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SU~IARY 

~,w-p-tolue~ulphonic acid ester of poly(ethyleme oxide) 
was symthesized and used to initiate the cationic isomeriza- 
tion polymerization of 2-( ~ -N-carbazolylethyl)-2-oxazolime 
and 2-methyl-2-oxazoli~e.The polymerization was carried out 
in bulk,and ABA type block copclymers containing poly(N-acetyl 
ethylenimime) or poly N- (N-carbazolyl)propionylethylenimiae 
blocks (A block) and pely(ethylene oxide) blocks (B block) 
were obtained. 

INTRODUCTION 

The polymerization of cyclic imino ethers has been studied 
by many groups over the last years (l-8).Amomg the obtained 
results it was shown that the polymerization of 2-substituted 
2-oxazoline initiated by methyltosylate proceeds via a living 
polymerization mechanism (3). On the other hand the synthesis 
of ABA type block copolymers was performed by macromoleoular 
initiation of 2-substituted-2-oxazoline polymerization with 
~,~-telechelic polymers)having_ p-teluensulphonic acid esters 
at both chain ends (8-11 

The present paper describes the synthesis of two block 
copolymers of an ABA type. Poly(ethylene oxide) with -OH end 
groups was first esterified with tosylchloride and further 
used to imitiate the bulk polymerization of 2-methyl-2-oxazo- 
lime (Me0xz) and 2-(~-N-carbazolylethyl)-2-oxazoline (CEOxz). 
In this way block copolymers containing poly(N-aoetylethylen- 
imine) or poly N- (N-carbazolyl)propiomylethylenimine as A 
block (hard part) and poly(ethylene oxide) as B block (soft 
part) have been synthesized. 

EXPERIMENTA L 

Reagents: MeOxz was a commercial sample used without fur- 
ther purification.CEOxz was synthesized according to a lit~e- 
rature method (6),(7).Tosyl chloride (commercial product) 
was recrystallized from petroleum ether. ~,~-poly(ethylene 
oxide)glycol (PEO) (Mn=2200) was a commercial product which 
was purified by reprecipitation from its CHCI 3 solution with 
ethylic ether and dried in vacuo at 60oC. 
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Preparation of p-toluensulphonic acid ester of~,w-poly(ethy- 
lone oxide) ~lycol (PEO-Ts) . . . .  
Tosyl chloriSe (95 g,0.05 mole) was added to a stirred solu- 
tion of PEO (20 g,O.O09 mole,O.Ol8 -OH mole) in a tetrahydro- 
furan (THF) (150 ml) -NEt 3 (7ml ,0.05 mole) mixture.The mix- 
ture was kept at 20uc for 4 days under stirring.Et3N.HC1 
was separated by filtration ; the product was isolated by 
precipitation in c~ld ethylic ether and purified by repreci- 
pitation (three times) from its THF solution with cold ethylic 
ether. The isolated polymer was dried at 30oc in vacuo to 
yield 15 g. 

Preparation o f  Oxz-PEO-Oxz block c opolymers 
A mixture of Oxz and PEO-Ts was degased,and then the ampoule 
was sealed under argon.After 15 hours polymerization at 120~ 
the reaction mixture was cooled and precipitated in ethylic 
ether,filtred and reprecipitated with ethylic ether from CHC13 
the yield was near lOO % in all cases. 

Instrumental analysis 
NMR spectra was registered on a C 60-HL JEOL spectrometer 
operating at 60 MHz. Infrared spectra (IR) were registered on 
a PERKIN-ELMER 577 spectrphotometer (KBr pellets). 

RESULTS AND DISCUSSION 

Tosylation of PEO : IR and NMR spectra confirmed for 
PEOZTs~the total tosylation of -OH groups. The IR spectrum 
(Fig.l) of PEO-Ts showed the complete disappearance of the 
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Figure 1-Typical IR spectra cm-1 



(EIDGD)~'ou ]{ooIq pub ~'ou ~ooTq'S,T,-OIE~'OIEcT .To ~gl~I-Hi: 8 e.zu~T~ I 
(mdd).,o I, Z E '7 S 9 t 8 

I I I I l I .- - :. 

03 O0 
Z 3 z Z E E'6 Z 0 E EHO_~)_ E" H H3)-(N- H3 HO)-- 0 S-~/'~ H3 ZOSO- 6{~HOEHO-N-}--EHO-~H3 -- I'S(o 

~ '~q a e a p p p a a q'~ ~ 

(mdd)~ 
0 L Z E q 9 L I~ 

/ 

ElON3 

EN3 aEH3 
I i 

03 03 

( ~udd)o 
0 I, E E 9 cj 9 L 

q J P ~ cI 

(mdd)o 
Z E 

I I__ 
'/ S 9 
I I I 

HO%O-ZN3-EHO)- ON 



314 

band at 3430 cm -I (due to -OH group) and the appearance of 
absorptions at 750 andl810 cm-I ascribed to the tosyl aromatic 
groups and~at I170 cm- assigned to the sulphonate ester 
group.The ~H-NMR spectrum of PE0-Ts (Fig.2) showed the appea- 
rance of two doublet signals at & =7.65 and 6=7.2 ppm due to 
aromatic protons and the singlet at =2.4 ppm due to methyl 
protons of tosyl group.The molecular weight determined from 
this NMR spectrum is M n = 2658. 

Characterization of block copol,ymers 
The IR spectra of block copolymers (Fig.l) were characterised 
in addition to the conventional bands of PE0 by the strong 
absorption band at 1630 cm -~ assignable to the amlde C=O 
group and the absorptions due to thelC-H bending vibrations 
of the ~romatic ring1(at 680,750 cm- and respectively 720, 
750 cm -~ ).Typical ~H-NMR spectra of these copolymers with 
protons assignement are presented in Fig.2.The block copoly- 
met compositions,calculated according to these spectra,are 
presented in Table 1,and they are in fairly good agreement 
with the theoretic values.This means that the living cationic 
mechanism is also valid for the polymerization of 2-oxazoline 
2-substituted initiated by PEO-Ts. 

Table i- Synthesis of ABA block copolymers containing 
Poly(MeOxz) (No.l-3) and Poly(CEOxz)(No.4-5) 
as A blocks and PEO as B block. 

No. PE0-Ts Oxz. 

mmole mmole 

i. O.3 9 

2. 0.4 8 

3. O.4 16 

4. O.2 2 

5. O.2 4 

DP n of DP n of 

A block A block 

theor, expt. 

15 17 

i0 10.8 

20 21 

5 5.8 

i0 9.3 

PoIyOxz/PEO (struct. 

unit.molar ratio) 

theor, expt. 

0.58 0.65 

0,38 0.41 

0.77 0.82 

0.19 0.22 

0.38 0.37 
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