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ABSTRACT: ABA type block copolymers composed of poly(Y-ethyl L-glutamate}PELG) as the
A component and poly(ethylene oxide}PEQ) as the B component were obtained by polymerization
of Y-ethyl L-glutamate N-carboxyanhydride, initiated by amine groups at both ends of PEO. From
circular dichroism measurements in trifluroethanol solution as well as from infrared spectra meas-
urements in the solid state, it was found that the polypeptide block exists in the a-helical conforma-
tion, as in PELG homopolymer. Wide-angle X-ray diffraction patterns show basically similar reflec-

tions as the PELG homopolymer.

Introduction

Block copolymers comprising two kinds of incom-
patible polymer chains usually undergo phase sep-
aration. Gallot and coworkers™® first carried out
a study on the synthesis and microheterophase
structure determination of AB type diblock copoly-
mers consisting of a polymer or polybutadiene
block. Nakajima and coworkers® ® synthesized ABA
type triblock copolymers consisting of polypeptide
blocks as the A components and polybutadiene or
poly(oxytetramethylene) as the B component, which
gave a microheterophase structure. Recently, Kugo
et al.® reported the synthesis and solid-state confor-
mational study of ABA type triblock copolymers con-
sisting of poly(Y-benzyl L-glutamate)PBLG) and
poly(ethylene oxide)(PEO). It has been reported
that the heterogeneity of the synthetic polymer sur-
face plays an important role in blood compatibility.”*!
Also, synthetic polypeptides have been considered
very useful for biomedical application, such as tem-
porary artificial skin substirutes in burn therapy
and biodegradable drug delivery systems.

In our previous papers,*® we reported on the

synthesis of ABA block copolymers consisting of
PBLG as the A component and polyether as the
B component. Also, we reported in vifro biodegrad-
ability of PBLG/PEO/PBLG block copolymers.
Through this result, only about 10% weight loss
of the PBLG/PEL/PBLG block copolymers in vitro
is observed for 40 days due to the hydrophobic
benzyl group of the PBLG. In the present study
our interest is focused on ABA type triblock copoly-
mers composed of hydrophilic PEO as the B com-
ponent and less hydrophobic poly(Y-ethyl L-gluta-
mate)(PELG) which may be completely degraded
as the A component. Such block copolymers may
be a promising basis for new biodegradable drug
delivery matrix.

Experimental
Materials. Amine-terminated PEO(H:N-
PEO-NH;): This PEO, which is the initiator of

the polymerization of Y-ethyl L-glutamate N-carboxy-
anhydride, was kindly supplied by Texaco Chem.
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Co. It has a number-average molecular weight of
2,000(Jeffamine ED-2001). According to the manufac-
turer’s data, the primary amine content is 90% of
the chain end-groups.

Solvents: n-Hexane, tetrahydrofuran(THF) and
dichloromethane were dried and purified by distil-
lation. Reagent grade of dichloroacetic acid(DCA)
and trifluroethanol(TFE) were used without purifi-
cation.

Y-Ethyl L-glutamate N-carboxyanhydride
(ELG-NCA): This was prepared according to the
method proposed by Goodman ef al.®®

PELG: The homopolymer(MW :300,000) was
obtained from Sigma Chem. Co.(St. Louis, MO)

PELG/PEO/PELG block copolymer: It was
prepared by polymerization of ELG-NCA initiated
by the amine-terminated PEO in methylene dichlo-
ride at a total concentration of ELG-NCA and
amine-terminated PEO of 3%(w/v). After the IR ab-
sorptions at 1785 cm™! and 1860 cm !, which are
characteristic of ELG-NCA, had disappeared in the
course of polymerization (up to 72 h), the reaction
mixture was poured into a large excess of diethyl
ether to precipitate the PELG/PEO/PELG copoly-
mer. The resultant copolymer was washed with
diethyl ether and then dried in vacuo. PEO does
not precipitate from a mixture of methylene dichlo-
ride and diethyl ether. It can be said, therefore,
that the precipitate obtained here does not contain
unreacted PEO but only PELG/PEQ/PELG triblock
copolymer and PELG/PEQ diblock copolymer.

Measurements. Molecular Weight: As the
number-average molecular weight(2000) of PEO is
known, one can estimate the number-average molec-
ular weights of the PELG block and the copolymer
from the copolymer composition calculated from the
ellipticity of the copolymer in the circular dichroism
spectrum.

Limiting Viscosity: The limiting viscosity num-
ber of the polymer was measured in dichloroacetic
acid(DCA) at 25 T by using a Cannon-Fenske vis-
cometer.

Circular Dichroism(CD): CD spectra were
measured at room temperature on a JASCO J-500A
spectropolarimeter equipped with a quartz cell hav-
ing a path length of 1 mm.

Infrared(IR): IR spectra of solid films of the
sample cast from trifloroethanol solution were meas-
ured with a Shimazu Model 43 IR spectrophoto-
meter between 4000 and 600 cm .

X-ray Diffraction: X-ray diagrams were obtained
with a Rigaku Geigerflex using Ni-filtered CuK,
radiation.

Composition of Copolymers: The molar con-
tent of polypeptide in each copolymer was deter-
mined® by circular dichroism spectra obtained on the
JASCO J-500A spectropolarimetei. As the ellipticity
of homopolymer is known, one can estimate copoly-
mer composition calculated from the ellipticity of
the copolymer in the spectrum.

Results and Discussion

Synthesis of PELG/PEO/PELG Block Copol-
ymers. The copolymer was prepared by polym-
erization of ELG-NCA initiated by the amine-termi-
nated PEO in methylene dichloride (Eq. 1).

The reaction mixture may contain unreacted
amine-terminated PEO, diblock copolymers (PELG
/PEQO) with one unreacted amine group originating
from the PEO, and the desired PELG/PEQ/PELG
triblock copolymers. The initiator (the amine-termi-
nated PEO) cannot be precipitated from a mixture
of methylene dichloride and diethyl ether, although
the latter is a non-solvent for PED by adding di-
ethyl ether to the reaction mixture, the PELG/PEO

(CH,),COOC,H;
(0]
l A . 25T, 72hr
HC-C + HZNCH(,HQfOCHCHz-}a (OCHZCHZ)nyCHZCH);;NHQ e —
\ | l I in CH2C]2
| C/() CH; CHsA CH;
— N (a+b=2.5)
0
£NH- (l:H - Cj_Lx—“NHCHCH{(OCHCHZ);(OCHZCHg)vaCHzCH)ENH—E-C —CH-NH % 1
I | | ' | [
((|:H3)2 (0] CH; CH; CH; O (CHy).
|
COOCgHs COOCZHS
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Table I. Limiting Viscosity Number, [n], Num-
ber-average Mol. Wt., M,, and Composition of
Samples Prepared

[n] M,-10"* Content of ethylene oxide units

Sample -

dL-g ! g-mol™! in mol% in wt.%
PELG — 30.0¢ 0.0 0.0
EEE-1 0.23 1.15 36.2 174
EEE-2 0.24 0.98 41.0 204
EEE-3 0.18 1.30 84.8 66.7

“The average molecular weight was estimated from the
[n]-molecular weight relationship according to the
manufacturer’s data.

Table II. Negative Ellipticity at 222 nm-~{0]22. of
Samples in Trifluroethanol(at 25 °C)

Sample E? in mo!% (0722
PELG 100.0 30,700
EEE-1 63.8 19,600
EEE-2 59.0 18,100
EEE-3 15.2 4,700

?E, Content of Y-ethyl L-glutamate units in copolymer
samples.

and PELG/PEO/PELG block copolymers precipi-
tated were collected on a filter, while the unreacted
amine-terminated PEO was removed as a filtrate.

In Table I are listed the limiting viscosity num-
ber [n] of the copolymers measured in dichloro-
acetic acid using a Cannon-Fenske viscometer. The
number-average molecular weights and composi-
tions of the copolymer obtained by CD measure-
ment are also listed. But the weight-average molec-
ular weights from the [n]-molecular weight rela-
tionship proposed by Blout et al.'® for PBLG(not
shown in this Table) are much higher than the num-
ber-average molecular weights obtained by CD
measurements. This is plausible because of the dif-
ferent polymerization mechanisms for the copoly-
mers and PBLG homopolymer, or the heterogeneity
in the block chain lengths of PELG, including a
possibility of presence of diblock copolymers
(PELG/PEO copolymers).

Circular Dichroism Properties. The CD spec-
tra, expressed by the mean ellipticity [8] per resi-
due of PELG/PEO/PELG block copolymers and
PELG homopolymer effects characteristic of an
a-helical conformation, with a band at 222 nm as-
signed the n-n* transition, and a second peak, due
to n-m* the transition, appearing at 208 nm."” Table
II shows the experimental data ([81s:) for samples
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Figure 1. CD spectra of EEE block copolymers and
PELG homopolymer in trifluroethanol solution at 25
T.

in TFE solution at room temperature.

Chain Conformation of the Block Copolymer
in the Solid State. Infrared (IR) spectra were
measured on solid films of PELG/PEO/PELG block
copolymers and PELG homopolymer, both cast from
TFE. The spectra in the region of 1800~500 c¢cm '
are shown in Figure 2. The amide [, II, and V bands
of these block copolymers appear at 1650, 1550, and
615 cm !, respectively, at the same wavenumbers
as for the PELG homopolymer. These results indi-
cate that the polypeptide block exists in the a-heli-
cal conformation, as in the PELG homopolymer.

Wide-angle X-ray Diffraction. The wide-
angle X-ray diffraction (WAXD) patterns for the
PELG/PEO/PELG block copolymers and the PELG
homopolymer are shown in Figure 3. The intensity
of the diffraction patterns depends on the content
of PEO in the block copolymers. It was found that
the intensity of the diffraction patterns decreased
with an increase of PEQ, indicating that the crystal-
linity of the PELG decreased with an increase of
PEO in the copolymer. The first main reflection
corresponding to an intermolecular spacing of the
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Figure 2. IR spectra of EEE block copolymers and
PELG homopolymer cast from trifluroethanol.
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Figure 3. Wide-angle X-ray diffraction patterns of
EEE block copolymers and PELG homopolymer (solid
films).

a-helical chains is 12.5 A for the film cast from
TFE. Also, it was found that the PELG domains
in the block copolymers underwent the same struc-
tural modifications as the PELG homopolymer.
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