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Description

Acidic polylactic polymers

Technical Field

This invention relates to biodegradable polyesters and to methods
for their preparation.

Background Art

Biodegradable polymers have been used, for example, as
excipients in sustained release compositions for drugs. See, e.g., U.S.
Patent Nos. 3,773,919 and 4,767,628. Examples of such polymers are
copolymers of lactic acid and glycolic acid, which are made by either
the polycondensation of lactic acid and glycolic acid, or by ring
opening polymerization with lactide and glycolide. See, e.g., Drug
Carriers in Biology and Medicine, ed. Gregoriadis, G., pages 241-245
(Academic Press, London 1979).

International Publication No. WO 94/15587 describes sustained
release 1onic conjugates of polymers and drugs. As the basic drug is
ionically conjugated to the acidic polymer, increasing the acidity of the
polymer is important to facilitate the formation of the conjugate.

Disclosure of Invention

An aspect of this invention features a biodegradable polyester
comprising lactic acid units, wherein the polyester contains 4-100 (e.g.,
4-40) carboxyl groups and has an average molecular weight of 1,000 to
200,000 g/mol. In one example, the polyester also includes glycolic
acid units, or further includes a hydroxy-polycarboxylic acid unit (i.e.,
one or more units, such as tartaric acid, pamoic acid, or an ester acid
thereof). The polyester can be made of 45 to 99.9 mole percent lactic
acid units, O to 50 mole percent glycolic acid units, and 0.1 to 10 mole
percent hydroxy-polycarboxylic acid units, in which the hydroxy-
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polycarboxylic acid contains 1 to 20 (e.g., 2-20) hydroxy! groups and 2
to 40 carboxyl groups (e.g., 2-20).

In another aspect, this invention features a method for preparing
a biodegradable polyester or its derivative. The method includes
reacting arpolyhydroxy-polycarboxylic acid, such as tartaric acid,
pamolc &cid, or an ester acid, with lactic acid or lactide to produce a
polyester, e.g., heating the reactant between 100°C and 250°C., If
desired, the polyhydroxy-polycarboxylic acid can also be concomitantly
reacted with glycolic acid or glycolide. The method can further
10 include esterifying hydroxyl groups in the polyester thus formed with a

second polycarboxylic acid or a second anhydride or alkylated with a

(8 mgpolyepoxy

A third aspect of this invention features a method for preparing a

biodegradable polyester derivative. The method includes reacting a

15 polyal (e.g., giucose, sorbitol, lactose, mannitol, or gluconic acid) with
lactic acid or lactide to produce a polyester (e.g., heating the reactant
between 80°C and 250°C); and ssterifying free hydroxyl groups of the
polyester thus formed with a pelycarboxylic acid (e.g., succinic acid)
or an anhydride (e.g., succinic anhydride or !,2,4,5-benzene

20 tetracarpoxylic dianhydride or glutaric anhvdride optionally catalyzed
with an acid, e.g., p-toiuene sulfonic acid). If desired, the polyol can
be concomitantly reacted with glycolic acid or glycolide.

i

In a still another aspect, this invention features a method for

preparing a biodegradable poiyester. The method includes reacting a

25 polyol with a polycarboxylic acid or an anhydride to produce a
hydroxy-polycarboxylic acid, wherein the polyol has at least three
hydroxy. groups; and reacting tise hydroxy-polycarboxync acxd thus
formed -with lactic acid or lactide to produce a polyester (e.g., heating
the reactant between 80°C and 250°C). If desired, the method the

30 hydroxy-polycarboxylic acid can be concomitantly reacted with
glycolic.acid or glycolide, and, épnonally, the rcmanung hydroxyl
groups-in-tie polyéster can be eﬁtenﬁcd with a second polyéarbdxyhc
acid (e:g., succinic acid) or a seéond’anhydride (¢.g., sticcinic
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anhydride or 1,2,4,5-benzene tetracarboxylic dianhydride) or alkylated
with a ieeeag polyepoxy (e.g., 1,2,7,8-diepoxyoctane). The second
polycarboxylic acid or second anhydride may be incorporated at the
end of the polyester chain (e.g., acid tipping) or the second

S polycarboxylic acid, second anhydride, or @c.angpolycpoxy may be
incorporated within the polyester (e.g., polycondensation).

A still another aspect of this invention features a method of
coupling polyesters containing at least lactic acid units, with or without
other units such as glycolic acid units. The method includes esterifying

10 a free hydroxy group on each of the polyesters with a polycarboxylic
acid (e.g., succinic acid) or an anhydride (e.g., succinic anhydride or
1,2,4,5-benzene tetracarboxvlic dianhydride or glutaric anhydride
optionally catalyzed with an acid, &.g., p-toluene sulfonic acid), or
etherifying a free hydroxy group on the poiyesters witll a polyepoxy

15 (e.g., 1,2,7,8-diepoxyoctane). In one embodiment, the frse hydroxy
group is esterified with succinic acid under reduced pressure. in
another embodiment, the fres hydroxy group is esterified with 1,2,4,5-

benzene tetracarboxylic dianhydnde.

A still another, espect of this invention features a method of
20 increasing the free carboxyl groups of a biodegradable poly=ster as
described above. The method includes esterifying the polyester with a
polycarboxylic acid (e.g., succinic acid) or an anhydride (e.g., succinic
anhydride or 1,2,4,5 benzene tetracarboxyl dianhydride) such that the
polycarboxylic acid or anhydride cleaves an ester bond in the polyester

25  and esterifies the resulting hydroxy group on the cleaved polyester.

As used herein, "hydroxy-polycarboxylic acid” contains at least
ocne hydroxy group (eig:, between 1 and 20:hydroxy groups) and at
least two carboxyl groups (e.g., between 2 arid 40-carboxyl groups);
"polyhydroxy-polycarboxylic acid" contains at-1e#st two hydroxy

30  groups (e.g., between2 and 20 hydroxy groups) dnd at least two
carboxyl groups {efg:, betwaen 2 and 40 carbokyl:groups);
"nolycarboxylic: acid"-contains at least two-oartoxyl groups, a

. polyepoxy containgiatileast two epoxy groups (8., two epoxy groups);

AWIENDZY SHEE
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and "polyol" contains at least two hydroxy groups (e.g., between 2 and
20 hydroxy groups). The term "anhydride” is meant to include both

monoanhydride and polyanhydride.

Unless otherwise spcci‘fiéd,'lactic acid may be D-lactic acid or
I -lactic acid and lactide may be D-lactide, I -lactide, or DL-lactide.

Other features and advantages of the present invention will be
apparent from the detailed description of the invention, and from the

claims.

1t is believed that one skilled in the art can, based on the
description herein, utilize the present invention to its fullest extent.
The following specific embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of the disclosure

in any way whatsoever.

Unless defined otherwise, all technical and scientific terms used

herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs.

Best Modes for Carrying Out the Invention

Example 1
Ring Opening Polymerization with I-Tartaric Acid

A 500 ml glass reactor was loaded with 203.2 g of L-lactide
(Cilag AG, Schafthausen, Switzerland), 81.8 g of glycolide (Cilag), and
15.0 g of L-tartaric acid (Riedel de Haen, Seelze, Germany). The L-
Tartaric acid had been further dried over phosphorus pentoxide 1n an
Abderhalden apparatus (Aldnch, Milwaukee, WI, U.S.A.). 53 mlof a
0.1 M tin 2-ethyl-hexanoate solution in toluene was added
(stoichiometric ratio of 200 ppm). After drying under vacuum at room




10

15

20

CA 02250981 1998-10-07

WO 97/40085 PCT/IE97/00031

temperature for one hour to remove the toluene, the reactor was placed
under a nitrogen atmosphere and immersed in an oil bath preheated at
200°C and kept at 200°C for 4 hours under mechanical stirring. An
amorphous copolymer was obtained comprising 65.13% lactic acid
units, 32.56% glycolic acid units, and 2.31% tartaric units (65/33/2
PLGTA). The acid number of the copolymer was determined by
titration to be 0.630 meq/g (e.g., acid number (milliequivalents/g) = the
normality of NaOH multiplied by the volume of NaOH required to
neutralize a gram of the polyester).

Example 2

Polycondensation with Succinic Acid

A 500 ml glass reactor was loaded with 100.0 g of a 3,000 g/mol
(65/33/2) PLGTA (acid number = 0.630 meq/g) and 3.78 g of succinic
acid (stoichiometric ratio of acid groups for succinic acid to hydroxyl
group for copolymer = 1.06). The reactor was immersed in an oil bath
at 200°C. Once melted, the mixture was vigorously stirred and kept
under vacuum to distill off the condensation water (0.10 mBar).
Samples were removed and analyzed every half hour. After 4 hours,
the reaction was stopped because of the significant increase in the
viscosity of the copolymer. The monitoring of the polycondensation is
shown 1n Table I. The evolution of the acid number and the average
number molecular weight (AVG. Mn) were determined by gel
permeation chromatography (GPC) 1n tetrahydrofuran (THF), using a
Wyatt light scattering detector.
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TABLE I

REACTION TIME ACID NUMBER AVG. Mn (g/mol)
T

Polycondensation with 1,2,4,5-Benzene Tetracarboxylic Dianhydride

A 500 ml glass reactor was loaded with 60.0 g of a (65/33/2)
10,000 g/mol PLGTA (acid number = 0.341 meq/g) and 2.98 g of
1,2,4,5-benzene tetracarboxylic dianhydride (Aldrich Chemical Co., St.
Louis, MO). The mixture was then immersed in an oil bath previously
heated to 220°C. After complete melting, the mixture was stirred
vigorously for 30 minutes. The average molecular weight was
determined by sterile exclusion chromatography (SEC) to be 10,500.
The acid number was determined to be 0.951 meq/g.

Example 4

Polycondensation with 1,2,7,8-Diepoxy Octane

60.0 g of a (65/33/2) 10,000 g/mol PLGTA (Acid number =

0.341 meq/g) was melted at 180°C in a glass reactor. Using a Gilson
pipette, 1.5 ml of 1,2,7,8-diepoxy octane was added dropwise by 300

microliter aliquots every 15 minutes. The mixture was stirred for four
more hours at this temperature. Table II confirms both the increase in
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molecular weight of the copolymer and the lack of change of the acid
number.

TABLE II

REACTION TIME ACID NUMBER AVG. Mn
(hour) (meq/g) (g/mol)

1.0

2.0 0.37 16,440
3.0 0.38 17,160
4.0 0.39 17,760

Example S

Ring Opening Polymenzation with Malic Acid

A 500 ml glass reactor was loaded with 209.1 g of L-lactide
(Cilag), 84.2 g of glycolide (Cilag), 6.7 g of D,L-malic acid (Aldrich),
and 4.45 ml of a 0.1 M solution of tin 2-ethyl-hexanoate in toluene.
The same protocol as described in Example 1 was followed, except that
the temperature of the oil bath was kept at 180°C for the first four
hours, and the temperature was then increased to 200°C. The
polymerization was carried on over a total of 6 hours. The final
copolymer contained only 1.7% by weight of residual L-lactide, had an
acid number of 0.45 meq/g, and had an average molecular weight of
6,000 g/mol. The copolymer comprised 65.91% lactic acid units,
32.95% glycolic acid residues, and 1.14% malic acid residues. Its
structure was linear with one hydroxy tip and two acid functions on the
D,L-malic acid unit at the other tip.

Lo
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Example 6

Polycondensation with Succinic Acid

A mixture of 60.0 g of the copolymer of Example 5 and 0.82 g
of succinic acid (Aldrich) was melted at 200°C, kept under reduced
pressure, and vigorously stirred for 4.75 hours. The evolution of the
acid number and average molecular weight of the polymer were both
determined by GPC in THF using a Wyatt light scanning detector and is
summarized in Table 11

TABLE III

REACTION TIME ACID NUMBER AVG. Mn
0.50 5,400
1.00 6,900
1.33 8,700
1.67 8,800
2.75 12,100
3.67 12,200
4.75 13,700

Example 7

Synthesis of a Custom Initiator for Ring Opening Polymerization

A mixture of 22.61 g of L-Tartaric acid and 27.39 g of Benzene
1,2,4,5-tetracarboxylic dianhydride was added to a reaction vessel and
immersed in an oil bath at 200°C. Once the mixture melted, the
temperature of the vessel was raised to 220°C over 40 minutes and kept
at this temperature for 30 more minutes under vigorous stirring. After
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cooling to room temperature, the compound was characterized by acid
titration to have an acid number of 12.96 meqg/g.

Example &

Synthesis of a Custom Initiator for Ring Opening Polymerization

A solution of 13.50 g of L-Tartaric acid in 200 ml of acetone
(previously dried over calcium chloride) was heated to reflux. 11.50 g
of 1,2,7,8-diepoxy octane was added dropwise using an introduction
funnel for over 30 minutes. The solution was then refluxed for 3 more
hours. The oligomers were recovered by acetone evaporation and
further dried under vacuum. The measured acid number was 4.03

meq/g.

Example 9

Ring Opening Polymerization with a Custom Initiator

A 500 ml glass reactor was loaded with 203.2 g of glycolide,
81.8 g of L-lactide, and 14.9 g of the initiator of Example 7. The same
protocol as described in Example 1 was followed except that the oil
bath was kept at 220°C and the polymerization was carried out over a
total of 8 hours. The final copolymer had only 8.5% by weight of
residual L-lactide, had an acid number of 0.77 meq/g, and had an
average molecular weight of 12,900 g/mol.

Example 10

Ring Opening Polymerization with a Custom Initiator

A 500 ml glass reactor was loaded with 129.4 g of glycolide,
52.1 g of L-lactide, and 18.5 g of the initiator of Example 8. The same
protocol as described in Example 1 was followed except that the oil
bath was kept at 200°C and the polymerization was carried out over a
total of 5 hours. The final copolymer had only 10.6% by weight of
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residual L-lactide, had an acid number of 0.472 meq/g, and had an
average molecular weight of 30,500 g/mol.

Example 11
Ring Opening Polymerization using Polyols

A 500 ml glass reactor was loaded under dry atmosphere with
glycolide, L-lactide, and various polyol initiators to obtain 300 g of a
66/33 PLLGA copolymer of various molecular weights. The mixture
was heated to a temperature generally 30°C higher than the melting
point of the polyol initiator used, and stirred for 4 to 8 hours
depending on the polymerization kinetics. All the reaction conditions
and the characteristics of the obtained copolymers are described in
Table IV. Residual monomers (wt %) is the percent by weight of
residual monomers (e.g., glycolide or lactide) in the polymer sample.

TABLE IV

Tor | GLYCOLIDE | L-LACTID TOR | TEMPERATURE/ | AVG. | RESIDUAL
TYPE (8) (8) (g) REACTION Mn | MONOMER
TIME (°C)/(Hrs) | (g/mol) | RS (Wi%)

B e T T ———
- ———— e A S, & S—— e A el e e e e N~ ————— —— .

Gluconic 210.8 84.8 4.4 200/8 12,400 4.7
Acid

Example 12

Acid Tipping with Succinic Anhydnde

Each of copolymers synthesized in Example 11 were further
reacted with succinic anhydride (excess of 1.5 times the amount of
hydroxyl groups initially introduced in the synthesis mixture), at 150°C
for 30 minutes, and vigorously stirred. The modified copolymer was
then dissolved in acetone. A 2 N sodium hydroxide aqueous solution
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was then added in an excess of twice the acid number of the copolymer.
The copolymer was then precipitated from the solution by slow
addition to cold deionized water. The suspension was finally spun
down (5,000 rpm) at 0°C for 30 minutes, and freeze-dried. This
washing removed residual monomers from the polymerization, and
converted excess of succinic anhydride to sodium succinate, which was
also removed during the washing. The efficiency of the washing was
verified by SEC. Table V summarizes the characteristics of these final
copolymers.

TABLE V

INITIATOR

Example 13

Synthesis of a Custom Initiator for Ring Opening Polymerization

Difterent hydroxyl group containing initiators were acid
functionalized using succinic anhydride, by melting both reagents and
keeping them under vigorous stirring for 30 minutes. Reactor loadings
and temperatures are summarized in Table VI.




CA 02250981 1998-10-07

WO 97/40085 PCT/IE97/00031
12
TABLE VI
INITIATOR | INITIATOR | SUCCINIC | TEMPERATURE | ACID | MELTING
WEIGHT | ANHYDRIDE | /REACTION | NUMBER | POINT
(8) (g TIME (°C)/(min) | (meq/g) (O

17.2
15.9
17.2

7.8
9.1

7.8

D-Glucose 160/ 30
200/ 20

150/ 30

8.2 150
6.5 220
8.2 120

D-Lactose

D-Mannitol

Example 14

Ring Opening Polymerization with a Custom Initiator

A 500 ml glass reactor was loaded under dry atmosphere with
S Glycolide, L-lactide, and the three modified initiators of Example 13 to
obtain 200 g of a copolymer of various molecular weight. The mixture
was heated to a temperature generally 30°C higher than the melting
point of the polyol initiator used, and stirred for 4 to 8 hours
depending on the polymerization kinetics. All the reaction conditions

10 and the characteristics of the obtained copolymers are described 1n
Table VIL

TABLE VII

MODIFIED { GLYCOLIDE { L-LACTIDE | INITIATOR | TEMP | REACTION | AVG. RESIDUAL ACID
INITIATOR (g) (g) (g) (°C) | TIME (Hrs) Mn MONOMER | NUMBER
TYPES (g/mol) S (Wt%) {meq/g)
Succinylated 134.3 54.1 11.6 180 18,90 3.5 0.678
0
D-Glucose
Succinylated 133.6 53.8 12.6 220 22,60 2.2 0.780
0
D-Lactose
Succinylated 134.3 54.1 11.7 180 7 5,300 3.5 0.648
D-Mannitol
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Exampie 15

Ring Opening Polymerization Using Hexadecanol and 1,2-Propanediol

Two copolymers were synthesized as described in Example 11
using hexadecanol or 1,2-propanediol as the polyol initiator. The
S reaction conditions and results are shown in Table VIII.

TABLE VIl

INITIATOR GLYCOLIDE | LILACTDE | INTIATOR TEMP. AVG. Mn RESIDUAL
TYPE REACTION | (g/mol) MONOMERS
(8) &) &) TIME (Wt%)

Example 16

Polycondensation with BTCDA

10 Either the two copolymers of Example 15 or just the 1,2-
propanediol polymer of Example 15 were mixed in a 500 ml glass
reactor with benzene 1,2,4,5-tetracarboxylic dianhydride (BTCDA).
The copolymer initiated by the hexadecanol contained only one
hydroxyl group and, thus, acted as a chain hhmitator for the

15 polycondensation. In both experiments, the reaction mixture was
stirred at 200°C for 4 hours.
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TABLE IX

Hexadecanol | 1,2-Propanediol | BTCD Acd T AVC IDU?
(g) Number MONOMERS
( g/mol)

. — Ay, i B [Ppp—

Gl = A el e e—————

— o [ e e [ ows v | onr
7w | e | v | oss [ oow | e

Example 17

Synthesis of a Custom Initiator

A 500 ml glass reactor was loaded with 36.13 g of 1,2,4,5-
benzene tetracarboxylic dianhydride (BTCDA) and 13.87 g of 1,2-
propanediol to obtain a decamer of 1,2-propylene-benzene dicarboxylic
acid dicarboxylate terminated at both ends by a 1,2-propanediol unit.
The mixture was left at room temperature under mechanical stirring
for 30 minutes to gently initiate the polycondensation. The mixture
was then immersed in an o1l bath at 160°C until the mixture was fully
melted. The temperature was then brought up to and kept at 180°C for
20 minutes when the viscosity of the mixture became too high to allow
stirring. The mixture was then cooled down to room temperature and
analyzed by SEC in acetone and acid function titration. The resulting
polymer had an acid number of 6.2 meqg/g, an average Mn of 3020
g/mol, and a melting point of 240°C.

Example 18

Ring Opening Polymerization with a Custom Initiator

A 500 ml glass reactor was loaded with 131.8 g of glycolide,
53.1 g of L-lactide, and 15.1 g of the initiator of Example 17. The
mixture was then heated to 220°C and stirred for 5.5 hrs. The final
copolymer had only 8.7%, by weight, of residual L-lactide, an acid

number of 0.77 meq/g, and an average number molecular weight of
15,200 g/mol.
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Example 19
Ring Opening Polymerization with Glycolic Acid

A 500 mli glass reactor was loaded with a mixture of glycolide,
L-lactide, and the ring opening polymerization initiator glycolic acid
under dry atmosphere. A 0.1 M toluene solution of tin2-ethyl-
hexanoate was used as a catalyst in a molar ratio of 200 ppm. The
mixture was further dried under vacuum for one hour to remove the
toluene and then immersed 1n an oil bath. The polymerization was
carried on under vigorous stirring for 6 hours. The reaction

conditions and characteristics of the final copolymer are listed in Table
X.

TABLE X
INITIATOR | TEMPERATURE/ | AVG. RESIDUAL ACID
INTIATR | GLYCOLIDE | LAACTIDE REACTION MONOMERS | NUMBER
TIME (°C)/(Hrs) (W1%) (meqg/g)

o e o A I A A A A e e e e e e — e S~ G~ VUG "0 VNSNS . e, s, w. + Wl * WGl W ™S | "L SN W V' § 0L S\ ~Sr-~ear-r=— ==

acid

15

20

Example 20

Polycondensation with Succinic Acid or HCACH

The copolymer of Example 19 was mixed with succinic acid or
hexacarboxylic acid cyclohexane (HCACH) at a respective
stoichiometric ratio of 1:1 and 3.2, melted at 200°C, and kept under
stirring for 2 to 4 hours until the SEC analysis failed to show any
elution peak for succinic acid or HCACH. Conditions and
characteristics are summarized in Table XI.
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TABLE XI

INITIATOR ACID NUMBER AVG. Mn
(meq/g) (g/mol)
HCACH 0.630 6,300

It 1s to be understood that while the invention has been described
In conjunction with the detailed description thereof, that the foregoing
description is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the claims.

Example 21

Synthesis of a 12,000 g/mol 66/33/1 PLGTA Copolymer Initiated by
Tartaric Acid

Reactor was loaded with monomers glycolide (Purac Biochem,
Netherlands; 84.72 g), lactide (Purac Biochem; 210.41 g), and L(+)-
tartaric acid (Riedel-de Haen, 3.74 g) and stannous 2-ethyl hexanoate
(Sigma, St. Louis, Missouri, USA, article number S-3252) in toluene
(Riedel-de Haen) solution (0.1043 M, 4.25 ml). The L(+)-tartaric acid
was previously dried over silica gel in an Abderhalden drying
apparatus for 9 hours. The reactor (connected to pump via a liquid
nitrogen trap) was then put under vacuum (0.04 mbar) with stirring
(34 rpm, Bioblock Scientific stirrer, Strasbourg, France, Model 94412)
for approximately 40 minutes to remove toluene. The reactor was then
placed in o1l bath (Temperature = 40°C) for 30 minutes. The reactor,
under an atmosphere of oxygen free nitrogen (BOC gases, moisture
content of 8VPM), was then immersed 1n o1l bath (Temperature =
200°C) and stirring was increased to ~125 rpm. Prior to immersion, a
heating tape was placed on lid (Thermolyne type 45500 input control,
setting -4). The time taken to completely melt contents of reactor was
noted, typically 10 minutes for a reactor load of 300 g at 200°C.
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Samples were taken during reaction every 2 hours for example and
analyzed by GPC to determine the percentage residual monomer and to
obtain values for average molecular weight (Mn) and average
molecular weight (Mw). Typical reaction times are of the order of &
hours.

An amorphous copolymer was obtained comprising 66.29%
lactide units, 33.15% glycolide units, and 0.56% tartaric acid units
(66/33/1 PLGTA). The acid number of the titration was determined to
be 0.267 meqg/g. The average number average molecular weight of the
copolymer had a value of 12,360, the average weight molecular of the
copolymer was 14,060 giving a Mw/Mn value of 1.37.

Example 22

Acid Tipping 12,000 g/mol 66/33/1 PLGTA by Glutaric Anhydride

Reactor was loaded with the above PLGTA copolymer (19.01 g)
and glutaric anhydride (Aldrich, 0.47 g). The loaded reactor was
purged until pressure reading was approximately 0.04 mbar. The
reactor was subsequently put under an atmosphere of oxygen free
nitrogen (BOC Gases, moisture content of 8VPM) and immersed in oil
bath (Temperature = 160°C) with heating tape on lid (setting = 4, same
model as before) at a convenient and noted time. The contents of
reactor melted after 10 minutes with this reactor load at 160°C.
Reaction was carried out for a further 30 minutes. Final acid number
of the glutarylated PLGTA was 0.353 meq/g. Mn, Mw and Mw/Mn
values were found to be, respectively, 11,850, 12,500, and 1.055. The
percentage of PLGTA hydroxyl groups which were glutarylated was
69.7%.
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Claims:-
1. A biodegradable polyester comprising lactic acid units,

‘glycolic acid units and at least one hydroxy-polycarboxylic acid unit
selected from the group consisting of tartaric acid, pamoic acid,

wartaric acid ester, and pamoic acid ester.

2 A biodegradable polyester according to claim 1, wherein

e &

said polyesier substantially comprises €5 mole percent lactic acid units,
33 mole percent glycolic acid anits. and 2 mole percent tartaric acid

units.

3. A biodegradable polyester according 10 claim 1, wherein
said hvdroxy-polycarboxylic acid contains between 2 to 20 hydroxyl
aroups and 2 to 20 carboxyl groups.

4. A biodegradabie polyester comprising lactic acid units.
eivcolic acid units, and a custom nitiator.

5 A biodegradable polyesier according to claim 4, whereln
<2id custom initiator comprises tartaric acid uniis and 1,2,4.5-benzene
tetracarboxviic acid units.

§ A biodegradable polyester according 1o claim 4, whersin
2.7.8-diepoxy octane

<aid custom initiator comprises acid units and 1,2,/,

Units.

7. A biodegradable polyester according to claim 4, wherein
acid units and polyol units,

<aid custom initiator comprises succinic
group consisting of glucose,

wherein saié polyol is selected 1rom the
lactose, and manmniiol.

8. A biodegradable polyester corcprising lactic acid units,
glycolic acid units, and an initator, wherein said initiator COMPIisSes

hexadecanol.
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9. A biodegradable polyester comprising lactic acid units,
glycolic acid units, and an initiator, wherein said initiator COmprises

1,2-propanediol.

10. A biodegradable polyester of claim 9, further COmprising
1.2.4.5-benzene tetracarboxylic acid units.

11. A biodegradable polyester of claim 10, further comprising

hexadecanol units.

12 A custom initiator for polymerization comorising 1,2,4.5-
benzene tetracarbcxvlic acid units and [,2-propanediol units.

13. A biodegradable polyesier comprising lactic acid units,

or hexacarboxylic acid cyclohexane units or
initiator comprises !,2,4,3-
2-propanediol units.

glycolic acid units, and eith
a4 custom initiator, wherein said custerm
benzene tewracarboxylic acid units and 1,

4. A biodegradable polyester comprising lactic acic uuts.
glycolic acid units, and tartaric acid units. wherein said polyester 18

acvlated with glutaric anhyadnde.

15. A method for preparing a biodegradable polyester Or IS
derivative. seid method comprising reacting polyhydroxy-
polycarboxylic acid with lactic acid or lactide and glycolic acid or
glycolide to produce a polyester, wherein said polyhydroxy-
polycarboxylic acid is selected from the group consisting of tartaric

acid, pamoic acid, tartaric acid ester, and pamoic acid ester.

cording o claim i3 further Comprising
olvester thus formed with a
ydride or alkylated with a

16. A method ac
esterifying hydroxyl groups in said p
second polycarboxylic acid or an anh

polyepoxy.
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17. A method according to claim 16, wherein said method
comprises esterifying hydroxy groups ip said polyester with glutanc
anhydride and an acid catalyst.

18. A method for preparing a biodegradable polyester
derivative, said method coOmprising:

reacting a polyol with lactic acid or lactide to produce &
poiyester; and

esterifying free hydroxyl groups of said polyester thus formed
with a polvcarboxylic acid or an anhvdnde.

19. A method according to claim 18, wherein said polyol 1s
also reactzd with glycolic acid or glvcolice.

0. A method according to ciaim 1& or L9, wherein saic
polvol is glucose, sorbitol, lactose, mananitol. Of gluconic acid.

11 A method according to any one of claims 13-20, wherein
said polvcRIDOXYIC acid 35 succinic acid and said anny ide is succinis

anhydride or 1,2,4,5-benzene terracarbexylic dianhydride.

22 A method for preparing a biodegradabie polyesler, sa1d

method comprising:

ith a polycarbexylic acid or an anhydnde 1o

reacting a polyol w
olyol Las at least

produce a hvdroxy-polycarboxylic acid. wherein said p
three hydroxy groups: and

reacting said h;,'droxy-polycarboxylic scid thus formed with

lactic acid or lactide to produce a polyester.

73 A metnod according to claim 22, wherein said hydroxy-

polycarboxylic acid i~ aiso reacted with glycolic acid or glycolide.
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54 A method according to claim 22 or 23, wherein said
polyol is glucose, sorbitol, lactose, ‘mannitol, or gluconic acid.

7s A method according to any one of claims 22-24, wherein

st .

hydroxyl groups in said polyester ar¢ esterified with a second
polycarboxylic acid or & second anfiydride or alkylated with a second

pelyepexy.

76. A method according to ciaim 25, wherein said
inic acid and said second anhydride 1S

polvcarboxylic acid 1s succ
succinic anhvdride or 1,2,4,5-benzen< letracarboxvlic dianhydride or

said second polyepoxy is 1,2,7,8-diepoxyoctane.

27. A method of coupling polyesters containing lactic acid
method comprising esterifying a ree hydroxy group on each
acid or an enhvdnde or
polvesters with a polyepoxy.

units, sag
of said polvesters with a poiyvcarboxylic
etherifying a free hydroxy group o0 said
73 A method according to claim 27, wherein said
polycarboxyhic acid is succinic acid, said annydrde IS SUCCLILS

anhydrde or 1,2,4,5-benzene tetracarboxylic dianhydnde, and saic

polvepoxy is 1,2.7,8-aiepoxyoctane.

59 A method according (o claim 27 or 28, wherein said free
r reduced pressurc.

30. A method according to any onc of claims 27-29, whereln

said polyester further contains glycolic acid units.

31. A method according 1o claim 27, wherein said iree
hydroxy group Is esterified with 1,2,4,5-benzene tetracarboxylic

dianhydride.

32. A method of increasing he free carboxylic groups of a

biodegradable polyester containing lactic acid units, said method
comprising esterifying said polyester with a polycarboxylic acid or an
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anhydride such that said polycarboxylic acid or anhydride cleaves an
ester bond in said polyester and esterifies the resulting hydroxy group

on said cleaved polyester.

13. A method according to claim 32, wherein said polvester
further contains glycolic acid units.

14. A method according to claim 32, wherein s:aid N
polycarboxylic acid 1s succinic acid and sald anhyd.nd.e IS Succinic
anhydride or 1,2,4,5 benzene tetracarboxyl dianhydride.
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