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Paid attention to the living nature of the polymerization of 2-oxazolines and the unique
properties of poly (2-oxazoline), novel functional polymers have been synthesized by ring-
opening polymerization of 2-oxaxolines.

A nonionic polymer surfactant having a hydrophilic poly { N-acylalkylenimine) segment
from a cyclic imino ether monomer has been synthesized, in which a hydrophobic group was
introduced by terminating the living end of the propagating polymer ( “terminator method”).
Monomers used for construction of the hydrophilic segment are2-methyl-, and 2-ethyl-2-
oxazolines and 2-methyl-5, 6-dihydro-4H-1, 3-oxazine. The surfactant properties of the product
polymers were evaluated by the surface tension ( 7) of the aqueous polymer solution. Four
kinds of terminator were employed: ( i ) with 2-Chigher alkyD)- or 2- [3-(perfluorooctyl) propyl]
-4, 4-dimethyl-2-oxazoline having reduced polymerizability, the living end of the propagating
polymer was terminated, followed by hydrolysis to give the nonionic polymer surfactant
having a higher alkyl or 3- (perfluorooctyl) propyl group. (ii ) 2-n-Octyl- or 2-n-undecyl-5-
methyl-2-oxazoline was used as terminator in a similar method. (iii ) With a primary or

secondary (higher alkyl)amine and (perfluoroheptyl)methylamine, the living end of the



polymer was terminated, followed by deionization to produce the polymer surfactant. (iv) A
mixture of higher fatty acid and triethylamine was used as a terminator. Using a primary
higher alkyl or (perfluoroheptyl) methylamine gave a versatile method for producing effective
nonionic poymer surfactants. The lowest 7 value via (iii ) reached 19.5 dyn,“cm for a polymer
sample from 2-methyl-2-oxazoline monomer / ( perfluoroheptyl ) methylamine terminator.
Furthermore, solubilization behavior of O1l Yellow OB by the surfactant with a higher fatty
acid group in aqueous solution was examined. The solubility ability increased with increasing
the carbon number of the alkyl chain.

Block copolymers form tetrahydrofuran (THF) or vinyl ethers with cyclic imino ethers were
synthesized by successive cationic copolymerization of each monomer in one-pot procedure.
The resulting copolymers had a hydrophobic poly (oxytetramethylene) from THF or poly
(vinyl ether) segment and a hydrophilic poly (N-acylalkylenimine) segment from a cyclic
imino ether. Vinyl ethers used for construction of a hydrophobic segment are n-butyl, i-octyl,
and n-cetyl vinyl ethers. Cyclic imino ether monomers used for construction of the hydrophilic
segment are 2-methyl-, and 2-ethyl-Z-oxazolines and 2-methyl-5,6-dihydro-4H-1,3-0xazine.
These block copolymers exhibit excellent surface activities, and hence, are a group of nonionic
polymer surfactants. The surface activities reflected by the surface tension ( 7 ) in water are
very high. The lowest 7 value reached 27.6dyn, cm for the copolymer from n-butyl vinyl
ether,”2-methyl-2-oxazoline. The C-N bond between the poly (vinyl ether ) segment and poly
(N-acylalkylenimine) sagment was readily cleaved under acidic conditions to give a mixture
of both homopolymers having no surface activities.

Polymerization of 2-alkyl-2-oxazolines was carried out using allyl-type dihalides or xylylene
dihalides as a bifunctional initiator in acetonitrile. The allyl-type dihalides used are 1,4-di-
bromo-2-butene and 3-iodo-2-(iodomethyl)-1-propene and the xylylene dihalides are p-xylylene
diiodide, p-, m-, and o-xylylene dibromides. The molecular weight distribution of the resulting
polymer evaluated by Mw,”Mn was very narrow. The degree of polymerization of the polymer
determined by vapor pressure osmometer (VPO) was very close to the feed ratio of the
monomer to initiator. A mixture of corresponding dichlorides and sodium iodide used as an
initiator also gave the polymer with narrow molecular weight distribution. Kinetic study of
the polymerization of 2-methyl-2-oxaxoline was performed using these initiators in CD;CN at
35°C. The two initiation rate constants (ki, and k:.) of these initiators determined by 'H
NMR spectroscopy were larger than the corresponding propagation rate constant (ko) except
the ki » value of o-xylylene dibromide. These data indicate that the polymerization using these
bifunctional initiatiors for 2-oxazoline is a “fast initiation-slow propagation system”. A
multicoupling reaction of poly (2-oxazoline) having two living ends produced by usingl,

4-dibromo-2-butene with a tertiary or aromatic diamine gave a poly (2-oxazoline) ionene poly-



mer. Diamines used were N, N, N’, N'-tetramethylethylenediamine, 1, 4-diazabicyclo- [ 2. 2. 2. ]
octane, and 4, 4’-dipyridyl. The ionene polymer showed typical polyelectrolyte behavior in
water.

Poly (2-oxazoline) macromonomer having a polymerizable vinyl ester group or glycol group
has been synthesized. The macromonomer having a vinyl ester group was synthesized by poly-
merizing 2-oxazoline, using vinyl iodoacetate as the initiator. The degree of the macromonomer
was close to the feed ratio. The macromonomer showed narrow molecular weight distribution
from Mw,”Mn and possessed almost one vinyl ester group per molecule. A mixture of vinyl
chloroacetate and sodium iodide can be also used for the synthesis of the macromonomer.
from the kinetic study, the initiation rate of vinyl iodoacetate was almost the same as that
of propagation. These date indicate the fast initiation and relatively slow propagation system.
The block-type amphiphilic poly (2-oxazoline) macromonomer was synthesized by one-pot two-
stage copolymerization using a vinyl iodoacetate initiator. The macromonomer possessing a
glycol group was synthesized by the termination of the polymer living end with a nucleophile
possessing a glycol group. The nucleophiles used were diethanolamine and 2, 2-bis (hydroxy-
methyl) propionic acid,” triethylamine. From 'H NMR analysis of the resulting macro-
monomer, the glycol group was introduced into the end of the polymer quantitatively. Co-
polyurethane-g-poly (2-oxazoline) was synthesized by copolyaddition reaction of poly ( & -
caprolactone) having a hydroxyl group at both end and 4, 4'-diphenylmethane diisocyanate
using the macromonomer as a chain extender.

Polymer particles containing poly (N-acylethylenimine) chain localized on the surface were
prepared by soap-free emulsion copolymerization of styrene with a styryl-type poly (N-
acylethylenimine) macromonomer. The macromonomer used was highly hydrophilic and solu-
ble in water. The contour of the particles was examined by SEM. The copolymer particles were
spherical and monodispersed. The average diameter of the particles was in the range of sub-
micron size and smaller than that of polystyrene particles prepared in a similar way without
the macromonomer. The surface composition of the particle was analyzed by ESCA.It has
been found that poly (N-acylethylenimine) chains are present locally on the particle surface.

Dispersion polymerization of methyl methacrylate (MMA) in an aqueous methanol solution
was carried out using poly (2-ethyl-2-oxazoline) (PEtOZO) as a steric stabilizer. The dispersion
polymerization in the aqueous methanol solution (methanol:water = 70:30 weight %) gave
particles with narrow size distribution in the range of micron size. The diameter of the parti-
cles decreased as the molecular weight of PEtOZO increased. Effects of other polymerization
parameters such as monomer and initiator concentrations, solvent composition, and addition
of methyl 2-methylpropionate on the size and size distribution of the particles have been

examined.
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