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SUM~IARY 

Copolymers of 2-ethyl-2-oxazoline (ETOX) and N-phenylmaleimide(PhMl) 
without i n i t i a t o r  were prepared at di f ferent feed mole rat ios, solvents, 
temperatures and times. The copolymers are almost s ta t is t ica l  and rich in 
N-phenylmaleimide. The copolymer composition was determined by IH NMR. 

INTRODUCTION 

Zwitterion coDolymerization occurs in the absence of an added i n i t i a -  
tor hy reacting an electrophi l ic monomer (ME) and a nucleophilic monomer(NN) 
(1-10). This copolymerization is considered to proceed through zwitterion 
intermediates +PNME- leading to alternating or s ta t is t ica l  copolymers. 
Among the nucleophilic or electrophi l ic monomers studied by other authors 
or by us are: cyclic iminoethers, ethyleneimine, cyclic phosphites, ~,B-un- 
saturated acids, lactones, sultones, cyclic anhydrides, N-phenylmaleimide 
(1-!0). 

The nresent paper renorts the copolymerization of 2-ethyl-2-oxazoline 
nucleophilic monomer with N-phenylmaleimide as the electrophi l ic monomer. 
The copolymerization was carried out under di f ferent experimental conditions 
(feed mole rat io,  temperature, time and solvent). 
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EXPERIr~ENTAL PART 

Ha~te~ia2.~: N-phenylmaleimide (Ph~!l) was synthesized according to the l i t e -  
rature(11).  2-Ethyl-2-oxazol ine (ETOX) (commercial reagent Aldr ich Chem. 
Co.) was nur i f ied by d i s t i l l a t i o n  from KOH. All the solvents were pur i f ied 
bv usual methods (12). 

Co~o~gme~zd~Lom: An example is a fol lows: In a polymerization f lask,  a 
mixture of ETOX (0,06 mole) and PhMI (0.06 mole) under gaseous N 2 was dis-  
solveH in the solvent. Then the system was kept at 60~ for 90 h. The 
copolymerization mixture was poured in 250 ml of diethyl ether giving a 
pinkish-white polymeric material.  I t  was pur i f ied by reprec ip i ta t ion and 
Hried under vacuum, 

Hems~eme~%s: IH ~#IR spectra were recorded at room temperature on a Va- 
rian T 60 A usin~ in CDCl 3 solut ions with THS as internal standard The IR 
spectra were recorded on a Perkin Elmer 577 spectrophotometer. The visco- 
s i t y  of the conolymer was determined using DHF solvent and an Ostwald v is-  
c~m~ter, at 3~.0• O.I~ 

RESULTS AN~ DISCUSSIO~ ! 

In the las t  few years we have reported several copolymerization systems, 
one of them bein~ the Dhtalic anhydride with 2-methyl-2-oxazoline s t a t i s t i -  
cal copolymers r ich in the nucleophi l ic monomer (13). Simionescu and co- 
wnrkers (5) have reoorted the copolyn~erization of N-phenylmaleimide with 
2-methyl-2-oxazolin~. We now report the copolymerization of N-phenylma- 
leimide (PhHI) with 2-ethyl -2-oxazol ine (ETOX). 

Coaolymerizations were carr ied out at d i f f e ren t  feed mole rat ios but 
keeoing the tota l  amount of comonomers constant (See Table I ) .  The copoly- 
merization condit ions are summarized in the Table i .  

The Phr~I/ETNX copolymers are pinkish-white,  soluble in organic sol- 
vents such as CHCl 3, PIISO, pyr idine. 

The hiahest conversion, determined from the insoluble f ract ion in 
diethyl  ether, was obtained with a feed mole rat io  of HE:KN (2:1)(Table I ,  
conolymers 3,6,10) With increasing time the y ie ld  increases. (See Table 1, 
copnl~ers  ! ,4  and 7). For copolymer 7 (9Oh, 60~ the y ie ld  is 79.7%. 
Temnerature increases conversions. The i n t r i n s i c  v iscosi ty  of the copoly- 
mers increases with increasing temperature (See Table i ,  copolymers 7, 8 
and 9). 

The e f fec t  of solvent po la r i t y  on the y ie ld  and the copolymer visco- 
s i t y  were studied assumin 9 that the copolymerization occurs via dipole io- 
nic species. The highest y ie ld  is obtained in the most polar solvent, 
CH3CN. However, the hiqhest i n t r i ns i c  v iscosi ty  is obtained in an apolar 
snlvent,  benzene (See Table 2). 
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The IR spectra of the copolymers show absorption bands at 1700 cm -1, 
correspondinn to '~C-O (anhydride),and a t  1625 cm- corresponding to ur-n 
(amide) due to the ooening of the oxazoline r ing (See Fig. 1). ~-~ 
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Finure 1. IR spect ra  of a) Copolymer 9 Pht~.I/ElOX 
b) 2-Ethyl ,2 -oxazol ine  and c) Phenylmaleimide 

1H N~R spectra of the copolymers (Figure 2) show four signals assign- 
eH as ~ollows: sinnal (a) at 5=0.9-1.4 to C~ proLons, signal (b) at 
6=2.1-2,6 to -CH2CH 3 protons; signal (c) at 6=3.0-4.2 (-CH and -CH2CH2N- ) 
nrotons, an~ signal (d) at 6=7.0-7.7 to aromatic protons--  

d 

O(" in PPm 

~ioure 2. 1H ~R spectrum (60 VHz, CDCI 3, T~'S, room temperature) 
of Copolymer 9 Ph~"I/ETOX. 
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The copolymer composition was determined by comparing the equivalent 
area of protons in the HE and MN units incorporated, into the copolymer 
(see Table I ) .  The proton area of t~e MN unit was determined from the me- 
thyl protons which resonate between 6:0.9 and 1.4 and for ME i t  was deter- 
mined from the aromatic protons which resonate between ~:7,0 and 7.7. 

Copolymer compositions determined by 1H NMR are very simi lar to that 
determined from the elemental analyses, using the rat io  N/C, ( th is rat io  i~s 
independent of the occluded water in the copolymer). 

Almost al l  the copolymers are s ta t i s t i ca l  and rich in the electrophi- 
l i c  uni t .  

By increasing the d ie lec t r ic  constant of the solvent, temperature, 
and copolymerization time, decreases the extent of incorporation of elec- 
t rooh i l i c  unit  approaching the alternating copolymer. In the case of co- 
oolymer 9 (9Oh, 70~ alternat ing copolymer is obtained (See Table 1). Si- 
mi la r ly ,  al ternat ing CODOlymer arises in the presence of acetoni t r i le  (See 
Table 2). 

With respect to the copolymerization mechanism, alternating copolymers 
are formed by the addition of the nucleophil ic monomer (ETOX) to the douse 
bond of the e lect rophi l ic  monomer (Phil1) giving a zwit ter ion, the responsi- 
ble soecies for init i~ation and propagation. The s ta t i s t i ca l  copolymers 
which are r icher in PhMI, arise by propagation by preferential attack on 
the double bond of Phffl. In fact ,  the maleimide polymerizes bYlanionic 
i n i t i a t o r s  (14). Neverthless i t  was not possible to detect by H NMR spec- 
troscopy (60 ffHz) the other poss ib i l i t y ,  that is the attack of the nucleo- 
ph i l i c  monomer on the carboxi l ic group of the phenylmaleimide giving a co- 
polymer with a double bond in the structure. 
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