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BIODEGRADABLE POLYHYDRIC ALCOHOL ESTERS

Technical Field

This invention is directed at biodegradable polyhydric alcohol esters where the

acyl moieties originate from aliphatic homopolymer or copolymer polyesters.

Background of the Invention

In recent years there has been an increased interest in star-shaped polymers, a

kind of branched polymer having three or more polymeric arms attached to a center

core.

This kind of polymer has not heretofore been used for biomedical application.

Summary of the Invention

It has been discovered here that biodegradable star-shaped polymers useful inter
alia for biomedical application can be made based on esterifying polyhydric alcohols to
provide abyl moieties originating from aliphatic homopolymer or copolymer polyesters.

One embodiment of the invention herein, denoted the first embodiment, 1s
directed to biodegradable polyhydric alcohol esters where the acyl moieties of the esters
originate from aliphatic homopolymer or copolymer polyesters and contain free hydroxyl

at their terminal ends and the weight average molecular weight of the esters ranges from
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1,000 to 80,000, for example, from 2,000 to 50,000. These compounds are precursors
for double bond functionalized biodegradable polyhydric alcohol esters where some or
each of the acyl moieties are functionalized to incorporate an unsaturated group, which
1s another aspect of the invention herein. The functionalizing to incorporate unsaturated
group can be effected, e.g., by reacting free hydroxyls with maleic anhydride to provide
unsaturated termmal moieties which are 2-carboxy ethenyl groups.

Another embodiment of the invention herein, denoted the second embodiment, is
directed to biodegradable polyester-polysaccharide hydrogels formed by
photocrosslinking esters of polysaccharide formed by reaction of polysaccharide
Mﬂl hydroxy function pendant groups, for example, unsaturated esters of polysaccharide
formed by reaction of polysaccharide with unsaturated group providing compound, with
2-carboxy ethenyl terminated polyhydric alcohol esters of the first embodiment. These
hydrogels are useful, for example, as drug delivery systems.

The weight average molecular weights herein are determined by gel permeation
chromatography using polystyrene standards.

The term “photocrosslinking™ is used herein to mean causing vinyl bonds to
break and form cross-links by the application of radiant energy.

The term “biodegradable” is used herein to mean capable of being broken down
by various enzymes such as trypsins, lipases and lysosomes in the normal functioning of
the human body and living organisms (e.g., bacteria) and/or water environment.

Detailed Description

We turn now to the compounds of the first embodiment which are biodegradable

polyhydric alcohol esters where the acyl moieties of the esters originate from aliphatic
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homopolymer or copolymer polyesters and contain free hydroxyl at their termunal ends
and the weight average molecular weight of the esters ranges from 1,0000 to 80,000, for
example, from 2,000 to 50,000.

The polyhydric alcohol moiety portion of the polyhydric alcohol esters is
obtained by action of the acid group of aliphatic homopolymer or cop olymler polyester
on a polyhydric alcohol having, for example, from 3 to 6 hydroxyl groups. The aliphatic
homopolymer or copolymer polyesters include, for example, poly(e-caprolactone) which
can be formed in sifu during the esterification reaction and which is preferred herein,
poly(lactide-co-e-caprolactone) which can be formed in sifu during the esterification
reaction, poly(glycolide-co-e-caprolactone) which can be formed in situ during the
esterification reaction, poly(d-valerolactone-co-e-caprolactone) which can be formed ir
situ during the esterification reaction, poly(p-hydroxybutyrate-co-e-caprolactone) which
can be formed in situ during the esterification reaction, and poly(1,4-dioxan-2-one-co-€-
caprolaétone) which can be formed in situ during the esterification reaction. The
polyhydric alcohols include, for example, glycerol, glycerol derivatives, pentaerythritol,
sugars, e.g., glucose and glucono-;é-]aotone; 1,3-propanediol-2-ethyl-2-(hydroxymethyl);
butanediols, D-+-arabitol, perseitol, ribitol, xylitol, D-threitol, dulcitol, L-fucitol,
sorbitol, erythritol, dextran and other polysaccharides, and polyvinyl alcohol

Th¢ maximum number of polymeric arms obtained in the polyhydric alcohol
esters of the first embodiment corresponds to the number of hydroxyl groups on the
polyhydric alcohol.

We turn now to the case where the acyl moieties originate from poly(e-

caprolactone) which is formed in situ during the esterification reaction. The polyhydric
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alcohol esters are obtained by a ring opening polymerization of e-caprolactone in the
presence of the polyhydric alcohol. The mole ratio of e~caprolactone to hydroxyl of
polyhydric alcohol ranges from 1:1 to 150:1. Thus, for example, in the case of glycerol
as the polyhydric alcohol, the mole ratio is calculated from three times the moles of
e-caprolactone per mole of glycerol; and in the case of pentaerythritol, the ﬁlole ratio is
calculated from four times the moles of e-caprolactone per mole of pentaerythritol.

The esterification reaction is preferably carried out in the presence of a ring
openmg catalyst, e.g., stannous octoate, present in an amount ranging from 0.01% by
weight to 1% by weight of e-caprolactone. Ring opening catalysts that can be used in
place of stannous octoate include, for example, aluminum triisopropoxide, f(n-
C,H,0),Al0}],Zn, dibutyltin dimethoxide, Zn L-lactate, aluminum thiolates and triethyl
aluminum.

‘The esterification reaction is carried out, for example, at 20 to 150°C for 10
minutes to 72 hours i a polymerization tube containing dry inert gas (e.g., argon or
nitrogen) sealed in vacuum. The inclusion of the dry inert gas prevents hydrolysis and
oxidation of the catalyst.

The structure of a three-arm polyhydric alcohol ester obtained from ring opening

polymerization of e-caprolactone in the presence of glycerol is depicted below:

- a-
I

CHOX S SO

| T

CHOVCO\/\/\/O\)H\H

o I

CH,0~ C\/WO\)H\H
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In the above structure, n ranges, for example, from 1 to 150.

The structure of a four-arm polyhydric alcohol ester obtained from ring opening

polymerization of e-caprolactone in the presence of pentaerythritol is depicted below:

O
3 | CH;_O'{/C W\/Oﬁ\}{
H’k O\/\/\/(": CHr CHO/(C \/\/\/03\H
éHgO,{/C\/\/\/O\}\H

In the above structure, n ranges, for example, from 1 to 150.

As indicated above, the polyhydric alcohol esters containing free hydroxyl at
terminal ends of the acyl moieties are precursors for double bond functionalized
biodegradable polyhydric alcohol esters where some or each of the acyl moieties are
functionalized to incorporate an unsaturated group. In a preferred case, the
functionalizing is obtained by reaction of free hydroxyls of the precursor comp ounds
with maleic anhydride. Other reactants besides maleic anhydride to incorporate
unsaturated group include, for example, acryloyl chloride which 1s CH,=CHCOC(],
methacryloyl chloride which is CH,=CH(CH,)COCI and allyl isocyanate which 1S
CH,=CHCH,NCO. In the case where maleic anhydride is utilized, unsaturated terminal
moieties are obtained which are 2-carboxy ethenyl groups.

For the reaction of maleic anhydride with free hydroxyl at terminal end of acyl

moiety of precursor free hydroxyl containing polyhydric alcohol ester, the mole ratio of
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hydroxyl functionality to moles of maleic anhydride can range, for example, from 1:1 to
1:10, and the reaction can be carried out at 100 to 180°C over a time period of 1 hour to
72 hours and preferably is carried out under inert gas such as nitrogen to prevent
hydrolysis of maleic anhydride and of the precursor esters. The reaction with maleic
anhydride produces 2-carboxy ethenyl finctionalized maximum number of érms
corresponding to number of free hydroxyls on polyhydric alcohol starting material,
heremafter referred to as 2-carboxy ethenyl functionalized polyhydric alcohol esters.

A structure of a 2-carboxy ethenyl functionalized polyhydric alcohol ester

obtamed from precursor obtained from glycerol is depicted below:

O

\/\/\/O =
04" 9\(: CH=CH-COOH

|
HO,VC\/\/\-/O*C CH=CH-COOQH

]
CH,04” C\/\/\/O C-CH=CH-COOH

In the above structure, n can range, for example, from 1 to 150.

A structure of a 2-carboxy ethenyl functionalized polyhydric alcohol ester

obtamed from precursor obtamed from pentaerythritol is depicted below:

O :
0 CHzokC \/\/\/O‘XC-CH_Q{ CQOH

0
_ i ko\/\/\/ “
HOOC-CH=CH-C OCHjy (l:HOf(/C\/\/\/ \);,\c CH=CH-COCH
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In the above structure, n can range, for example, from 1 to 150.

Biological and material properties of the esters can be varied by varymg the feed
ratio of e-caprolactone to polyhydric alcohol to change the molecular weight of the
precursor polyhydric alcohol

The functionalized poly(e-caprolactone) arms of the functionalized polyhydric
alcohol esters herein are biodegradable as said arms are hydrolyzed even in enzyme free
water and hydrolases, e.g., trypsin and lipases, which are present biologically, catalyze
the hydrolysis.

The double bond functionalized polyhydric alcohol esters herein can be
photocrosslinked by dissolving to form a solution, adding photoinitiator, e.g., 2,2'-

dimethoxy-2-phenyl acetophenone or other photoinitiator (e.g., 1 to 5%, e.g., 4%,
photoinitiator by weight of ester), forming a film and irradiating with a lc;ng wave UV
lamp? e.g., a 365 nm long wave UV lamp, for 5 hours. The formed three dimensional
structures can be used to entrap drugs to provide slow release drug delivery systems.

The 2-carboxy ethenyl functionalized polyhydric alcohol esters are also useful to
form biodegradable polyester-polysaccharide hydrogels.

2-Carboxy ethenyl functionalized polyhydric alcohol ester and reaction product
of polysaccharide are photocrosslinked in solution to provide the biodegradable
polyester-polysaccharide hydrogels. Photoinitiator and irradiation means for the
photocrosslinking can be the same as described above for photocrosslinking. The

resulting hydrogel is biodegradable (a biodegradable hydrogel is a hydrogel formed by

cross-linking a polymer which is degraded by water and/or by enzymes found in nature).
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Polysaccharides useful to prepare reaction product for photocrosslinking with 2-
carboxy ethenyl functionalized polyhydric alcohol, have hydroxy function pendant
groups which permit the formation of a three dimensional network. These
polysaccharides include, for example, dextran, inulin, starch, cellulose, pullan, levan,
mannan, chitin, Xylan, pectin, glucuronan, laminarin, galactomannan, amylose,
amylopectin, and phytophtoorglucans. A preferred polysaccharide is dextran.

In the case of 2-carboxy ethenyl functionalized polyhydric alcohol polyester
being used to form biodegradable polyester-dextran reaction product hydrogels, dextran
having a weight average molecular weight ranging from 40,000 to 80,000 (dextran is (1
~ 6) lmked a-D-glucopyranosyl residues and carries three hydroxyl groups per glucose
unit) 1 photocrosslinked with 2-carboxy ethenyl functionalized polyhydric alcohol ester.
The reaction to form the dextran reaction product is readily carried out in an aprotic
solvept, e.g., dimethyl formamide or dimethyl sulfoxide, and is catalyzed by a Lewis-
base, preferably triethylamine. A preferred dextran reaction product is dextran maleic
acid monoester prepared as described in WO 00/12619.

The resulting hydrogel is useful to entrap or be covalently bonded to drug or
other biologically active agent for a slow release drug delivery system. The same
method for entrapping drug can be used as is described in conjunction with indomethacin
as drug and a different hydrogel in WO 00/60956, published October 19, 2000. Utilities
for the hydrogel here include those described in WO 00/60956 for the hydrogel there. In
particular, the hydrogel can be tailored to provide drug control release, wound coverage,

skin substitutes, delivery of viruses in gene therapy, coatings for surgical implants (e.g.,
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an artificial pancreas) including a vascular (e.g., a cardiac) stent, and coatings for tissue
culture plates to promote cell adhesive and proliferation.
For a case where the 2-carboxy ethenyl functionalized polyhydric alcohol esters

can be used independent of forming a hydrogel, the 2-carboxy ethenyl functionalized
polyhydric alcohol esters can be polymerized with unsaturated monomers, e.g., acrylic
acid, methacrylic acid or maleic anhydride, by free radical polymerization to link
polyacrylic or polymethacrylic or polymaleic acid segment to replace each carboxyl with
a plurality of carboxyls for attachment of moieties containing aminoxyl-containing
radical or other drug molecule residue or other biologically active agent residue in place
of hydroxyl moiety of carboxyl group. The reaction is carried out under free radical
polymerization conditions. The reaction is initiated using 2,2'-azobisisobutyronitrile
(AIBN) or other initiator agent and can be carried out in dioxane with heating to 60°C
for 5 hours.

We turmn now to attachment of moiety containing aminoxyl-containing radical or
other drug molecule residue or other biologically active agent residue in place of
hydroxyl moiety of carboxyl group.

Reaction to include an aminoxyl-containing radical can be carried out by reacting
spin label suitable to replace hydroxy in carboxyl with imino linked to thé four position
of 2,2,6,6-tetramethylpiperidine-1-oxy or with imino linked to the three position of
2,2,5,5-tetramethylpiperidine-1-oxy or with oxy linked to the carbonyl of 2,2,5,5-
tetramethyl-3-pyrroline-1-oxy-3-carbonyl. Suitable spin labels are listed in U.S. Patent
No. 5,516,881. The term “aminoxyl” is used herein to refer to the structure >N-Qs.

The term “aminoxyl-containing radical” is used herein to refer to a radical that contains
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the structure >N-Qe. The products are useful for aminoxyl radical treatment of tumors,
and to increase the efficiency of chemotherapy and ionizing radiation therapy of tumors
and for the reconstruction of injured, diseased, or aged human blood vessels and as an
approach to controlling, neutralizing and reducing the excess of naturally formed nitric
oxide.

Reaction to include other drug molecule residue or other biologically active
agent residue m place of the hydroxyl moiety of carboxyl group can be carried out by
reacting the other drug or biologically active agent with group(s) thereon reactable with
carboxyl group to attach other drug molecule residue or other biologically active agent
via ester, amide or oxycarbonyl linkage or carboxylate via ionic bond. Other drugs and
other biologically active agents with groups thereon reactable with carboxyl group
mchide other drugs or other biologically active agents containing an amine group or oxy
Iimked to carbonyl or carboxylate or carboxylic acid or which are modified to contain
such group, e.g., estrone, estradiol, doxorubicin or camptothecin.

Uses of the products in the case of 2-carboxy ethenyl functionalized polyhydric .
alcohol esters polymerized with unsaturated monomers, e.g., acrylic acid, methacrylic
acid or maleic anhydride with hydroxyl in carboxyl replaced with moiety containing
ammoxyl-containing radical or other drug molecule residue or other biologically active
agent residue, include drug and other biologically active agent control/release devices
mncluding drug or biologically active agent eluting polymer coating systems for coating
vascular stents (e.g., cardiac stents) or other devices and as scaffolds for tissue

engineering.
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The biodegradable polyester-polysaccharide hydrogels and 2-carboxy ethenyl
functionalized polyhydric alcohol esters polymerized with unsaturated monomers can
also be admixed with spin labels and other drugs and biologically active agents to
provide drug delivery matrixes.

Controlled release functionality including sustained or delayed release

functionality via direct covalent bonding or ionic bonding, of the aminoxyl-containing
radical or other drug or other biologically active agent can be obtained, by various
conjugation techniques using different molecule lengths and structure via spacer
molecules to conjugate spin label of other drug or other biologically active agent to
polymer backbone; or a polymer drug mat& can be created by admixing spin label or
other drug or other biologically active agent with the polymeric component; or strata of
drugs and polymeric materials can be structured in layers; or a topcoat can be apphed
using various hydrogel/drug mixtures to obtain a controlled, sustained drug release local
delivery system. These can be provided, for example, on a stent platform, or on a
microphere (nanoparticle) to provide a microphere based*drug delivery system for
systemic application.

We turn now to the cases where the polyhydric alcohol esters herein are used for
providing drug/other biologically active release coatings on vascular stents e.g., cardiac
stents. - As indicated above, one case of this is where the polyhydric alcohol esters heren
are used to form hydrogels entrapping or covalently bonded to drug or other biologically
active agent. As indicated above, another case is where 2-carboxy ethenyl functionalized

polyhydric alcohol ester is reacted with acrylic acid or methacrylic acid or maleic
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anhydride m a free radical polymerization followed by attachment of aminoxyl contaming
radical or other drug molecule or other biologically active agent.

The therapeutic a geuts which are used in association with products from
polyhydric alcobol esters herein for drug/biologically active release coatings on stents
include small molecules; e_g.. weight average molecular weight ranging from 200 to
1,000, including for example, indomethacin, hypoestoxide, paclitaxel and other taxane
derivatives, sirolimus, dexamethasone, trazolopyrimidine, tranilast, thalidomide and sts
analogs and simvastatin and other statin analogs, and large molecules, e.g., weight
average molecular weight of 1,000 to 100,000, including, for example antisense oligo
nucleotides (e.g., anti-sense oligo nucleotide with morpholine based backbone which 1s

sold under the name NEU-GENES® which has limited water solubility), gene products

(e.g., Ad5-FGF4 Gene for angiogenesis named GENERX®, two cell cycle inhibitory genes

p27 and p16 and antibodies and antibody fragments (e.g., c7E3 Fab denoted ABCIXIMAB®
for antiplatelet use, described in Baron, J., et al, Cardiovascular Res 48, 464-472, 2000).

In the case where hydrogel is coated on a stent, this can be carnied out, for

example, by coating solution of hydrogel forming agents plus drug on the stent and

forming the hydrogel on the stent or by forming dry-to-the-touch hydrogel associated

with drug and adhering this to the stent.

In the case where 2-carboxy ethenyl functionalized polyhydric alcobol is reacted
~with acrylic acid or methacrylic acid in free radical polymerization followed by

attachment of or matrixing with drug, attachment of the product to stent may be carned

out by dip coating, ¢.g., from a solution.



CA 02450123 2003-12-08
WO 03/011212 PCT/US02/19816

-13-

The drug is used on the stent or other device in a therapeutically effective
amount. The therap eﬁtica]ly effective amount of the ‘therap eutic agent is that amount
which accomplishes the purpose for which the therapeutic agent is present on the stent
or other device, e.g, an anti-inflammation effecting amount for an anti-inflammatory
agent, a cholesterol reducing or HDL increase causing amount for an anti-cholesterol
agent, a platelet formation inhibiting amount for an antiplatelet agent, a reocclusion
ameliorating or preventing amount for agents administered for this purpose, an immune
suppression effecting amount to prevent stent rejection and an angiogenesis causing
amount for an angiogenesis promoting agent.

In both of the above cases, attachment can be directly onto a vascular stent or to
a polymer coated vascular stent or as a topcoat on a stent over other biodegradable
polymer coating (e.g., poly ester-amide with covalently congregated matrixed drugs).

The term “drug” is used herein to mean a substance for use in the diagnosis,
cure, mitigation, treatment or prevention of disease. Typically, drugs have weight
average molecular wetghts ranging from 200 to 1,000. The word “other” in the term
“other drugs” is used herein to mean the drug does not contain a group containing the
aminoxyl structure.

The term “other biologically active agent™ is used herein to include proteins,
cytokines, oligo nucleotides including antisense oligo nucleotides, genes, carbohydrates
and hormones, but excludes compounds containing an aminoxyl containing radical and

“other drug molecule.”
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The term “residue” in other drug molecule residue and other biologically active
agent residue connotes the other drug molecule or other biologically active agent minus
any portion thereof separated on attachment in the reaction referred to.

We turn now to the case of polyhydric alcohol esters where the acyl moieties
originate from poly(lactide-co-e-caprolactone), e.g., having a weight average molecular
weight ranging from about 750 to 150,000, which is formed in situ during the
esterification reaction. Preparation can be carried out in this case by substituting a blend
of lactide and e-caprolactone monomers for the e-caprolactone monomer in the
preparation described above for the case where the acyl moieties originate from poly(e-
caprolactone) homopolymer which is formed in sifu during the esterification reaction
with polyhydric alcohol.

We turn now to the case of polyhydric alcohol esters where the acyl moieties
originate from poly(glycolide-co-e-caprolactone), e.g., having a weight average
molecular weight ranging from 750 to 150,000 which is formed in situ during the
esterification reaction. Preparation can be carried out in this case by substituting a blend
of glycolide and e-caprolactone monomers for the e-caprolactone monomer in the
preparation described above for the case where the acyl moieties originate from poly(e-
caprolactone) homopolymer which is formed in situ during the esterification reaction
with polyhydric alcohol.

Similar preparations to what are described in the above two paragraphs are
appropnate in the case of polyhydric alcohol esters where the acyl moieties originate
from poly(0-valerolactone-co-e-caprolactone), poly(p-hyroxybutyrate-co-€-

caprolactone) and poly(1,4-dioxan-2-one-co-e-caprolactone).
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In the cases for polyhydric alcohol esters where acyl moieties originate from
poly(lactide-co-e-caprolactone) or poly(glycolide-co-e-caprolactone), or poly(0-
valerolactone-co-€-caprolactone, or poly(f-hyroxybutyrate-co-e-caprolactone) or
poly(1,4-dioxan-2-one-co-co-e-caprolactone), free hydroxyl can be converted to 2-

carboxy ethenyl by reaction with maleic anhydride under conditions as described in

U.S. Patent No. 6,830,747. The 2-carboxy ethenyl groups can be converted to

poly(meth)acrylic acid segments as described in U.S. Patent No. 6,830,747.

The utilities for the case for polyhydric alcohol esters where the acyl moteties
origmate from poly(lactide-co-e-caprolactone) or poly(glycolide-co-e-caprolactone) or
poly(8-valerolactone-co-e-caprolactone) or poly(f-hyroxybutyrate-co-e-caprolactone)
or poly(1,4-dioxan-2-one-co-e-caprolactone) or other polyesters, e.g., carboxy ethenyl
(maleic acid functionalized) dextran, are the same as in the case where the acyl mozieties
origmate from polymerization of e€-caprolactone.

The utilities are the same as in the cases where the alcohol moiety 1s obtamed
from glycerol and pentaerythritol for the cases where the alcobol moiety is obtained from
other polyhydric alcohols as descnibed hereinbefore including dextran and other

polysacchandes.
‘The invention is illustrated by the following working examples:

Example |

Runs were carned-out as follows to prepare glycerol esters where the acyl
moieties of the esters are from poly (e-caprolactone) and are hydroxyl functionalized, by

nng opening polymerization of e-caprolactone in the presence of glycerol:
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Glycerol (0.02 moles), e-caprolactone (0.10 moles) and stannous octoate (0.1%
by weight of the e-caprolactone) were added into a silanized polymerization tube (feed
molar ratio of e-caprolactone (CL) to hydroxyl (OH) of glycerol was 5:1). This was
followed by argon-filling of head space for several times whereupon the polymerization
tube was sealed under vacuum. The sealed tube was placed in an oil bath at 130°C and
maintained there for 48 hours to cause ring opening polymerization of e-caprolactone in
the presence of the glycerol to obtain the glycerol esters where the acyl moieties of the
esters are each from poly (e-caprolactone) and are hydroxyl functionalized, denoted
PGCL-OH. The sealed tube was removed from the oil bath and cooled to room
temperature, whereupon the raw product was removed from the polymerization tube by
dissolving in chloroform. The resulting solution was poured into excess petroleum ether
to precipitate the product. The precipitate was washed with distilled water four times
and dried over P,0O, under vacuum at room temperature until constant weight was
obtaiﬁled. The product was denoted PGCL-OH-1.

Other runs were carried out as above except that the feed molar ratios of
e-caprolactone to hydroxyl of glycerol were 10:1, 20:1 and 40:1, and the products were
respectively denoted PGCL-OH-2, PGCL-OH-3 and PGCL-OH-4.

The yields, number average molecular weights M_, weight average molecular
weights 'I\‘/[W, peak molecular weights M, (the weight average molecular weights at the
peaks of the GPC curves for the samples) and polydispersities M, /M,, are given in Table
1 below. M,, M,, and M, were determined by gel permeation chromatography using

polystyrene standards.
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Table 1

Yield M, M,, M,
(%) | (x10%) | (x10%) | (x10%

Feed molar
ratio (CL/OH)

Sample No. polydispersity

(M/M,)

PGCL-OH-1
PGCL-OH-2
PGCL-OH-3
PGCL-OH-4

Runs were carried out as follows to convert the esters of Table 1 to 2-carboxy

ethenyl functionalized polyhydric alcohol esters.

PGCL-OH-1 (0.01 moleé) of that made above and 5 equivalents of maleic
anhydride per hydroxyl of PGCL-OH-1 were placed in a three-neck flask under N,
atmosphere and maintained at 130° for 24 hours. The reaction mixture was then cooled
to room temperature and dissolved in chloroform. The resulting chloroform solution
was poured into excess petroleum ether to precipitate product. The precipitate was
stirred m 500 ml of distilled water for four hours to remove excess maleic anhydride.
After filtration, the precipitate was washed with distilled water four times and dried over
P,05 under vacuum at room temperature until constant weight was obtained. The
product was denoted PGCL-Ma-1.

Other runs were carried out as in the above paragraph except that equal molar
amo*unté of PGCL-OH-2, PGCL-OH-3 and PGCL-OH-4 were substituted for the
PGCL-OH-1. The products were respectively denoted PGCL-Ma-2, PGCL~-Ma-3 and

PGCL-Ma-4.
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The number average molecular weights and polydispersities (determined by gel

permeation chromatography using polystyrene standards) for the products PGCL-Ma-1,

PGCL-Ma-2, PGCI.-Ma-3 and PGCL-Ma-4 are given in Table 2 below:

Table 2

polydispersity
(M/M,)

PGCL-Ma-1

PGCL-Ma-2
PGCL~-Ma-3
PGCL-Ma-4

Runs were carried out as follows to convert the products of Table 2 to produce
crosslnked films:

PGCL~-Ma-1 (1 gram) was dissolved in dioxane (5% wt./vol.). The
photoinitiator, 2,2'-dimethoxy-2-phenyl acetophenone (4% by weight of the PGCL-Ma-
1) was added to the solution and dissolved on rapid stirring for a few minutes. The
solution was poured onto a glass plate and irradiated with 365 nm long wave UV lamp
(Model UVL-18, 8 watt handheld, UVP, Upland, CA, USA) for 5 hours. The resulting
crosslinked film was dried in a vacuum oven at room temperature. The product was an
opaque film and was denoted NPGCL-Ma-1.

Other runs were carried out as in the above paragraph except that equal molar
amounts of PGCL-Ma-2, PGCL-Ma-3 and PGCL-Ma-2 were substituted for the PGCL-

Ma-1. The products were opaque films and were respectively denoted NPGCL-Ma-2,

NPGCL-Ma-3 and NPGCL-Ma-4.
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Whereas PGCL-Ma-1, PGCL-Ma-2, PGCL-Ma3 AND PGCL-Ma-4 dissolved in
ethyl acetate, dioxane, chloroform, tetrahydrofuran, methyl sulfoxide, N,N-dimethyl
formamide, dichloromethane and acetone, the crosslinked products NPGCL~Ma-1,
NPGCL-Ma-2, NPGCL-Ma-3 and NPGCL-Ma-4, did not.

A comparison of melting temperatures, heats of fusion and degrees of
crystallinity for PGCL-Ma-1, PGCL-Ma-2; PGCL-Ma-3 and PGCL-Ma-4 to those for
NPGCL-Ma-1, NPGCL-Ma-2, NPGCL-Ma-3 and NPGCL-Ma-4 is given in Table 3
below. Melting temp eratures were mea sured using a differential scanning calorumeter
(DSC), Perkin - Elmer DSC-7) under nitrogen purging at a heating rate of 10°C/minute
from -50° to 120°. Each PGCL-Ma sample had one endothermic peak that sphit to two
melting peaks while each corresponding NPGCL-Ma product had an endothermic peak
that did not split. The heats of fusion AH,, were determined by integrating the

normalized area of melting endotherms. The degree of crystallinity in each case equals

the AH,, for the sample divided by the AH_ for 100% crystalline times 100.

Table 3
AH,_ Y Sample T. | AH_ Yo
(J/g) | (%) No. (cC) | Ug) | (%)

PGCL-Ma-1
PGCL-Ma-2
PGCL-Ma-3
PGCL-Ma-4

NPGCL-Ma-1
NPGCL-Ma-2
NPGCL-Ma-3
NPGCIL-Ma-4

45.9.51.3
54.5.56.2
55.4, 58.2

In the above Table 3, T, is the melting temperature determined as described

above, AH,, is the heat of fusion determined as described above and 7, is the degree of
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crystallinity. As indicated in Table 3, the melting points, heats of fusion and degrees of

crystallinity decreased after crosslinking.

Example I1

Runs were carried out as follows to prepare pentaerythritol esters where the acyl
moieties of the esters are from poly (e-caprolactone) and are hydroxyl functionalized, by
ring opening polymerization of €-caprolactone in the presence of pentaerythrtol.

Pentaerythritol (0.02 moles), e-caprolactone (0.1 moles) and stannous octoate
(0.1% by weight of the e-caprolactone) were added into a silanized polymerization tube
(feed molar ratio of e-caprolactone (CL) to hydroxyl (OH) of pentaerythritol was 5:1).
This was followed by argon-filling of head space for several times whereupon the
polymerization tube was sealed under vacuum. The sealed tube was placed in an oil bath
at 130“ and maintained there for 48 hours to cause ring opening polymerization of €-
caprolactone in the presence of the pentaerythritol to obtain the pentaerythritol esters
when the acyl moieties of the esters are each from poly(e-caprolactone) and are hydroxyl
functionalized, denoted PPCL-OH. The sealed tube was removed from the oil bath and
cooled to room temperature, whereupon the raw product was removed from the
polymerization tube by dissolving in chloroform. The resulting solution was gently
poured into excess petroleum ether to precipitate product. The precipitate was obtained
by filtering and then was dried. The powder precipitate was washed with distilled water
four times and dried over P,O under vaccum at room temperature until constant weight

was obtained. The product was denoted PPCL-OH-1.
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Other runs were carried out the same as in the above paragraph except that the
feed molar ratios of e-caprolactone to hydroxyl of pentaerythritol wefe 10:1, 20:1 and
40:1, and the products were respectively denoted PPCL-OH-2, PPCL-OH-3 and PPCL-
OH-4.

The yields, number average molecular weights M., weight average molecular
weights M,,, peak molecular weights M (the weights average molecular weights at the
peaks of the GPC curves for the samples) and polydispersities M, /M_ are given in Table
4 below. M,, M, and M| were determined by gel permeation chromatography using

polystyrene standards.

Feed molar . Polydispersity

Ratio (CL / (M, /M,)
OH)
PPCL-OH-1
PPCL-OH-2
PPCL- OH-3
PPCL-OH-4

The rclationship of the feed molar ratios and the residual hydroxyls of

pentaerythritol in PPCL-OH is given in Table 5 shown below:;
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Table 5

Feed molar ratio Residual hydroxyls
(CL / OH) pentaerythritol (%)

Runs were carried out as follows to convert the esters of Table 4 to 2-carboxy
ethenyl functionalized polyhydric alcohol esters.

PPCL~OH-1 (0.01 moles) of that made above and 5 equivalents of maleic
anhydride per hydroxyl of PPCL-OH-1 were placed in a round bottomed three-neck
flask under N, atmosphere at 130°, and continuous stirring of the melt was carried out
for 24 hours. After reaction for 24 hours, the reaction mixture was cooled at room
temﬁérature and dissolved in chloroform. The chloroform solution was gently poured
mto six times volume of petroleum ether to precipitate product. The precipitate was
stred m 500 ml of distilled water for four hours to remove any excess maleic anhydnide.
After filtration, the precipitate was washed four times with distilled water and dried over
P,05 under vacuum at room temperature until constant weight was obtained. The
product was denoted PPCI.-Ma-1.

Other runs were carried ont as in the above paragraph except that equal molar
amounts of PPCL-OH-2, PPCL-OH-3 and PPCL-OH-4 were substituted for the PPCI ~

OH-1. The products were respectively denoted PPCL-Ma-2, PPCL-Ma-3 and PPCL-

Ma-4.
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The number average molecular weights and polydispersities (both determined by
gel permeation chromatography using polystyrene standards) for the products PPCL-

Ma-1, PPCL-~Ma-2, PPCL-Ma-3 and PPCIL~-Ma-4 are given in Table 6 below.

Table 6

polydispersity
(M,/M,)

PPCL-~-Ma-1
PPCL-~-Ma-2
PPCL~Ma-3
PPCL~Ma-4

Quantitative conversion of hydroxyl functionality of the restdual hydroxyls of
pentaerythritol as well as the end hydroxys of the poly (e-caprolactone) occurred at
lower molecular weights, namely for sample PPCL-Ma-1.

~ Crosslinking of the PPCL-Ma samples was carried out as follows. The double
bond functionalized product PPCL-Ma-1 (1 gram) was dissolved in dioxane (5%
wt./vol). The photoinitiator 2,2'-dimethoxy-2-phenyl acetophenone (4% by weight of
PPCL-Ma-1) was added to the solution and rapid stirring was carried out for a few
minutes to facilitate dissolution of the mnitiator. The resulting solution was poured into a
glass plate and the layer on the plate was irradiated with a 365 mm long wave UV lamp
(Model ﬁVL-I&, 8 watt, handheld, UVP, Upland, CA, USA) for 5 hours. The resulting
cross linked film was dried in a vacuum oven at room temperature. The product was an
opaque film and was denoted NPPCL-Ma-1.

Other runs were carried out as in the above paragraph except that equal molar

amounts of PPCL-Ma-2, PPCL-Ma-3 and PPCL-Ma-4 were substituted for the PPCL-
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Ma-1. The products were opaque films and were respectively ;lenoted NPPCL-Ma-2,
NPPCL-Ma-3 and NPPCIL~Ma-4.
Whereas PPCL-Ma-1, PPCL-Ma-2, PPCL-Ma-3 and PPCL-Ma-4 dissolved m
ethyl acetate, dioxane, chloroform, tetrahydrofuran, methyl sulfoxide, N,N-dimethyl

formamide, dichlormethane and acetone, NPPCL-Ma-1, NPPCL-Ma-2, NPPCL-Ma-3

and NPPCIL-Ma-4 did not.
A comparison of melting temperatures, heats of fusion and degrees of

crystallinity for PPCL-Ma-1, PPCL~-Ma-2, PPCL-Ma-3 and PPCL-Ma-4 to those of
NPCCL-Ma-1, NPPCL-Ma-2, NPPCL-Ma-3 and NPPCL-Ma-4 are given in Table 7
below. Melting temperatures were measured using a differential scanning calorimeter
(TA Instruments, DSC 2920) under nitrogen purging at a heating rate of 10°C/minute .
from -50" to 120°C. Each PPCL-Ma sample had one endothermic peak that split to two
meltin g peaks, while corresponding NPCC-Ma products had one endothermic peak that
did not split. The heat of fusion AH_ in each case was determined by integrating the

normalized area of melting endotherm. The degree of crystallinity in each case equals

the AH,, for the sample divided by AH_ for 100% crystalline times 100.

Table 7
T, AHy | X Xo
(J/g) | (%) (%)
PPCL-Ma-1 NPPCL-Ma-1 0
PPCL-Ma-2 NPPCL-Ma-2 18.0
PPCL-Ma-3 NPPCL Ma-3 45.8
PPCL-Ma-4 NPPCL-Ma-4 45.6
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In the above Table 7, T, is the melting temperature determined as described
above, AH,, is the heat of fusion determined as described above and y_is the degree of
crystallinity. The melting temperature for each PPCL-Ma sample decreased after
crosshinking. The heat of fusion of each PPCIL-Ma sample decreased after crosslinking.
The degree of crystallinity of each PPCI-Ma sample decreased after crosslinking.

Example 111

PGCL-Ma-3 is dissolved in dimethyl formamide to provide a concentration of
5% w/v. Then 2,2'-dimethoxy-2-phenyl acetophenone is added as photoinitiator (4% by
weight of PGCL-Ma-3). Then directly before crosslinking, 2.5% indomethacin (w/w
based on the weight of PGCL~-Ma-3) is added. The resulting composition is poured onto
glass plates and irradiated with 365 nm long wave UV lamp for 5 hours. The resulting
crosslinked film entrapping indomethacin is dried in a vacuum oven at room temperature.

' In another case an equal molar amount of PPCIL-Ma-3 is substituted for the

PGCL-Ma-3 above but otherwise the procedure is the same.

Example IV

PGCL-Ma-3 and dextran-maleic acid monoester (weight ratio of 1:1) are
dissolved in dimethyl formamide to provide a concentration of 5% w/v. Then the same
photoinitiator as in Example IIT is added (4% by weight of said resulting reaction
product). Then directly before photocrosslinking, 2.5% by weight indomethacin (based
on the weight of said resulting reaction product) is added. The resulting composition is
poured onto glass plates and irradiated with 365 nm long wave UV lamp for 5 hours.

The resulting hydrogel entrapping indomethacin is dried in vacuo at room temperature.
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When a vascular stent is substituted for a glass plate, hydrogel with indomethacin
entrapped therem 1s formed on the stent. The coated stent deployed after angioplasty is
associated with reduced inflammation compared to a conventional stent.

In another case, an equimolar amount of PPCL-Ma-3 is substituted for the
PGCL-Ma-3 above but otherwise the procedure is the same.

Example V

PGCL-Ma-3 (1.98 grams), acrylic acid (3.0 grams), and 2,2'-
azobisisobutyronitrile (AIBN) in amount of 1.1% by weight of the acrylic acid, are
dissolved in 20 ml dioxane at room temperature. The resulting solution is heated to
60°C for 5 hours. After removal of most of the solvent by distillation at 120°C, the
reaction mixture is precipitated in cold water to obtain separation from acrylic acid
homopolymer by-product. The precipitate, denoted PGCLA, is filtered, washed with
cold water three times and dried oven P,0O; under vaccum at room temperature.

PGCLA (1.14 grams) is dissolved in 20 ml dioxane at 50°C and 0.285 grams of
N,N'-carbonyl dumidazole is added. After 15 minutes 0.314 grams g 4-amino-2,2.6,6-
tetramethyl pipenidine-1-oxy (TEMPAMINE) dissolved in 5 ml dioxane is added slowly to
the reaction mixture at 50°C. The reaction mixture is vigorously stirred for several hours at
50°C. The resulting solution is added dropwise nto petroleum ether to precipitate product
where hydroxyl moiety of carboxyl groups of PGCLA is replaced with imino linked to the
four position of 2,2,6,6-tetramethylpiperidine-1-oxy, denoted TAM-PGCLA.

A vascular stent 1s dip coated with TAM-PGCLA by dipping 1t in a solution of TAM-
PGCLA 1n dioxane (1 gm TAM-PGCLA in 20 ml dioxane) or other suitable solvent and
evaporating the solvent. The TAM-PGCLA coated stent deployed after angioplasty is

associated with reduced inflammation compared to a conventional stent.
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In another case, an equimolar amount of PPC1L.-Ma-3 is substituted for the PGCL-

Ma-3 for the above preparation.

Vanations

Many vanations of the above will be obvious to those skilled in the art. Therefore the

mvention 158 defined by the claims.
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CLAIMS:

1. Biodegradable polyhydric alcohol esters where the acyl moieties of the esters
originate from aliphatic homopolymer or copolymer polyesters and contain free hydroxyl

at their terminal ends;

wherein the aliphatic homopolymer or copolymer polyester has at least one aliphatic

monomeric portion having at least 5 carbons; and

wherein the weight average molecular weight of the esters ranges from 1,000 to 80,000.

2. The biodegradable polyhydric alcohol esters of Claim 1 where the acyl moieties of

the esters originate from polymerization of:
1) g-caprolactone monomer;

11) a blend of e-caprolactone monomer and lactide monomer; or

iii)  a blend of e-caprolactone monomer and glycolide monomer.

3. The biodegradable polyhydric alcohol esters of Claim 1 where the acyl moieties of

the esters originate from polymerization of g-caprolactone monomer.

4, The biodegradable polyhydric alcohol esters of Claim 1 where some or each of the

acyl moieties are functionalized to incorporate an unsaturated group.

5. The biodegradable polyhydric alcohol esters of Claim 4 where the fuctionalizing is

effected by reaction with some or each of the free hydroxyls to provide unsaturated

terminal moieties which are 2-carboxy ethenyl groups.

6. The biodegradable polyhydric alcohol esters of Claim 5 where unsaturated terminal
moieties are reacted with unsaturated carboxyl group containing compound or polymer to

provide end segments with a plurality of carboxyl groups thereon.
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7. The biodegradable polyhydric alcohol esters of Claim 6 where some or each of the
carboxyl groups are modified to provide a moiety containing an aminoxyl-containing
radical or a moiety comprising other drug molecule residue or other biologically active
agent residue, in place of hydroxyl moiety of carboxyl group, to provide a polymer drug

delivery and/or release system.

8. The biodegradable polyhydric alcohol esters of Claim 1 where the alcohol moieties

of the polyhydric alcohol esters originate from polyhydric alcohols containing from 3 to 6

hydroxyl groups.

9. The biodegradable polyhydric alcohol esters of Claim 8 where the alcohol moieties

of the polyhydric alcohol esters originate from glycerol.

10.  The biodegradable polyhydric alcohol esters of Claim 8 where the alcohol moieties

of the polyhydric alcohol esters originate from pentaerythritol.

11. A biodegradable polyester-polysaccharide hydrogel formed by photocrosslinking
unsaturated reaction product formed by reaction of hydroxyl of polysaccharide with the

2-carboxy ethenyl groups of a biodegradable polyhydric alcohol ester of Claim 3.

12.  The biodegradable polyester-polysaccharide hydrogel of Claim 11 where the

polysaccharide 1s dextran.

13. Drug delivery system comprising the biodegradable hydrogel of Claim 12

entrapping or covalently bonded to drug or other biologically active agent to be delivered.

14. A vascular stent containing coating comprising the drug delivery system of
Claim 13.
15. A vascular stent containing coating comprising the drug delivery and/or release

system defined in Claim 7.
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