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Synthesis and Properties of A-B—A Block Copoly(ester—ethers)
Comprising Poly( L-lactide) (A) and Poly(oxypropylene-co-oxyethylene)
(B) with Different Molecular Weights

Chan Woo Lee and Yoshiharu Kimura*
Department of Polymer Science and Engineering, Kyoto Institute of Technology, Matsugasaki, Kyoto 606

(Received November 27, 1995)

An A-B-A triblock copoly(ester-ether) comprising poly(L-lactide) (A) and poly(oxyethylene-co-oxypropylene) (B)
was prepared by copolymerization of L-lactide and a commercially available telechelic copolyether, Pluronic®™ (PN), with
different molecular weights by the catalysis of tin(Il) octanoate. The low molecular weight PN gave the copolymers having
alow or medium molecular weight and a unit composition slightly different from the feed ratio. With PN whose molecular
weight was around 10000, high molecular weight copolymers were obtained in high yield. For the PN with molecular
weight of 8400, the block copolymerization was examined at different feed ratios, in which the molecular weight and the
unit composition were successfully controlled by changing the L-lactide/PN ratio in feed. The copolymer containing 10
wt% of this PN was melt-spun into a filament, which was drawn to various draw ratios at 40 and 60 °C. The tensile
modulus and strength of the filament increased with the draw ratio increasing at 60 °C, while at 40 °C they reached a
plateau above the draw ratio of 5.0. It was found that the copolymer filaments showed an improved flexibility due to the
incorporation of the soft PN segments. The in vitro hydrolysis test of the drawn filaments showed that the block copolymer
has much higher degradability than the homo poly-L-lactide.

Poly(a-hydroxy acid)s such as polyglycolide (PGA) and
poly-L-lactide (PLLA) have been attracting great attention'—
as they are hydrolyzed in living tissues to their constituents,
a-hydroxy acids, which can be excreted by the human
metabolic cycles.>® Their application, therefore, has been
directed to various temporary bio-materials including drug
carriers’ and absorbable surgical sutures.'*!%') However,
the high crystallinity>!>~'¥ and low hydrophilicity'>'® of
these polymers have interfered with the controlled degrada-
tion and decreased the compatibility with soft tissues. One
solution to these material problems is to introduce soft seg-
ments to the base polymers by block copolymerization.''®
Recent publications' " demonstrated some syntheses of
block copolymers of a poly(a-hydroxy acid) with such
polyethers as poly(ethylene glycol) (PEG) and poly(propyl-
ene glycol) (PPG). Most of these copolymers, however, were
of low molecular weight, owing to the insufficient control of
polymerization, and had limited use except for uses as an
absorbable coating material of drug pellets. Very recently,””
we have reported a new block copolymerization of L-lac-
tide with another telechelic polyether, poly(oxypropylene-
co-oxyethylene) (PN; the common trade name: Pluronic®)
which has primary hydroxyl groups on both terminals. The
copolymerization proceeded quite easily by the catalysis of
tin(I) octanoate to give the A—B—A block copoly(ester-ether)
comprising PLLA and PN as the A and B segments, respec-
tively. Since the molecular weight of the starting PN was as
high as 11500, the molecular weight of the resultant block
copolymer became higher than 100000. This block copoly-

mer could be melt-spun into a flexible high-strength fiber
which may be used as monofilament-type absorbable suture.
However, the hydrolyzability of this block copolymer has
not been evaluated so far. In addition, the preparation of
the block copolymer comprising PN with molecular weight
of 8400 has been thought to be the most important for the
practical medical application, because this is the only deriva-
tive that has been approved by FDA as a safe pharmaceu-
tical surfactant. In the present study, therefore, the block
copolymerization was examined for PN with various aver-
age molecular weights lower than 10000 to clarify the scope
of this block copolymerization (see Scheme 1), and the block
copolymer comprising the PN with molecular weight of 8400
was prepared. It was found that the block length and molec-
ular weight can be successfully controlled for each of PN,
although the molecular weight cannot be so high when the
molecular weight of the starting PN is low. It was also found
that the block copolymer comprising the PN with molecular
weight of 8400 can be of high molecular weight and can
be melt-spun into fiber as thin-as that comprising PN with
molecular weight of 11500. Then, the monofilament fibers
were made from the copolymers containing various compo-
sitions of this PN, and their properties and hydrolyzability
were evaluated in order to clarify the potential application of
these fibers to absorbable suture.

Experimental

Materials.  L-Lactide was prepared by the method reported
previously and purified by repeated recrystallizations from ethyl ac-
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etate. The PN comprising oxyethylene (EO) and oxypropylene (PO)
units were the commercially available Pluronic® L-62 (PN(1)), L-
122 (PN(2)), F-68 (PN(3)), and F-127 (PN(4)), which had different
molecular weights and compositions, as shown in Scheme 1. They
were supplied by Asahi Denka Co., Ltd., Japan, and thoroughly
dried at a reduced pressure below 10~> mmHg (1 mmHg = 133.322
Pa) before use. Tin(Il) octanoate was a reagent grade commercial
material. It was purified by distillation and dissolved in toluene to
have a concentration of 1.0 mgml™!.

Measurements. 'HNMR spectra were measured at 200 MHz
on a Varian XL-200 spectrometer in CDCl3 (internal reference: 1
vol% solution of TMS). The number-average molecular weight
(M,) and the molecular weight distribution (M,/My) were deter-
mined by gel permeation chromatography (GPC). The analyzer
was composed of a Shimadzu LC-10A pump, a Shodex RI SE-
31 RI detector, a Shimadzu C-R7A Chromatopac data processor, a
Shodex DEGAS KT-16 degassor, and a Sugai U-620 column oven.
A combination of two polystyrene gel columns of Toso TSK gel
G4000H and G2500H (7.5 mmi.d. x300 mm, each) was used at 35
°C with chloroform as the eluent. The molecular weight was cal-
ibrated according to the polystyrene standards. DSC analysis was
made on a Mac Science DSC-3100 thermal analyzer. The heating
rate was 10 °Cmin~', and a-alumina was used as the reference
sample. In the first scan, the sample was heated from room tem-
perature to 200 °C and quenched in a liquid nitrogen bath. In the
second scan, the analysis was made from —30 to 200 °C. Tensile
measurement of each fiber was carried out on a tensile tester, TOM
200D (Shinko Tsushin, Tokyo, Japan).

Copolymerization of L-Lactide and PN.  Four grams (27.8
mmol) of L-lactide and a prescribed amount of PN were placed in a
flask equipped with a mechanical stirrer. The flask was evacuated
by a vacuum pump for several hours in order to dry up the mixture
thoroughly and then was filled with nitrogen gas. Then, 0.05 ml
(0.045 mol%) of the above catalyst solution was added, and the
flask was evacuated again for several hours to remove toluene, then
it was filled with nitrogen gas. The resultant mixture was heated at
160 °C with stirring for 30 min. In this process the mixture turned
from liquid to solid. After the reaction had finished, the product
was dissolved in 20 ml of chloroform, and the solution was poured
into an excess amount of methanol. The precipitated product was
filtered, washed with diethyl ether, and dried in vacuo. The product
finally obtained was a white fibrous solid. '"HNMR (CDCl3) & =

1.17 Me for PO), 1.57 (Me for LA), 3.3—3.7 (CH,CH for PO),
3.6—3.7 (CH,CH; for EO), and 4.9—5.1 (CH for LA), where
LA denotes the L-lactate unit in PLLA. The expanded spectrum
showed signals around & =4.3 ppm for the ester methylene group
of the bridging EO unit of PN with which the PLLA segment was
bonded.?”

By a similar method, a series of copolymers with different PN
and with different compositions were prepared by changing the PN
and the PN to L-lactide ratio in feed.

Reaction of PLLA and PN as a Model Reaction of Transes-
terification. In a 50 ml flask equipped with a mechanical stirrer,
2.0 g of PLLA (M, = 107000, Mw/M,=1.99), 0.21 g of PN(3), and
0.025 ml of the catalyst solution were charged and dissolved in 30
ml of chloroform. After evaporation of the chloroform, the mixture
was dried up in high vacuum. Then, the mixture was heated at
160 °C with stirring for 30 min under nitrogen atmosphere. After
the heating, the product was dissolved in 20 ml of chloroform, and
the solution was poured into an excess amount of methanol. The
precipitated product was filtered, washed with diethyl ether, and
dried in vacuo. The yield of the product was 1.7 g. It was analyzed
as described for the copolymerization products.

Melt-Spinning and Drawing. Melt-spinning was carried
out by a laboratory-size screw extruder with a screw of 15 mm¢
in diameter and a mono-hole nozzle of 1.0 mm in diameter. The
temperatures of the feeding, metering, and spinneret zones were
adjusted at 150, 180, and 150 °C, respectively. The polymer melt
was extruded at a rate of 0.15 gmin~!, and the extrudate was
drawn and wound on a winder to give a filament of 70—180 mm
in diameter. The filament was then drawn to various draw ratios at
40 and 60 °C by use of a handy drawing apparatus (Koa Shokai,
Kyoto).

Hydrolysis of Filament. Ineach of ten glass ampoules, several
pieces of the drawn filaments were immersed in 30 ml of a thermally
sterilized phosphate buffer solution (pH=7.4). Each ampoule was
sealed and then held in a water bath thermostatted at 37 °C. After
a prescribed time had passed, one of the ampoules was opened, and
the filaments were taken out, washed in distilled water, dried, and
subjected to the tensile test and the GPC analysis.

Results and Discussion

In the present study, a telechelic oligomer PN having hy-
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droxyl groups on both ends was selected as a soft segment
for the following reasons. First, PN is frequently utilized not
only as a pharmaceutical surfactant for making drug tablets
for oral administration, but also as a surface-lubricant of var-
ious braided surgical sutures. This fact is an empirical proof
that PN is biocompatible and less toxic in vivo. In particular,
PN(3) (Pluronic® F-68) is the only pharmaceutical substance
which has been approved by the FDA. Second, PN has been
utilized as a soft segment for making various thermoplas-
tic elastomers, and its elastic nature should be much higher
than the other polyethers. Third, the two primary hydroxyl
groups on the polymer ends should have higher reactivity
than the secondary hydroxyl group of PLLA, and they are
able to react with L-lactide in the initiation step to promote
the block copolymerization. In the polymerization of L-lac-
tide with tin(Il) octanoate as the catalyst, alcohols and water
can be the initiating species with which the monomers react
successively to undergo polymerization. In the presence of
PN, therefore, the polymerization of L-lactide can be initi-
ated from its terminal hydroxyl groups to give the desired
A-B-A-type block copolymers (Scheme 2).

Block Copolymerizations of L-Lactide with Various
PN. We first optimized the reaction conditions of this block
copolymerization by using PN(4), whose molecular weight
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was the highest of the four. At a constant catalyst/monomer
ratio of 0.045 mol% and at a constant polymerization time
of 1 h, the yield and the molecular weight of the copolymer
increased with increasing the reaction temperature from 120
to 160 °C and reached a plateau above 160 °C. Above 170
°C the product became brownish in color, probably due to the
thermal decomposition. The polymer yield after the repre-
cipitation changed slightly with reaction time at the reaction
temperature of 160 °C. The highest yield was obtained when
the time was 25—30 min. Based on these results, the poly-
merization temperature and time were determined to be 160
°C and 30 min, respectively. Then the amount of catalyst
was changed from 0.02 to 0.10 mol% relative to L-lactide
in feed, resulting in little change in the product yield and
molecular weight. Hence, the amount of catalyst was kept at
0.045 mol%.

With these optimum polymerization conditions deter-
mined for PN(4), similar copolymerizations were examined
for the four kinds of PN at a constant L-lactide to PN ratio
(by wt.) of 90/10 in feed. The structures of the copolymers
obtained after reprecipitation were identified as shown in
Experimental, and their unit composition was determined by
the integral ratio of the 'H NMR signals of LA, EO, and PO
units. Table 1 summarizes the typical results. PN(1), having

——PN—OH —P
N e
+ ‘\.‘ /OCOR L-lactide N
Sn(OCOR), N
< "OCOR
—FPN .
o~ H . ,OCOR
“.., ,OCOR R
. —_— ; OCOR
N PN
M o OCOR } LA H
o)
e
N
(0] [0) Me /P

(R =CsH;s5)

Scheme 2.

Table 1. Typical Results of the Block Copolymerization® of L-Lactide and PN with Different Molecular Weight

Feed ratio Polymeric product Estimated values
Run PN (M) L-Lactide/PN LA/EO/PO  Yield® LA/EO/POY M,x107*Y  M,x107*® T, Tn
No. wt/wt composition % dalton dalton °C  °C
1 PN(1) (2500) 90/10 95/1.0/4.0 64 98/0.4/1.6 04 2.5 13 87
2 PN(2) (4900) 90/10 95/1.0/4.0 85 96/0.8/3.2 1.2 4.9 22 166
3 PN(3) (8400) 90/10 95/4.0/1.0 93 95/4.0/1.0 8.1 8.4 31 171
4 PN@#) (11500) 90/10 95/3.5/1.5 93 95/3.5/1.5 10.9 11.5 32 173

a) At 160 °C for 30 min with 0.045 mol% of tin(Il) octanoate relative to L-lactide. b) After reprecipitation. c¢) By 'HNMR spectra.

d) By GPC with chloroform as the eluent.
hydroxyl groups of PN.

e) Assuming that the polymerization of L-lactide took place preferentially from the terminal
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low molecular weight, gave a waxy product in a low yield
whose molecular weight was also very low. Since the low
molecular weight oligomers were likely to be removed by
reprecipitation, the composition of the precipitated copoly-
mer was different from the feed ratio. In the cases of PN(3)
and PN(4), the yield and the molecular weight of the copoly-
mers were very high (Run Nos. 3 and 4), and the copolymer
compositions were identical to the feed ratios, because most
of the PN which reacted was involved in the product. PN(2)
gave a product with medium molecular weight in a mean
yield, in which the copolymer composition was slightly dif-
ferent from the feed ratio. Figure 1 shows the typical GPC
curves of these copolymers. It was confirmed that the copoly-
mers comprising PN(1)—(3) showed a single-modal curve,
while the copolymer of PN(4) showed a shoulder peak at
lower molecular weight region which may be ascribed to a

(@)
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©
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10* 10* 10°
Fig. 1. Typical GPC curves of PLLA~-PN-PLLA prepared at
L-lactide/PN ratios of 90/10 for (a) PN(4), (b) PN(3), (c)
PN(2), and (d) PN(1).
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small amount of PLLA homopolymer which has formed in
the presence of moisture (vide infra). The peak maximum
shifted to the higher molecular weight region as the molec-
ular weight of PN increased. In the case of PN(3) or even
PN(4), the molecular weight of the copolymer measured by
GPC was almost comparable to the theoretical value calcu-
lated from the feed ratio assuming the exclusive formation
of the PLLA-PN-PLLA triblock copolymer.

For all of these copolymers, the endothermic peak as-
cribed to the crystal fusion of PLLA segments was observed
at temperatures lower than the melting point (7;,) of PLLA.
Although the lowering of Ty, for the copolymer compris-
ing PN(1) was exceptionally large because of its waxy na-
ture, there was found to be a tendency that the Ty, and glass
transition temperature (7,) of the copolymer became higher
with increase in the molecular weight of PN or the copoly-
mer. These data suggested that the molecular weight of
the copolymer increases with the molecular weight of PN
increasing and that PN(3) may give a copolymer having a
molecular weight that is high enough to spin a fiber.

Preparation of Block Copolymers with Different Com-
position of PN(3). With PN(3) the block copolymerization
was further studied at various L-lactide to PN(3) feed ratios.
Table 2 shows some of the results. The yield of the precipi-
tated polymer exceeded 90% in every case, in spite of some
operational loss at the reprecipitation. In these cases only a
small amount of L-lactide was detected in the soluble part,
which had been recovered from a mixture of the precipitant
(methanol) and the washing solvent (diethyl ether). The ab-
sence of PN in this part supports the incorporation of the
fed PN in the copolymer. Therefore, the unit composition of
the copolymer determined by 'HNMR spectrum was almost
identical to the L-lactide/PN composition in the feed.

Figure 2 shows the typical GPC curves of these copoly-
mers. It is shown that the peak maximum shifted to the lower
molecular weight region as the feed ratio of PN increased.
The copolymers containing 10—50 wt% of PN (Run Nos.
3—35) showed a single-modal curve centered at a higher Min
region than that of PN, while the copolymer containing 5 wt%
of PN (Run No. 2) showed a bi-modal peak as the copolymer
containing 10 wt% of PN(3). The small shoulder peak may
also be ascribed to the aforementioned PLLA homopolymer,

Table 2. Typical Results of the Block Copolymerization® of L-Lactide and PN(3) (EO/PO = 80/20; M, = 8400)

Feed ratio Polymeric product Estimated values
Run L-Lactide/PN LA/EO/PO  Yield LA/EO/PO” M,x107*9  M,x10™*?  M./M,
No. wt/wt composition % dalton dalton
1 100/0 100/0/0 95 100/0/0 16.7 1.21
2 95/5 98/1.6/0.4 96 98/1.6/0.4 14.2 16.8 1.60
3 90/10 95/4.0/1.0 93 95/4.0/1.0 8.1 8.4 1.62
4 80/20 89/8.8/2.2 93 89/8.8/2.2 39 42 1.30
5 50/50 58/33.6/8.4 90 61/31.9/7.1 1.7 1.7 1.22

a) At 160 °C for 30 min with 0.045 mol% of tin(Il) octanoate relative to L-lactide. b) By 'HNMR spectra. c¢) By

GPC with chloroform as the eluent.
terminal hydroxyl groups of PN.

d) Assuming that the polymerization of L-lactide took place preferentially from the



C. W Lee et al.

(a)

(b)

(©)

(d)

(e)

®

102 10° 10°
Fig. 2. Typical GPC curves of PLLA-PN-PLLA with the L-
lactide/PN(3) compositions of (b) 95/5, (c) 90/10, (d) 80/20,
and (e) 50/50 as compared with those of (a) PLLA and (f)
PN(3).
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whose formation became apparent at low concentration of
the initiating hydroxyl groups relative to the water impurity
present in the polymerization system. The effect of this wa-
ter impurity would be neglected at the higher feed ratio of
PN. The M, and M,,/M, measured for these copolymers are
summarized in Table 2. It should be confirmed that the M,
values determined by GPC were comparable with the values
estimated from the feed ratios, assuming the formation of thc
PLLA-PN-PLLA triblock copolymer.

In the last stage of the block polymerization, there might
be a possibility of inter- or intra-molecular transesterification
involving the terminal hydroxyl groups and the ester back-
bones. By such a process, the PLLA block segments might
scramble among the initially formed block copolymers to
form a cyclic oligomer or a PLLLA-PN di-block copolymer in
an extreme case (Scheme 3). Therefore, we studied the poly-
mer reaction between a PLLLA homopolymer (M, = 108000,
My, /M, =1.90) and PN(3) at the same reaction conditions as
the block copolymerization in order to see if the latter’s hy-
droxyl groups would react with the former’s main-chain ester
groups. The reaction product isolated by the reprecipitation
contained no PN, as analyzed by the 'HNMR spectrum,
and its molecular weight and molecular weight distribution
(M, = 107000, My,/M, =1.99) were almost identical with
those of the original PLLA. These data suggested that the
transesterification should be negligible at the present poly-
merization conditions. We found that such a transesterifica-
tion proceeded if this polymer reaction was carried out above
Tm of PLLA (e.g., > 180 °C). In this case the M,,/M, value
became larger than 2.5 and reached 4.5 with the M, value
decreasing. If we judge from the narrow molecular weight
distribution of the copolymerization products, shown by the
small M,/M, values in Table 2, the transesterification would
not be important in the present block copolymerization. It
was therefore concluded that the copolymerization products

VWAAAANANA, — PN = AAAN +
short
/I(ntramolecular cyclics
VAN = PN = AAAAAMAAA (A-B-A)
\I:termolecular
VWAV, —— PN — vWAAN (A_B_Acshort)
WA — PN —— VAV ANV AN
( A-B—Akmg )

(A-B)

Scheme 3.
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have the structure of PLLA-PN-PLLA triblock copolymer,
as they were designed to have.

Figure 3 shows the typical DSC curves of the copolymers
with different unit compositions as compared with those
of PLLA (a) and PN(3) (e). The copolymers exhibited an
exothermic peak at around 80—90 °C and an endothermic
peak at a temperatures lower than the Ty, of PLLA. They
are ascribed to the crystallization and crystal fusion of the
PLLA segments, respectively. There is a tendency that Tp,
became lower with increasing PN(3) composition. While
PN(3) showed an endothermic peak at 56 °C due to the crys-
tal fusion of poly(oxyethylene) segments, the copolymers
showed no peak around the temperature range. Only the
copolymer containing 20 wt% of PN(3) showed a complex
curvature around this temperature, probably because of the
active motion of the polyether segment. The inflection due to
the glass transition of the amorphous phase of PLLA shifted
to a lower temperature region with increasing PN(3) com-
position. These results suggested that the PN segments and
PLLA are well compatible and mixed in the amorphous phase
of PLLA without forming a microphase separation in solid
state. The compatibility of both polymers, however, would
not be so high as to prevent crystallization of PLLA.

Properties of Melt-Spun Filament. The block copoly-

94°C

(a)

(b) 80°C 175°C

78°C

56°C

0 50 100 150 200

Fig. 3. Typical DSC curves of PLLA-PN-PLLA with the L-

lactide/PN(3) compositions of (b) 95/5, (c) 90/10, and (d)
80/20 as compared with those of (a) PLLA and (e) PN.
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mer containing 10 wt% of PN(3) was melt-spun into a fil-
ament by the conventional melt-spinning method. The as-
spun filament obtained (diameter : 280 mm) was drawn 2.5—
15 times in length at 40 and 60 °C. The maximum draw ra-
tios at 40 and 60 °C were 12.5 and 15, respectively, and
the diameters of the drawn filaments became about 70—180
mm depending on the draw ratio. Both the spinnability and
drawability were excellent. Figure 4 shows the changes in
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Fig. 4. Changes in tensile properties with draw ratio at two
different drawing temperatures for the PLLA-PN-PLLA
filament with the L-lactide/PN(3) composition of 90/10.



C. W. Lee et al.

tensile properties of the filament as a function of draw ra-
tio. At a draw temperature of 60 °C, the tensile strength and
modulus increased with the draw ratio increasing, while at 40
°C they reached a plateau at draw ratios higher than 5. Since

Bull. Chem. Soc. Jpn., 69, No. 6 (1996) 1793

the modulus of the copolymer filament is 1/2—1/5 times that

of PLLA filament, the introduction of PN segment should be

quite effective to improve the flexibility of the PLLA fiber.
Figure 5 shows the WAXS of the filaments drawn up to

®

Fig. 5.  WAXS of the PLLA-PN-PLLA filaments drawn to different ratios (1) at different temperatures (74). The L-lactide/PN(3)
ratio of the copolymer was 90/10. (a) A =5, T4=40 °C; (b) A =5, T4=60 °C; (c) A =10, T4=40 °C; (d) 1 =10, T4 =60 °C; (¢)
A=12.5,T4=40 °C; and (f) A =12.5, T4=60 °C.
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Fig. 6. Changes in tensile properties and molecular weight
of the PLLA-PN-PLLA filaments drawn to 5 times at 40 and
60 °C with immersion time in phosphate buffer (pH="7.4).
The L-lactide/PN(3) ratio of the filaments was 90/10.

5—12.5 times. For the filaments drawn at 40 °C, diffractions
can be seen in broad hollows with incomplete crystallization
during drawing. This may be related to the above least in-
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creases in tensile strength and modulus at draw ratios higher
than 5. The molecular orientation, however, increased in
the amorphous parts with the draw ratio increasing. The
filaments drawn at 60 °C showed sharp diffraction arcs in
the equatorial regions due to the crystal orientation, which is
compatible with the constant increase in modulus. Because
the crystallization temperature of this copolymer was 78 °C,
as shown by the DSC (Fig. 3 (c)), the crystal orientation
could be induced around 60 °C, but was not allowed at 40
°C even under the mechanical shearing applied.

Hydrolysis of Filament In Vitro. In order to study the
hydrolyzability of the copolymer, the above filaments drawn
5 times were immersed in a phosphate buffer (pH=7.4).
The time-dependent changes both in mechanical properties
and molecular weight of the filaments are shown in Fig. 6.
With increasing immersion time, both the tensile strength and
elongation decreased sharply. These decreases corresponded
to the decrease in molecular weight of the copolymer. It is
known that the degradation rate of the filament drawn at 40
°C was a little slower than that of the filament drawn at 60 °C
in terms of the elongation. This may be because the latter had
a polycrystalline structure and the degradation would more
concentrated on the amorphous parts present in between the
crystals.

Conclusion

The A—B—A block copolymers comprising PLLA (A) and
PN (B) were prepared by the tin-catalyzed bulk polymeriza-
tion of L-lactide in the presence of PN with various molecular
weights. The low molecular weight derivatives, PN(1) and
PN(2), gave the copolymers with low or medium molecu-
lar weight, and their unit composition was slightly different
from the feed ratio. With PN(3) and PN(4) whose molecular
weight was around 10000, high molecular weight copoly-
mers were obtained in high yield, and their unit composition
was identical to the feed ratio. The copolymer containing
10 wt% of PN(3) was melt-spun into filaments which were
drawn at 40 and 60 °C. The drawn filaments showed an
improved flexibility due to the incorporation of the soft PN
segments. The in vitro hydrolysis test of the drawn filaments
showed that the copolymer containing 10 wt% of PN(3) can
be hydrolyzed in a much faster rate than PLLA homopolymer.
Although the strength of this filament was slightly lower than
that of the commercially available sutures, it reached the min-
imum strength required for the suture material. Therefore,
this copolymer should have high potential as a biodegradable
polymer with improved flexibility and biodegradability.
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