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Copolymerization via zwitterion

13. Copolymerization of 2-ethyl-2-oxazoline
with o- and p- methoxiphenyimaleimide

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

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

SUMMARY

p-Methoxiphenyimaleimide (p-MeOPhMI) as electrophilic monomer (ME)
and 2-methy1-2-oxazoline (MOX) and 2-ethyl-2-oxazoline (ETOX) as nucleophi-
1ic monomer (MN),were copolymerized in solution in the absence of initia-
tor under different experimental conditions: (feed mole ratio, solvent, ti-
me and temoerature). Copolymers were characterized by elemental analysis,
IR and 1H NMR spectroscopy. The copolymer composition was determined by
elemental analysis and by l1H NMR spectroscopy. Al1 copolymers contain a
ME:MN mole ratio areater than one.

INTRODUCTION

The process of copolymerization usually requires an initiator, radia-
tion or catalyst, but there have been reports on a new class of copolymeri-
zations which occur in the absence of added initiator, a "zwitterion" being
the intermediate (1-12). This "non catalyst copolymerization" is based on
the fact that in oraanic chemistry reactions between nucleophiles take pla-
ce without catalyst. In this copolymerization a nucleophilic monomer (MN)
reacts with an electrophilic monomer (ME) to produce a zwitterion 1 TMNME™
which is the key intermediate responsible for initiation as well as for
nronagation.

M+ ME > TMNMET

> +MN(-MEMN-)nME'
1 2

Previously, we have reported the copolymerization of 2-ethyl-2-oxazo-
1ine with N-phenylmaleimide (13) and with o- and p-methylphenylmaleimide
(14).

This naper reports on the copolymerization of p-~methoxiphenylmalei-
mide (p-MeOPhMI) as ME with 2-methyl-2-oxazoline (MOX) and 2-ethyl-2-oxazo-
Tine (ETOX) as MN. The copolymerizations were carried out under different
experimental conditions: feed mole ratio, solvent, temperature and time.
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EXPERIMENTAL

Monomens : 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 distillation
from KOH.

Solvents : A1l the solvents (acetone, benzene, acetonitrile, 2-butanone,
N,N-dimethylformamide) were purified by usual methods (16).

Copolymerization : 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°C 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.

Measurements : The IR spectra were recorded on a Perkin Elmer 577 spec-
trophotometer. The 1H NMR spectra were recorded at room temperature in a
Varian T60A using CDC1, solutions. The viscosity of the copolymer was de-
termined using DMF solVent and a Ostwald at 30.0% 0.1°C.

RESULTS AND DISCUSSION

It is known that the oxazoline derivatives homopolymerize using ca-
tionic initiator (17-19), whereas the phenylmaleimide homopolymerizes by
anionic initiator (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 1 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°C, determined from

the insoluble fraction in diethyl ether {Copolymer 3).



41

‘sasA|eue (eIUBWR[I WOS nw:wmunoﬁm

0°T: 02 0'T + 8°I ¢IET"0 8I0°0 SE 09 117 0T10°0 010°0 01
0°T : €Y 0°1 : 2% 6021°0 <Z10°0 62 09 ve 010’0 010°0 6
0°T : 9°¢ 01T * ¥°¢ 80ET"0 G20°0 59 0L 06 110°0 600°0 8
0°T : 8°¢ 0°T : G6°¢ ¥€21°0 ¥10°0 %7 0L 06 (0070 €10°0 L
0°T = L°1 0°T ¢+ &1 9T¥1°0 6€0°0 £8 0L 06 £€10°0 £00°0 9
0T : 9% 0°T * 6°Y 0611°0 S00°C (419 0s 06 010°0 0100 b
0°'T * 6T 0°1T + 0°¢ IPET0 090°0 £9 09 06 010°0 010°0 1
0°T:¢1 0°'T + 2°1 €8¥1°0 480°0 9. 0f 06 010°0 01070 €
0°'1 * ¥°¢ 0°'T = 1°¢ €621°0 ¢250°0 14 0L 8t 010°0 010°0 4
0°T ¢ £°§ 0°T * 9°G €LIT°0 0€0°0 8¢ 0L ¥e 0100 0T10°0 1
AN H, Hodd o /N uou ovres (B/1p) (%) (%) (W) (3L ow) (3L0U) 0 odog

NW/3W Uoratsoduoy sawfjodoy (/N [U - PLRtA duel WL [WYdOOW-d XOW

*uoljeziaswh | 0dod JO SawL] pue Saanjed
-9dwal JUBAB44LP ' (XOW) dutlozexo-gz-1Ayisuw-g y3LM (IWYdodW-d) spiwisiew
-1Auaydixoyrsw-d 40 uorjezisawf[odod uoln|0S 3yl 40 SI[NSdA4 pue suoliipuo) ~--T 3[qel



42

*sashieue |RIUBLILR|D WOUS vchmpaoﬁm

0°1:2°2 0°1:0°¢ SOET'O 110°0 9 0L 06 G00°0 600°0 L1
0°1:9°¢ 0°1:/°E 6611°0 G€0°0 €1 0L 06 600°0 G000 91
0°1:6°¢ 0°1:/°2 6/21°0 €00°0 G1 0§ 06 £00°0 £00°0 St
0°1:6°¢ 0°1:6°¢ §021°0 600°0 0¢ 09 06 £00°0 £00°0 1A
0°1:8°¢ 0°1:0°€ 1221°0 ¥10°0 ¥e 0L 06 £00°0 L0070 €1
0°1:v°¢ 0°1:€°¢ 81¢1°0 6G0°0 12 0L 8t £00°0 £00°0 21
0°1:€°2 0°'1:1°2 18¢21°0 210°0 81 0L 124 £00°0 £00°0 11
oLjed
YAN H, wods O/ oM 6/1p) (1) (0) (W) (aow)  (aL0u)
NW/3W *dwo) aawklodoy  (ed/N [u]  pleta  cdwsp  Bwll IWYdodR-d X013 48wk 0do)
‘uotijezaswkodod
40 SaWl} pue seunjeJadwdl Jusuaiitp 3B (X0L3) duL|0Zexo-g-|AYrs=-z Yiim (IWudO®W-d)
apLuta Lew|Ausydixoyjaw-d Jo uoLlezL43wA[0dod UOLINLOS BY3} JO SI|NS3J4 pue suoLlLpuo) -'¢ 31qel



43

*sasAleur [PIUBWSLD WOLS vw:*mpnoﬁm

0'T: 82 0°T : G2  /S21°0 6%0°0 It %% £00°0 £00°0 €2
0'T :¢g¢ 0°T : 0°¢  1/21°0 €00°0 9¢  EHD00°HIEHD £00°0 £00°0 22
0°T: 82 0°T : 0°€ 12210 ¥10°0 e NOSHD £00°0 £00°0 12
0'T : 9°¢ 0°T : 6°¢ 61210 15070 €S %) 010°0 010°0 02
0°1 : 0L 0°T :0°Z 261I°0  0S0°0 15 EHI00%HIEH) 010°0 010'0 61
0°T €1 0°T : 2'T  €8v1°0 §80°0 9L NOEHD 01070 010°0 81
HWN :. wodyd  *|euy*3 wouy oLyed (6/1p) (%) JUBAL0S (o ow) (sow) uawhodo)
PLOLA IWY40aW-d NW

NW/3W “dwoy uawkjodoy  (e9/N [u]

‘Y 06 ‘o0/ 1B (X0L3) BuL[0ZeX0-Z-[AY3d-2 PuR (XOW) 3uL{0Zexo-g-|Ayial-z Yiim
(IWUdosn-d) apiwtaiew|Ausydixoyiaw-d 30 UOLIRLZLABWA|0dOD UOLIN[OS BYJ UO 309443 JUSALOS =-°C 3|qel



44

Subsequently solution copolymerization at different feed mole ratios
by keeping constant the temperature (70°C) and time {90 h) were carried
out (Copolymers 3,6-8). Yield increases with increasing the p-MeOPhMI in
the feed mole ratio 43, 65, 76 and 83% respectively. The intrinsic visco-
sity behaves similarly.

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 copolymerization systems. For the p-MeOPhMI/MOX system the
more polar solvent acetonitrile produces a copolymer with the highest
yield (76%), intrinsic viscosity (0.085 d1/g) (see Table 3).

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

A11 copolymers were characterized by elemental analyses, IR and 1H
NMR spectroscopy.

The IR_spectra of all the copolymers show similar absorption bands
at 1625 cm-1 corresponding to Ves (amide) attributed to the openning of
oxazoline ring and at 1700 cm-1 cgrresponding to Ve=0 anhydride. (see
Fia. 1).

LT
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V V '\/\ V

WAVENUMBER  (in eri')

800

Fig. 1 IR spectrum (KBr) of copolymer sample 3 p-MeOPhMI/I0X

A1l the 1H NMR spectra show the absorption signals expected. The co-
polymers p-MeOPhMI/MOX show the following signals: signal (a) at &=1.8-
2.2 attributed to -CH3 protons from MOX; broad signal (b) at §=2.6-4.4ppm
assigned to -CH2—N-CH2; ~CH-CH; -OCH,- protons and signal (c) at &=6.8-
7.5 corresponding to aromatic protong.

The copolymers p-MeOPhMI/ETOX show the following signals: signal (a)
at 6=0.9-1.4 assigned to —CHZCH - protons from ETOX; signal (b) at §=2.1—
2.6 assianed to —CHZCH protons g broad signal {(c) at 6=2.7-4.4 attributed
to -CH,-N-CH,-; -CH —Qﬁ -CO0 and OCH3 protons and signal (d) at §=6.6-7.5
attribated tg aromatic Erotons (see”Fig. 2).
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Fia. 2.- 1H NMR spectrum of p-MeOPhMI/MOX copolymer sample 3 (60MHz,

CDC13, 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 §=6.6-7.5 ppm and for the MN unit
was determined from the methyl protons which resonate between §=1.8-2.2
ppm for MOX and 6=0.9-1.4 ppm for ETOX.

AT1 the copolymers are statistical 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°C a copolymer 1.2:1.0(See Table 1,
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 it 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°C (see Table 1, copolymer 3).

Unfortunately, we do not have higher resolution 1H NMR equipment to
study the presence or absence of blocks of boths monomers.
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In respect to the copolymerization mechanism, the statistical copoly-

mers which are richer in p-MeOPhMI, arise by propagation due to preferen-

tial

attack on the double bond of p-MeOPhMI.
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