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Copolymerization via zwitterion 
13. Copolymerization of 2-ethyl-2-oxazoline 
with o- and p- methoxiphenylmaleimide 

B.L. Rivas and G. del C. Pizarro 

Polimeros, Departamento de Quimica, Facultad de Ciencias, Casilla 3oC, 
Universidad de ConcepciOn, ConcepciOn, Chile 

SUMMARY 

D-Methoxiphenylmaleimide (p-MeOPhMI) as electrophil ic monomer (ME) 
and 2-methvI-2-oxazoline (MOX) and 2-ethyl-2-oxazoline (ETOX) as nucleophi- 
l i c  monomer (MN),were copolymerized in solution in the absence of in i t ia -  
tor under different experimental conditions: (feed mole ratio, solvent, t i -  
me and temperature). Copolymers were characterized by elemental analysis, 
IR and IH NMR spectroscopy. The copolymer composition was determined by 
elemental analysis and by 1H NMR spectroscopy. All copolymers contain a 
ME:MN mole ra t i o  oreater  than one. 

INTRnDUCTION 

The process of copolymerization usually requires an in i t ia tor ,  radia- 
tion or catalyst, but there have been reports on a new class of copolymeri- 
zations which occur in the absence of added in i t ia tor ,  a "zwitterion" being 
the intermediate (1-12). This "non catalyst copolymerization" is based on 
the Cact that in oroanic chemistry reactions between nucleophiles take pla- 
ce without catalyst. In this copolymerization a nucleophilic monomer (MN) 
reacts with an electrophil ic monomer (ME) to produce a zwitterion I +MNr~E- 
which is the key intermediate responsible for in i t ia t ion as well as for 
propagation. 

MN + HE > +HNME- - - , >  +HN~MEMN~nME- 

I 2 

Previously, we have reported the copolymerization of 2-ethyl-2-oxazo- 
l ine with N-Dhenylmaleimide (13) and with o- and p-methylphenylmaleimide 
(!4). 

This paper reports on the copolymerization of p-methoxiphenylmalei- 
mide (D-MeOPhMI) as ME with 2-methyl-2-oxazoline (r1OX) and 2-ethyl-2-oxazo- 
line (ETOX) as HN. The copolymerizations were carried out under dif ferent 
experimental conditions: feed mole ratio, solvent, temperature and time. 
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EXPERI~4ENTAL 

Monomers : p-methoxiphenylmaleimide (p-MeOPhMI) was synthesized according 
to the literature (15). 2-methyl-2-oxazoline (MOX) and 2-ethyl-2-oxazoli- 
ne (Commercial reagents Aldrich Chem.Co.) were purified by d ist i l la t ion 
from KOH. 

Soluen%~ : All the solvents (acetone, benzene, acetonitrile, 2-butanone, 
N,N-dimethylformamide) were purified by usual methods (16). 

CopolymerizatX.on : A typical procedure for the copolymerization reaction 
is as follows: the mixture of ETOX and p-MeOPhMI (total amount 0.014 mol) 
was placed in a polymerization flask under nitrogen atmosphere. The tube 
was kept at 70~ for 24 h. The copolymerization mixture was precipitated 
in diethyl ether. The copolymer was separated by centrifugation and puri- 
fied by reprecipitation and dried under vacuum. 

Meo~u~ements : The IR spectra were recorded on a Perkin Elmer 577 spec- 
trophotometer. The IH Nr~ spectra were recorded at room temperature in a 
Varian T60A using CDCI 3 solutions. The viscosity of the copolymer was de- 
termined using Dr~F solvent and a Ostwald at 30.0• 0.1~ 

RESULTS AN~ DISCUSSION 

I t  is known that the oxazoline derivatives homopolymerize using ca- 
tionic in i t ia tor  (17-19), whereas the phenylmaleimide homopolymerizes by 
anionic in i t ia tor  (20). 

In the last few years we have reported several copolymerization sys- 
tems, one of them being the N~phenylmaleimide with 2-ethyl-2-oxazoline (13) 
and o- and p-methylphenylmaleimide with 2-ethyl-2-oxazoline (14). Simio- 
nescu and coworkers have reported the copolymerization of N-phenylmaleimi- 
de with 2-methyl-2-oxazoline (7). 

We now report the copolymerization of p-methoxiphenylmaleimide 
(p-MeOPhMI) with 2-methyl-2-oxazoline (MOX) and 2-ethyl-2-oxazoline (ETOX). 

Copolymerizations were carried out at different feed mole ratios but 
keeping constant the total amount of comonomers. The copolymerization con- 
ditions are summarized in Tables I and 2. 

For equimolar feed mole ratio p-MeOPhMI/MOX, (see Table 1), the 
yield increases with increasing the copolymerization times (Copolymer 1-3) 
yielding 76% at 90 h. The same effect is observed with the temperature 
(Copolymer 3-5), producing the highest conversion at 70~ determined from 
the insoluble fraction in diethyl ether (Copolymer 3). 
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Subsequently solution copolymerization at di f ferent feed mole ratios 
by keeping constant the temperature (70~ and time (90 h) were carried 
out (Copolymers 3,6-8). Yield increases with increasing the p-MeOPhMI in 
the feed mole rat io 43, 65, 76 and 83% respectively. The in t r ins ic  visco- 
s i ty  behaves similar ly.  

For the solution copolymerizations p-MeOPhMI/ETOX (seeTable 2), the 
yield is lower than for p-MeOPhMI/MOX systems due to the steric hindrance 
6f the ethyl group compared to the methyl group. But the effect of the 
time and the copolymerization temperature is the same that observed for 
the anterior copolymerizatio~ systems. For the p-MeOPhMI/MOX system the 
more polar solvent acetonitr i le produces a copolymer with the highest 
yield (76%), in t r ins ic  viscosity (0.085 dl/g) (see Table 3). 

The conversions for the three copolymers p-MeOPhMI/MOX are higher 
than the copolymers p-MeOPhMI/ETOX. 

All copolymers were characterized by elemental analyses, IR and IH 
NMR spectroscopy. 

The IR spectra of all the copolymers show similar absorption bands 
at 1625 cm -I  corresponding to v~_n (amide) attr ibuted to the openning of 
oxazoline ring and at 1700 cm-I Uc~rresponding to VC= 0 anhydride. (see 
Fio. I ) .  

3 0 0 0  

I 

1600  800 

WAVENUMBER ( in cn~ 1 ) 

Fig. 1 IR spectrum (KBr) of copolymer sample 3 p-MeOPhMl/tiOX 

All the IH NMR spectra show the absorption signals expected. The co- 
polymers p-MeOPhMI/MOX show the following signals: signal (a) at 6=1.8- 
2.2 attributed to -CH 3 protons from MOX; broad signal (b) at 6=2.6-4.4ppm 
assigned to -CH?-N-CH?; -CH-CH; -OCHR- protons and signal (c) at a=6.8- 
7.5 correspondi6g to ~romatic proton~. 

The copolymers p-MeOPhMI/ETOX show the following signals: signal (a) 
at 6=0.9-1.4 assigned to -CH2CH q- protons from ETOX; signal (b) at a=2.1- 
2.6 assianed to -CH2CH ~ protons ~ broad signal (c) at 6:2.7-4.4 attributed 
to -CH~-N-CHe-; -CHq-CMe-CO and OCH 3 protons and signal (d) at ~:6.6-7.5 
attr ibbted tb aromatic ~rotons (see Fig. 2). 
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S 
C 

i 

c~" in ppm 

Fig. 2.- 1H NMR spectrum of p-MeOPhMI/MOX copolymer sample 3 (60MHz, 
CDCl 3, room temperature, internal standard: TMS). 

The copolymer composition was determined by comparing the equivalent 
proton area of the ME and MN units incorporated into the copolymer (see 
Tables 1-3). The proton area of the ME unit  was determined from the aro- 
matic protons which resonate between 6:6.6-7.5 ppm and for the MN unit  
was determined from the methyl protons which resonate between 6=I.8-2.2 
ppm for MOX and 6=0.9-1.4 ppm for ETOX. 

All the copolymers are stat ist ical and rich in ME, due to the grea- 
ter reactivity of p-MeOPhMI to homopolymerizes in respect to the copolyme- 
rization reaction with the nucleophilic comonomers. For copolymers 
p-MeOPhMI/MOX, the temperature and time of copolymerization affect copoly- 
mer composition. Increasing the temperature decreases the homopropagation 
reaction of p-MeOPhMI, yielding at 70~ a copolymer 1.2:1.0(See Table I ,  
copolymer 3). Similar effect is observed with the copolymerization time, 
but in this case as the reactivity of p-MeOPhMI is greater that of oxa- 
zoline derivatives, the homopropagation is favoured in respect to the co- 
polymerization reaction. After 24 h i t  is possible to observe this effect 
by producing a copolymer richer in p-MeOPhMI. 

Subsequently at 48 and particularly at 90 h, as p-MeOPhMI, was more 
quickly consumed through homo and copolymerization reactions than MN, at 
the long period of reaction the unreacted MN may react with the comonomer 
ME and also with other molecules of MN, producing a copolymer with a com- 
position near to 1:1. 

The copolymer is not alternating ~MN--ME)~and the "copolymer composi- 
tion" is almost 1.0:1.0 at 90 h and 70~ (see Table I, copolymer 3). 

Unfortunately, we do not have higher resolution IH NMR equipment to 
study the presence or absence of blocks of boths monomers. 
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In respect to the copolymerization mechanism, the stat ist ical copoly- 
mers which are richer in p-MeOPhMI, arise by propagation due to preferen- 
t ial  attack on the double bond of p-MeOPhMI. 
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