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Descri ption o + Acidic polylactic

Techni cal PFY@PY4008S This invention relates to bi 00‘5%2{{5@81

pol yesters and to nethods 5 -for their preparation. Backgr ound
Art ~ Bi odegr adabl e pol yners ve been used, for exanple, as

excipients in sustained rel ease conpositions for drugs. See, e.g., U.S.
Patent Nos. 3,773,919 and 4, 767, 628. Exanpl es of such polyners are 10

copolynmers of lactic acid and glycoli %Ml ch are made by either
_the pol ycondensation of lactic acid and glfycoltc acid, or by ring

openi ng polynerization with [actide and gl ycolide. See, e.g., Drug
Carriers in Biology and Medici neAcidic palplacticepblyme®s, pages 241- 245
(Academ ¢ Press, London 1979). 15 I'nternational Publication No.
WD 94/ 15587 descr.i bes sust ai ned

 Technical Field

This invention relates to biodegradable polyesters and to methods
5 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

10 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).

15 International Publication No. WO 94/15587 describes sustained
release ionic 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

20 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.,

25 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, 0 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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pamoic ac1d 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
second polyepoxy.

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

biodegradable polyester derivative. The method includes reacting a

15 polyol (e.g., glucose, 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 esterifying free hydroxyl groups of the
polyester thus formed with a polycarboxylic acid (e.g., succinic acid)
or an anhydride (e.g., succinic anhydride or 1,2,4,5-benzene

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

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

preparing a biodegradable polyester. 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 the hydroxy-polycarboxylic acid 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, optionally, the remaining hydroxyl
groups in the polyester can be esterified with a second polycarboxylic
acid (e.g., succinic acid) or a second anhydride (e.g., succinic
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1,2,4,5-benzene tetracarboxylic dianhydride or glutaric anhydride
optionally catalyzed with an acid, e.g., p-toluene sulfonic acid), or
etherifying a free hydroxy group on the polyesters with a polyepoxy
15 (e.g., 1,2,7,8-diepoxyoctane). In one embodiment, the free hydroxy
group is esterified with succinic acid under reduced pressure. In
another embodiment, the free hydroxy group is esterified with 1,2,4,5-
benzene tetracarboxylic dianhydride.

A still another aspect of this invention features a method of
20 increasing the free carboxyl groups of a biodegradable polyester 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
one hydroxy group (e.g., between 1 and 20 hydroxy groups) and at
least two carboxyl groups '(e.g., between 2 and 40 carboxyl groups);
"polyhydroxy-polycarboxylic acid” contains at least two hydroxy

30 groups (e.g., between 2 and 20 hydroxy groups) and at least two
carboxyl groups (e.g., between 2 and 40 carboxyl groups);
"polycarboxylic acid" contains at least two carboxyl groups, a
polyepoxy contains at least two epoxy groups (e.g., two epoxy groups);

e
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A still another aspect of this invenfion featurés a nethod

coupling polyesters containing at least lactic acid units, mnth or w thout
Other features and advantages of the present invention will be

apparent from the detailed description of the invention, and from the
claimis.

It is believed that one skilled in the art can, based on the
10 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
15 herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Also, all
publications, patent applications, patents, and other references
mentioned herein are incorporated by reference.

Best Modes for Carrying Out the Invention

20 Example 1
Ring Opening Polymerization with L-Tartaric Acid

A 500 ml glass reactor was loaded with 203.2 g of L-lactide
(Cilag AG, Schaffhausen, Switzerland), 81.8 g of glycolide (Cilag), and
15.0 g of L-tartaric acid (Riedel de Haen, Seelze, Germany). The L-
25 Tartaric acid had been further dried over phosphorus pentoxide in an
Abderhalden apparatus (Aldrich, Milwaukee, WI, U.S.A.). 5.3 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
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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
15 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
20 viscosity of the copolymer. The monitoring of the polycondensation is
shown in Table I. The evolution of the acid number and the average
- number molecular weight (AVG. Mn) were determined by gel
permeation chromatography (GPC) in tetrahydrofuran (THF), using a
Wyatt light scattering detector.
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0.5 0.862 6,000

1.0 0.729 8,100

1.5 0.668 - 7,700

2.0 0.604 : 10,300

2.5 N/A 13,800

3.0 ' 0.557 17,600

4.0 0.486 19,500

Example 3

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

A 500 m1 glass reactor was loaded with 60.0 g of a (65/33/2)
5 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
10 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 =
15 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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5 [T REACTIONTIME | ACID NUMBER AVG. Mn
(hour) (meq/g) (g/mol)
0.0 0.34 14,190
1.0 0.37 14,130
2.0 0.37 16,440
3.0 0.38 17,160
4.0 0.39 17,760
Example 5

5 Ring Opening Polymerization 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
10 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
15 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 functlons on the
D,L-malic acid unit at the other tip.
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chromat ography (GPC) in tetrahydrofuran (THF), using a
‘TABLE III
[ REACTION TIME | ACID NUMBER AVG. Mn
(hour) (meq/g) (g/mol)
0.00 0.896 5,000
0.50 0.632 5,400
1.00 0.599 6,900
1.33 0.470 8,700
1.67 0.428 8,800
2.75 0.381 12,100
3.67 0.350 12,200
4.75 0.310 13,700
10 - 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

15 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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Example 8

Synthesis of a Custom Initiator for Ring Opening Polymerization

5 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

10 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,
15 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 meg/g, and had an
20 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
25 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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5 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 PLGA 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
10 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

INITIATOR | GLYCOLIDE | L'LACTIDE | INITIATOR | TEMPERATURE/ | AVG. | RESIDUAL
TYPE ® @ ® REACTION Mn | MONOMER
TIME (°C)/(Hrs) | (g/mol) | RS (Wi%)

13,400 .

D-Lactose | 210.2 84.7 5.1 200/8 24,200 4.5
D-Mannitol 211.3 85.1 3.6 180/4 10,900 2.9
Gluconic 210.8 84.8 4.4 200/8 12,400 4.7
Acid
15 ~ Example 12

Acid Tipping with Succinic Anhydride

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

20 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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aci d nunber . TABLE |1
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the oil bgth wamskéwg retnoied wsiddal monbhsersificin fl®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.
10 TABLE V

INITIATOR ACID AVG. Mn

NUMBER (g/mol)

(meg/g)

D-Glucose 0.331 15,100

D-Lactose 0.290 27,600

D-Mannitol 0.448 13,400

GluconicAcid |  0.549 11,000

Example 13

Synthesis of a Custom Initiator for Ring Opening Polymerization

Different hydroxyl group containing initiators were acid
15 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.
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h ENCIOATOR/ (TENITRATOR h nSUECINIC) njd TEN #cid
| t ed atJZ 1 RIDE q and
red for 4. 75%ourk. THE evo min J nuirber
ol qylados¥i ghy.gof |he P2y wggg/Beth | 8.2 detenspnefl by
hg—a \\at i ghf sbanni ngj ector and il
D-Lactose 9.1 15.9 200/20 - 6.5 220
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Example 14

Ring Opening Polymerization with a Custom Initiator

A 500 ml glass reactor was loaded under dry atmosphere with

5  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 in
Table VII.
TABLE VII

MODIFEED | GLYCOLIDE | LLACTIDE | INITIATOR | TEMP | REACTION | AVG. | RESIDUAL | ACID
INITIATOR (2) @ (g) (°C) | TIME (Hrs) Mn MONOMER | NUMBER

TYPES @mol) | S(Wi%) | (mea/g)
Succinylated |  134.3 54.1 11.6 180 8 1890 | 3.5 0.678
D-Glucose 0
Succinylated |  133.6 53.8 12.6 220 8 22,60 2.2 0.780
D-Lactose 0 .
Succinylated |  134.3 54.1 11.7 180 7 5,300 3.5 0.648
D-Mannitol




summari zed in Table [11. : TABLE |11

REACTION TIME  ACI D NUMBER AVG. M hour
5, 000 0.50 0. 632 5, 400

1. 00 .0.599 6, 90d3 1.33

0. 470 8, 700 1.67 0. 428

8, 800 2.75 0.381 12, 100

3. 67 0. 350 12, 200 4.75

0. 310 13,700 10 - Exanpl e 7

Synthesis of a CustomInitiator for Rlﬁ}ACEﬂ@J.hﬁ) Pol ymeri zati on
A mxture of 22.61 g of L-Tartaric acid and 27.39 g of Benzene

oo sca [ on 0B Wbk PODEHERaR AR ek bt 2o ol
tenperature of the vessel was raised to 220[err]C over 40 m nutes and kept
at this temperaturefgh SholPinerd Wett SymiiéiiLed hf YeStiibs ih Bxltinpld 1 £
using hexadecanol or 1,2-propanediol as the polyol initiator. The
5 reaction conditions and results are shown in Table VIIL

TABLE VIII
INITIATOR YOOLIE | LLACTIE | INTIA TEMP. | AVG.Mn | RESIDUAL
TYPE a@ TR | REACTIN (z/mol) | MONOMERS
® ® ® TME (Wt%)
Hexadecanol 203.5 81.9 14.55 180/4 5,000 1.8
12-propanediol | 2106 | 848 | 4.6 180/4 5,100 2.1
Example 16

Polycondensation with BTCDA

10 Either the two copolymers of Example 15 or just the 1,2-
propanediol polymer of Exampie 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 limitator for the

15 polycondensation. In both experiments, the reaction mixture was
stirred at 200°C for 4 hours.
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cool |4é%to roomtenperature, the compound was characterjzed by

~acid %n to have an acid nunber of 12.96 meq/ g. PCT/IES7/00031
Exampl e 8 Synthesis of a CustomlInjtiator for R ng Opening
Pol yneri zation 5 A sol ution of413.50 g of L-Tartaric acid in
200 m of acetone (previously dried over cal ciumchloride) was
heated to reflux. 11.50 g of 1,2,7,8-diepoxy octane was added
dropwi se using an introduction BEE r over 30 m nutes. The
solution was then refluxed for 3 rmreT_A_'%

urs. The ollgorrers wer e
nde The

recovered by acetone evaporation_an .
measur ed aci d| MtrdErgal 14 4.
Exampl e 9 rer i@t |

Synthesis of a Custom Initiator

A 500 ml glass reactor was loaded with 36.13 g of 1,2,4,5-

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

10  was then immersed in an oil 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
15 polymer had an acid number of 6.2 meq/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,
20 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 meqg/g, and an average number molecular weight of
15,200 g/mol.



A 500 Ml glass reactor was | oaded with 203.2 g of glycolide, 15

L-lactide, and 14.9 g of the initiator of Exanple 7. The sane

protocol as WOSIPIEEd in Exanple 1 was fol | owed except that tHel/Bio/00031
bath was kept at 220[err]C and the polynerization was carried out over a
total of 8 hours. The final copolymer hadlbnly 8.5% by wei ght of

residual L-lactide, had an acid nunber of 0.77 nmeq/g, and had an 20

aver age nol ecul ar wei ght of 12,900 g/ nol.

Exanpl e 10

Ri ng- Openi ng PonrreE' '8 9/\/ithaCustomInitiator
A 500 m gl ass reactor was | oaded with—g@d;—g—of gl ycol i de, 52.1 ¢
of L-lactide, and 18.5 g of the initiator of Exanple 8. The sane 25
protocol as de ' P gﬂga w I@@Q 23X that the oil -
bat h was kept ﬁhggg girlﬁggpgﬁght e %@?yn@r‘i z tiegg 1\5,\22{83 carried out over a
total of 5 hours. The final copolynmer had only 10.6% by wei ght of
WO 97/ 40085 A 500 ml glass reactor was loaded with a mixture of glycolide,
PCT/ 1 E97/ 00031 . . . o s s 1 . .
L-lactide, and the ring opening polymerization initiator é)lycohc acid
5 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 in an oil bath. The polymerization was
carried on under vigorous stirring for 6 hours. The reaction

81.8 g of

10 conditions and characteristics of the final copolymer are listed in Table
' X.
TABLE X
INIATR | GLYOOLIDE | LLACTIDE | INITIATOR TEWERAREA cn%?«w ‘J,?' Mﬁ% NcAfuPEn
TYPE @® ® ® TIME (C)Hrs) | (g/mol) | (Wi%) (meq/g)
Glycolic | 213.1 858 | 23 20006 | 12500 1.8 0.129
Example 20
15 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
20 elution peak for succinic acid or HCACH. Conditions and

characteristics are summarized in Table XI.



residual L-lactide, had an acid nunber of 0.472 nmeq/g, and had an

aver age nol ecul ar wei ght of 30,500 g/ nol.

Exanpl e 11 WO97M00853 ng Openi ng Pol ymeri zati on using Pol yol s PCTAES7/00031
A 500 mM gl ass reactor was | oaded under dry atnosphere with

gl ycol i de,

L-lactide, and various polyol 1@itiators to obtain 300 g of

a

66/ 33 PLGA copol yner of various nol ecul ar weights. The mxture was
heated to a tenperature generally 30[err]C higher than the nelting

poi nt of the polyol initiator used, aqiéaéggigi for 4 to 8 hours 10

dependi ng on the pol ynerization kineti
and the characteristics of the obtalned coool
Tabl e 1 V. Resi dua Tk A

resi dual nononers| (e.g., glycolloe or Kamqmue) i n| t he pdgfmedr sanplie.
TABLE |V a et P = WWURE/

he reaction conditions
ners are described in
VIBERNt] by weA¥ot Mnf

AVG RESI DUAL CTI ON
Mh 11T VE
(MH]QMHW)(EJNHF%(W% 0'630D(3UJ se ﬂﬁg 84.9

4.3 18 13, 400 4.7 D- Lact ose 210. 2 84.7
51 200/8 24, 200 4.5 D-Maumtol 211.3 85.1
3.6 180/ 4 10, 900

10

15

20

25

It is 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 oil 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 in oil 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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Aci d 15 Exanple 12 Aci d Ti ppi ng
wi th. Succi niVORHIPE i de Each of copol ymers synt W’?ﬁ
Exanpl e 11 were further reacted with succinic anhydride (excess of
1.5 tinmes the anount of - hydr oxyl gl@ups initially introduced in the
synthesis mxture), at 150[err]C 20 for 30 mnutes, and vigorously
stirred. The nodified copol yner was t hen di ssolved in acetone. A2 N

sodi um hydr oxi | A :
S o) 000% lﬂﬁn?ﬁltiﬁ’%@resﬁkﬂh diiting reaction€very 34Gins for exampleand =

. . wa
added in an exaBalyzed by GRCtadeterming thespercentage residu nomer anciﬁ%
copol ymer was bbﬁﬂnwalﬁés)féﬁh@é&afgeqmlé&lﬁpwgnﬂ(bm)mvemge addition to

co 5 Ge o 2ed i i I IRIOT, it AR, ol e of B 5140

5 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 meq/g. The average number average molecular weight of the

10 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)

15 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

20 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

25  percentage of PLGTA hydroxyl groups which were glutarylated was
69.7%. -
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verified by SEC. Tabl t he characteristics gf=rim ST .
copol ymers. 10 ' - 18 TABLE THIS SHEET HAS BEEN

| NIl TI ATOR ACI D AVG. NMh | | REPLAGED
NUVBER (g/ nol) (rmeqg/ g)

D d ucose C?..BBL 15, 100 D Lact ose 0. 290
27, 600 Llalns. - D- Manni t ol 0. 448 13, 400

A uconic Acid 0. 549 11, 000 '

Exanpl e 13 - BNt NS boleradsbiR! pilyk et Ic¥nfrilitip Bl 4di8 Ui,

Pol yreri zat i on o erent hﬁ?" g oppScontai pLng Ini'tiators
were acid 15 whegein saidpolyester cORLAIDS A agh §)ﬂf§5§lp%§“$rbﬁg i@g both

reagents and averagelmobdédtat esighind€rl 000 20 R00,000 g/, for 30 ninutes.
React or | oadi ngs and tenperatures are sumuarized in Table VI.
5 2. A biodegradable polyéster according to claim 1, wherein
said polyester comprises between 4 and 40 carboxyl groups.

3. A biodegradable polyester according to claim 1 or 2,
wherein said polyester further comprises glycolic acid units.

4. A biodegradable polyester according to any one of claims
10 1-3, wherein said polyester comprises a hydroxy-polycarboxylic acid
unit.

5. A biodegradable polyester according to claim 4, wherein
said hydroxy-polycarboxylic acid is tartaric acid, pamoic acid, or an
ester acid thereof.

15 6. A biodegradable polyester according to claim 5, wherein
said polyester comprises 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. -

7. A.biodegradable polyester according to any one of claims
20 4-6, wherein said hydroxy-polycarboxylic acid contains 1 to 20
hydroxyl groups and 2 to 40 carboxyl groups.

8. A biodegradable polyester according to claim 7, wherein
said hydroxy-polycarboxylic acid contains between 2 to 20 hydroxyl
groups and 2 to 20 carboxyl groups.

25 9. A method for preparing a biodegradable polyester or its
derivative, said method comprising reacting polyhydroxy-
polycarboxylic acid with lactic acid or lactide to produce a polyester.

* [ L M S *
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TABLE VI ~ WOS97/40085 \ T “mm“m OR SUCCI NI C TEI\/PERATLKET"E”"’“"-"!AQ D
MELTI NG DRIDE /REA | :

POl NT TIVE ([erfr i
([err] Q) 'D-d ucose ) 1460/ 30 ﬁﬁ%&c 8.2
150 D- Lact ose 9.1 15. 9 200/ 20

igg D-Mannijl - A nfetBod according’t? claim 9, vﬂﬁ%ﬁpsald poly%yﬁr&a)em g
Pol yrer i zat i oPOWYGaTbaxplis asid is alsoreacted with Sﬁ')c‘ﬁ‘c acid epglygol eass

reactor was |oaded under dry atnosphere with

11. A method according to claim 10, wherein said
polyhydroxy-polycarboxylic acid is tartaric acid, pamoic acid, or an
5 ester acid.

12. A method according to any one of claims 9-11, further
comprising esterifying hydroxyl groups in said polyester thus formed
with a second polycarboxylic acid or a second anhydride or alkylated

~ with a second polyepoxy.

10 13. A method according to claim 12, wherein said method
comprises esterifying hydroxy groups in said polyester with glutaric
anhydride and an acid catalyst.

14. A method for preparing a biodegradable polyester
derivative, said method comprising:

15 reacting a polyol with lactic acid or lactide to produce a
polyester; and

esterifying free hydroxyl groups of said polyester thus formed
with a polycarboxylic acid or an anhydride.

15. A method according to claim 14, wherein said polyol is
20 also reacted with glycolic acid or glycolide.

16. A method according to claim 14 or 15, wherein said polyol
is glucose, sorbitol, lactose, mannitol, or gluconic acid. :

17. A method according to any one of claims 14-16, wherein
. said polycarboxylic acid is succinic acid and said anhydride is succinic
25 anhydride or 1,2,4,5-benzene tetracarboxylic dianhydride.

* c L N S *
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TI ME( Hr s) nmmeﬂmisvm iNg\BER
(g/mol) S (W% (meq/ g9) Succi nyl at ed 134. 3 54.1 11.6 180

R ol e ol oo e o,
0. 780 D- Lact oseproduce a hydroxy-polycarboxylic acid, wherein said polyol has

Succi nyl gt ed 134at313as§ﬁ,,§e l%imgi}. A%roug}ﬁﬁnd 7 5, 300 3.5

0. 648 D- Manni t ol 97 08

PCT/ | E97/ 00031

reacting said hydroxy-polycarboxylic acid thus formed with
lactic acid or lactide to produce a polyester.

19. A method according to claim 18, wherein said hydroxy-
polycarboxylic acid is also reacted with glycolic acid or glycolide.

10 20. A method according to claim 18 or 19, wherein said polyol
is glucose, sorbitol, lactose, mannitol, or gluconic acid.

21. A method according to any one of claims 18-20, wherein
hydroxyl groups in said polyester are esterified with a second
polycarboxylic acid or a second anhydride or alkylated with a second

15 polyepoxy.

22. A method according to claim 21, wherein said
polycarboxylic acid is succinic acid and said second anhydride is
succinic anhydride or 1,2,4,5-benzene tetracarboxylic dlanhydnde or
said second polyepoxy is 1,2,7,8-diepoxyoctane.

20 23. A method of coupling polyesters containing lactic acid
units, said method comprising esterifying a free hydroxy group on each
of said polyesters with a polycarboxylic acid or an anhydride or

. etherifying a free hydroxy group on said polyesters with a polyepoxy.

24. A method according to claim 23, wherein said
25 polycarboxyhc acid is succinic acid, said anhydride is succinic
anhydride or 1,2,4,5-benzene tetracarboxylic dianhydride, and said
polyepoxy is 1,2,7 8-d1epoxyoctane

* [ L M s *
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Two
copol ynersw\fae"r7@°gsg§nt h HWed in Exanpl e 11 PCE@%@MM
hexadecanol or 1,2-pro ll polyol initiator. TftF—5-l'—eas¢-i-gn_.
conditions and results: ablel Vi1, HIS SHEET HAS BEEN |.

TABLE VI 1| I NI TIATOR GLYCOLIDE L- LACTI DE | NI TIATOR REBMEED
AVG. Nh  RESI | UXAL TYPE

REACTION - (g/ ol ) 24VONQNRRethod according to claim 23 or 28) whereid 9aid free( 9)
TI NE . I%’WO/? ified G aesane! acig e0%:  reducal pregsur” >
180/4 5, dBiroxyigipup Is esterified yith,Mecinis acid ender reglucsd pregsure.
180/ 4 5100 2.1 Exanpl e 16

Pol ycondensation ¢ h B{GHem0d according to any one of claims 23-25, wherein
said polyester further contains glycolic acid units.

5 27. A method according to claim 23, wherein said free
hydroxy group is esterified with 1,2,4,5-benzene tetracarboxylic
dianhydride.

28. A method of increasing the free carboxylic groups of a
_ biodegradable polyester containing lactic acid units, said method
10 comprising esterifying said polyester with a polycarboxylic acid or an
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.

29. A method according to claim 28, wherein said polyester
15 further contains glycolic acid units.

30. A method according to claim 28, wherein said
polycarboxylic acid is succinic acid and said anhydride is succinic
anhydride or 1,2,4,5 benzene tetracarboxyl dianhydride.

31. A biodegradable polyester according to claim 1,
20 substantially as hereinbefore described.

32. A method for preparing a biodegradable polyester or a
derivative thereof, substantially as hereinbefore described and
exemplified.

33. A method of coupling polyesters containing lactic acid
25 units, substantially as hereinbefore described and exemplified.

AR A



10 Ei ther the two copol ymers of Exanple 15 or just the 1, 2-
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copolymer initiated by the hexadecanol cgQptained only one —ydroxyl
_ gfoup and, thus, acted as a chain limtatér for the 15 ISy SEETCHASIBEEN . |
In both experinents, the reaction m xture was stiryed aREPDACED r] C
fpr 4 hours. WO 97/ 40085 _ -
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) cano , 2- Propahedi ol . Cl. 0
RES| DUAL blodegraéa?glee pc?lyester contamu‘i’g ac%c %:p unitsy substantially as
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4.3/1.7 7.20 64. 81 2.98 0.545 10,000
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Synthesis of a Customlnitiator A 500 m gl ass reactor was-
| oaded with 36.13 g of 1,2,4,5- 5 benzene tetracarboxylic dianhydride
(BTCDA) and 13wiyemwkotds 1, 2- propanedi ol to obtain a decamermeyfna0l;
1, 2- propyl ene- benzene di carboxylic aci d dicarboxylate term nated at
both ends by a 1, 2-propanedi ol unit. : The m xture was left at room
tenperature under mechanical stirring o or 30 mnutes to gently
initiate the polycondensation. -The m xture 10 vvas t hen | m‘rersed | n an

oil bath at 160[err]C until the m xture was fu
tenperature was t earboyrlicigrid camainsehto 3@ @9{, &-Zpbhydroxyl groupscand 2

m nut es when t he \‘bWéhfdb)ﬂ‘l émgm(gt% g,m}:ame too high to allow
n codl e o]

stirring. The m xture was tHe wn t0 room tenperature and
anal yzed by SEC in acetone and acid function titration. The resulti ng 15

pol ymer had an acid nuihmnmhelﬁa@emqﬂgs inventien dextubés afmethdd for preparing

g/nmol, and a nelt

Exarrpl e 18 hr%l n r1 éﬁ’& téi%}tgg:(‘)z%vanv E)ilmfomq nl.ctl dior

A 500 m gl ass reﬁ%’e@n&vﬁqu Bﬁ @EP’W“PF\’ yiearbpxyligracid, suoh as tarparic ackh

of Lt Ihact Ih det 3n§i &ﬁ:olcmcﬁx]i éhen iestsr wiidr with faceierdcid of. 1adtide to roduee ature
V\B.S en neate r I

copol ymer had onlg é?e%;e,r ngmggg%ﬁ& %&#@%h%&%’iép&x %@c%’ I
nunber of Q.77 nedesirediihe deopey potycarbosylic acid caniajse befconcormtantly
15,200 g/ nol . reacted with glycchc acid or glycolide. The method can further

10 include esterifying hydroxy! groups in the polyester thus formed witha
second polycarboxvhc acid or a second anhydride or alkylated thh a

(s aeeer@polyepoxy

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

biodegradable polyester derivative. The method includes reacting a

15 polyol (e.g., giucose, sorbitol, lactose, mannitol, or gluconic acid) with
lactic acid or lactide to produce 2 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 tetracarboxylic dianhydride or glutaric anhydride optionally catalyzed
with an acid, e.g., p-toluene sulfonic acid). If desired, the polyol can
be concomitantly reacted with glycolic acid or glycolide.

Tn a still another aspect, this invention features a method for
preparing a biodegradable polyester. The method includes reacting a
25 polyol witha polycarboxylic acid or an anhydride to produce a
hiydroxy-poly carboxylic acid, wherein the polyol has at Jeast three
hydroxy.groups; and reacting tie hydroxy-polycaxboxync acxd thus
formed ‘with lactic:acid or lactide to produce a polyester (¢.g., heating
tife' resctant betvéen 80°C and 250°C). If desired, the method the
30 - hydroxy-polycarboxyli¢ acid can bé‘concomitantly reacted widi
-glycolicacid or- glycohde. and, ’épnonnlly. the remaining: hydroxyl
- -groups-in'the polyéstar-can be edterified with a second ptﬂy(:mbdxyhc
acid (e:g.,-suceinic acid) or a seéond dnhydride (¢.g.; stécinic ~
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Rol yreri zat i oﬁv%t’ﬁoﬁ ycolic Acid A 500 m gl ass react/ga”vvas

| oaded with a m xture of glycolide, L-Lactide, and the ring opening
pol yneri zation initiator glycolic acid 5 under dry atnosphere. A 0.1 M
tol uene solution of tin2-ethyl- - hexanoate was used as a catalyst in a’
nolar ratio of 200 ppm The m xture was further dri ed under vacuum
for one hour to prNpdddehs 1,2,4,5-bétzetRtetrdatbexy odr 2lkylRgidh-
The pol yneri zatign on

hours. The reactWéwmﬁg.ueaﬂgﬁgfﬁw(%tﬁdugﬂg'gcélgﬁbgy ﬁgg@’tf m -’P%Frga

copol yner are | ipoltarpoxylie acid or second anhydride may be incorporated at the
TABLE X | NI TA RPN Polydater eXddh' (&g, 'HE:Td £ibin gy the' s¥end AVG
RESIDUAL 401D
polycarboxylic acid, second anhydride, or fesond)polyepoxy may be
incorporatea 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 tetracarboxylic dianhydride or giutaric anhydride
optionally catalyzed with an acid, &.g., p-toluene sulfonic acid), or
etherifying a free hydroxy group on the polyesters with a poiyepoxy
15 (e.g., 1,2,7,B-dicpoxyoctane). In one embeodiment, the free hydroxy
group is esterified with succinic acid under reduced pressure. In
another embodiment, the free hydroxy group is esterified wrth 1,24,5-
bcnz.ne tetracarboxylic dianhydride.

- A still anothcr, espect of this invention features a method of
20 increasing the free carboxy! groups of a biodegradable polyssier 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 tstracarboxyl dianhydride) such that the
polycarboxylic acid or anhydride cleaves an ester bond in the polyester
25  and esterifies the resultmg hydmxy group on the cleaved polyester.

. As used herein, "hydroxy-polyca:boxyhc ac:d" contains at ieast
cne hydroxy group (elgy, between 1 and 20 hy&*_bxy groups) and at
lsast two carboxyl groups (e.g., between 2 4rid“40-carboxyl groups);

- "polyhydroxy-polycarboxylic acid" contains at-Isiist two hydroxy
30 - groups (e.g., betwéen:2 and 20-hydroxy ‘groups)-knd at least two
carboxyl groups (efg:, bétwsen 2 and 40 carboryligroups);
"polycarboxylic: acid®-contains at least two- odﬁﬁx;rl groups, a
. 1 polyepoxy cnntamgla: ileast two epoxy groups((8i2.; two epoxy groups);
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ﬁ @ tgours until the SEC anal ySi $—faited-t-o-show any 20
Inic acid or HCACH Conditions and '
are summari zed in Table Xl. “WD 97/ 40085

1. A biodegradable polyester comprising latfc acid units,
glycolic acid units and at least one hydroxy-polycarboxylic acid unit
selected from the group consisting of tartaric acld pamoic acid,
tartaric acid ester, and pamoic acid ester.

2. Abiodegradable polyester according to claim 1, wherein
said polyester substantially comprises €5 mole percent iactic acid units,
33 mole percent glycolic acid units, and 2 mole percent tartaric acid

| units.

10

3. A biodegradable polyester according to claim 1, wherein
said hydroxy-polycarboxylic acid contams between 2 to 20 hydroxyi

- groups and 2 to 20 carboxyl groups.

4. A biodegradabie polyester cofnprising lactic acid units,

glycolic acid units, and a custom initiator.

5. A biodegradable polyester according to claim 4, wherein
said custom initiator comprises tartaric acid units and 1,2,4,5-benzene
tetracarboxylic acid units.

6. A biodegradable polyester according to claim 4, whersin
said custom initiator compnses acid units and 1,2,7,8-diepoxy octane
units.

7. A biodegradable polyester according to claim 4, wherein
said custom initiator comprises succinic acid units and polyol units,
wherein said polyol is selected from the group cons1st1ng of glucose,

- lactose, and mannitol.

8. A ‘piodegradable polyester comprising lactic acid units,
glycolic acid units, and an initiator, wherein said initiator comprises
hexadecanol. . -

* - C L M § *

AMENOED SHEET




wes o - - et sy e W oes - e e WA IR AL KN A

TABLE XI I NTILATOR ACl D NUMBER AVG. M

(meq/ g) “(g/ nol) Suggi ni ¢ Acid 0. 097

85, 500 This hbdﬂélﬁl-ﬂseenkeplaced 7630 6, 800

It is to be underst the i nvention has been descri bed in
conjunction with th r| ption thereof, that the foregoing 5
descrlptlonlsmtene 0| Iustrate and not limt the scope of the :

i nvention, which is defined by the scope of the appended clains. O her

aspects, gavant ages, gand IRIUGUBIATS B otk CoBpthebRTReit it

Initiated by 10 °lycnalrct ecidounied, dnd an initiator, wheReincsaid inaRatdpecmprises h

nmononer s gl ycol ijdg ochem Net her |l ands; 84.72 g), lactide
(Purac Bi ochem 218%? ;,lgand L(+)- tartaric acid (Ri edel -de Haen,
3.74 g) and stannous 2-ethyl hexanoate - (Sigma, St. Louis, Mssouri,

U(S)Alojg ticle g;nber $03252) biodegeddibie plﬁyestér%ﬁdkhnﬂ@ fiathar écﬁillgfigﬁfg g
was revi ous rrec
over si11ca gol oS R G e vis, "2 P

over silica gel

11. A biodegradable polyester of claim 10, further compnsmg
hexadecanol units.

12. A custom 1n1t1ator for polymerization comprising 1,2,4,5-
benzene tetracarocxvhc acid units and 1,2-propanediol units.

10 13. A biodegradable polyester comprising lactic acid units,
glycolic acid units, and either hexacarboxylic acid cyclohexane units or
a custom initiator, wherein said custom initiator comprises 1,2,4,5-
benzene tetracarboxylic acid units and 1, 2-propanediol units.

14. A biodegradable polyester comprising lactic acid units,
glycolic acid units, and tartaric acid units, wherein said polyester is
» acylated with glutaric anhydride.

[
Lh

15. A method for preparing a biodegradable polyester or its
derivative, said method comprising reacting polyhydroxy- '
polycarboxylic acid with lactic acid or lactide and glycolic acid or

20  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.

16. A method according to claim 15y further comprising
esterifying hydroxyl groups in said polyester thus formed with a
25  second polycarboxylic acid or an anhydride or alkylated with a
" polyepoxy.

[T
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apparat us for 9 hours. The reactor (connected to punp via a liquid
nitrogen trap) was then put under vacuum (@4 nbar) with stirring

(34 rpm Bioblock Scientific stirrer, Strasbourg, France, ThivSikel HdBdch

for approximately 40 minutes to renove tol uene. The reacto mil“ imill

placed in oil bath (Tenperature = 40[err]C) for 30 mnutes

under an at nosphere of oxygen free nitrogen (BOC g

content of 8VPM, was then |rmersed in 0|I bath (Terrperature =
200[err]C) .and stirri r % Rrior,to rsion,
a 25 heati ng tg{)e 1\735 &E)%’Eﬁg%ﬁ@%ﬁg cr{% ﬁg ?‘{Bﬁé 155%?6%41%”59
control, CORRIISES esm;n yms hyidrexy greups iu saidhpelyester veith glomrient s of

reactor was anhydgdtiednd sphé&id ddtal@@tm nutes for a reactor |oad of 300 g
at 200[err]C . WO 97/ 40085

PCT/ 1 E97/ 00031 17 Sanpl es
were taken during red8ti oA mhqdiohpwparing acbiedegradable polvesteranal yzed by
GPC to det & m ngetiRape) Eﬁﬂtzﬂgﬁx cﬁ&h% 1!gnomer and to obtain

~val ues for average nolecular wei ght P/ﬁf d average nmol ecul ar
wei ght (Mwv). Typical reaction times are of the order of 8 5 hour s.

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

: estemymg fre= hydroxyl groups of said polyeswr thus formed
with a polycarboxylic acid or an anhydride.

10 19. A method according to claim 18, wherﬂln sa1d polyol is
also reacted with glycolic acid or glycolide.

20. A method according to claim 18 or 19, wherein said
polyol is glucose, sorbitol, lactose, mannitol, or gluconic acid.

21. A method according to any one of claims 18-20, wherein
L5 said polycarboxylic acid is succinic acid and said anhydride is succinic
anhydride or 1,2,4,5-benzens tetracarbcxylic dianhydride.

22, A method for preparing a biodegradable polyester, S&ld
memod comprising: :

reacting a polybl with a polyéarboxylic acid or an anhydride to
20 produce a hydroxy-polycarboxylic acid, wherein said polyol has at least
three hydroxy groups; and
reacting said hydroxy-polycarboxylic acid thus formed with
lactic acid or lactide to produce a polyester.

: 23. A method according to‘claim 22, wherein said hydroxy-
25 polycarboxylic acid is also reacted with glycolic acid or glycolide.

[

v (IR

A )
-




DR 2 L IR TOIE T e T e T R K RN LR (¥ 13 2 S A
MRS S UAREEES

An érmrphous copol ynmer was obt ai ned conprising 66.29% ————taetideunits,

33.15% gl ycolide units, and 0.56%tartaricasgcid units_. 6 /

PLGTA). The acid nunber of the titration vvazgl det er mi né&gS eetéasgéeﬁ acf5(1267
meq/ g. The average nunber average nol ecul ar wei ght of t (‘“I““w mer
had a val ue of 12,360, the average wei ght nol ecul ar of ol ymer
was 14,060 giving a MV Mh val ue of 1. 37. '

Exanpl e 22 Acid Tipping 12,000 g/ ol 66/33/1 PLGTA by @ utaric

. Anhydri de _ React s | oaded with e apove PLGTA c¢opol yner
(19.01 g) 15 and g%ar?@%ﬁ}?ﬁ%&eﬂﬁa&}m%m Ii4“?’-' 23- wheeeingaidd react or
was pur gecpalpel is gluesseyrsorbiteliilagtosesmannitokioreglabynie. &ddnbar . The
react or was subsequently put under an atnosphere of oxygen free

nitrogen (BOC Gases, isturetﬁaﬁqtent of 8VPM and inmmersed in oil

bath (Tenperature = [ e’k eothos @ecauiing ig anypeneef rlaimssi-2dnwherein same

Foactor Mol 4 od L Be e e ] e & O
Reacti on vvajs Caﬁq@%ﬁgﬂ@%ﬁpﬁ”ﬁti}ghngénhyﬁgpggr éﬁﬁ@l‘e%&‘fl ﬁéﬁ%@ﬁd

of the gl utaryl OIYEPAXFTA was 0.353 neq/g. M, Mv and MV Mh val ues
were found to be, respectively, 11,850, 12,500, and 1.055. The 25

D Soq 29¢ of PLGTA Bl of i SRR SMMifg 10 Claint’28, Whibrain said ™
S polycarboxylic acid is succinic acid and said second anhydride is
succinic anhydride or 1,2,4,5-benzene tetracarboxylic dianhydride or
10 said second polyepoxy is 1,2,7,8-diepoxyoctane. ' |

27. A method of coupling polyesters containing lactic acid
units, said method comprising esterifying a free hydroxy group on each
of said polyesters with a polycarboxylic acid or an anhyvdride or

-etherifying a free hydroxy group on said polyesters with a polyepoxy.

28. A method according to claim 27, wherein said
polycarboxylic acid is succinic acid, said anhydride is succinic
anhydride or 1,2,4,5-benzene tetracarboxylic dianhydride, and said
polyepoxy is 1,2,7.8-diepoxyoctane.

29. A method according to claim 27 or 28, wherein said free
20 hydroxy group is esterified with succinic acid under reduced pressure,

30. A method according to any one of claims 27-29, wherein
said polyester further contains glycolic acid units.

- 31. A method according to claim 27, wherein satd free
- hydroxy group is esterified with 1,2,4,5-benzene tetracarboxylic -
25 dianhydride. '

32. A method of increasing the 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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18 'd ai ns: 1. A bi odegr adabl e pol yester corrprl 'sing tactie-acid

units, glycolic acid units and at |east on&2hydr oxy- quhléCSHJePQx |IC aci d
unit selected fromthe group consi sting of tartarl c aci blated
tartaric acid ester, and panpic acid ester. ﬂ”@

pol yester according to claim1, wherein said pol yest er

¢onprises 65 nol e percent Iactlc acid units, 33 nole percent glycollc acide
units, and 2 nole percent tartaric acid units. ) A bi odegr adabl e

o T sl eyt i 5
4. A bi odegr 5&&5&&“{5&%%@9@86@5 55 ﬁapqr%f & @ea@isﬂﬁmg ﬁgdﬁgﬁy&pﬂ% acid

units, and a cusnosaid cledvadqrolyester.ei n sai d custominitiator conprises
tartaric acid units and 1, 2, 4, 5-benzene tetracarboxylic acid units, or

tartaric acid units nd 1 2,7, 8£| epoxy octane upits, or suc;gi ni c acid
units and pol yol un| gp@prdmg to ¢laim 32, wherein sai polyester

5 further contams glycolic acid units. =

34. A method according to claim 32, wherein said
polycarboxylic acid is succinic acid 4nd said anhydride is succinic
anhydride or 1,2,4,5 benzene tetracarboxy! dianhydride.

35. A biodegradable polyester accarding to vlalm 1,
10 substantially as hereinbefore described.

36. A method For preparing a biodegradable polyester or a
derivative thereof, substantialiv as hereinbefore descnbcd and
exemplified.

37. A method of coupling polyesters containing lactic acid
15  units, substantially as hereinbefore described and exemplified.

38, A method of increasing the free carboxylic groups of a
biodegradable polyester containing lactic acid units, substantially as
hereinbefore described and exemplified. '

weoD | O 0
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polyol is selected fromthe group consisting of gl ucoseaé to oficeo
manni f ol . 5. A bi odegrqdabl e pol yester accordin @ T SH
wherein said custominitiator’ conpkises Bartaric acid units and
1,2,4,5-benzene tetracarboxylic acid units. 6. A bi odegr adabl e

poI yester according to claim4, wherein said custominitiator conprises
acid units araiins?, 7, 8- di epoxy octane units. 7. A bi odegr adabl e

pol yester according to claim4, wherein said custominitiator conprise
succinic acid units and pol on units, wherein said polyol is selected from

the group .consijsting g :
bi odegr adabl e pol yestglfrOd npr i S?OI éﬁ?act %n%é%ﬁcgﬂnl %lgf?lg: agg} %&Su_ni ts,
and either hewdcalr Beasty/|dne hydrdxy-polycibenylec weid smir seieqtelttfmrm thet igedupr |

9 consisting of tartaric acid, pamoic acid, tartaric acid ester, and pamoic acid ester.

2. A biodegradable polyester according. to claim 1, wherein said polyester
substantially comprises 65 mole percent lactic acid units, 33 mole percent glycolic

acid units, and 2 mole percent tartaric acid units.

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

4. A biodegradable polyester comprising lactic acid units, glycolic acid

units, and a custom initiator, wherein said custom initiator comprises tartaric acid

units and 1,2,4,5-benzene tetracarboxylic acid unmits, or tartaric acid units and

'1,2,7,8-diepoxy octane units, or succinic acid units and ‘polyol units, wherein said

polyol is selected from the group consisting of glucose, lactose, and mannitol.

5. A biodegradable polyester according to claim 4, wherein said custom

initiator comprises tartaric acid units and 1,2,4,5-benzene tetracarboxylic acid units.

6. A biodegrad_able polyester according to claim 4, wherein said custom

" initiator comprises acid units and 1,2,7,8-diepoxy octane units.

7. A biodegradable polyester according to claim 4, wherein said custom
initiator comprise succinic acid units and polyol units, wherein said polyol is

selected from the group consisting of glucose, lactose, and mannitol.

8. A biodegradable polyester comprising lactic acid units, glycolic acid -
units, and either hexacarboxylic acid cyclohexane units or a custom initiator,

REPLACEMENT SHEET
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wherein said custominitiator conprises 1, 2,4, 5-benzepEmit

B . . . L \ IVIE i i
acid units and 1, 2-propanedi ol (unkts. 9. A bio adabl e poNyLs%lérEET
conprising lactic acid units, “glycélic aed9d units, and tartaric acid units,

wherein said polyester is acylated with glutaric anhydride. 10. A
met hod for preparing a biodegradabl e polyester or its derivative, said

met hod conprising.reacting polyhydroxy- pol yc oxvlic acid w,th l.actic acid
or lactide an&’lhﬁ&% fﬂl& &ug ,'u"dmbt?/a%l gpgm’ﬁsgsehéﬁsgﬁgﬁ%&%ﬁ%@{%ﬁﬁl&q'é* ein
sai d pol yhydr gxy 1 poirypateliokithitsc acid is selected fromthe group consisting

of tartaric acid, panbic acid, tartaric acid ester, and panoic acid ester.
11. A net hod according to claim 10, further conprising esterifying

nydroxyl groupsein sgi g; i€ polysier "SRRt hli aSACNME, RiypHRTRAKY! | ©
acid or an anhydxi de"o yrati ng a pol yepoxy. &@ %matﬁd(;d
accordi ng to ghitd, andl fartavibedcid nitsi Whefeirh esidcpoipestareis asfated fwithn ghityde oxy

roups in said polyester with glutaric anhydride and an acid catal yst.
aroup Sabyanic : v v

10. A method for preparing a biodegradable polyester or its derivative, said
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.

11. A method according to claim 10, further comprising esterifying hydroxyl
groups in said polyester thus formed with a second polycarboxylic acid or an

anhydride or alkylating with a polyepoxy.

12. A method according to claim 11, wherein said method comprises
esterifying hydroxy groups in said polyester with glutaric anhydride and an acid
catalyst.
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