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Synthesis and Physical Properties of New Biodegradable
Polyester-Polypeptide Copolymer
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= Abstract=

Poly(glycolic acid-co-glycine-L-lactic acid) has been prepared by ring opening polymerization.

The monomer 6-methyl morpholine-2, 5-dione was synthe-sized by bromopropionylation of 2-

bromopropionyl bromide with glycine. Glycolide and 6-methyl morpholine-2, 5-dione have been used

as starting materials for polydepsipeptides. The synthesized copolymers have been identified by NMR

and FT-IR spectrophotometer. The Tg value of poly(glycolic acid-co glycine-L-lactic acid) is in-
creased with increasing mole fraction of 6-methylmorpholine-2, 5-dione(60—84°C). The glass
trasition temperature of poly(glycolic acid-co-glyeine-L-lactic-acid) (62—86°C) is lower than that
of poly(L-lactic acid-co-glycine-L-lactic acid). The thermal degradation of poly(L-lactic acid-co-
glycine-L-lactic acid) is decreased with increasing mole fraction of L-lactide. The thermal degrada-

tion of poly(glycolic acid—co-glycine-L-lactic acid) is increased with increasing mole fraction of

glycolide.
1. INTRODUCTION

Biodegradable polymeric materials are fre-
quently used in medicine and surgery[1—2] for
example as surtures[3], drug delievery systems
[4] fo the controlled realease of drugs or as
resorbable prosthesis in orthopedic surgery[5].
Two important classes of synthetic biodegr-
adable polymers are poly(¢-amino acid)s and
poly(a-hydroxy acid)s. Important requirements
for the use of biodegaradable polymers are a
predictable rate of biodegradation, suitable me-
chanical properties and lack of formation of
toxic products[6—117.

Specially, copolymers of ¢-amino acids and a-
hydroxy acids, which are called polydepsipep-
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tides, contain both ester and amide functional
groups so that their biodegradation behavior
will be different from the homopolymers[12—
137]. Shalaby and Koelmel[14] described the
formation of polymers of p-dioxanone contain-
ing 1 to 15% of morpholine-2, 5-dione or its 3-
methyl and N-methyl derivatives. Helder and
Feijen et. al.[15] reported the copolymerization
of D, L-lactic acid and glycine. Yonezawa et. al.
[16] reported the copolymerization of 6-isopro-
pyl-2, 5-morpholinedione and 6-isopropyl-4
methyl-2, 5-morpholinedione with D, L-lactic
acid. The polymerization yields were rather low
and extensive characterization of the polymers
was not described, Hwang et. al.[17] reported
the synthesis of unsubstituted morpholine-2, 5-
dione. Sung et. al.[18,19] reported the synthesis
and characterization of poly(glycine-co-lactic
acid), poly(glycine-co-glycolic - acid), poly(L-
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lactic acid-co-glycine-Li-methyl lactic-acid)
and poly(L-lactic acid-co-glycine-L-lactic ac-
id).

In this work, we have studied on synthesis
and physical properties of copolymers of glyc-
olide with 6-methyl morpholine-2, b-dione in
order to control its mechanical properties and
degradation rate. Poly(glycolic-acid-co-glycine
-I-lactic acid) and degradation rate. Poly(gly-
colic-acid-co~glycine-L-lactic acid) was prepa-
red by ring opening polymerization of 6-methyl
morpholine-2, 5-dione and glycolide. The glass
transition temperature and themal degradation
of poly(glycolic acid-co—glycine-L-lactic acid)
have been compared with those of poly(L-lactic
acid-co—glycine-L-lactic acid).

1. EXPERIMENTAL SECTION

1. Materials and Instruments

1) Materials

L-lactide(Aldrich Co.), glycine(Tokyo kasei
Co.), bromopropionyl bromide( Aldrich Co.), gly-
colide(Polyscience Co.), and stannous octoate
(E. Merk Co.) were used for the experiments,
All reagents and solvents were used as reagent
grade and used without further purification.

2) Instruments

Proton nuclear magnetic resonance('H-
NMR) spectra were taken at 60MHz(Varian T-
60A spectrometer). Chemical shifts were report-
ed in part per million(8) downfield from tetra-
methylsilane(80.00) as an internal standard. F'T
-IR spectra were recorded on a Nicolet 5-MX
as a KBr pellet. Melting points were determined
by Thiele apparatus and were uncorrected. Th-
ermal properties were obtained by the differen-
tial scanning calorimeter(Perkin Elmer DSC4)
and the thermogravimetric analyzer(Perkin
Elmer TGS-2).

2. Synthesis of Poly(glycolic acid-co-glycine-L
-lactic acid)

Polymerization tubes(10ml) were silanized
using dichlorodimethylsilane (23 wt.% in tolu-
ene) and subsequently dried in an oven at 120
C for at least 12hrs. 6-Methyl morpholine-2, 5-
dione[19] and glycolide were placed in the po-
lymerization tube and the corresponding amou-
nt of stannous octoate, dissolved in a small
quantity of dry toluene, was added. Stannous
octoate(tin bis 2-ethyl hexanoate) was used as
Initiator using a molar ratio of monomer(s) and
initiator(M:I) of 2500. After evaporation of the
solvent in vacuum, the tube was purged several
times with dry nitrogen. The tube was sealed in
vacuum and placed in an oil bath at 130°C.
After the time indicated(Table 1) the tube was
cooled and opened. The glassy-like, yellow-
brown materials was washed several times with
DMF and ethyl acetate.

(IR (KBr) : 3,400(¥—n), 1,7500(mc~0), 1,670
(amide 1), 1,540cm™'(amide I ) : NMR (df-
DMSQ) : 8 5.0(q, 1H, C-H, s, 2H, —CH,), 4.0
(s, 2H, —CH,), 8.5(s, 1H, N-H), 1.5(d, 3H, —
CH,).

3. Thermal Properties

1) Differential scanning calorimetry

The glass transition temperatures of poly(gly-
cine-L-lactic acid), poly(L-lactic acid), poly
(glycolic acid) and their copolymers were mea-
sured by differential scanning calorimeter in the
sealed aluminium pan under the helium purge
gas. The temperature range was 0—150C C ;
the weights of the samples were bmg ; and the
rate of heating was 10°C /min.

2) Thermogravimetry

The thermal degradations of poly(glycine-L-
lactic acid), poly(L-lactic acid), poly(glycolic
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Table 1 Melt polymerization of 6-methyl morpholine-2.5-dione(MMD) and glycolide(GL.)

Polymers Mole fraction in feed Polymerization Polymers
MMD GL time (hrs) yield( %)
PGL 1.00 0.00 52 62
PGGL 1 0.75 0.25 48 70
PGGL 2 0.50 0.50 45 75
PGGL 3 0.25 0.75 35 85
PGA 0.00 1.00 30 86

acid) and their copolymers were measured by
thermogravimetric analyzer in a nitrogen atmo-
sphere. The temperature range was 50—5007C
. the weights of the sémples were 5—7mg ;
and the rate of heating was 20°C /min.

II. RESULTS AND DISCUSSION

dione was lower than that of glycolide. We used
stannous octoate as an initiator because it was
known as non-toxic¢ material in vivo.

The copolymers were identified by FT-IR and
'H-NMR spectra. The FT-IR spectrum(Figure
1) of poly(glycolic acid-co-glycine-L-lactic
acid) revealed peaks at 3,400cm™'(N-H stretch-

ing), 1,750cm !(ester carbonyl), 1,670¢cm™!(am-
ide 1), and 1,540cm™'(amide I ). After poly-
merization, it is observed that the ester ring for-

1. Identification of Copolymer

Poly(glycolic acid—co-glycine-L-lactic acid) ) . .
. . . . mation peak of 6-methyl-morpholine-2, 5-dione
was synthesized by ring opening polymerization

with 6-methyl morpholine-2, 5-dione[19] and

glycolide[6]. stannous octoate was used as initi-

at 1,130em™ and the ester ring formation peak
of glycolide at 835cm™ were disappeared.
The 'H-NMR spectrum of poly(glycolic acid-

ator.
CHy~ 20 H0N#C (R - CO» )50
H” + H H 135C K
0% ﬁ \riH 0% g
0 0 0 0

[ I I [
4+ oclec NHCH,C 3t OCH,COCH,Clmx——
CH5.

co—glycine~L-lactic acid) revealed peaks at §5.0
(q, 1H,C-H, and s, 2H, -CH;), 84.2(s, 4H, -CH
2 —CH.), 88.5(s, 1H, N-H) and 81.5(d, 3H, -CH

In the ring opening copolymerization, the
polymerization times make a difference because

the reactivity of 6-methyl morpholine-2, 5-
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Fig. 1 FT-IR spectrum of poly (glycolic acid-co—gly-
cine-L-lactic acid) (KBr)

oo
-HO?HCNHCH;C".‘Q‘OCH;COCHZC)W'
CHy

PPM (§)
Fig. 2 '"H-NMR spectrum of poly (glycolic acid-co-
glycine-L-lactic acid) (6MD : GL=3:1) (Ds
-DMS0Q)

3) (Figure 2). By interpretation for the integra-
tion of peaks corresponding to glycolic acid(84.
2, 4H, -CH;, -CH:) and glycine-L-lactic acid(&
8.5, 1H, -CO-NH-), the composition of the poly
(glycolic acid-co-glycine-L-lactic acid) was
able to calculate. Tt was found that the mole
ratio of each repeating unit in the poly(glycolic
acid-co-glycine-L-lactic acid) was 1:1 when
the mole ratio of glycolic acid and 6-methyl-
morpholine-2, 5-dione was 1;3.

2. Thermal Properties of Copolymers

The glass transition of the polymers occurs

when the glassy amorphous polymers become
flexible or rubberlike because of onset of seg-
mental motion. The measured glass transition
temperatures of poly(glycolic acid-co~glycine-L
-lactic acid) were shown in Table 2.

Table 2 Glass transition temperatures of poly(gly-
colic acid-co-glycine-L-lactic acid) '

Polymers mole fraction in feed Teg(C)
MMD GL
PGL 1.00 0.00 107
PGGL 1 0.75 0.25 84
PGGL 2 0.50 0.50 64
PGGL 3 0.25 0.75 60
PGA 0.00 1.00 32

The glass transition temperatures of poly(L-

lactic acid-co—glycine-L-lactic-acid) revealed
at the range of 62-86C[19]. Poly(glycolic acid
—-co-glycine-Li-lactic acid) revealed at the
range of 60-84C. The glass transition tempera-
tures of the homopolymers such as poly(L-lac-
tic acid), poly(glycolic acid) and poly(glycine-L
-lactic acid) show at 53°C, 327C, and 1077,
respectively. The glass transition temperatures
of poly(glycolic acid-co-glycine-L-lactic acid)
were increased by increasing of mole fraction of
6-methyl morpholine-2, 5-dione[19].
" The glass transition temperatures were in-
creased by addition of 6~-methyl morpholine-2, 5
—dione. It was shown that the bond strength of
amide group in 6-methyl morpholine-2, 5-dione
was stronger than that of ester group in lactide
or glycolide. The molecular stiffness of the co-
polymers was increased by increasing content
of 6-methyl morpholine-2, 5-dione.

Ther thermal degradation of poly(L-lactic
acid-co~glycine-L-lactic acid) and poly(glyholic
acid-co—glycine-L-lactic acid) was measured
by thermogravimetry and their thermograms
were shown in Figures 3 and 4, respectively.
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Fig. 3 TGA thermogram of poly(glycine-L-lactic
acid) (a), poly(L-lactic acid-co-glycine-L~-
lactic acid) (b) MMD:LA=1:1, and poly (L~
lactic acid) (¢)

The TGA. thermogarm of poly(L-lactic acid-co
-glycine-L-lactic acid) was varied in the middle
range of the poly(glycine-L-lactic acid) and
poly(L-lactic acid) thermograms. And the TGA
thermograms of poly(glycolic acid-co-glycine-L
-lactic acid) was also changed in the mddle
range of the poly(glycine-L-lactic acid) and
poly(glyecolic acid) thermograms. The tempera-
ture range of thermal degradation and residual
weights of the copolymers are shown in Tables
3 and4. The thermal dégradation temperature
and the residual weights of ply(L-lactic acid-co
—glycine-L-lactic acid) were decreased by in-
creasing of mole fraction of L-lactide. Other-
wise, the thermal degradation temperatures of
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Fig. 4 TGA thermogram of poly(glycine-L-lactic

acid) (a), poly(glycolic acid) (b), and paly
(L-lactic acid-co-glycine-L-lactic acid) (c)
MMD:GL=1:1

poly(glycolic  acid-co—glycine-L-lactic  acid)
were decreased by increasing of mole fraction
of glycolide. The degradability of poly(glycolic
acid-co—glycine-L-lactic acid) showed the ten-
dency of poly(glycolic acid) at low temperature
and the tendency of poly(glycine-L-lactic acid)
at high temperature.

V. CONCLUSIONS

The copolymers were synthesized by ring
opening polymerization with glycolide and 6--
methyl morpholine-2, 5-dione, Stannous octoate
was used initiator. The synthesized polymers
were identified by 'H-NMR spectrometer and

Table 3 The range of degradation temperature and residual weight of poly(L-lactic acid-co-glycine-L-lactic

acid)
Polymers Range of temperature(C) Diax(C) Residual weight( % 7
Initial Final (at 350C)
PGL 220.06 333.25 281.33 23.90
PLGL 1 216.46 326.74 283.19 16.05
PLGL 2 176.11 322.04 282.76 14.80
PLGL 3 171.31 319.52 283.68 9.78
PLA 169.08 316.42 286.94 6.34
Diax : maximum decomposition temperature
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Table 4 The range of degradation temperature and residual weight of poly(glycolic acid-co-glycine-L-laclic

acid)

Polymers Range of temperature(C) Drax(C) Residual weight(%)

Initial Final (at 4007C) J

PGL 220.06 333.25 281.33 23.60

PLGL 1 232.06 336.05 293.95 18.68

PLGL 2 249.95 351.10 302.63 11.91

PLGL 3 264.49 358.51 327.64 10.11
PLA 289.28 393.24 372.87 2.73

Dusx : maximum decomposition temperature

FT-IR spectrophotometer. The glass transition

temperatures and thermal properties were mea-

sured by differential scanning calorimetry and

thermogravimetry. From this study, it has been

concluded as follows :

1.

The glass transition temperatures of poly(L-

lactic acid-co—glycine-L-lactic acid) and
poly(glycolic acid-co-glycine-L-lactic acid)
are higher than those of poly(L-lactic acid)
and poly(glycolic acid), respectively, The
glass transition temperature of each copoly-
mer is increased, according o Increasing of
mole fraction of 6-methyl morpholine-2, 5~
dione, showing that its segmemtal motion is
decreased by increasing of number of methyl

group.

. The glass transition temperatures of poly

(glycolic acid~co-glycine-L-lactic acid) are
lower than those of poly(L-lactic acid-co-
glycine-L-lactic acid), showing that its seg-
mental motion 1s increased by decreasing of

number of methyl group.

. The thermal degradation of poly(L-lactic

acid-co-glycine-L-lactic acid) and poly(gly-
colic acid-co-glycine-L-~lactic acid) are de-
creased by increasing of mole fraction of 6-
methyl morpholine-2, 5-dione.
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