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Oligomers Derived from 2-Oxazolines 

Takeo Saegusa and S h i r o  Kobayashi 

Department of  S y n t h e t i c  Chemistry, 

Kyoto U n i v e r s i t y ,  Kyoto 606, Japan 

ABSTRACT 

This paper d e s c r i b e s  t h e  s y n t h e s i s  and p r o p e r t i e s  of ol igomer 
F i r s t ,  poly(styrene-g-N-acetyl- c h a i n s  der ived  from 2-oxazol ines .  

e thylen imine)  was prepared ,  and i t s  h y d r o l y s i s  gave poly(s tyrene-g-  
e thylen imine)  which showed good c h e l a t i n g  p r o p e r t i e s .  Secondly,  ABA 
type  t r i b l o c k  copolymers were prepared  i n  which an N-acylethylenimine 
c h a i n  i s  used as A b lock  and e t h y l e n e  oxide  c h a i n  i s  employed as B 
block.  These t r i b l o c k  copolymers showed good c o m p a t i b i l i t y  w i t h  
Nylon 6 ,  which w e r e  shown t o  posecess  e f f e c t i v e  a n t i - e l e c t r o s t a t i c  
p r o p e r t i e s  f o r  Nylon 6 .  T h i r d l y ,  AB type  b lock  copolymers from 2- 
oxazol ines  have been prepared by u s i n g  l i v i n g  polymer iza t ion  tech-  
n ique .  These b lock  copolymers are s o l u b l e  i n  water and showed good 
s u r f a c t a n t  n a t u r e  as r e f l e c t e d  by s u r f a c e  t e n s i o n  (y), when A b lock  
i s  c o n s i s t e d  from N-acetyl- o r  N-propionylethylenimine c h a i n  (hydro- 
p h i l i c )  and B block i s  made of iV-tridecanoyl o r  N-aroylethylenimine 
cha in  ( l i p o p h i l i c ) .  F i n a l l y ,  g r a f t  copolymers of c e l l u l o s e  d i a c e t a t e  
having 2V-acetylethylenimine c h a i n  were prepared .  It has  been found 
by u s i n g  a rheovibron  t h a t  t h e s e  g r a f t  copolymers are compatible  
w i t h  poly(v iny1  c h l o r i d e ) .  

C a t i o n i c  ring-opening polymer iza t ion  of 2 - s u b s t i t u t e d  2- 

oxazol ines  1 i s  a v e r s a t i l e  method t o  produce poly(N-acylethyleni-  

mine)s  2 [l-31. 
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1022 SAEGUSA AND KOBAYASHI 

The mechanism of t h e  polymerizat ion has  e x t e n s i v e l y  been i n v e s t i -  

gated from t h e  k i n e t i c  viewpoint by us ing  l H  NMR spectroscopy.  

has  been e s t a b l i s h e d  t h a t  t h e r e  are two d i f f e r e n t  propagat ing  

s p e c i e s ;  oxazolinium i o n  type and covalen t  type. The n a t u r e  of t h e  

propagat ing s p e c i e s  depends mainly upon t h e  counter  an ion  der ived  

from the  i n i t i a t o r  and t h e  monomer ( the  s u b s t i t u e n t  a t  t h e  C-2 

p o s i t i o n ) .  The polymerizat ion mechanism of u n s u b s t i t u t e d  2- 

oxazol ine 3 i s  given as a t y p i c a l  example [ 4 ] .  With methyl t o s y l a t e  

(MeOTs) i n i t i a t o r ,  3 proceeded v i a  oxazolinium s p e c i e s  (4-6), i .e.,  

It 

I n i t i a t i o n  

3 4 

Propagat ion 

F . N v  14- - 0 N C H 2 C H 2 - N  

5 6 

CHO I kJ Tso- 

On t h e  o t h e r  hand, t h e  polymer iza t ion  w i t h  methyl i o d i d e  i n i t i a t o r  

occured v i a  covalen t  propagat ing  s p e c i e s  of a l k y l  i o d i d e  type  (8, 
9 ,  and l l ) ,  i .e. ,  

I n i t i a t i o n  

[ Me-!kg I-] ___) Me-NCH2CH2 -I 
I 

CHO 
s low f a s t  

3 7 8 

Propagat ion 

9 10 

R._3 *+*NCHzCH t 2 % '  
CHO 

f a s t  

1 1  
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OLIGOMERS DERIVED FROM 2-OXAZOLINES 1023 

The type of the above propagating species are determined by the 

relative nucleophilic reactivities of the monomer and of the counter 

anion. Iodide anion is much more nucleophilic than 3 ,  and hence, 

an oxazoliniums of 7 and 10 are converted quickly into the corre- 

sponding covalent species of 8 and 11 before 7 and 10 are attacked 

by monomer 3 .  Tosylate anion is less nucleophilic than 3 ,  and hence, 

4-6 are stable propagating species. 

The polymerization of 2-methyl-2-oxazoline was induced by 

MeOTs, methyl iodide, benzyl bromide, or benzyl chloride [5].  

Among them, the benzyl chloride initiated system proceeded via alkyl 

chloride propagating ends whereas others via oxazolinium type propa- 

gating species in acetonitrile solvent. 

The product polymers, 2 and poly(N-formylethylenimine) 12 

from 3 ,  were hydrolyzed to give polyethylenimine 13 having a clear- 

cut linear structure [6] .  

OH- 2 or 12 - - -&NCH2CH2% 
I 
H 

13 

Thus, it has been shown that alkyl tosylates or halides induce 

the cationic polymerization of 2-oxazolines. On the basis of these 

findings several graft and block copolymers having oligomeric chains 

of N-acylethylenimine or ethylenimine unit have been prepared, which 

showed interesting and useful properties. 

RESULTS AND DISCUSSION 

1. Poly(styrene-g-ethylenimine) for Chelating Resin 

By utilizing the results that benzyl chloride induced the poly- 

merization of 2-methyl-2-oxazoline(MeOZO), the chloromethylated 

polystyrene(PSt-CH2Cl)(non-crosslinked or crosslinked) was used to 

initiate the MeOZO polymerization. Thus, poly(styrene-g-MeOZ0) 14 

was obtained, which was then subjected to alkaline hydrolysis to 

produce poly(styrene-g-ethylenimine) 15 [7]. 
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1024 SAEGUSA AND KOBAYASHI 

80 

60 - 
a? 
j 40- 
I 

C 
0 u 

PSt-CH 2CI 

<-a- B 
- K I  ,*.***- 

,' 
- P' 

/" Y =- 0 
,I 

:m 

CH3C=O 

14  

H 

15  

During t h e  g r a f t  copolymer iza t ion  t h e  a d d i t i o n  of K I  i n c r e a s e d  

t h e  t o t a l  conversion of MeOZO as w e l l  as t h e  g r a f t e d  p a r t ( F i g u r e  1) .  

This  e f f e c t  i s  due t o  t h e  exchange of t h e  counter  an ion  of C1- w i t h  

I . 
c h l o r i d e  type  propagat ing  

s p e c i e s  16 whereas that by Me1 propagates  via the oxazol inium 

s p e c i e s  17 i n  a c e t o n i t r i l e .  

- 
The Me020 polymer iza t ion  by PSt-CH2C1 proceeds v i a  t h e  alkyl 

- NCH2CH2CI 
I 

C H 3 C = 0  

16  17 

100 r 

Time (hr) 

FIC.1 E f f e c t  of K I  a d d i t i o n  on the g r a f t  polymerization a t  50': 
(A) PSt-CH2C1(0.084 g) and MeOZO(0.60 ml) in 1.6 ml of DMF; 
(B)  KI(O.ll g) w a s  added t o  the s y s t e m  A; ( o , ~ )  t o t a l  conversion 
of MeOZO; (o, . )  g r a f t e d  p a r t .  
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OLIGOMERS DERIVED FROM 2-OXAZOLINES 1025 

The g r a f t  copolymer 1 5  having  e thylen imine  cha in  showed good 

c h e l a t i n g  p r o p e r t i e s  toward heavy meta l  ions  such as Cu2+, Cd2+, 

and Hg2+ (Figure 2) [ 7 ] .  

sample C-5H e x h i b i t e d  a g r e a t e r  a d s o r p t i o n  c a p a c i t y  f o r  Cu2+ t h a n  

t h a t  of  t h e  commercial r e s i n .  It i s  a l s o  impor tan t  t o  n o t e  t h a t  a 

r e s i n  l i k e  1 5  is  d i f f i c u l t  t o  p r e p a r e  by polymerizing e thylen imine  

w i t h  PSt-CH2Cl o r  by r e a c t i n g  a commercial branched polye thylen imine  

w i t h  PSt-CH2Cl [ 7 ] .  

It should be noted that  t h e  copolymer 

2. Block Copolymer f o r  A n t i - e l e c t r o s t a t i c  Agent 

Block copolymers c o n s i s t i n g  of poly(A7-acylethylenimine) and 

poly(ethy1ene oxide)(PEO) c h a i n s  have been propared as a n  a n t i - e l e c -  

t r o s t a t i c  agent  [ 8 ] .  The p r e p a r a t i o n  procedures  are shown as 

f o l l o w s .  F i r s t ,  PEO g l y c o l  was converted t o  a n  m,w-di-tosylated 

I 

2 4 6 8 

PH 

FIG. 2 E f f e c t  of pH on t h e  a d s o r p t i o n  of Cu2+, Hg2+, Cd2+ (30°C f o r  
72 h r ) :  ( 0  o o) copolymer C-5H (0.25 g)  i n  50 m l  of  metal i o n  
(0.025 mol / l . )  s o l u t i o n ;  (a) commercial r e s i n  (0.25 g) i n  50 m l  of  
Cu2+ (0.025 m o l / l . )  s o l u t i o n .  Copolymer C-5H c o n t a i n s  e thylen imine  
u n i t  i n  15.25 mmol/g and t h e  degree  of h y d r o l y s i s  i s  87.7%. 
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1026 SAEGUSA AND KOBAYASHI 

(TsPEO) or a,w-di-mesylated form(MsPE0). Then, TsPEO or MsPEO was 
used to initiate the polymerization of MeOZO or 2-ethyl-2-oxazoline 

(EtOZO) . 

PEO glycol 
R S 0 3 - ( - C H 2 C H 2 0 t  SO2R 

n+l  

TsPEO 
MsPEO 

TsPEO 

or > 
MSPEO 

4& CH2C H2N)i-tCHzCH ~ O & C H Z C H ~ + N C H  2CH 2-)-- 
m I n 

R2C=0 
I 

R 2C=O 

PEO-b-PRZOZO 

A typical example of the copolymerization is as follows. A 

mixture of EtOZO (20 mmol, 0.198 mol) and MsPEO (4.84 g ,  3.0 mmol, 
MW of PEO chain=1,400) in 60 ml of acetonitrile was kept at l0O'C 
for 20 hr under nitrogen. The mixture was then poured into 3.5 1 

of diethyl ether to precipitate the copolymer, A pale yellow solid 

was obtained in 96% yield (23.62 g). 

Data of molecular weight of block copolymers as well as PEO 
chains are summarized in Table 1. The formation of ABA type block 

copolymers was established by GPC analysis and the molecular weights 

determination. 

mesylate end group remained unreacted under some polymerization 

conditions. 

in the final product. The production of copolymers of this type 

was also supported by the results of kinetic analysis which indi- 

IH NMR analysis showed that a small fraction of the 

This implies that AB type block copolymer is included 
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OLIGOMERS DERIVED FROM 2-OXAZOLINES 1027 

TABLE 1. Data of Molecular Weight 

b No Copolymer PEO a by VPOa by NMR 
Chain 

1 PEO-b-PMeOZO (1 ,990)  5,900 8,270 
2 PEO-b-PMeOZO (1 ,990)  4,040 5,430 
3 PEO-b-PMeOZO (2  I 780)  14,700 13,900 
4 PEO-b-PEtOZO ( 6 3 0 )  4,000 4,260 
5 PEO-b-PEtOZO (1 ,050 )  5,900 5,960 
6 PEO-b-PEtOZO (1.400) 10,700 9,500 
7 PEO-b-PEtOZO (1 ,990 )  8,800 11,500 
8 PEO-b-PEt 020 (1,990)  5,600 7,230 
9 PEO-b-PEt 020 (2,780)  12,400 18,800 

a 
b 

Determined by VPO in CHC13 at 35'. 
Determined by integral ratio of the peaks in the 'H NMR spectra. 

cated the slow initiation with MsPEO (ki =2 .5  x 10-5 l/mol.sec in 

CD3CN at 8OOC) followed by the fast propagation (kp = 2.1 X 

l/mol*sec in CD3CN at 8OoC) .  

PEO derivatives are often used as anti-electrostatic agent. 

Furthermore, poly(N-acetylethylenimine) and poly(N-propionylethylen- 
imine) possess high compatibility with some of widely used polymers 
such as Nylon 6 and vinyl chloride-acrylonitrile copolymer. Poly(N- 
acylethylenimine) may be regarded as a polymer homologue of DMF or 
N,N-dimethylacetamide(DMAc). So, it is significant to compare the 

high compatibility of poly(N-acylethylenimine) with the misible 
nature of DMF or DMAc toward common organic solvents. 

The spinning of a mixture of Nylon 6 and the copolymer (3 wt X )  

was carried out. 

mer increases the anti-electrostatic property poly(N-acylethyleni- 
mine) block in the copolymer which gives the compatibility for Nylon 
6 .  

the sample thread was measured as an index of the anti-electrostatic 
property. The shorter half-life time(t:j) indicates the better anti- 
electrostatic property of the block copolymer (Table 2). The 

poly(N-acylethylenimine) homopolymer (PMeOZO or PEtOZO) also showed 

moderate anti-electrostatic property, alshough the property reflect- 

It was expected that the PEO block in the copoly- 

The half-life time(t%) of the decay of the electrical charge on 
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1028 SAEGUSA AND KOBAYASHI 

TABLE 2. Antistatic Property of Block Copolymer’sa under 60% 
Relative Humidity at 20°C 

(OZO/EO) t4 
Unit ratio (sec) 

Nob 
~~ 

Contr o 16 70 
PMeOZO 3.4 

1 1 . 4 3  1.2 
2 0 .74  0.6 
3 1.79 1 .o 

PEtOZO 7.2 
4 2.22 4.0 
5 1.79 2.5 
6 2.44 2.5 
7 2.33 3 . 8  
8 1.18 1 . 3  
9 2.22 3.4 

a Nylon 6 samples containing 3 wt % of the polymer. 
b Numbers of sample polymers are the same as those of Table 1. 
c Ratios of N-acylethylenimine unit to ethylene oxide unit in the 

block copolymers; Determined by the integral ratios in the 
1~ NMR spectra. 

d Pure Nylon 6 sample was used as a blank test. 

ed by t!: was much less ef€ective with the homopolymer than with the 

block copolymers. And, as the content of the PEOI block in the 

copolymers increased, the anti-electrostatic property of the copoly- 

mer became better. 

It is to be mentioned that the blend spinning of Nylon 6 could 

not be performed with the use o f  PEO or the mixture of PEO and 

PEtOZO because of the low compatibility of PEO with Nylon 6. Thus, 

the blend spinning of Nylon 6 and good anti-electrostatic properties 
for Nylon 6 are specific functions of these block copolymers. 

3 .  Block Copolymers o f  2-Oxazolines as a Non-ionic Polymeric 

Surfactant 

The cationic ring-opening polymerizations of 2-oxazoline and 
some of i t s  derivatives have been shown to proceed via living 

polymerization mechanism [l-31. Therefore, it is easy to accomplish 
the so-called “one-pot two-stage copolymerization“; i.e., one of 2- 
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OLIGOMERS DERIVED FROM 2-OXAZOLINES 1029 

oxazoline monomer 18 such as MeOZO was first polymerized with MeOTs 

(1st stage polymerization), and then, the second monomer 19 such as 

2-phenyl-2-oxazoline(PhOZO) was polymerized by the living propagat- 

ing species of 1 8  (2nd stage polymerization)[9]. 

I N l  

18 

The product block copolymer 20 contains two different poly(N- 

acylethylenimine) segments within the same molecule. Results of the 

block copolymerization are shown in Table 3 .  The formation of block 

copolymers 20 is clearly shown by GPC analysis (Figure 3 ) ;  Four 

sample polymers 20 (No 1-0-1-3) showed a single GPC peak, and 

hence, no homopolymer of MeOZO or PhOZO is contained in these copol- 

ymers. 

contain no chain-transfer and gave AB type copolymer quantitatively. 
These results indicate that both stages of polymerization 

Poly(lV-acetylethylenimine) having acetyl or propionyl group is 

hydrophilic, whereas that having a higher aliphatic acyl group or 

aroyl group is lipophilic. Thus, all block copolymers of 20 in 

Table 3 possess both hydrophilic and lipophilic blocks, and hence, 

are expected to exhibit surfactant properties. A s  an indication of 

surfactant nature the surface tension (y) is measured in water in 
which all copolymers are soluble (Table 3 ) .  Among the copolymer 

samples the copolymer (No 5-1) from MeOZO and 2-lauryl-2-oxazoline 
(LaOZO) showed the best surfactant properties as reflected by y 
value. It is to be noted that the critical micelle concentration 

(cmc) was less than 0.2 wt %. In addition, these block copolymers 

are non-toxic as shown by LD50 >2.0 g/kg(mice) [ 9 ] .  
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D A 

12 14 16 18 20 2 2  

FIG. 3 GPC charts of four copolymers: A; Nol-0, B; Nol-1, C; Nol-2, 
D; Nol-3: 
A803,  RI detector. 

Elut ion  time (rnin.) 

eluent; CHC13, flow rate; 1.0 ml/min, column; Shodex 

In relevant to block copolymers 20, a similar type of block 
copolymers consisting of poly(N-propionylethylenimine) and poly(N- 

lauroylethylenimine) has been prepared, and their surface tension 

was measured in chloroform, ethylene glycol, or methanolfwater 

(80/20 in volume) by Litt et a1 [ l o ] .  These copolymers, therefore, 

seem to be not completely soluble in water. Consequently, the 

present copolymers 20 are t o  be regarded as a non-ionic polymeric 

surfactant soluble in water and to be compared with a polyether type 

surfactant, well-known as "Pluronics". 

4 .  Graft Copolymer of Cellulose Diacetate Having 

Poly(N-acetylethylenimine) Graft Chains 

Cellulose acetates are useful products derived from a natural 

polymer of cellulose. Their applications would be broadened if they 

could find an effective way of blending with synthetic high polymers. 

For this purpose, the preparation of a graft copolymer of cellulose 

diacetate has been accomplished by the polymerization of MeOZO with 

an initiator of methanesulfonate of cellulose diacetate. And, it 
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has  been found t h a t  t h e  g r a f t  copolymer i s  compatible  w i t h  p o l y (  

v i n y l  c h l o r i d e )  (PVC) [ 11 ] . 
The scheme of g r a f t  copolymerizat ion i s  o u t l i n e d  below. 

> Cell ( O A C ) ~ ( O M S )  MsCl 
Y Cell ( O A C ) ~ ( O H ) ~  

2 1  22 

2 3  

The degree  oi a c e t y l a t i o n  of the s t a r t i n g  c e l l u l o s e  d i a c e t a t e  2 1  

was 2.41(=x) per  one c e l l u l o s e  u n i t .  A t y p i c a l  example of t h e  g r a f t  

copolymerizat ion i s  given as fol lows:  A mixture  of 0.217 g of 22 

( x = 2 . 4 1 ,  y=O.54)  and 1 - 0 1  g of MeOZO i n  a PhCNldioxane mixed 

so lvent  was kept  a t  90°C f o r  105 h r  gave a MeOH-insoluble g r a f t  

copolymer 23 (0.365 g a f t e r  s e p a r a t i o n ,  n = 4 . 8 ) .  

Poly(MeOZ0) c h a i n  has  an amide s t r u c t u r e ,  and hence,  a weak 

base .  It  i s  be l ieved  t h a t  a t y p i c a l  commodity polymer of PVC 

i n t e r a c t s  w i t h  a b a s i c  polymer v i a  hydrogen bonding of a-hydrogen 

of PVC. Therefore ,  it is  expected t h a t  the g r a f t  copolymer 23 

having N-acetylethylenimine cha in  is compatible  w i t h  PVC. The 

c o m p a t i b i l i t y  was examined by measuring t h e  dynamic behavior  of 

t h e  f i l m  of t h e  polymer blends w i t h  t h e  use of a rheovibron.  

F igure  4 shows e l a s t i c  modulus ( s t o r a g e  modulus) E' and l o s s  

modulus E" as a f u n c t i o n  of temperature .  The El'-temperature rela- 

t i o n s h i p  g i v e s  a b e t t e r  i n d i c a t i o n  o f  c o m p a t i b i l i t y  because t h e  

maximum value  of E" i s  corresponding t o  Tg. Curves (1) and (4) 

show PVC a lone  and t h e  blend system of PVC and c e l l u l o s e  d i a c e t a t e  

2 1 ,  r e s p e c t i v e l y .  

c a s e s ,  i n d i c a t i n g  that  PVC and c e l l u l o s e  d i a c e t a t e  are completely 

incompatible  w i t h  each o t h e r .  Curve (3 )  i s  t h e  g r a f t  copolymer 2 3  

alone having Ellmax v a l u e  a t  106°C. Curve (2) shows t h e  PVC g r a f t  

copolymer (23) system, i n  which Eftmax is 83°C. T h i s  v a l u e  is 

l o c a t e d  between 58°C and 106°C and t h e  peak i s  t h e  only  one observed. 

The Ellmax v a l u e  i s  t h e  same a t  58°C i n  both  
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I \  .. 

08 

50 1CO 150 C'C) 

FIG. 4 Dynamic modulus (El') and l o s s  modulus (E") v e r s u s  
temperature  f o r  (1) PVC, (2)  blend of PVC and g r a f t  copolymer 
23 ( l : l ) ,  (3) g r a f t  copolymer, and (4) blend of PVC and c e l l u l o s e  
d i a c e t a t e  (1: 1)  [ 111. 

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  g r a f t  copolymer 23 i s  

w e l l  compatible w i t h  PVC. Namely, N-acetylethylenimine c h a i n  has  

good f u n c t i o n  t o  make c e l l u l o s e  d i a c e t a t e  compatible  w i t h  PVC. 

These p r o p e r t i e s  of t h e  g r a f t  copolymer w i l l  see a v a r i e t y  of a p p l i -  

c a t i o n s ,  e s p e c i a l l y  f o r  p r a c t i c a l  use  of c e l l u l o s e  and i t s  

d e r i v a t i v e s .  
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