolymerization mechanism, alternating copolymers
are formed by the addition of the nucleophilic monomer (ETOX) to the double
bond of the electrophilic monomer (PhMI) giving a zwitterion, the responsi-
ble sovecies for initiation and propagation. The statistical copolymers
which are richer in PhMI, arise by propagation by preferential attack on
the double bond of PhMI. 1In fact, the maleimide polymerizes by anionic
initiators (14). Neverthless it was not possible to detect by IH NMR spec-
troscopy (60 MHz) the other possibility, that is the attack of the nucleo-
philic monomer on the carboxilic group of the phenylmaleimide giving a co-
polymer with a double bond in the structure.
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