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S u m m a r v  
Telechel ic  bifunctional  polyoxazol ine  ( p o l y ( N - a c e t y l e t h y l e n -  

imine), PAEI) was prepared by ring-opening polymerizat ion of 2- 
methy l -2-oxazo l ine  (1) in the presence of p-(c~,a ' -d ibromo)xylene  (2) 
as an initiator. The terminal propagating ends of this polyoxazoline 
were  r eac ted  with 3 - a m i n o p r o p y l t r i m e t h o x y s i l a n e  (4)  to give 
telechelic t r imethoxysi ly l - terminated polyoxazol ine  (5). Gelation of 
this telechelic polymer was carried out by hydrolysis and condensation 
of alkoxysilyl groups. By this method, the PAEI gels were obtained in 
good yields, and their degrees of swelling in the solvent could be 
controlled successfully by the feed ratios of the initiator to the 
monomer in the stage of the polymerization of 2-methyl-2-oxazoline. 
However ,  the cross-linked products were not stable and gradually 
dissolved in water. The gels were also swollen in N , N - d i m e t h y l -  
formamide (DMF). The degrees of swelling of these gels were thus 
measured in DMF. 

l n t r o d l l c t i o n  
The synthesis of hydrogels is one of the scientific topics in 

polymer  materials,  and they are used in various fields such as 
househo ld  ar t ic les ,  hor t i cu l tu re ,  coat ing mater ia ls ,  and civi l  
engineering. Most hydrogels investigated so far have ionic groups 
such as carboxylic acids and sulfonic acid salts as the hydrophilic 
group. Recently,  the methods for the preparation of non-ionic 
hydrogels have been explored more and more [4]. We also reported 
the preparation of cross-linked polyoxazol ine  by means of partial 
hydrolysis of this polymer followed by cross-linking reaction [5] or the 
copolymerization with a bifunctional oxazoline monomer [6]. These 
gels were immersed in water to form stable hydrogels. This non-ionic 
hydrogel showed a quite high swelling property in aqueous salt such as 
5% aqueous NaC1. 

In the polymerization of cyclic imino ethers, several bifunctional 
initiators such as a , co-dodecamethy lene  b i s (p - to luenesu l fona te )  [7], 
bisoxazolinium tosylate from 1,4-tetramethylene(2,2'-bisoxazoline) [8], 
or bifunct ional  active halide (1 ,4-d ibromo-2-butene  or 3- iodo-2-  
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( iodomethyl)- l -propene)  [9] have been used to prepare the telechelics 
or block copolymers, p - ( ~ , ~ ' - D i b r o m o ) x y l e n e  (2) was used as a 
bifunctional initiator in this study. As 2 has two benzylic halides, 
these two halides might initiate the polymerizat ion of 2-oxazolines 
toward two directions rapidly. The living ends of this telechelic 
polymer were terminated by the amine having trialkoxysilyl group to 
give the telechelic trialkoxysilyl-terminated PAEI. 

Silane coupling agents are widely used in the field of new 
composite materials [10]. Generally, a silane coupling agent consists of 
two components, a trialkoxysilyl group and an organic functional group. 
Previously, we reported the novel silane coupling agent based on PAEI 
by two methods [11]. These t r ia lkoxysi lyl  groups are easi ly 
hydrolyzed to silanols by acid- or base-catalyzed reaction in the 
presence of water. The silanol groups are reacted each other to form 
siloxane linkages. By using these successive reactions i.e., hydrolysis- 
condensation reactions, the modified glass or porous silica gels can be 
prepared, This procedure is known as a sol-gel method, and has been 
studied extensively.  

In this paper, the preparation and the gelation of the telechelic 
trimethoxysilyl-terminated PAEI are described. The stability and the 
swelling property of the obtained PAEI gel is also discussed. 

Resul ts  and Discussion 
P r e p a r a t i o n  o f  T e l e c h e l i c  T r i m e t h o x y s i l y l - T e r m i n a t e d  

P A E I  (5). General ly,  2-oxazolines are polymer ized by using 
electrophilic initiators such as alkyl halide, alkyl p - t o l u e n e s u l f o n a t e  
(tosylate), or alkyl trifluoromethanesulfonate (triflate). Here, p-(c%ct'- 
d ibromo)xylene  (2) was used as a bifunctional initiator. As shown in 
Scheme I, the polymerization of 2-methyl-2-oxazoline (1) was carried 
out at 60 ~ in nitromethane for several hours, and the oligomer (3) 
having two oxazolinium living ends was terminated by the nucleophilic 
attack of 3 -aminopropyl t r imethoxys i l ane  (4). Thus, the telechelic 
t r imethoxysi lyl- terminated PAEI (5) was obtained in a good yield. 

Figure 1 illustrates the tH-NMR spectrum of the product (5).  
The degree of polymerization (D.P.) of 5 can be calculated from the 
integral ratio of the ring protons of initiator (8 7.3) to the acetyl 
protons (8 2.0). This value was close to that calculated from the feed 
ratio of initiator (2)  to monomer (1). The functionality (f) of 
trimethoxysilyl group was also estimated from the integral ratio of the 
et-protons of silyl group (8 0.5) to the acetyl protons. Table 1 
summarizes the results of the preparation of telechelic trimethoxysilyl- 
terminated PAEI (5). The functionality (f) of trimethoxysilyl group 
was found to be nearly unity, and the degree of polymerization could 
be controlled by the feed ratio of the monomer (1) to the initiator (2). 
These results were caused by the living nature of the propagating 
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species in the ring-opening polymerization of 1. In addition, a large 
excess of 4 makes the quantitative conversion of 3 into 5. 

Ge la t ion  of Telechel ic  T r i m e t h o x y s i l y l - T e r m i n a t e d  PAEI  
(5). As shown in Scheme I, telechelic trimethoxysilyl-terminated 
PAEI (5) was dissolved in methanol, and the solvent was slowly 
evaporated at 80~ to yield PAEI gel (6). The results of this gelation 
are summarized in Table II. In the case of lower molecular weight 
oligomers (Runs 1 and 2 in Table II), PAEI gels were obtained in 
relatively good yields. The prepolymer having the relatively high 
degree of polymerization (D.P.) (Run 3 in Table II) formed PAEI gel in a 
moderate yield. The hydrolysis-condensation reaction of trialkoxysilyl 
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Figure 1. 1H-NMR spectrum of telechelic 
trimethoxysilyl-terminated PAEI (5). 

Synthesis of Telechelic Trimethoxysilyl-Terminated PAEIs (5) a) 

Feed Ratio Reaction Time Yield 
Run (1/2) (h) (%) D.p.b) fc) 

1 5.1 2 90 4.5 1.03 

2 9.9 4 100 8.4 1.06 

3 10.2 4 98 9.3 1.03 

4 21.4 6 90 21.8 1.05 

5 38.0 8 99 48 1.03 

a) Polymerization was Carried out at 60~ under nitrogen. 

b) Degree of polymerization (D.P.) was determined by 

tH-NMR (acetyl protons vs ring protons). 
c) Functionality (f) was determined by 1H-NMR 

(a-protons of Si vs ring protons). 

groups at both termini caused to form the cross-linkages of the PAEI 
o l i g o m e r  (5)  by the treatment with the protic media at high 
temperature. First of all, the trimethoxysilyl-termini were hydrolyzed 
by the protic media to form silanol-terminated PAEI and then the 
condensation of these silanol-termini in an intermolecular manner took 
place immediately to give PAEI gels (6). 

Swel l ing  Proper t ies . ,  In water, these gels (6) were dissolved 
within 30 minutes, and had not enough stability to be handled as a 
hydrogel. In DMF, however, they were relatively stable, and their 
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swelling property could be estimated. The degrees of swelling of the 
obtained gel (6) in DMF are summarized in Table II. The degrees of 
swelling in DMF increased with increasing the degree of polymerization 
(D.P.) of the prepolymer (5). Taking account of the living mechanism 
in the polymerizat ion of 2-oxazolines,  it can be concluded that the 
degree of swelling could be controlled by the feed ratio of the initiator 
(2) to the monomer (1). 

Table II. Gelation Reaction of 5 a) 

Run Prepolymer b) Gel Yield Degree of Swelling c) 
D.P. f (%) in DMF 

1 8.4 1.06 77 0.23 

2 21.8 1.05 92 4.24 

3 48 1.03 43 9.02 

a) 5; 200 rag, methanol; 0.40 mL, at 80~ 
b) Degree of polymerization (D.P.) and functionality (f) 

were determined by H-NMR. 
c) g-Solvent / g-dried gel after swelling for 1 hour in DMF. 

Experimental  Section 
Mater i a l s  and Ins t rumen t s .  All solvents and reagents were 

used as supplied except  the following cases. Ni t romethane was 
distilled from phosphorus pentoxide under nitrogen, Acetonitrile was 
dist i l led f rom ca lc ium hydride,  and redis t i l led f rom phosphorus  
pentoxide.  2-Methyl-2-oxazol ine  (1) was distilled from potassium 
hydroxide.  3 -Aminopropyl t r imethoxys i lane  (4) was distilled under 
reduced pressure, p - (c~ , ,c ( -Dibromo)xylene  (2) was dried in v a c u o  

before use. 
IR spec t ra  were recorded on a Hi tachi  260-50 grat ing 

spectrophotometer. 1H-NMR spectra were obtained on a Hitachi R-600 
(60MHz), or on a JEOL JNM-JX-400 (400 MHz) spectrometer. All NMR 
spectra were recorded in the deuterated solvent relative to the internal 
s tandard te t ramethyls i lane .  

P r e p a r a t i o n  of  T e l e c h e l i c  T r i m e t h o x y s i l y l - T e r m i n a t e d  
P A E I  (5). A t y p i c a l  p r o c e d u r e  for  the p r e p a r a t i o n  of  
t r imethoxysi ly l - terminated  PAEI (5) is as follows. To a solution of p-  
( ~ , ~ ' - d i b r o m o ) x y l e n e  (2 )  (0.535 g, 2.03 retool) i n  10 mL of 
ni t romethane,  1.76 g (20.7 mmol)  of 2-methyl-2-oxazol ine  (1) was 
added and the resulting mixture was refluxed at 60~ After heating 
for several  hours, the result ing polymer  solution was treated with 
0.916 g (5.11 mmol)  of 3-aminopropyl t r imethoxysi lane  ( 4 ) a n d  kept 
heating for another 12 hours. The pale-yel low polymer  (5) was 
obtained by reprecipitation with diethyl ether (3.01 g, 98 %). The 
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molecular weight and the functionality of the resulting polymer (5) 
was determined by 1H-NMR. 

Gelation of Telechelic TrimethoxysilyI-Terminated PAEI 
(5). A typical gelation reaction is described as follows. The 
trimethoxysilyl-terminated PAEI (5) (0.353 g) was dissolved in small 
amount of methanol (0.7 mL), and the solvent was rapidly evaporated 
at 80~ under air. Heating for 3.5 hours gave an insoluble product. 
After the purification by washing with methanol and drying in vacuo, 
PAEI gel (6) was obtained in a yield of 0.246g (77 %). The swelling 
equilibrium of the obtained gel in DMF was examined by the method 
previously reported [5, 6]. 
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