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(57) Abstract: The present invention is directed to a novel polymerization
process for making novel absorbable, linear polylactone polymers prepared

using novel polymerization initiators to achieve rates of mechanical property
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loss or of absorption of articles made from the polymers that are at least
about 1.2 times faster than the rates of mechanical property loss of polymers
made by similar processes utilizing conventional initiators. The novel poly-
merization initiators include monols or diols possessing at least one primary
alcohol group and two or more carboxylic acid groups. The invention also is
directed to absorbable polylactone polymers prepared by processes of the
present invention and to medical devices made from such polymers.
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POLYLACTORE POLYMERS PREPARED FROM MONCL AND DIOL
POLYMERIZATION INITIATORS POSSESSING TWO OR MORE CARBOXYLIC

ACID GROUPS
FIELD OF THE INVENTION
{0001} The present invention relates to absorbable polylactone copolymers suitable for

use in implantable medical devices and methods of making such copolymers, which methods
include the usc of mono-aleohol or di-alcohol polymerization initiators, otherwise known as
molecuolar weight control agents, to polymers prepared by such methods and to medical devices

prepared from such polymers.

ACKGROUND OF THE INVENTION

10002} The use of initiators such as glveolic acid has been wel known in the art and
science of ring opening polymerizations of lactones. It has been recognized that the alcohol
group readily participates in a reaction that incorporates the inttiator in the growing chain.
Alcohols such as dodecanol have been used as well. Diols and polyols have also been used. It is
known that including a carboxylic acid group in the initiator can increase the rate at which the

polymer loses mechanical strength and can increase the rate at which it absorbs.

HHUERY Homopolymers and copolymers of p-dioxanone (PDO} are known for use in the
medical device and pharmaceutical fields due to their low toxicity, sofiness and flexibility.
Poly{p-dioxanonc) {PDO) homopolymer in particuiar has been suggested as an absorbable
polymer for use in synthetic surgical devices. By the carly 198(0s, the PDS homopolymer was
used by surgeons in the form of a monofilament surgical suture. Since that time, many
p-dioxanone copolymers have been deseribed for use in such devices. Surgical monofilament
sutures based on a copolymer prepared from trimethylene carbonate (TMC), glycolide (GLY)}
and p-dioxanone (PDO) monomer currently are available for use. PDO based polymeric
matcrials also can be injection molded into a number of non-filamentous surgical devices such as

surgical clips and fastencrs for usce in, ¢.g., meniscal repair. These surgical articles take full
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advantage of the gencral toughness exhibited by this family of homopolymers and copolymers

known heretofore.

{0004] U.S. Pat. No. 2,362,511 discloses a polyglyeolide resin derived from glycolide
and from about 20 to about 35 weight percent of a carboxylic acid such as lactic acid, tartaric

acid, malic acid, citric acid, etc.

{0005] U.S. Pat. No. 3,169,945 discloses a homopolymer of epsilon-caprolactone
obtained by polymerizing epsilon-caprolactone in the presence of a carboxylic acid inttiator such

as ¢itric acid, aconitic acid, mellitic acid, pyromellitic acid, ete.

[0806] U.S. Pat. No. 3,942 532 discloses a surgical suture coating composition
comprising a polyester derived from the esterification of a low molecular weight glyeol and a

dimeric acid such as succinic acid, glutaric acid, adipic acid, ete.

10007} U.S. Pat. No. 4,624,256 discloses a bioabsorbable copolymer derived from at least
90 weight percent of epsilon-~-caprolactone and up to 10 weight percent of a carboxylic acid such

as glycolic acid, lactic acid, malic acid, succinic acid, cte.

18003] U.S. Pat. No. 4,643,191 discloses a copolymer obtained by: (1) the
polymerization of p-dioxanone in the presence of a carboxvlic acid mitiator such as glyeolic
acid, lactic acid, etc., to form a mixture of p-dioxanone monomer and homopolymer and (2}

subsequent polymerization of (1} with factide to form the copolymer,

{6009 U.S. Pat. No. 5,076,807 discloses a bioabsorbable copolymer dertved from
polymerizing p-dioxanonc and glycolide in the presence of a carboxylic acid initiator, ¢.2.,

glycoiic acid or lactic acid.

{0016} Copolymers derived from epsilon-caprolactone and at least onc other monomer

such as lactide, glycolide, glveolic acid, p-dioxanone and trimethylenc carbonate are disclosed in

]
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U.S. Patent Nos. 4,605,730; 4,624,256; 4,700,704, 4,788,979; 4,791,929, 4,994,074, 5,076,807,
3,080,665; 5,085,629, and 5,100,433,
{0011} U.S. Pat. No. 5,425,949 describes a bioabsorhable copolymer that is obtained
from the polymerization of a major amount of g-caprolactone and a minor amount of at least one
other copolymerizable monomer in the presence of an initiator possessing at least two carboxylic
acid groups. The copolymer is useful, inter alia, as a coating for a surgical suture. US Pat. No.
5,425,949 clearly docs not, however, anticipate the need for at least one primary hydroxyl group.
Col 2. lines 9 to 13 describe as suitable carboxylic acid initiators as including succinic acid,
maleie acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, schacic acid, malic
actd, tartaric acid, citric acid, aconitic acid, pyromellific acid, mellitic acid, etc., and
combinations thereof. Tt should be noted that although citric acid, 2-hydroxy propane-1,2,3-
iricarboxylic acid, possesses three carboxyhic acid groups, its single alcohol group is tertiary in

nature.

[0813] Polymers having units derived froro citric acid have been described elsewhere for
various purposes. For example, U.S. Pat. No. 3,661,955 discloses polyesters of citric acid and
sorbitol useful as intermediates in the manufacture of medicine, emulsificrs and as additives to
yeast raised products. As another example, U.S. Pat. No. 5,026,821 discloses hydrophilic
polymers composed of polvamides resulting from the condensation of citric acid with diamines.
The polymers are employed as carriers or reservotrs for the controlled release of drugs, as

sutures, surgical prostheses, and surgical adhesives.

18013} U.S. Pat. No. 5,480,963 describes bioabsorbable copolymers that are derived from

tricarboxylic acids and triols. This patent is not directed towards linear polymers. US Pat. No.

5,480,963 is directed towards cross-linked products.

{0814} Segmental block copolymers composed of p-dioxanone and glycolide {at a molar
ratio of PDOGLY of approximately 90:10) were thought to be polymers potentially suitable for
usc as a “soft” monofilament suture having a breaking strength retention (BSR) profile similar to

Vieryl® sutures available from Ethicon, Inc. However, advantageous as these copolymers are,
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it is known that they absorb in the body at a certain rate, limiting their utility as “soft”

monoftiament sutures in surgical applications in which rapid degradation is desirable.

[B015] There is a long felt need in this art for novel absorbable polymers having utility in
“soft” monofilament sutures and methods for making such polymers. 1t would be advantageous,
then, to provide novel polymerization processes necessary to produce such polymers having
propertics suitable for conversion to “soft” monofilament sutures, as well as other absorbable
polymers of a variety of “softness” including “hard” polymers, which losc their mechanical
propertics quickly with a corresponding rapid absorption, as well as other implantable medical
devices. The present invention provides such processes, polymers made by such processes and
having unigue properties, and medical devices, inclading sutures made from such polymers.
There is additionally a need for a polymerization process that proceeds smoothly, quickly and

reliably to completion.

SUMMARY OF THE INVENTION

{6016} Accordingly, a novel process utilizing preferved initiators that result in novel
lincar polymers with increased rates of mechanical property loss and increased rates of
absorption is provided. The novel process of the present invention is directed to a
polymerization process for making absorbable polylactone polymers, wherein a lactone
monomer comprising glyeolide, E{-}-lactide, B{+)-lactide, meso-lactide, 1,4-dioxanone, ¢-
caprolactone, or trimethlenccarbonate is contacted with a polymerization initiator comprising a
mono-alcohol containing a primary hydroxyl group and having two or more carboxylic acid
groups or alternately a di-alcchol containing at least one primary alcshol group and having two
or more carboxylic acid groups. The polymerization initiator is present at a molar ratio of
lactone monomer to initiator ranging from about 300:1 fo about 50,000:1. The process takes
place in the presence of a catalyst under conditions sufficient to effectively polymerize the
monomers, thereby providing the novel absorbable linear polylactone polymers. Suitable
catalysts include many organotin compounds., When medical devices are manufactured from
certain polymers prepared by the novel processes of the present strength, the loss of strength or

the rate of absorption is at least about 1.2 times faster, and preferably greater than about 1.5
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times faster, than the loss of strength or the rate of absorption of medical devices made from
polylactone polymers made by a substantially similar or the same polymerization process, but
utilizing either monol or diol initiators which do not contain at least two carboxylic acid groups.
The present invention also is directed to absorbable polylactone polymers prepared by processes

of the present invention and to medical devices comprising such polymers.

{0016} Another aspect of the present invention 15 a substantially lincar aliphatic

absorbable polyester comprising a monovalent unit of formula I
-O-CH»-R; I

and divalent repeating units selected from the group of formulae consisting oft

[-O-CH,-C(OV 1 fl
[-O-CH}CH)-C(O)-s 11
[-O-CH,CH,-O-CH,CH-C(OY Lo v
[-0-CH,CHCH,CH,CH-C(O)- g \%
[-0-CH,CH,CH-0-C(O)- 1 Vi

and combinations thereof, wherein Ry is an alkyl group containing two or more carboxylic acid
groups, and a, b, ¢, d, and ¢ arc integers such that the weight average molecular weight of said
substantially lincar aliphatic absorbable polyester is between about 35,600 Daltons and 200,000

Daltons,

10017} Yet another aspect of the present invention is a substantially lincar aliphatic
absorbable polyester comprising a first divalent unit of formula TA:
{-O-C(RoHR2)-Ry-CH-0O-] IA

and divalent repeating units selected from the group of formulae consisting oft

[-O-CH-C(O)1a A
[-O-CHNCH)-C(O)-]s A
[-O-CHL,CH,-0-CH:CH,-C(O) L A
[-0-CHCHCH,CHLCH-O(0)- 14 VA
[-0-CH,CH,CH-0-C(O)-]. VIA

(¥
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and combinations thereof, wherein R, and R are independently hydrogen or an alkyl group
containing 1 to & carbon atoms, Rs is an alkyl group containing two or more carboxylic acid
groups, and a, b, ¢, d, and ¢ are integers such that the weight average molecular weight of said
substantially lincar aliphatic absorbable polyester is between about 35,000 Daltons and 200,000
Daltons.

{0018} Still yet another aspect of the present invention is a novel, lincar absorbable

polymer made by the novel process of the present invention.

106019} Yet another aspect of the present invention 18 a medical device made from a novel

polymer of the present invention.

16028} A further aspect of the present invention is an absorbable suture made froma

novel polymer of the present invention, in particular, a surgical suture,

{0021} Thus, the present invention provides novel medical devices made from the novel
absorbable linear polymers having increased loss of strength or rate of absorption as compared to
absorbable polymers made by conventional processing, as taken under the same or similar
measurement conditions or techniques. Preferred initiators are provided that result in linear

polymers with increased rates of mechanical property loss and increased rates of absorption.

199221 These and other advantages and characteristics of the present invention will

become more apparent from the following description and accompanying drawings.

BRIEF BESCRIPTION OF THE DRAWINGS

18823} FIG. 1 is a plot of unreacted g-caprolactone monomer versus the reaction time for

the polymerizations of Examples 1 and 2.
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DETAILED DESCRIPTION OF THE INVENTION

[0024] This invention is dirccted towards the production of substantially lincar polymers
as opposed to star-shaped materials. The invention is further directed towards medical devices,

especially surgical devices, especially fibers and sutures.

10025} Propertics of monofilament fibers produced from polylactone polymers, including
breaking strength retention profiles and absorption times, are found to vary depending on
whether the polymerization reactions used to prepare the polymers were initiated with monol or
diol initiators that contain at lcast one primary alcohol group and contain two or more carboxylic
acid groups, as compared to monol or diol initiators not containing at icast two carboxylic acid
groups. It has been discovered, surprisingly and unexpectedly, that the use of such
polymerization initiators having at least two carboxylic acid groups in polyroerization processes,
¢.¢., ring~opening polymerization, may provide certain lincar polylactone polymers that, in furn,
provide articles of manufacture that exhibit advantageous breaking strength retention profiles

and absorption times,

10026} In order to produce a high molecular weight polymer by a ring-opening
polymerization {ROP) in a timely, reproducible and economical fashion, a catalyst usually is
combined with a mono- or multi-functional initiator. These initiators are desirably hydroxyi-
containing compounds, most preferably primary alcohols that can be used to gencrate linear or
branched polymers. If the initiator contains one or two hyvdroxyl groups, a lingar material will
result. It is expected that both mono- and di-functional initiators normally will produce lingar
materials because one chain, without branch points, is produced from cach molecule of initiator.
if the initiator contains three or more hvdroxyls, branched materials are generally formed.
Various conventional catalysts for the ring ring-opening polymerization of lactones are known
and have been used. They are generally metal-based and include the organice titanates and
zirconates {as sold by DuPont under the tradename TYZOR). Organotin compounds have found
great utility as catalysts for the ring-opening polymerization of lactones for medical applications.
Tin catalysts include Sn {1V} compounds such as dibutyhin oxide and Sn (11} compounds such as

stannous chloride. Particularly advantageous for use as a catalyst is stannous octoate.
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{06627} The polymerization is conveniently done in a conventional bulk process, i.¢.,
solventless, although it also may be conducted in solution. The polymerization 1s typically
conducted in the melt, that i3, above the melting points of the various monomers making up the
feed, as well as above the melting point of the forming polymer. In some special cases, the ring-
opening polymerization of certain lactones can be conducted in the solid state, that is, below the
melting point of the forming polymer. An cxample of the latter is the homopolymerization of
p-dioxanone. Although the total-monomer-to-total-initiator molar ratio can typically range from
about 300:1 to about 50,000:1, the preferred range of the total-monomer-to-total-initiator molar
ratio for polymer to be used in extrusion and injection molding processes ranges from about
400:1 to about 2,000:1, This is because the amount of initiator greatly influences the molecular
weight of the formed resin. In the absence of side reactions, cach initiator molecule ideally
generates one polymer chain. The more relative injtiator available, the greater the nomber of
chains formed and consequently the lower the molecular weight of the resin formed. Inthe
preferred range of total-monomer-to~total-initiator molar ratio of about 400:1 to about 2,000:1,
the molecular weight of the resulting polyvmer 1s more suitable for extrusion and mjection

molding applications.

{6028} Cyelic esters, 1.e., lactones, that function as suitable monomers can be selected
from the group comprising small rings, especially the 5-, 6-, and 7-member rings. Of particular
utility are the lactones containing a heteroatom, especially oxygen, adjacent to the g-carbon,
Preferred 6-member cyvclic esters include glycolide, L{-}-lactide, D{+)-lactide, meso-lactide, and
p-dioxanone. Trimethylene carbonate is a preferred monomer. A preferred 7-member lactone s
s-caprolactone {epsilon-caprolactone}. The characteristics of suitable roonomer for the present
invention include those that provide reasonable, sufficiently effective reaction rates under
suitable reaction conditions. The polymers that are formed are advantageously biocompatible,

making them suitable for the fabrication of medical devices.

{80329} One of the characteristic methods for preparation of branched and highly
functional aliphatic polyesters might involve hydroxyl functionalities as the pendant groups in a

polymer chain. Sece for instance the work of M. Trollsas, J. L. Hedrick, D. Mecerreyes, Ph.
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Dubois, R. Jerome, H. fhre, and A. Hult, in Macromolecules (199€), 31, 2756, These molecules

containing a plurality of pendant hydroxyl groups might serve as macroinitiators for the initiation
of ring-containing monomers in g subsequent copolymerization step to prepare dendri-graft
{comb} molecular structures. Simtilarly, hydroxyl groups of multifunctional nitiators might be
fully substituted to produce star-shaped polymers with two, four, five and six arms. Sec for

instance the work of A. Schindler, Y .M. Hibionada. and C. G. Pitt in the Journal of Polvmer

Science: Polymer Chemistry Edition (1982), 20, 319 as well as the work of C. A, P Joziasse, H.

Grablowitz, and A.J. Pennings in Macromol. Chem, Phys, (2000), 201, 107,

[8030] Due to their unique molecular architecture, branched compounds exhibit different
physiochernical properties compared to their linear counterparts. It is generally recognized that
long-branches can decrease viscosity, thus improving processability in some instances, and
increase elasticity, while short chain branches predominately affect crystallinity. For instance,

F. Tasaka, Y. Ohva, and T. Ouchi, in Macromolecules (20013, 34, 5494), disclose graft

polymerized Hactide (LA) in bulk using Sn{Oct), in the presence of poly[(Gle-Ser)-LLA] having
pendant hydroxy! groups 4s a macroinitiator, Such obtained comb-like polymers showed a
substantial reduction in erystallinity compared to the lincar poly {L-lactide), PLLA (15-22% vs.
55%3. An abrupt decrease in both the glass transition temperature (40-43°C vs, 653°C) and the
melting point {135-140°C vs. 167°C) was also detected. Owing to the tower crystallinity,
biological propertics are affected as well. In vitro degradation rate of comb-type PLLA was
found to be significantly faster than that of lincar PLLA. The novel polymers of the present

invention are substantially lincar in nature and are not branched resins.

18031} The rheology of a polymer melt oven within one structure or chemistry, as related
to processing and fabrication, is affected by many factors such as the molecular weight and
molocular weight distribution, the polymer architecture and blending. In particular, long chain
branching has a significant contribution. Although limiting the synthesis to lincar materials
helps to simplify the processing and fabrication issucs that would arise bocause of the
contributions that branching would bring to the melt rheology, crystallization concerns speak
away from branched materials. Although we do not wish to be limited by scientific theory,

branched polymers frequently are more difficult to crystallize when compared to unbranched

o
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(lincar) polymers of the material. They are thus less suited to the formation of certain medical

devices.

[6632] Returning to lincar materials, mono- or di-functional initiators, as alrcady
described, have found extensive use in producing polvmers useful for producing absorbable
surgical devices. Diols have been used in ring opening “pre-polyvmerizations” to produce a,w-
dihvdroxymacroinitiators (alpha, omega-dihydroxymacroinitiators) that arc then used in a
subsequent copolymerization to produce polymers with special scquence distributions, This
sequential addition ring opening polvmerization (ROP), in which a monomer feed portion is
added in a subsequent step, is one method to make so-called segmented block copolyesters. An
example 15 a coromercially available glycolide/epsilon-~-caprolactone copolymer that has enjoved
considerable cormnmercial success. See R S, Berwada, . D, Jamiolkowsky, et al.,

16 (15), 1141-1148 (1995).

{8033} Within the scope of the present invention s the use of mono- or di-functional
initiators in sequential addition ring opening polymerizations in which the monomer feed is
added in sequence. That is, portions of the total monomer are allowed to enter the reactor in
sequence or in multiple steps, as opposed to having all of the monomer added at once. It is also
within the scope of the present invention to have polymerization processes in which the
monomer s indeed added to the reactor in substantially a single step at the start of the
polymerization. To all cases, it should be understood that the monomers employed can be added
to the reactor as solids, in the case where the monomers are indeed a solid at room temperature,
or added as molten hiquids. If the reaction 1s to be conducted in the presence of a solvent, the
monomers may be added in solution. It is also within the scope of the present invention
polymerization processes in which the imtiators are added in sequence or are added
independently as a function of time.

18834} Initiators of lactone ring-opening polymerizations can, under the right conditions,

5

be aliphati¢ alcohols, phenols, thiols or mercaptans, thiophenols, or amines. Alcohols, of course,

5

possess hvdroxyl groups, while thiols possess sulfhydryl groups. The alcohels and amines may

10
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be primary, secondary or tertiary and they may be lincar or branched. Of particular utility are
aliphatic alcohols, especially primary aliphatic alcohols. Of even greater utility are primary
aliphatic alcohols of low volatility. Once placed in the reactor, such initiators are not casily lost
during vacuum purging cveles, thus allowing much better process control of the resulting
polymer’s molecular weight. For purposes of the present invention, in determining whether an
initiator 18 classified as a monol or a diol initiator, one need only determine the number of
hydroxy groups present in the compound. If an initistor contains one hydroxyl group it is
classificd as a monol; if it contains two hydroxyl groups it is classified as a diol. Although an
initiator may be a monol or a diol initiator, 1t may simultancously contain a carboxylic acid
groups. The sabject of the present invention are those rmonol and diol initiators that contain at

icast one primary alcohol group and simultancously contain at least two carboxylic acid groups.

{8035} The monol inttiators useful in the practice of the present invention are coropounds
that contain one primary hydroxyl group and simultancously contain at least two carboxylic acid
groups. Examples of inventive primary monol dicarboxylic acids include: CyHsOs, HOOC-
CH{CH,OH)-COOH,; CsHsOs, HOOC-C{CH} CHOH)-COOH; C/H 05, HOOCCH,-

C{CH X CH,OHR-CHL,COOH; and CoH 505, HOOCCH,-C{(CH, CH {CH,CHOH-CHLCOOH.
An example of a preferred monol initiator of the subject invention is {-hydroxy-2,2,2-

cthanetricarboxylic acid, also known as 1-hydroxy-2,2,2-trimethcarboxyethane.
o o 2 o

{6036} The diol mitiators of the present invention are compounds that contain two
hydroxyl groups, at feast one of which is primary in nature and simultancously contain at least
two carboxylic acid groups. The hydroxyl groups of the most preferred dio! inttiators of the
subject invention are both primary in nature. Examples of inventive diol dicarboxylic acids, with
at least one of the alcohol groups primary in nature include: CsHeOy, HOOC-C{CH,;OH),-
COOCH,; C7H 1,06, BOOCCH-C(CH,OH),-CHCOOH; CeHi1406, HOOCCH)-
C{CHOH Y CH,CH,OH)-CH,COOH; and CoH 1606, HOOCCH,-C{CH,CH,OHY),-CHCOOH.
An example of a preferred diol initiator of the subject invention is 1,3-dihydroxy-2,2-

dicarboxypropane (also known as 2,2-dimethylol-malonic acid}.

i1
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{88337} Examples of inventive primary monol tricarboxylic acids includer CsHg(34,
HOCH-C-{COOH)s; C7H1005, HOCH-C{(CH,COOH),-COOH; CgH1, 045, HOCH,-C-
(CH;COOH)z, and CgHMOm HOCH;CH;"C"(CH)COOH%

16038} Examples of non-inventive diol monocarboxylic acids with at least one of the
alcohol groups primary in nature include: CsHy Oy, HOCH-C(CH;}COOH)-CH,OH; and
CsH >0y, HOCH-C(CH: }CH,COOH)-CH,OH; these latter two compounds are non-inventive

because they possess only one carboxylic acid group.

10039} It may be necessary for various reasons to determine the composition of the
formed polymers. The use of NMR (nuclear magnetic resonance) 1n elucidating structare is well
known. Because the amounts of inttiator are relatively small, it may be difficult to wdentify what
initiators were employed in the polymerization. One convenient way o do s0, however, is o
completely hydrolyze the polyester concurrently converting the inihiator moiety back to the
corresponding original free imtiator. For example, a p-dioxanone glycolide copolymer initiated
with dodecanol and diethylene glycol would have the alcohols converted to esters 1o the course
of the polymerization. Hydrolysis of the polyester wounld result in the generation of
2-hydroxyethoxyglyeolic acid {ring opened form of p-dioxanone}, glycolic acid, dodecanot and
dicthylene glycol. The composition can then be determined by analyzing the hydrolyzate by a

suitable means. These include LC (hquid chromatographic) methods.

6040} The novel absorbable polymers of the present invention are substantially linear
aliphatic polyesters having weight average molecular weights between about 35,000 Daltons and
200,000 Daltons. The corresponding number average molocular weights of the novel absorbable
polymers of the present invention range from about 17,000 Daltons to about 100,000 Daltons.
The compositions of the inventive absorbable polymers may vary widely but are typically based
on repeat units derived from the polymerization of glycolide, p-dioxanone, L{-}-lactide, D (+)-
lactide, meso-lactide, e-caprolactone and trimethylene carbonate in any combination. Of
particular utility for some surgical applications are those absorbable polymers of the present
invention that have the ability to crystallize; of these, erystallinity ranges from about 10% to

about 45% may be particularly useful. The melt viscosities exhibited by the absorbable
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polymers of the present invention must be high enough to support preferred manufacturing
techniques such as melt extrusion in the case of fiber formation; they may not be so high as to

iose the ability to be formed into uscful articles.

{6041} The substantially lincar aliphatic absorbable polyester polymers of the present
invention made using the novel monols of the present invention will consist of a monovalent
unit of formutfa b

~O-CHp-Ry I

and divalent repeating units sclected from the group of formulae consisting of:

[-0-CH,-C(O) 1, i
[-O-CHWCH)-C(O)-]s 1]
[-O-CH,CH,-0-CHyCH,-C(O)- 1 v
[-0-CHCH,CHCH,CH,-C(O) -1 v
[-0-CH,CHy,CH-O-C(O)-1e Y

and combinations thercof, whercin Ry s an alkyl group containing two or more carboxylic acid
groups, and a, b, ¢, d, and ¢ are integers such that the weight average molecular weight of said
substantially lincar aliphatic absorbable polyester is between about 35,000 Daltons and 200,000

Dalions.

10042} The substantially lincar aliphatic absorbable polyester polymers of the present
invention made using the novel diols of the present invention will consist of a first divalont unit
of formula TA:

[-O-C{R){R3)-Ra-CH-0O-] IA

and divalent repeating units selected from the group of formulac consisting of

[-O-CH,-C(OV 1 HA
[-O-CHYCH)-CO)] A
[-O-CH,CH,-O-CH,CH-C(OY Lo VA
[-0-CH,CHCH,CH,CH-C(O)- g VA
[-0-CH,CH,CH-0-C(O)- 1 VIA
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and combinations thereof, wherein R, and R are independently hydrogen or an alkyl group
containing 1 to & carbon atoms, Rs is an alkyl group containing two or more carboxylic acid
groups, and a, b, ¢, d, and ¢ are integers such that the weight average molecular weight of said
substantially lincar aliphatic absorbable polyester is between about 35,000 Daltons and 200,000
Daltons.

10043} The novel absorhable polymers of the present invention manufactured using the
process of the present invention may be used in a varicty of conventional medical devices
including sutures of the traditional varicty and sutures of the barbed varicty, monofilament
fibers, multifilament varn fibers, meshes, clips, staples, fixation devices of various designs,
mechanically strong films, adhesion prevention devices and equivalents thercof. The medical
devices may be manufactored using various conventional processes including melt extrusion,

solution spinning, drawing, injection molding, melt blowing, rotomolding, and the Iike.

{8044} The following exarmples are tlustrative of the principles and practice of the

present invention, although not limited thereto.
EXAMPLE 1,

i-Tartaric Acid as Initiator in the Synthesis ¢f an ABA-Type Block Copolymer of s-
Caprolactone and Glycolide

{08045} This example shows that lactone polymerization reactions catalyzed by tin
compounds, such as stannous octoate, that are initiated by secondary alcohol inihiators, exhibit
lower polymerization reaction rates than the reactions initiated by primary alcohol initiators,
suach as dicthyvlene glveol (DEG). A typical DEG initiated polymerization is shown in

Example 2.

{846} Of particular interest are initiators containing carboxylic acid groups that we have
found enhance the rate of hydrolysis of lactone type polymers synthesized therefrom. The
secondary alcohol initiator of this example is L- tartaric acid. As seen herein, at equal reaction
times, initiators that contain secondary alcohol groups lead to a lower conversion of g-
caprolactone mounomer into polymer than the primary alcohol type initiators, such as diethylene

glycol {DEG).

i4



WO 2014/149801 PCT/US2014/020988

{80347} For the ABA copolymer prepared in this example, “B” represents a randomized
mid-block of 45/55 mole ratio of g-caprolactonc/glycolide and “A” represents polymerized
glveolide (PGA) blocks. The intended overall composition of the copolymer is 25 mole% ¢-
caprolactone and 75 mole% PGA. The method of preparation was a two-stage polymerization in
which the mid-block composition was prepared fivst and additional glyeolide monomer was
added in a sobsequent step. Although these types of polymers are frequently denoted as ABA
copolymers, the sequence distribution of the repeat units may often not exhibit a strictly ABA

structure, as transesterification and other side reactions may cause sequence ¢rrors,

{06048} into a conventional two gallon reactor provided with stirrer and jacket with
heating medivm was charged 1,481.2 grams (12.977 moles} of e~caprolactone, 1,841 grams
{15.861 moles} of glycolide, 7.67 grams {8.03999 moles} of L-tartaric acid and 3.92 mls of a
.33 molar sohution of stannous octoate in tohiene. In this example, the molar ratio of all
monomers {including the glveolide subsequently added in the second stage of the
polymerization} to catalyst was 40,000:1. Into a separate conventional melt tank was charged
2,677.8 grams {23.07 moles} of gliycolide {sccond stage). The reactor and the melt tank were
kept under Imm Hg vacuum for 20 minutes and the vacuum was relcased with nitrogen. The
vacium and pitrogen-breaking step was repeated. The reactor contents were heated by means of
fluid circulation through the reactor jacket until the batch temperature reached 180°C, which
took about one hour. This was designated as “0” time. The reaction was continued for 6
additional hours at a heating fhuid temperature of about 197°C. At this point, the “sccond stage”
glycolide that has been previously melted in the melt tank was added to the reactor. The reaction
was continued at an approximate heating fluid temperature of 203°C for 80 minutes. The
product was “dropped” or discharged and cooled. The formed resin can be pelletized upon
discharge by methods such as strand pelletization or the cooled discharged resin can be ground
and sieved. The divided resin was dried in a tumble drier at room temperature and vacuum for
18 hours, followed by heating under vacuum for 24 hours; the dried resin was allowed to cool

and was stored under vacuom.

[
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16849} During the course of the reaction, samples were taken from the reactor and were
analyzed by NMR spectroscopy for monomer and polymer composition. Samples were
designated as hours after “0” time (0+x) or as minutes after the second-stage giyeolide transfer

{T+y) The compositions are given on a molar basis. The results are displayed in Table L

TABLE L
Sample PGA GLY PCL Cap
O+1 56.6 0.3 184 247
0+2 55.8 (.4 213 22.5
0-+3 561 0.4 23.8 £9.8
(-4 58.1 0.0 25.8 16.1
(+5 558.7 0.1 334 10.8
O+6 535.5 (.2 33.8 103.5
T+65 751 0.6 19.4 4.8
Dirop (T+80) 75.1 0.5 19.9 4.5
Diried 50.4 0.1 19.5 0.0

Wherein PGA refers to polymerized glycolide, GLY refers to (unpolvmerized or otherwisce free)
glycolide monomer, PCL refers to polymerized caprolactone, and CAP refers to (unpolymerized

or otherwise free} caprolactone monomer.

EXAMPLE 2,

Biethyiene Glycol (BEG) as initiator in the Synthesis of an ABA-Type Block Copolymer of
s-Caprolactone and Glycolide
[0050] This example focuses on the synthesis of block “B and provides reaction rate data

to be compared to the tartaric acid initiation data generated in Example 1.

{8051} Into a two gallon reactor provided with stirrer and jacket with heating mediam
was charged 1,234.3 grams (10.814 moles) of e-caprolactone, 1,534.2 grams (13.217 moles) of
glveolide, 3.531 grams (0.0332744 moles) of dicthylene glveol (DEG) and 2.38 mis of a 0.33
molar solution of stannous octoate in toluene. In this example the molar ratio of all monomers
{(inchuding the glycolide subsequently added in the second stage of the polymerization) o
catalyst was 55,000:1. Into a separate melt tank was charged 2,231.5 grams (19.225 moles} of

glveolide (second stagey. The reactor and the melt tank were kept under T hg vacoum for 20
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minutes and the vacuum was released with nitrogen. The vacuum and nitrogen-breaking step
was repeated. The reactor contents were heated by means of fluid circulation through the reactor
jacket until the batch temperature reached 180°C in about one hour. This was designated as “07
time. The reaction was continued for 6 additional hours at a heating fluid temperature of about
197°C. At this point glveolide that had been previously melted in a separate melt tank was
added to the reactor at a controlled rate. The reaction was continucd at an approximate heating
fluid temperature of 203°C for 75 minutes and the product was discharged, cooled and dried ina
tumble drier at room temperature and vacuum for 1§ hours, followed by heating under vacuum

for 24 hours and cooling.

168521 During the course of the reaction, samples were taken from the reactor and were
analyzed by NMR for monomer and polymer composition. Samples were designated as hours

after “0” time. Data is provided for the first stage polymerization only in Table L

TABLE U
SAMPLE PGA GLY PCL CAP
O+1 543 0.5 25.8 194
0+2 54.2 0.5 34.7 10.6
(+3 53.4 (.5 38.6 7.6
O+4 54.0 5 42.9 2.6
{+35 53.3 0.5 44.7 1.5
0+6 53.9 0.4 45.0 0.8
{60533} It is seen that the glveolide reacted quite rapidly, almost to completion after |

hour. The slower reacting e-caprolactone monomer reacted progressively throughout the
reaction so that at 6 hours, the fraction of this monomer was down to 0.8 mole percent. ftis
apparent that the DEG initiated polymerization had a significantly higher reaction rate than the
L-tartaric acid inttiated reaction, cven at a lower catalyst level than was used for the tartaric acid
initiated reaction. The comparison is depicted graphically in FIG. 1, where unreacted e-

caprolactonc monomer is plotted versus reaction time,

[—
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EXAMPLE 3.

Citric Acid as Initiator in the Synthesis of an AB-Type Block Copolymer of e-Caproiactone
and Glyeolide

{0054} This cxample shows that lactone polymerization reactions that arc inttiated by
tertiary alcohol inttiators, catalyzed by tin catalysts such as stannous octoate, exhihit lower
polymerization reaction rates than the reactions initiated by primary alcohol initiators, shown in

Example 2.

{8055} The tertiary alcohol initiator of this example is citric acid. As seen herein, at
equal reaction fimes, the tertiary alcohol inifiator led to lower conversion of e-caprolactone

monomer into polymer than the primary alcohol type initiator.

8056} “A” represents a randomized mid-block of 45/55 mole ratio of e-
caprolactong/glycolide prepolymer, and “B”™ represent a PGA block. The intended overal

composition of the copolymer was 25 mole %, g-caprolactone and 75 mole % PGA.

{057} Into a conventional two gallon reactor provided with stirrer and jacket with
heating mediim was charged 1,481.2 grams (12.977 moles) of e~caprolactone, 1,841 grams
(15.861) moles of glveolide, 7.67 grams (8.03999 moles) of citric acid and 2.85 mls of 2 §.33
molar solntion of stannous octoate in toluene. In this example the molar ratio of all monomers
(inchading the glycolide subsequently added in the second stage of the polvmerization) to
catalyst was 55,000:1. Into a separate meki-tank was charged 2,677.8 grams (23.07 moles) of
glveolide. The reactor and the melt-tank were kept under fram Hg vacuum for 20 minutes and
the vacium was released with nitrogen. The vacuum and nitrogen-breaking step was repeated.
The reactor contents were heated by means of fluid circulation through the reactor jacket until
the batch temperature reached 189°C in about onc hour. This was designated as “(” time. The
reaction was continued for 7 additional hours at a heating fiuid temperature of about 197°C. At
this point glycolide that had been previously melted in the melt-tank was added to the reactor.
The reaction continucs at an approximate heating fluid temperature of 203°C for 68 minutes and
the product was discharged, cooled and dricd in a tamble drier at room temperature and vacuom

for 18 hours, followed by heating under vacuum for 24 hours and cooling.
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{6058] During the course of the reaction, samples were taken from the reactor and were
analyzed by WMR spectroscopy for monomer and polymer composition. Samples were
designated as hours after “0” time {0+x} or as minutes after the sccond-stage glveolide transfer

{T+y}. The compositions arc given on a molar basis, The data is displayed in Table Tl

TABLE IH1
Sample PGA GLY PCL “ap
0+1 54.1 (.3 311 i4.5
042 351 0.1 32.3 i2.5
0+3 34.8 0.1 331 i2.1
O+4 547 (.1 33.9 112
O+5 54.8 .1 36.9 8.2
(+6 554 0.1 36.5 7.9
o+7 354 0.2 36.5 8.0
T+65 72.8 1.7 20.6 4.9
Drop{T+65) 74.2 1.0 20.2 4.5
[6059] The dried sample had: 79.7% PGA, 8.4% GLY, 19.9%PCL, and 0% Cap. The

example showed good reaction of glveolide. However, the e-caprolactonce reaction rate for the
citrie acid inittated polymerization was considerably slower than that in Example 2, where an

iitiator having a primary alcohol (DEG) was used.

EXAMPLE 4,

Glveslic Acid as Initiator in the Synthesis of an AB-Type Block Copolymer of e~
“aprolactone and Glyeolide

{6060} This example shows that lactone polymerization reactions that are initiated by
alcohol mitiators that contain carboxylic acid groups, catalyzed by tin catalysts such as stannous
octoate, result in polylactones that exhibit faster rate of hydrolysis, compared to alcchol initiators
that do not contain carboxylic acid groups. As scen herein, the faster rate of hydrolysis is

manifested in monofilaments that show lower /i vitre breaking strength retention.
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{8061 “A” represents a randomized mid-block of 45/55 mole ratio of &-
caprolactone/glycolide prepolyvmer, and “B” represents a PGA block. The intended overall

composttion of the copolymer is 25 mole %, e-caprolactone and 75 mole % PGA.

[0062] Into a conventional two gallon reactor provided with stirrer and jacket with
heating medium was charged 1481.2 grams (12.977 moles) of s-caprolactone, 1841 grams
{15.861) moles of glycolide, 3.95 grams (0.0519 moles) of glycohic acid and 3. 14 mls of a 0.33
molar solution of stannous octoate in toluene. In this example the molar ratio of all monomers
{(inchuding the glycolide subsequently added in the second stage of the polymerization) o
catalyst was 50,000:1. Into a separate melt-tank was charged 2677.8 grams (23.07 moles} of
glveolide. The reactor and the melt-tank were kept under bram Hg vacuum for 20 minutes and
the vacim was released with nitrogen. The vacuum and nitrogen-breaking step was repeated.
The reactor contents were heated by means of fhuid circulation through the reactor jacket until
the batch temperature reached 180°C in about one hour. This was designated as “07 time. The
reaction was continued for 6 additional hours at a heating fhund temperature of about 197°C. At
this point ghycolide that has been previously melted in the melt-tank was added to the reactor.

The reaction was continucd at an approximate heating fluid temperatare of 203°

 for 68 minutcs
and the product was discharged, cooled and dried in a tumble drier at room temperature and

vacuum for 1€ hours, followed by heating under vacuoum for 24 hours and cooling.

{8063} Both the undricd and the dried polymer were analyzed by NMR spectroscopy for

monomer and polymer composition. The results are given on a molar basis in Table IV,

TABLE 1Y
Sample PGA GLY PCL Cap
Undried 75 0.7 20.5 3.9
Dried 78.4 0.1 21.5 (.0
{08064} The dried polymer had an inherent viscosity of 1.5 di/g as measured ona 0.1 g/dL

solution in hexafluoroisopropanol, HFIP.
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EXAMPLE 5,
Extrusion of the Polvmer of Example 4

18065] The polymer of Example 4 was oxtruded into size 3/0 monofilament sutures with
a £.625 inch Randcastle extruder, with an L/D of 24/1. The dic hole was 0.034”. The cxtrudate
was guenched in a water bath and was oriented by means of three godets and an air oven located

between godet 2 and godet 3, under the conditions shown in Table V.

TABLE Y

Extrusion Conditions Yalues
Extruder
Barrel Pressure, psi 400
Screw RPM 7.5
Temperature
Adapter, °C 53
Barrel 1, °C 221
Barrel 2, °C 221
Barrel 3, °C 221
Die, °C 232
Quench water, °C 20
Adr oven, °C 138
{Quench Tank
Adr gap, in. (.5
Speed
Godet# 1, fpm 10
Godet # 2, fpm 62
Godet # 3, fpmo 62.5
{60661 The monofilament was annealed in an oven, under nitrogen for 6 hours at a

temperature of 105°C. The anncaled fiber had a diameter of 13,89 mils, a tensile strength of

21



WO 2014/149801 PCT/US2014/020988

10.€1 pounds, an clongation at break of 39.54%;, a Young's modulus of 206.4 kpsi and a knot

strength of 7.44 pounds.

TABLE VI
Monofilament % BSR
Source ¢ day 2 days 4 days 7 days at 7 days
Examplc 4 10.81 1bs 8.68 1bs 6.72 1bs 321 ibs 29.69 %
DEG initiator 11.8 Ibs 10,1 fbs 7.9 lbs 4.5 bbs 38.1%

{0067}

The in vitro tensile strength in pounds of the monofilament of Example 5
[preparcd from the polymer of Example 4] were determined initially {at day “zero”) and at 2, 4,
and 7 days of incubation in bottles containing phosphate buffer at a pH of 7.27 and arc compared
in Table VI with typical properties of a mounofilament from polvmers initiated with dicthylene
glveol, DEG, at overall composition of 25 mole% PCL and 75 mole% PGA. The in vitro bath

temperature was 40.9°C; the buffer was based on sodiumn phosphate and potassium phosphate.

{08068} The last columm of Table VI gives the percent of the original breaking strength
remaining after 7 days in vifro. It 1s clear that example 4 gives a significantly lower BSR than
the typical DEG mitiated polymers. This is a reflection of the faster rate of hydrolysis of

polymers initiated from an alcohol containing a carboxvlic acid group.

EXAMPLE 6,
Evaluation of the Fiber of Example 8

[8069] A hyvdrolysis profile was also obtained for the suture of Example S and was
compared with a typical hydrolysis profile of a monofilament from a polymer initiated with

DEG at overall composition of 25 mole% PCL and 75 mole% PGA. Test specimens were
hydrolytically degraded at 75°C + 0.2°C while maintaining a constant pH of 7.27 by titrating
with a standard base {NaOH 0.05N) and measuring the volume, V{t) of basc used versus time, by
means of an automatic titrator. From an analysis of the volume, V(t), versus time curves, the

time in hours required to obtain 90% hydrolysis is determined. The faster hydrolysis is reflected
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in the lower times required to achiove a given percentage hydrolysis. It was found that for
monoftiament of example 4, the average time required to achicve 90% hydrolysis was 46 hours
(n=3). In comparison, for monofilaments from a polymer initiated with DEG at overall
composition of 25 mole% PCL and 75 mole% PGA, the average time to achicve 0% conversion

was 62.3 hours.

10670} This is a reflection of the faster rate of hydrolysis of polymers initiated from an

alcohol containing a carboxylic acid group.

EXAMPLE 7,

1. 3-Dibvdroxy-2.2-BDicarboxypropane as Initiator in the Synthesis of an ABA-Type Block
Copolymer of s-Caprolacione and Glycolide

{0871} Into a conventional two gallon reactor provided with stirrer and jacket with
heating medium is charged 1,234.3 grams (10.814 moles) of e~caprolactone, 1,534.2 grams
{13.217 moles) of glveolide, 5.4605 grams (0.033274 moles) of 1,3-dthvdroxy-2,2-
dicarboxypropane and 2.38 mis of a .33 molar solution of stannous octoate in toluene. In this
example the molar ratio of all monomers (including the glycolide subsequently added in the
second stage of the polymerization) to catalyst was 55,000:1. Into a separate melt tank is
charged 2,231.5 grams (19.225 moles) of glycolide (sccond stage). The reactor and the melt tank
are kept under Imm hg vacuum for 20 minutes and the vacoum is released with nitrogen. The
vacuum and nitrogen-breaking step is repeated. The reactor contents are heated by means of
fluid circulation through the reactor jacket until the batch temperature reaches 180°C in about
ong hour. This is designated as “00” time. The reaction is continued for 6 additional hours at a
heating fhuid temperature of about 197°C. At this point glycolide that has been previgusly
melted in a separate melt tank was added to the reactor at a controlled rate. The reaction is
continucd at an approximate heating fluid temperature of 203°C for 75 minutes and the product
is discharged, cooled and dried in a tumble dricr at room temperature and vacuum for 18 hours,

followed by heating under vacuum for 24 hours and cooling.
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{0872} The 1,3-dihvdroxy-2,2-dicarboxypropane initiated polymerization has a
significantly higher reaction rate than the L-tartaric acid initiated reaction. A polymer can be

made using as an initiator the monol, -hvdroxy-2.2,2-trimethcarboxvethane.
~ = 5 '~

{6073} The novel polymers of the present invention may be melt processed by
conventional means into numerous uscful products. They include monofilament suturcs of the
traditional un-barbed varicty, as well as barbed monofilament sutures; multifilament sutures;

injection molded products, such as clips staples and straps; films, etc.

{8074} The novel products of the present invention made from the inventive polymers
exhibit a faster loss of mechanical properties post-implantation than currently avatlable products

of the same composition but made from conventional polymerization initiators.

{0675} The wventive products made from the inventive polymers exhibit a faster
absorption rate than currently available products of the same composition but made from

conventional polyroerization initiators.

{8876} In general the novel polymers of the present invention exhibit molecular weights
suitable to support high mechanical properties. They would necessarily need to be higher than

those molecnlar weights generally employed in coatings having fast absorption rates.

18077} Although this invention has been shown and described with respect to detailed
embodiments thereof, it will be understood by those skilled in the art that various changes in
form and detail thereof may be made without departing from the spirit and scope of the clammed

invention.
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Claims:

We claim:

1.

A polymerization process for making an absorbable polylactone polymer, comprising:

providing a lactone monomer selected from the group consisting of glycolide, L(-)-
lactide, D(+)-lactide, meso-lactide, 1,4-dioxanone, e-caprolactone, or

trimethlenecarbonate ;

combining the lactone monomer with a polymerization initiator and a catalyst; and,

polymerizing the lactone monomer in the presence of the polymerization initiator,

thereby providing a linear absorbable polylactone polymer,

wherein the polymerization initiator comprises a monol or diol that contains at least one

primary alcohol group and also contains at least two carboxylic acid groups.

The process of claim 1, wherein a molar ratio of monomer-to-initiator is from about

300:1 to about 50,000:1.

The process of claim 1, wherein the initiator comprises two or more carboxylic acid

groups and is a monol, Cy4 or higher, primary aliphatic alcohol.

The process of claim 3, wherein the monol initiator is 1-hydroxy-2,2,2-

trimethcarboxyethane.

The process of claim 1, wherein the initiator is selected from the group consisting of
C4HOs, HOOC-CH(CH,0OH)-COOH; CsH3Os, HOOC-C(CH3)(CH,OH)-COOH;
C7H,0s5, HOOCCH,-C(CH3)(CH,0OH)-CH,COOH; CoH 405, HOOCCH;-
C(CH»CH3)(CH,CH,0OH)-CH,COOH; CsHgOg4, HOOC-C(CH>0H),-COOH; C7H;,0,
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10.

11.

12.

HOOCCH,-C(CH,0H),-CH,COOH; CgH 406, HOOCCH,-C(CH,OH)(CH,CH,OH)-
CH,COOH; CoH 606, HOOCCH,-C(CH,CH,0OH),-CH,COOH; CsHsO7, HOCH,-C-
(COOH)s; C7H,007, HOCH,-C(CH,COOH),-COOH; CsH;,07, HOCH,-C-(CH,COOH)s;
and CoH 407, HOCH,CH,-C-(CH,COOH);.

An absorbable, linear polylactone polymer made by the process of claim 1.

The absorbable polymer of claim 6, wherein the polymer is melt processable.

The absorbable polymer of claim 6, having an Mn of about 17,000 to about 100,000

Daltons.

The process of claim 1, wherein the initiator possesses two or more carboxylic acid

groups and is a diol, C4 or higher, having at least one primary aliphatic alcohol.

The process of claim 9, wherein the diol initiator is 1,3-dihydroxy-2,2-dicarboxypropane.

An absorbable, linear polylactone polymer made by the process of claim 5.

A substantially linear aliphatic absorbable polyester comprising a monovalent unit of

formula I:
-0-CH,-R,4 I

and divalent repeating units selected from the group of formulae consisting of:

[-O-CH,-C(O)-]a I
[-O-C(H)(CH;)-C(0)-]v 11
[-O-CH,CH,-O-CH,CH,-C(O)-]. \Y
[-0-CH,CH,CH,CH,CH,-C(0)-1¢ v
[-0-CH,CH,CH,-O-C(0)-]e VI

and combinations thereof, wherein R, is an alkyl group containing two or more

carboxylic acid groups, and a, b, ¢, d, and e are integers such that a weight average
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13.

14.

15.

16.

17.

18.

19.

molecular weight of said substantially linear aliphatic absorbable polyester is between

about 35,000 Daltons and 200,000 Daltons.

A substantially linear aliphatic absorbable polyester comprising a first divalent unit of

formula IA:
[-0-C(R2)(R3)-R4-CH-0O-] IA

and divalent repeating units selected from the group of formulae consisting of:

[-0-CH,-C(0)-] IIA
[-0-C(H)(CHs)-C(O)-Jy A
[-0-CH,CH,-0-CH,CH,-C(0)-], IVA
[-0-CH,CH,CH,CH,CH,-C(0)-J¢ VA
[-O-CH,CH,CH,-0O-C(0)-e VIA

and combinations thereof, wherein R, and R; are independently hydrogen or an alkyl
group containing 1 to 8 carbon atoms, Ry4 is an alkyl group containing two or more
carboxylic acid groups, and a, b, ¢, d, and e are integers such that a weight average
molecular weight of said substantially linear aliphatic absorbable polyester is between

about 35,000 Daltons and 200,000 Daltons.

A medical device comprising the polymer of claim 6, claim 12, or claim 13.

The medical device of claim 14 comprising a device selected from the group consisting

of sutures, clips, staples, tacks, surgical fasteners, meshes, fabrics, and fibers.

The medical device of claim 14, wherein the device is capable of being deformed.

The medical device of claim 14, wherein the device is resiliently deformable.

The medical device of claim 15, wherein the device is a suture.
The medical device of claim 18, wherein the suture is a multifilament suture.

27



06 Dec 2017

2014237773

20.

The medical device of claim 18, wherein the suture is a monofilament suture.
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