
Polymer Bulletin 18, 189-194 (1987) Polymer Bulletin 
�9 Springer-Verlag 1987 

Ring opening polymerization of 2-ethyl-2-oxazoline 
B.L. Rivas and S.I. Ananias 

Polfmeros, Departamento de Qufmica, Facultad de Ciencias, 
Universidad de Concepci6n Casilla 3-C, Conoepci6n, Chile 

SUi~MARY 

Cationic ring opening polymerization of 2-ethyl-2-oxazol ine using bo- 
ron t r i f l u o r i d e  etherate as i n i t i a t o r  at d i f f e ren t  concentrations was car- 
r ied out. I t  was performed in bulk and in solut ion. The ef fec t  of the 
temperature and solvent polymerization on the y ie ld  and v iscosi ty  was also 
studied. All the polymers were characterized by IR, IH NMR and 13C NMR 
spectroscopy. 

IRTRODUCTION 

Cyclic iminoethers are well known to undergo cat ionic ring opening 
polymerization with various i n i t i a t o r s ( i ) .  Kesulting polymers of poly(N- 
acylalkyleneimines) from the isomerization polymer~ation of cyc l ic  imino- 
ethers are good star t ing polymers leading to l inear  poly(alkyleneimines) 
(2-3), functional polymers which are used as support in polymer-analogous 
reactions (4-7). 

Saegusa and coworkers (8-9),  Tomalia and coworkers (10), Levy ~nd 
coworkers (11-12) and Goethals (13) among other authors have published 
about ring opening polymerization of oxazoline and oxazine der ivat ives.  

The present paper describes the ring opening polymerization of 2-e- 
thyl -2-oxazol ine by boron t r i f l u o r i d e  etherate, BF3Et20 and the temperatu- 
re and solvent e f fec t  on the reac t i v i t y .  

EXPERIMENTAL PART 

M a t ~ a l s :  2-Ethyl-2-oxazol ine (Aldrich Chem.Co.) was pur i f ied by d i s t i -  
l l a t i on  from KOH. Ace ton i t r i l e ,  1,2-dichloroethane, nitrobenzene, tolue- 
ne were pur i f ied according to usual methods (14). BF3OEt 2 (rierck) was dis- 
t i l l e d .  

Polymerizations: Solution polymerization were carr ied out under nitrogen. 
The i n i t i a t o r  was added to 0.1 mole of 2-ethyl-2-oxazol ine dissolved in 20 
ml ace ton i t r i l e .  The reaction proceeded at a given temperature for  a de- 
f i n i t e  period. The polymers were precip i tated in ethyl ether, f i l t e r e d  and 
dried in vacuum over phosphorus pentoxide, The elemental analyses for  al l  
polymers was p rac t i ca l l y  the same. For example, for  polymer 3:(C511~NO)n 
(99,04) Calc. C: 60.63; H: ~.08; N: 14.13 

Exp. C: 60.58; H: 9.11; N: 14.13 
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,'dc~s~ut~mcn,~s: IR, IH N~IR, 13C NPiR spectra were recorded on a Perkin Elmer 
577 in f rared spectrometer, a Brucker AW-80 and Varian XL-IO0 spectrometer 
respec t i ve ly .  The chemical sh i f t s  were reported r e l a t i v e  to in terna l  T~IS. 
The v i scos i t y  from dimethylformamide was measured at 30~ with an Ostwald 
viscometer. 

RESULTS AND DISCUSSION 

I t  is known that  ca t ion ic  homopolymerization of cyc l i c  iminoethers 
produces po ly(N-acy la lky lene imines) .  We have reported prev ious ly  the ho- 
mopolymerization of 2-methyl-2-oxazol ine under d i f f e r e n t  experimental con- 
d i t i ons  (15). Now we report  the ca t ion ic  r ing oFening polymerizat ion of 
2 -e thy l -2 -oxazo l ine  using BF3Et20 as i n i t i a t o r .  

~o~CH2CH 3 BF3Et20 E n 

C=O 
I 

CH 3 

This react ion was carr ied out at d i f f e r e n t  concentrat ions of i n i t i a -  
to r  i n  so lut ion and in bulk. (see Table i ) .  

Table i . -  Polymerizat ion of 2 -e thy l -2 -oxazo l ine  with BF3Et20 as i n i t i a t o r  
at 70~ and 24 h. 

Polymer I n i t i a t o r  
Sample Concentration Sol vent Yield [r l ]  
Number (tool ~) ( ' )  (d l /g )  

I 0.5 CH~CN 96.7 0.84 
2 1.0 CN~CN 100.0 0,83 
3 2.0 CH3CN 100.0 0,80 
4 3.0 CH~CN 100.0 0.78 
5 4.0 CH~CN 100.0 0,77 
6 1.0 bu~k 95.6 0.86 

The polymerizat ion y i e l d  for  a l l  concentrations of i n i t i a t o r  studied 
was greater than 958 and there is not a s i g n i f i c a n t  inf luence of the i n i t i a -  
to r  concentrat ion on the y i e l d .  The i n t r i n s i c  v i s cos i t y  decreases as the 
i n i t i a t o r  concentrat ion increases. 

Furthermore, Tables 2 and 3 show the e f fec t  of the d i e l e c t r i c  constant 
of solvent ( a c e t o n i t r i l e ,  benzene, toluene, 1,2-dichloroethane) and the 
temperature on the y i e l d  and polymer v i scos i t y .  
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Table 2. -  Ef fect  of the temperature on so lu t ion polymerizat ion react ion 
(CH3CN) of 2-ethyl-2-oxazol~ne using BF3Et20 ( I  mol%) as #n i t i a -  
to r  fo r  24 h. 

Polymer 
Sample Polym. Temp. Yie ld In ]  
number (~ (%) (d l /g )  

7 40 20,0 0,50 
8 50 29.0 0.61 
9 60 80.0 0.67 

10 70 I00,0 0.83 
11 80 100.0 1.08 

The data in table 2 show that an increase in polymerizat ion tempera- 
ture increases the y i e l d .  The v i scos i t y  increases from 0,50 up to 1.08 as 
the polymerizat ion temperature increases from 40~ to 80~ 

Table 3.-  Ef fect  of the polymerizat ion solvent on the react ion of 2 -e thy l -  
2-oxazol ine at 70~ for  24 h using BF3Et20 ( i  mol ':~ii) as i n i t i a -  
to r .  

Po I yme r c a ) 
Sample Sol vent ~ Y ie l  d In ]  
number ( : )  (d l /g )  

12 toluene 2.379 68.6 0.95 
13 1,2-dichloroethane 10.65 100.0 0.91 
14 nitrobenzene 35.74 100.0 0.92 
15 a c e t o n i t r i l e  37.50 100.0 0.83 

a--~-Dielectric constant at 20~ except fo r  toluene (25~ 

The lowest y i e l d  is obtained in toluene as solvent .  The other so l -  
vents that  have greater d i e l e c t r i c  constants gave 100% y i e l ds .  

A l l  the polymers were character ized by IR, IH NMR and 13C NMR spec- 
troscopy. 

The IR spectrum (KBr) shows among other absorption bands, a band at 
1630 cm-1 corresponding to '~C=O (amide). 
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The 1H NMR spectrum (80 ~iHz, DCCI 3, TMS) shows signals at 6=1.05 
(-CH3), 6=2.50 (at tr ibuted to methylene protons of the lateral  chain) and 
5=3.48 ppm (assigned to methylene protons of the backbone) (see Fig. 1). 
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Fig.1 IH NMR spectrum of poly(N-propionyliminoethylene), 
sample 2. (80 MHz~ DCCI 3, room temperature; in ter -  
nal standard: TMS). 

The 13C NMR spectrum of poly(N-propionylethyleneimine) should exhi- 
b i t  four signals. However, seven signals were observed: 6=9.33 assigned 
to methyl carbon; at 5=25.85 at t r ibuted to the methylene carbon of the 
pendant group. Between 43.0 and 46.2 ppm there is a broad signal and is 
possible to assign at least three signals at 5=43.67, 45.48, 46.11 ppm 
assigned to the methylene carbons of the backbone. Final ly at low f ie ld  
is possible to see signals at 5=173.58 and 174.20 ppm attr ibuted to the 
carbonyl carbon. The signal at 5=77.20 corresponds to the solvent carbon 
(HCCI3/DCCI 3 mixture). (see Fig.2). 
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Fig. 2.13C NNR spectrum of poly(N-propionyliminoethylene), sample 2. 
(20 MHz, BCCI 3, room temperature; internal standard: TMS). 

Signal s p l i t t i n g  was also observed with other polymers such as poly 
(N-formylethyleneimine)(16), poly(N-acetylethyleneimine)(15), and poly-(N- 
formylpropyleneimine)(17). This s p l i t t i n g  may be due to rest r ic ted rota- 
t ion of the amide bond -N-C-O giving syn and anti isomers. 

in respect to the i n i t i a t i o n  mechanism, i t  would be s imi lar  to other 
oxazoline der ivat ives (11) i . e . ,  involving coordination of i n i t i a t o r  on 
the nitrogen atom and forming an oxazolinium ion. The only nucleophile in 
the medium is the nitrogen atom of the other mononer; this monomer attacks, 
the oxazolinium ion and produces and oxazolinium ion on the incoming mono- 
mer. Tomalia et a l .  (11) founded evidences for this nlechanism by IH NP;R. 
Act ivat ion of this posit ion in the monomer-init iator complex is expected 
to deshipld these protons with respect to the monomer. In e f fec t ,  the IH 
NFR for bo~h compounds recorded under the same conditions showed that the- 
se protons were deshielded with respect to the monomer, with a chemical 
sh i f t  dif ference of 0.52 ppm. 
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