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Polymerization of 2-Oxazolines. IV. 
The Structure and the Reactivity of 
2-S u bsti tu ted-Z-oxazo I i nes and 
Oxazolinium Perchlorates* 

TSUTOMU KAGIYA, TAKEHISA MATSUDA, 
MASANORI NAKATO, and R W I C H I  HIRATA 

Department of Hydrocarbon Chemistry 
Kyoto University 
Kyoto, Japan 

A B S T R A C T  

In order to elucidate the structure and the stability of the 
growing cationic end in the polymerization of 2-oxazolines, 
the reactions of 2-bromoethylbenzamide with silver salts 
such as silver perchlorate, tetrafluoroborate, nitrate, 
nitrite, cyanate, and acetate were investigated. The re- 
actions with silver perchlorate and tetrafluoroborate 
gave the 2-phenyl-2-oxazolinium salt  (intramolecular 
0-alkylation product) quantitatively, whereas the reaction 
with silver nitrate gave the corresponding alkyl nitrate 
(staight-chain product). For the reactions with silver 
nitrite, cyanate and acetate, both products were obtained. 
In order to elucidate the ring-opening reactivity of the 

*Part of this paper was presented at the 20th Symposium on 
Macromolecules of the Society of Polymer Science of Japan, Tokyo, 
November 1971. 
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1632 KAGIYA ET AL. 

oxazolinium cation, the ring- opening addition reaction 
of N-methyl-2-oxazolinium perchlorates with pyridine 
was investigated. It was found that N-methyl-2-phenyl- 
2-oxazolinium perchlorate was more reactive toward 
the nucleophilic ring-opening reaction than was 
N-methyl- 2-methyl- 2-oxazolinium perchlorate. The 
mutual copolymerization of 2-phenyl- 2-oxazoline with 
the other 2-substituted-2-oxazoline such a s  2-methyl-, 
2-isopropyl-, and 2-benzyl-2-oxazoline indicated that 
the monomer reactivity ratio r2 was much larger than 
unity, whereas rl was very much smaller. Based on 
these results, the influence of the structure and the 
reactivity of the monomer and the growing cationic 
end of the polymerizability of 2-oxazolines a re  
discussed. 

I N T R O D U C T I O N  

In the previous papers of this series the ring-opening polym- 
erizations of 2-phenyl-2-oxazoline initiated with oxazolinium 
perchlorate have been investigated in connection with references 
to the mechanism of polymerization [ 11, the kinetics of the solution 
polymerization [ 21, and the influence of the polymerization media 
on the propagation reaction [ 31. From these investigations i t  was 
suggested that the active propagating species is a kind of N-alkyl- 
2- oxazolinium perc hlor ate. 

It has been well known that the cationic polymerizability of 
heterocyclic monomers such as cyclic ethers is controlled by 
the power of nucleophilic coordination of monomer toward a 
growing cationic end, and by the cationic ring-opening and bond- 
forming power of the growing cationic heterocycle; that is, i t s  
stability [4, 51. 

To the best lmowledge of the present authors, however, little 
attention has been paid to the reactivity of 2-oxazolines and the 
stability of the growing cationic end, except the recent work 
reported by Saegusa and h i s  co-workers [ 61. 

of 2-oxazolinium cation and the cationic mutual copolymerization of 
2-phenyl-2-oxazoline with the other 2-substituted-2-oxazoline are  
investigated in order to elucidate the structure and the reactivity 
of 2-substituted- 2-oxazolines and oxazolinium perchlorates. 

In the present paper a novel preparative method for the formation 
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POLYMERIZATION OF 2-OXAZOLINES. IV 

E X P E R I M E N T A L  

M a t e r i a l s  

1633 

2- Bromoethylbenzamide 

2-Bromoethylbenzamide was obtained by the simultaneous addition 
of benzoyl chloride (G.R. grade, 0.27 mole) and 5-N sodium hydroxide 
(110 ml) to a s t i r red ice-cooled solution of 2-bromoethylamine 
hydrobromide (G.R. grade, 0.26 mole) in water (110 ml). After 
stirring for  2 hr, the precipitated white solid was collected, washed 
with water, and dried in vacuo; yield 92%, mp 100-102°C (Ref. 7; 
100- l02T) .  

Analysis: Calculated for C9HI&OBr: C, 47.39; N, 6.14; Br, 
35.03. Found: C, 47.28; N, 6.02; Br, 35.25. 

2- Bromoethvl-N- methvlbenzamide 

2-Bromoethyl-N-methylamine hydrobromide was prepared from 
N- methylethanolamine (G.R. grade) and hydrobromic acid (sp gr, 
1.42) according to the method of Cortese [ 81: mp 69-71°C. 

Analysis: Calculated for C3H9NBrz: C, 16.46; N, 6.40; Br, 
73.00. Found: C, 16.61; N, 6.36; Br, 72.81. 

2-Bromoethyl-N-methylbenzamide was obtained from the 
Schotten- Baumann reaction of 2-bromoethyl-N-methylamine 
hydrobromide and benzoyl chloride in ice-cooled acetone solution 
with the use of sodium hydroxide in methanol solution as an acid 
acceptor in a manner similar to that mentioned above. The white 
solid soluble in acetone and methanol, but insoluble in diethyl 
ether, is identified a s  N-methyl-2-bromoethylbenzamide by IR 
spectrum. The isolated product was used without further 
purification. 

N- Methyl- 2-oxazolinium Iodides 

N-Methyl-2-phenyl- and N-methyl- 2-methyl-2-oxazolinium iodides 
were prepared from the quaternization reactions of the correspond- 
ing 2-oxazolines with methyl iodide at 60°C in dark (feed molar 
ratio of methyl iodide to 2-oxazoline: 3.0). These were purified 
by several reprecipitations from methanol-diethyl ether solution. 

Analysis: Calculated for ClaHlzNOI: C, 41.64; N, 4.84; I, 43.89. 
Found: C, 41.54; N, 4.90; I, 43.16. 

N-Methyl- 2-phenyl-2-oxazolinium iodide: mp 106- 108°C. 
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1634 KAGIYA ET AL. 

N-Methyl- 2-methyl-2-oxazolinium iodide: hygroscopic yellowish 
solid. Analysis: Calculated for C&&OI: C, 26.45; N, 6.14; I, 
55.89. Found: C, 26.51; N, 6.11; I, 54.27. 

A n i o n  E x c h a n g e  R e a c t i o n  of N - M e t h y l - 2 - o x a z o l i n i u m  
I o d i d e s  w i t h  S i l v e r  P e r c h l o r a t e  

N-Methyl-2-phenyl- and N-methyl-2-methyl- 2-oxazolinium per- 
chlorates were prepared from the anion exchange reactions of the 
corresponding N-methyl- 2-oxazolinium iodides with silver per- 
chlorate (G.R. grade) in nitrobenzene a t  room temperature in the 
dark. The white solids isolated from diethyl ether were identified 
to be N-methyl- 2-phenyl- and N-methyl-2-methyl-2-oxazolinium 
perchlorates, respectively, by elementary analysis (Table 2) and 
spectroscopic analyses (Figs. 4 and 5). 

R e a c t i o n  of 2 - B r o m o e t h v l b e n z a m i d e s  w i t h  S i l v e r  
S a l t s  

The equimolar reaction of 2-bromoethylbenzamide or 2-bromo- 
ethyl-N-methylbenzamide with silver salts  such a s  silver perchlorate, 
nitrate, tetrafluoroborate, nitrite, cyanate, and acetate in nitrobenzene 
at room temperature in the dark was carried out with vigorous 
st irring (the feed molar concentration of the reactants: 0.220 mole/ 
liter). For the reactions with silver perchlorate, tetrafluoroborate, 
and nitrate, the white powdery solid precipitated from diethyl ether 
was obtained after filtration of the silver bromide formed. 

R i n g - O p e n i n g  R e a c t i o n  of N -  M e t h y l -  2 -  o x a z o l i n i u m  
P e r  c h l  o r a t e s w i t h  P y r  i d i n e  

The equimolar reactions of N-methyl-2-phenyl- and N-methyl- 
2-methyl- 2-oxazolinium perchlorates with pyridine were carried 
out in nitrobenzene a t  7'0°C (the feed molar concentration of the 
oxazolinium perchlorate and pyridine; 0.200 mole/liter). The 
white solid was obtained by precipitation from diethyl ether. 

Analysis: Calculated for CIJI1,NzO&l: C, 52.87; N, 8.22; C1, 
10.40. Found; C, 53.06; N, 8.28; C1, 10.22. 

N- Methyl- 2-benzamidoethyl pyridinium perchlor ate: mp 116°C. 
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POLYMERIZATION OF 2-OXAZOLINES. IV 1635 

N-Methyl-2-acetamidoethyl pyridinium perchlorate: hygroscopic 
solid. Analysis: Calculated for Cl0H15N2O5CI: 43.10; N, 10.05; C1, 
12.72. Found: C, 43.41; N, 10.71; C1, 12.65. 

P r e p a r a t i o n  of 2-  O x a z o l i n e  s 

2-Phenyl- 2-oxazoline(Ph-Oz) was prepared by the same method 
as described previously [ 13. 2- Methyl-2-oxazoline(Me-Oz), 
2-isopropyl-2-oxazoline(Ip-Oz), and 2-benzyI-2-oxazoline(Bz-Oz) 
were prepared from the isomerization reaction of the corresponding 
N-acylethylenimine with the use of sodium iodide as catalyst at  
70°C: N- acylethylenimines were prepared from Schotten-Baumann 
reactions of ethylenimine and the corresponding acid chlorides in 
acetone at  -3O'C. The monomers were purified by several  fraction- 
ations under reduced pressure (Ph-Oz: 129"C/13 Torr ;  Me-Oz: 
llO"C, Ref. 9, 110-111°C; Ip-Oz: 136T, Ref. 9, 136-139°C; Bz-Oz: 
94"C/15 Torr).  

C o p o l y m e r i z a t i o n  P r o c e d u r e s  

Copolymerization was carried out at 120°C in a sealed ampoule 
under reduced pressure, according to the manner described pre- 
viously [ 1, 21 (total oxazoline monomer: 1.54 X lo-' mole; 2-phenyl- 
2-oxazolinium perchlorate a s  an initiator: 1.54 X mole; and 
N,N-dimethylacetamide a s  solvent: 3.0 ml). The copolymer was 
precipitated from a large amount of n-hexane, dried at  60°C in 
vacuo, and weighed. 

P h y s i c a l  A n a l y s i s  

The IR spectrum was measured by a JASCO Grating Infrared 
Spectrometer, Model DS-403G. The shift value of the 0-D stretch- 
ing vibration of methanol-d in various monomers in IR spectra was 
carried out according to the method reported in Ref. 10. 

(100 MHz) with tetramethylsilane as an internal standard at  room 
temperature . 
sis and NMR spectrometry. 

The NMR spectrum was measured by a Varian H-100 Spectrometer 

The copolymer composition w a s  determined by elementary analy- 
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RESULTS A N D  DISCUSSION 

KAGIYA ET AL. 

F o r m a t i o n  of t h e  O x a z o l i n i u m  C a t i o n  

In a previous paper [ 11, i t  was suggested that the polymerization 
of 2-oxazolines initiated by the oxazolinium salts proceeds through 
two routes: one is the direct quaternization reaction of the oxa- 
zolinium cation and monomer (Fig. 1, Route l), and the other is 
composed of the rearrangement reaction of the oxazolinium cation 
and the subsequent quaternization reaction (Fig. 1, Route 2), and 
that these different mechanisms may be caused by the kind of the 
counterion used. (See Fig. 1, where X- denotes the counterion.) 

Route 1 
c H 2 c H 2 2 p g  x- ,-> Oxazoiinium 

Monomer ion-pa i r C=O R R' <o 
(1 )  

Monomer 
(quaternization) 

Route 2 

FIG. 1. The possible routes of the ring-opening polymerization 
of 2- oxazolines. 

In order to elucidate the more detailed mechanism of the 
incorporation of monomer into a growing cationic end, the influence 
of the anionic group of the salts in the reaction of 2-bromoethyl- 
benzamide or 2-bromoethyl-N- methylbenzamide with silver salts 
such as silver perchlorate, tetrafluoroborate, nitrate, nitrite, 
cyanate, and acetate was investigated. As can be seen in Table 1, 
the reactions of 2-bromoethylbenzamide with silver salts gave the 
quantitative amount of silver bromide in nitrobenzene in the dark. 
Table 1 shows that the different types of reaction products depend 
on the kind of the anionic group of silver salt used as mentioned 
below. 
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1638 KAGIYA ET AL. 

For the reactions with silver perchlorate (AgC104) or tetra- 
fluoroborate (AgBF4), the IR spectra of the white powdery solids 
precipitated from diethyl ether displayed the disappearance of the 
characteristics of the secondary amide linkage, whereas they 
showed the characteristic absorption bands attributed to the 
oxazolinium cation ( v  
and the ring skeletal vibrations, 900-1000 cm-'), as  shown in 
Fig. 2. The NMR spectra of the reaction mixtures showed the 

1635- 1648 crn-l; vc-o, ca 1270 cm-'; C =N' 

1700 1500 1300 1100 900 
Wave Nurnber(CM"1 

FIG. 2. The IR spectra of the reaction products from Z-bromo- 
ethylbenzamide and silver salts. ( 1) 2-Bromoethylbenzamide, 
(2) 2-phenyl- 2-oxazolinium perchlorate, (3) 2-phenyl- 2-oxazolinium 
tetrafluoroborate, and (4) 2-benzamidoethyl nitrate. 
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POLYMERIZATION OF 2-OXAZOLINES. IV 1639 

disappearance of proton signals attributed to methylene-methylene 
in 2-bromoethylbenzamide, and displayed two triplets attributable 
to oxazolinium heterocycle (Fig. 3). In addition, the elementary 

I I , I 1 
I 

300 200 100 

I I I I I _  
J I I I 
4 5 6 7 0 

t (PPn-9 

FIG. 3. The NMR spectra of the reaction mixtures of 2-bromo- 
ethylbenzamide with silver salts. (1) 2-Bromethylbenzamide 

Ag(CHSCOO), (6) BA + AgCN (measured in nitrobenzene). 
(BA), ( 2 )  BA + AgBF4, (3) BA + AgNO3, (4) BA + AgN02, (5) BA + 

analysis of these products indicated the equimolar composition of 
2-phenyl- 2-oxazoline and perchloric acid or hydrofluoroboric acid 
(Table 2), respectively. The reaction products from 2-bromoethyl- 
N-methylbenzamide and AgC104 or AgBF4 are  identical with the reac- 
tion products of the anion exchange reaction of N-methyl-2-phenyl-2- 
oxazolinium iodide with AgC104 or AgBF4 (Fig. 5 and Table 2). 

From these results the products from the reactions of 
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POLYMERIZATION OF 2-OXAZOLINES. IV 1641 

2-bromoethylbenzamide with AgC104 and AgBF, are identified as 
the corresponding 2-phenyl- 2-oxazolinium salts. These facts indicate 
that the oxazolinium salts are  produced by the ring-closure reactions 

where X denotes a perchlorate or  tetrafluoroborate ion, and R 
denotes a proton or methyl group. 

This means that the unstable carbonium ion produced by the 
reaction of the corresponding alkyl bromide with silver salts (Eq. 2) 
was attacked nucleophilically by the oxygen atom with large electro- 
negativity to give a more stable oxazolinium cation (intramolecular 
0- alkylation product). 

On the other hand, for the reaction with silver nitrate (&NOS), 
the IR spectrum of the white powdery product displayed no charac- 
teristic absorptions attributed to the oxazoline and oxazolinium 
heterocycles, but instead the characteristic absorptions attributed 
to the secondary amide linkage (1640 and 1550 cm") and alkyl 
nitrate ( v  1275 cm-I), NOz' 1630 cm-'; vN-o, 845 cm-'; and Y ONOz' 
as shown in Fig. 2. The NMR spectrum of the reaction mixture 
displayed the two triplets at "5.20 and 6.03, not assignable to the 
proton signals of oxazoline, oxazolinium, and 2-bromoethylbenzamide 
(Fig. 3). Considering that silver nitrate is often used a s  a test of 
aUryl halides [ 113, these results indicate that the reaction with 
AgNOs gave 2-benzamidoethyl nitrate quantitatively due to the 
strong covalency of the carbon-nitrate bond 

where X' denotes a nitrate ion. 
For the reactions with silver nitrite (AgNOZ), cyanate (AgCN), and 
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1642 KAGIYA ET AL. 

acetate (C&COOAg), the IR spectra of the residue obtained after 
filtration of silver bromide and removal of the solvent (nitromethane) 
displayed the characteristic absorption bands attributed to 2-phenyl- 

1262 cm'l; and the ring skeletal c-0' 2-oxazoline (Y 1650 cm-'; v C =N' 
vibrations, 975, 945, and 897 cm-') and, in addition, showed the 
characteristic absorptions assignable to nitrite or nitro groups, 
cyanate or isonitrile groups (these may be caused by the ambident- 
ion character of nitrite or cyanate ion), and ester linkage, respec- 
tively, as shown in Table 1. The NMR spectra of these reaction 
mixtures (Fig. 3) displayed the proton signals attributed to 2-phenyl- 
2-oxazoline (T5.68 and 6.001, and methylene protons at "5-6, not 
assignable to 2-bromoethylbenzamide, respectively. 

AgCN, and Ag(CH3COO) gave the corresponding straight-chain 
derivatives according to Eq. (4), 2-phenyl-2-oxazoline which may 
be produced by the intramolecular 0-alkylation reaction (Eq. 3), 
and the subsequent dissociation reaction of the oxazolinium salts 
(Eq. 5) due to the weakly conjugated acid of the anionic group of 
the silver salt: 

From these results i t  can be said that the reactions with AgN02, 

H 

X- 
(5) 

+ nx 

where X denotes NOZ-, CN- and CH3COO', respectively. 
Summing up these results, the unstable carbonium ion produced 

in Eq. (2) converts preferentially to a more stable intramolecular 
0-dkylation product (oxazolinium cation) by the use of the anionic 
groups, such as CIOs' or BF4-, to give the weakly covalent alkyl- 
hetero linkage (R-C104 or R-BF4) Eq. 31, to the corresponding 
straight-chain product by the use of NOS- to give the strongly 
covalent R-ON02 (Eq. 4), and to both reaction products by the 
use of NOz-, CN-, or CHaCOO-. These results lead to the con- 
clusion that polymerization with C104- or BF4- as the counterion 
of the active propagating species proceeds through the oxazolinium 
cation (Route 1 in Fig. l), whereas with the use of NOS- or car- 
boxylate ion it hardly proceeds due to the formation of the more 
stable straight-chain derivative by the rearrangement reaction of 
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the oxazolinium salt  a t  the growing chain end. These a re  consistent 
with the experimental facts described in the previous paper [ 11, in 
which 2-phenyl- 2-oxazolinium nitrate and trifluoroacetate did not 
initiate polymerization. 

N u c l e o p h i l i c  R i n g - O p e n i n g  R e a c t i v i t y  of N -  M e t h y l -  
2 - o x  a z o l i n i u  m Pe r c h l o r  a t e 

In order to elucidate the nucleophilic ring- opening reactivity 
of N-methyl-2-oxazolinium perchlorates which a re  very similar 
to the structure of the active propagating e n 4  the reactions of 
N-methyl- 2-methyl-2-oxazolinium perchlorate (MO) and N-methyl- 
2-phenyl-2-oxazolinium perchlorate (PO) with pyridine as the 
attacking nucleophile were carried out in nitrobenzene. 

(Runs 1 and 4 in Table 3) displayed the disappearance of proton 
signals of the oxazolinium heterocycle at  T5-6 that are attributed 
to the methyl group attached to the quaternary nitrogen (N'-CH3) 
a t  -6.1, whereas they displayed the appearance of methylene 
protons and the methyl protons attributed to N-CH3 and C-CHs 
in higher magnetic fields (Fig. 4). 

The IR spectra of the product isolated from diethyl ether showed 
the characteristic absorptions attributed to the tertiary amide link- 
age ( -  1630 cm") and the disappearance of the characteristic 
absorptions of the oxazolinium heterocycle (Fig. 5). In addition, 
elementary analysis of the white powdery product indicated the 
equimolar composition of the oxazolinium perchlorate and pyridine. 
Accordingly, these results indicate that the reactions of N-methyl- 
2-oxazolinium perchlorate (PO and MO) with pyridine gave N-methyl- 
2-benzamidoethyl pyridinium perchlorate or  N- methyl- 2-aceto- 
amidoethyl pyridinium perchlorate, respectively, by the following 
ring- opening quaternization reaction due to the nucleophilic attack 
of pyridine on the 5-position of the oxazolinium heterocycle: 

The NMR spectra of the reaction mixtures at  complete conversion 
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FIG. 4. The NMR spectra of the reaction mixtures of N-methyl- 
2-oxazolinium perchlorates and pyridine in nitrobenzene. (A- 1) 
and (B- 1) are N-methyl-2-phenyl-2-oxazolinium perchlorate and 
N- methyl- 2-methyl- 2-oxazolinium perchlorate, respectively. 
(A-2), (A-3), (B-2), and (B-3) correspond to Run nos. 1, 2, 4, 
and 5 in Table 3, respectively. 
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J I I I 1 I I I I I 

1700 J500 1300 I100 900 
Wave Nurnber(CM-') 

FIG. 5. The IR spectra of N-methyl-2-phenyl-2-oxazolinium 
perchlorate (A) and N-methyl-2-benzarnidoethyl pyridinium 
perchlorate (B). 

On the other hand, the NMR spectrum of these reaction mixtures 
at incomplete conversion (Fig. 4, A-3 and B-3) showed the charac- 
teristic protons signals attributed to the unreacted N-methyl-2- 
oxazolinium perchlorate and the above-mentioned straight-chain 
pyridinium perchlorate and, in addition, displayed the proton signals 
attributed to another species at a slightly lower magnetic field than 
that of the straight-chain derivative, which cannot be observed at 
the complete conversion. Considering the ambident-ion character 
of 2-oxazolinium heterocycle having two cationic centers at the 
2- and 5-positions [ 12, 131, i t  is suggested that the other species 
is the cyclic pyridinium adduct resulting from the nucleophilic 
attack of pyridine on the cationic center at  the 2-position of the 
oxazolinium heterocycle according to the following reversible 
reaction: 
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As can be seen in Table 3, the reactions of N-methyl-2-oxazolin- 
ium perchlorate with pyridine afforded only the straight-chain 
derivatives, respectively, and the ring-opening reaction were pro- 
moted by increasing the reaction temperature. Accordingly, it 
can be said that the reaction with pyridine proceeds through two 
competitive reactions (Eqs. 6 and 7) to give the straight-chain and 
cyclic pyridinium perchlorates, and that the former is a thermo- 
dynamically stable product, and the latter is a kinetically controlled 
product. These may suggest that the cationic polymerization of 
2-oxazolines is thermodynamically controlled. The detailed 
mechanism of the reaction of N-methyl-2-oxazolinium perchlorate 
with pyridine will be described in a subsequent paper. 

2-oxazolinium perchlorates can be evaluated from the relative 
ratios of the integrations of N'-CH3 and N-CH3 in NMR spectra 
of the reaction mixture. The results, shown in Table 3 may 
indicate that N-methyl- 2-phenylt 2- oxazolinium perchlorate is 
more reactive toward the nucleophilic ring-opening reaction than 
is N-methyl-2-methyl- 2-oxazolinium perchlorate. This is in 
accord with the result reported by Saegusa and his co-workers 
[ 61 in which 2-phenyl-2-oxazolinium tosylate is more effective 
a s  an initiator in the polymerization of 2-oxazolines than is 
2-methyl- 2-oxazolinium tosylate. Considering that the methylene 
protons at  the 5-position of PO (T4.51) is located a t  a lower mag- 
netic field than that of MO (T4.73) (Fig. 4), i t  is suggested that the 
nucleophilic ring-opening reactivity of N- methyl-2-oxazolinium 
perchlorate is primarily governed by the electrophilicity at  the 
5-position of the oxazolinium heterocycle. 

The relative nucleophilic ring-opening reactivity of N-methyl- 
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C o p o l y m e r i z a t i o n  of E q u i m o l a r  M i x t u r e  of 2 -  P h e n y l -  
2 - o x a z o l i n e  a n d  t h e  O t h e r  2-Substituted-2-oxazoline 

In order to elucidate the cationic polymerizability of 2-oxazolines, 
the mutual copolymerization of equimolar amounts of 2-phenyl-2- 
oxazoline (Ph-Oz) with 2-substituted-2-oxazoline derivatives such 
a s  2-methyl-(Me-Oz), 2-isopropyl-(Ip-Oz), and 2-benzyl- 2-oxazo- 
line(Bz-Oz) were carried out at  135°C in N,N-dimethylacetamide 
with the use of 2-phenyl-2-oxazolinium perchlorate as an initiator. 
The white powdery solid obtained were insoluble in n-hexane and 
diethyl ether, but very soluble in methanol and chloroform. 

As shown in Fig. 6, the time-conversion curves of copolymer- 
izations indicate that the copolymerization rates are larger than 
the homopolymerization rate of 2-phenyl- 2-oxazoline which has been 
determined previously [ 21. The relationship between the conversion 
of comonomer and that of Ph-Oz indicates that the mole fraction of 
comonomer in the copolymer is markedly larger than that of Ph-Oz 
(Fig. 7). These experimental facts indicate that the incorporation 
of monomer into copolymer is facilitated according to the following 
order: 

Bz-Oz > Me-Oz > Ip-Oz >> Ph-Oz 

FIG. 6. The time-conversion curves in the mutual copolymeriza- 
tion of 2-phenyl-2-oxazoline in N,N-dimethylacetamide a t  135°C. 
( 0 )  Ph-Oz-Ip-Oz, ( 0 )  Ph-Oz-Me-Oz, ( 0 )  Ph-Oz-Bz-Oz 
(equimolar monomer concentration; 1.50 mole/liter), ( 0 ) ;  Ph-Oz 
(monomer concentration; 3.00 mole/liter). 
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20 &b sb eb 1 

Conversian of M m e d  MI 1 

FIG. 7. The relation between the conversion of comonomer 
(M2) and that of 2-phenyl-2-oxazoline (M1): ( 0 )  Ip-Oz, ( 0 )  
Me-Oz, ( (D) Bz-Oz. 

The order of incorporation into polymer is in accord with that of 
the copolymerization rate, as can be seen from Fig. 6. 

calculated according to the Fineman-Ross-Sakurada equation: 
From the curves in Fig. 7, the monomer reactivity ratios were 

where (Y is given by 

and d[ Ml]/d[ M2] denotes the ratio of the instantaneous concentra- 
tion of monomer incorporated into polymer chains, and [ MI] /[ M z ]  
denotes the concentration of monomer unreacted. By plotting 
[ M,]/[Ma] - ( l / c r )  against [ Ml]/a[M2], the reactivity ratios r1 
and r2  a re  obtained from the slope and the intercept of the straight 
line, respectively. This is shown in Fig. 8, where MI and Mz 
represent Ph-Oz and comonomer, respectively. 

As tabulated in Table 4, i t  was found that r l  was very much 
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c 16 - 4  I a- m/ 

a 

FIG. 8. The Fineman-Ross-Sakurada plot: ( ) Ph-Oz-Ip-Oz, 
(0) Ph-Oz-Me-Oz, ( 0 )  Ph-Oz-Bz-Oz. 

TABLE 4. The Monomer Reactivity Ratios in the Mutual Copolym- 
erization of 2-Phenyl- 2-oxazoline (MI) and the Other 2-Oxazolines 
(Mz la 

Comonomer (Ma) rl rz 

2-Isopropenyl- 2- oxazoline 0.07 * 0.01 7.9 i 1.0 

2- Methyl- 2- oxazoline 0.02 i 0.02 10.2 i 1.0 

2-Benzyl- 2-oxazoline 0.01 * 0.005 12.2 i 1.0 

a The copolymerizations were carried out at  135°C in N,N-dimethyl- 
acetamide. rl and r2 were calculated from the Finemann-Ross- 
S a h r a d a  equation. 

smaller than unity, whereas r2 was markedly larger. This means 
that comonomers (Ip-Oz, Me-Oz, and Bz-Oz) a re  more reactive 
than Ph-Oz. Considering that N-methyl- 2-methyl-2-oxazolinium 
perchlorate is less reactive toward the nucleophilic ring-opening 
reaction than is N-methyl- 2-phenyl-2-oxazolinium perchlorate, 
these facts strongly indicate that the polymerizability of 
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2-oxazolines depends predominantly on the reactivity of monomer, 
but hardly on the nucleophilic ring-opening reactivity of the oxazo- 
linium heterocycle derived from the corresponding monomer at the 
growing chain end, or its stability. 

R e l a t i o n  b e t w e e n  t h e  P o l y m e r i z a b i l i t y  a n d  t h e  
R e a c t i v i t y  of t h e  O x a z o l i n i u m  P e r c h l o r a t e  a n d  
M o n o m e r  

The cationic polymerizability of heterocycle monomers depends 
on the nucleophilicity of monomer and the power of ring-opening of 
the growing cationic heterocycle, as stated in the introduction. 
The nucleophilicity of 2-oxazolines used was estimated from the 
relative basicity which could be evaluated by the shift of the 0-D 
stretching vibration of methanol-d in the monomer due to the 
nucleophilic coordination. AS shown in Table 5, the order of 
the nucleophilicity of monomer is in agreement with that of the 
reactivity of the monomer. 

TABLE 5. Physical Properties of Monomer and N-Methyl-2- 
oxazolinium Perchlorate 

The methylene protons at  the 
5-position ( T ;  ppm) Shift value 

of the 0-D N- Methyl- 2- 
of methanol-d oxazolinium 

2-Oxazolines (cm-') 2-0xazolinea perchlorateb 

2- Phenyl- 2- 148 5.57 4.51 
oxazoline 

2-Isopropenyl- 168 
2- oxazoline 

2-Methyl- 2- 176 
oxazoline 

2-Benzyle-2- 19 1 
oxazoline 

5.82 - 

5.79 4.73 

5.9 1 - 

k e a s u r e d  in CDCls. 
bMeasured in nitrobenzene. 
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1652 KAGIYA ET AL. 

On the other hand, the order of the electrophilicity of the oxazo- 
linium perchlorate as the active propagating species, which may 
be evaluated from the methylene protons a t  the 5-position of the 
heterocycles by their NMR spectrum (Table 5), indicates the 
reverse order of the nucleophilicity or the reactivity of monomer. 
Accordingly, the results mentioned above lead to the conclusion 
that the oxazolinium cation derived from the more reactive 
monomer has less ring-opening reactivity, and that the polym- 
erizability of 2-oxazolines is predominantly controlled by the 
nucleophilic attack which depends on the basicity of the monomer. 
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