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BIODEGRADABLE THERMOPLASTIC ELASTOMERS

CROSS-REFERENCE TO RELATED APPLICATIONS
‘[001] The present apialication. claims the benefit of priority of US provisional
application “A novel biodegradable thermoplastic elastorﬁer” being filed with the US
Patent and Trademark Office on November 13, 2009 and being assigned the official serial
number 61/260,955. The content of this application filed on November 13, 2009 is
incorporated herein in its entirety by reference for all purposes, including an
incorporation of any element or part of the description, claims or drawings not contained

herein and referred to in Rule 20.5(a) of the PCT, pursuant to Rule 4.18 of the PCT.

FIELD OF THE INVENTION
[002] The present invention relates  to biodegradable thermoplastic
elastomers, a method for their preparation and the use of such biodegradable

thermoplastic elastomers.

BACKGROUND

[003] Although thermoplastic elastomers (TPE) have been around for quite
some time, intensive research for biodegradable TPE just started recently and there are
not many commercial elastomeric biodegradable materials in the market today.
>Biodegradable TPE have the potential uses as implantable devices because of their
controllable elasticity and the possibility of changing their chemistry and structure. They
also have potential applications in the biomedical area, especially in the area of controlled

drug delivery and tissue engineering.

[004] Generally, biodegradable TPE are in the form of A-B-A triblock
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-copolymers with B as the' so-called "soft segment" and A as the so-called "hard segment".
"A-B-A .triblock copolymers with e-caprolactone (e-CL or CL) as the B block and L-
‘lactide (LA) as the A block ha\}e been done by Qian et al (Polymer Degradation and
-Stability 2000, 68(3), 423-429?),: but due to the crystallinity of e-CL the triblock
copolymers did not have any elasticity at all despite the good elongation results.
:Meanwhile, similar triblock copolymers but with trimethyl carbonate (TMC) as the B
‘block have also been studied. With TMC being an amorphous middle block, the triblock
copolymers were said to be elastic although no data was provided regarding their
‘recovery properties. Random copolymers of ¢-CL and TMC with interesting mechanical
.properties were synthesized, but not related to the thermoplastic elastomers synthesis. A-
- B-A tﬁblock copolymers with e-CL and TMC as amorphous central blocks and L-lactide
as crystalline blocks have also been investiga£ed by Kricheldorf and Rost
(Macromolecules 2000, 33 (3), 795-800) but in order to get good mechanical properties,
the triblock copolymers have to be transformed into multiblock copolymers by chain
extension with 1,6-hexamethylenediisocyanate (HMDI), which toxicity is often
questioned. Furthermore, only minimal mechanical properties testing were done to the
triblock copolymers.

[005] Therefore, there is a need to provide triblock copolymers having

improved elastic properties as thermoplastic elastomers.

SUMMARY

[006] In a first aspect, the present invention provides a biodegradable
-thermoplastic elastomer having the general formula
A-B-A

wherein each A is an amorphous polymer having a glass transition temperature (Tg) >
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about 40 °C or a semi-crystalline polymer having a glass transition temperature (Tg)
, aﬁd/Or meltiﬁg temperature (Tm) > about 40 °C; |
B'; is a copolymer of 8-cz§pr01actone (CL) and at least one additional monomer
“selected from the group consisting of L-lactic acid (LLA), trimethyl carbonate (TMC),
and glycolic acid (GA), or B is different to A and is lactic-co-glycolic acid (LGA); and
wherein the molar ratio of CL to the at least one additional monomer in the
copolymer B is in the range between about 1:0.09 to about 1:1.
[007] In a second aspect, the present invention provides a medical device
- comprising the inventive biodegradable thermoplastic elastomer.
| [008] In a third aspéct, the present invention provides a packaging material
compﬁsing the inventive biodegradabl.e thermoplastic elastomer.

[009] In a fourth aspect, the present ir;vention provides a method for

preparing a biodegradable thermoplastic elastomer cbmpn'sing:

—  reacting a mixture of e-caprolactone, at least one additional monomer, an
initiator and tin-2-ethylhexanoate in an organic solvent in order to obtain
(co)polymer B; |

—  adding monomer A; :

—  reacting the obtained mixture of (co)polymer B and monomer A;

—  precipitating the obtained polymer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The invention will be better understood with reference to the detailed
. description when considering in conjunction with the non-limiting examples and the

| accompanying drawings.
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[001 1] Figure 1 illustrates an exemplary reaction scheme for the preparation of
j an in&entive biodegradable therrr_ioplastic elastomer.
[q01 2] : Figure 2 illuétrates the structure of one exemplary biodegradable
thermoplastic elastomer and its 'H NMR spectrum (CL:TMC 56:50; 20k-40k—20k).
t001 3] Figure 3 illustrates a *C NMR spectfum from region of carbonyl
carbon atoms of CL:TMC 75:25 (20k-40k-20k) and their peaks assignment.
[0014] Figure 4 illustrates a typical DSC result for triblock copolymer with
middle block of: (a) CL:TMC 50:50, (b) CL:TMC 75:25, and (c) CL:TMC 90:10.
[0015] Figure 5 illustrates stress strain measurements of a triblock copolymer:
- (a) CL:TMC 90:10, 40k-80k-40k; (b) CL:TMC 75:25, 40k-80k-40k; (c) CL:TMC 50:50,

" 40k-80k-40k.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the following description non-limiting embodiments of the present
invention will be explained.

. [0017] According to the present invention, it has been surprisingly found that
biodegradable thermoplastic eléstomers can be obtained having improved mechanical
properties, such as modulus, tensile strength and maximum strain. Generally speaking,
the elastic properties of the inventive elastomers are improved over the properties of the
elastomers of the prior art.

[0018] The biodegradable thermoplastic elastomer of the present invention is a
triblock copolymer of the gengral formula A-B-A. In the general formula A is an
amorphous polymer having a gléss transition temperature (Tg) > about 40 °C or a semi- -
crystalline polymer having a glass transition temperature (Tg) and/or melting temperature

(Tm) > about 40 °C. "Amorphous polymer" according to the present invention is a
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polymer that is (totally) lacking positional order on the molecular scale, wherein a "semi-

crystalline polymer" is a polymef that contains both crystalline and amorphous regions in

the same polymer.

[0019]  Polymer A may be considered as "end-block polymer" of the inventive
biodegradable thermoplastic elastomer. It may act as the "hard" or anchoring segment that
provides the physical crosslinks. Polymer A may have a glass transition temperature of >
about 40 °C in case A is an amorphous polymer. For example, the glass transition
- temperature may be, but is not limited to, > about 42 °C, > about 44 °C, > about 46 °C, >
ab:out 48 °C, or > about 50 °C. In case A is a semi-crystalline polymer, the polymer has a
glass transition temperature of > about 40 °C and/or a melting temperature of > about 40
- °C. In one embodiment, the glass transition temperature may be, but is not limited to, >

about 42 °C, > about 44 °C, > about 46 °C, > about 48 H°C, or > about 50 °C, whereas the
mélting temperature may be, but is not limited to, > about 42 °C, > about 44 °C, > about
46 °C, > about 48 °C, or > about 50 °C. Any combination of the above-mentioned glass
transition temperatures and melting terﬁperamres is possible for the polymer of the
‘present invention. In one embodiment, A is a semi-crystalline polymer having a glass
transition temperature (Tg) or melting temperature (Tm) > about 40 °C.

[0020] Generally, any polymer that fulfills the above requirements méy be
useful as polymer A in the present invention. In one embodiment, polymer A may be, but
is not limited to, poly(lactic acid) (PLA), poly-L-lactic acid (PLLA), poly-DL-lactic acid
(PDLLA), poly(glycolic acid) (PGA), poly(lactic-co-glycolic acid) (PLGA), and the like.
In one embodiment, a combination of these polymers may be used, also in combination
with other polymers not explicitly mentioned above and which may not alter the above

described properties of the polymer. In one embodiment polymer A may be poly(lactic
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acid). It will clear to the skilled person that the polymers may be prepared from the
respective monomers or mixtures of monomers.

[0021] 'PolymerA_A may be considered as block polymer having a segment
length of at least about 10 units. This means- that at least 10 monomeric uﬁits are

‘polymerized to form polymer A. In one embodiment, the segment length may be, but is
not limited to, at least about 15 units, such as at least about 20 units, at least about 30
units, at least about 40 units, at least about 50 units, at least about 100 units, or the like.

[0022] Polymer A may have a molecular weight of at least about 10.000 u. In
one embodiment of the present invention the molecular weight of polymer A may be, but
is not iimited to, at least about 15.000 u, at least about 20.000 u, at least about 25.000 u,

- at least about 30.000 u, at least about 35.000 u, at least about 40.000 u or at least about
40.000 u.

[0023] B is the middle segment of the triblock elastomer A-B-A and may be
called the "soft" segment. In one embodiment this segment is made to be amorphous. B
may be poly(lactic-co-glycolic apid) (PLGA) being different to polymer A. Different in
this respect means that A and B are not the same. In one embodiment amorphous LGA
may be used for preparing B, for example in a 50:50 ratio with LA. In one embodiment,
an additive, such as a plasticizer (see below) may additionally be added to the PLGA in
order to adapt Tg. In one embodiment, B may be a copolymer of e-caprolactone (CL) and

‘at least one additional monomer. The additional monomer may be selected from any
polymer which, in combination -with CL, may be useful for the purpose of the present
invention. For example, the additional monomer may be, but is not limited to, L-lactic
acid (LLA), trimethyl carbonate (TMC), glycolic acid (GA), lactic-co-glycolic acid
(LGA), mixtures thereof, and the like. In one embodiment B is a copolymer of the

monomers CL and TMC. In one embodiment copolymer B may additionally contain
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further monomers to obtain a middle segment having the desired properties. For example,

‘the ‘crys}tallinity of the middle séglnent B may be adjusted. In one embodiment of the
-present invention the cryétallinify may be, but is not limited to, < about 10%,< about
9%,< ébout 8%,< about 7%,< about 6%,< about 5%, and the like.

[0024] In one embodiment of the present invention B may have a glass
transition temperature (Tg) of < about 40 °C. For examplc, Tg of B may be, but is not
- limited to, < about 35 °C, < about 30 °C, < about 25 °C, < about 20 °C, < about 15 °C, <
: :abbut 10 °C, < about 5 °C, < about 0 °C, or the like. In one embodiment, the glass
transition temperature may be further adapted by introducing one or more additives as
defined below. For example, in case B is PLGA a plasticizer, such as triethyl citrate, may
be added to decrease Tg, if necessary.In one embodiment, B may have a segment length
of at least about 50 units. This means that at least 50 monomeric starting units are
polymerized to form B. In one embodiment, the segment length may be, but is not limited
- to, at least about 75 units, such as at least about 100 units, at least about 125 units, at least
about 150 units, at least about 175 units, af least about 200 units, and the like.

[0025] B may have a molecular weight of at least about 20.000 u. In one
embodiment of the present invention the molecular weight of B may be, but is not limited
| to, at least about 25.000 u, at least about 30.000 u, at least about 35.000 u, at least about
40.000 u, at least about 45.000 u, at least about 50.000 u, at least about 75.000 u, at least
about 100.000 u, and the like. In one embodiment the mechanical properties of the
:elastom_er may also depend on the molecular weight of B. For example, in case CL is
used in an amount of > about 50% in the copolymer B, the molecular weight may be >
| about 40.000 u, such as > about 45.000 u, > about 47.500 u, > about 50.000 u, > about
55.000 u, > about 60.000 u, or the like.

[0026] The molar ratio of the monomers in B may influence the properties of
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“the copolymer and thus the proﬁerties of the biodegradable thermoplastic elastomer. For
“example, depending on the mol:arv ratio, modulus, tensile strength and maximum strain
‘may be influenced. In oné_ embodiment of the present invention the molar ratio of CL to
bthe at- least one additional monomer in B is in the range between about 1:0.09 to about
1:1. In one embodiment of the present invention the elastomer does not contain any 1,6-
“hexamethylene diisocyanate. In another embodiment of the present invention the molar
, ration -of CL to the at least one additional monomer may be in the range of, but is not
limited'to, about 1:0.09 to about£1:0.9_9, about 1:0.09 to about 1:0.5, about 1:0.2 to about
5 1-:0.4, of the like. In one embodiﬁent; the molar raﬁo of CL:additional monomer may be,
but is not limited to, about 1:0.09, about 1:0.1, about 1:0.15, about 1:0.20, about 1:0.25,
- about.l:0.30, about 1:0.35, about 1:0.40, about 1:0.45, about 1:0.50, about 1:0.55, about
1:0.60, about 1:0.65, about 1:0.70, about 1:0.75, about ‘:1:0.80, about 1:0.85, about 1:0.90,
about 1:0.95, about 1:0.99, about 1:1, and the like. In one embodiment the molar ratio
CL:additional monomer is about 1:0.33 or about 1:0.11. In one embodiment, the
mechanical properties, such as max strain, may be particularly improved in case the
| molar ratio of CL is >50% in polymer B.

[0027] The biodegradable thermoplastic elastomer may have a molecular
weight of at least about 35.000 u. For example, the molecular weight may be, but is not
limited to, at least about 37.500 u, at least about 40.000 u, at least about 42.500 u, at least

- about 45.000 u, at least about 47.500 u, at least about 50.000 u, at least about 75.000 u, at
i least about 80.000 u, at least about 100.000 u, at least about 160.000 u, or the like. The
| molecular weight generally depends oh the monomers/polymers used and on the specific
reaction conditions used for preparing the biodegradable thermoplastic elastomer of the
present invention. In one embodiment, the molecular weight of each A is about 10.000 u,

about 20.000 u or about 40.000 u and the molecular weight of B is about 40.000 u or
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~about 80.000 u. For example, the molecular weight of A may be about 10.000 u and the
‘molecular weight of B may be 40.000 u, or the molecular weight of A may be about
110.000 u and the molecuiar weight of B may be 80.000 u, or the molecular weight of A
.may Be about 20.000 u and the molecular weight of B may be 40.000 u, or the molecular
weight of A may be about 20.000 u and the molecular weight of B may be 80.000 u, or
the molecular weight of A may be about 40.000 u and the molecu}ar weight of B may be
: 80.000 u.

v[0028] The overall mdlar ratio of CL:additional monomer:polymer A may be
between and including about 1:0.09:0.25 to about 1:1:1.35. In one embodiment the
overall molar ratio may be between, but is not limited to, about 1:0.09:0.25 to about
1:0.99:1.35, such as between about 1:0.2:0.5 to about 1:0.30:0.85.

[0029] In addition to the above, in one embo;liment of the present invention an
additivé may be added to the polymer A. An additive according to the presént invention
may be any compound that may influence the properties of polymer A. For example, by

“adding 'sﬁch an additive the cryétallinity, degradation rate, glass transition temperature,
melting temperature or the like may be altered, for example the crystallinity may be
decreased. The additive may be, but is not limited to, a monomeric compound, a
polymeric compound, a plasticizer such as triethyl citrate, a surfactant, a stabilizer, a
cross-linking agent, a chain-transfer agent, and the like. Examples of monomeric
compounds are, but not limited to, g-caprolactone, glycolic acid, and the like, wherein
:eXamples of polymeric compounds are, but not limited to, poly(caprolactone) (PCL),
':poly(gjlycolic acid) (PGA), am‘i» the like. In one embodiment the additive is CL. The
additive may be added in an amount suitable to achieve the desired influence of the
properties of polymer A. For example, the additive may be added in an amount of about 5

to about 35 wt.-%, such as about 10 to about 30 wt.-%. In one embodiment of the present
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inventidn the additiVe may be added in an amount of, but is pot limited to, about 5 wt.-%,
about 10 wt.-%, about 15 wt.-%, ébout 20 wt.-%, about 25 wt.-%, about 30 wt.-%, or
about ‘3v5 wt.-%, and the like. The additive may be added before the preparation of
polymer A, i.e. before the polymerization of the respective monomer, or may be added to
the final polymer. For example, in case the additive is a monomeric compound, the
. monomer may be copolymerized with the rﬁonomers for the preparation of polymer A. In
~ one embodiment of the present invention CL may be presént in amount of > about 50%,
| such as > about 55%, > abouf :60%, > about 65%, > a‘bout 70% or > about 75% iﬁ
-cobolymer B in case CL is also‘ used as additive in poly1her A. In one embodiment, B
may also contain additional additives as described and defined above in order to
~ influence the properties of the polymer. For example, a plasticizer may be added to adapt
the glass transition temperature or the like. |
[0030] Generally, the glass transition teinperature Tg of the final elastomer
may be the same as the glass transition temperature of A and B. For example, Tg of the
final elastomer may be the sum of Tg of A and Tg of B or may be the mean value of Tg of
A and Tg of B. In one embodimént Tg of the final elastomer may be different from Tg of
A and/or Tg of B. For example, Tg of the final elastomer may be, but is not limited to, <
about 50 °C, < about 45 °C, < about 40 °C, < about 35 °C, < about 30 °C, < about 25 °C,
< about 20 °C, < about 15 °C, < about 10 °C, < about 5 °C, < about 0 °C, and the like. In
| a further embodiment of the present invention Tg of the final elastomer may be, but is not
limited‘to, > about 0 °C, > about 10 °C, > about 20 °C, > about 30 °C, > about 40 °C, >
about 50 °C, and the like.
[0031] The biodegradabie thermoplastic elastomer of the present invention

may be prepared in a "one-pot-procedure”. According to the inventive process, a mixture

of e-caprolactone, at least one additional monomer, an initiator and tin-2-ethylhexanoate
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- |is reacted in an organic solvent in order to obtain copolymer B. To this copolymer B

monomer A is added and the obtained mixture of copolymer B and monomer A is reacted.

‘Finally, the obtained biodegradable thermoplastic monomer is precipitated.

[0032] In one embodiment of the present invention, lactic-co-glycolic acid
(LGA) ist used instead of g-caprolactone and at least one additional monomer.

[0033] In one embodiment one or more additive as defined above may be
added af any stage of the preparation process in order to alter the properties of A and/or
B.

[0034] The at least one additional monomer may be selected from the group
defined above. In one embodiment the at least one additional monomer is trimethyl
- carboﬁate (TMC).

[0035] The initiator is used to inter alia CO;I'[I'OI the molecular weight of the
synthesized polymer. Generally, :the initiator may be chosen from any initiator which is
used in the field of polymer chémistry. In one embodiment, the initiator may be a diol
such as, but not limited to, ethylene glycol, 2,2-dimethyl-1,3-propandiol, butandiol, and
the like.

[0036] The organic solvent used in the preparation of the copolymer B may be
any solvent which is generally used in polymerization reactions. In one embodiment, the
organic solvent may be, but is not limited to, toluene, benzene, tetrahydrofuran, mixtures
- thereof, and the like. The skilled person will be fully aware of the solvent being suitable
for the respective reaction.
| [0037] In the present invention, a catalyst may be used to influence the
reaction. In one embodiment, the catalyst may be, but is not limited to, a homoleptic tin

(I1) complex, heteroleptic tin (IV) complex, a mixture thereof, and the like. For example,

tin-2-ethylhexanoate may be used as catalyst. This catalyst is readily available, non-toxic
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“and has been approved by the FDA as food additive.

[0038] The monomer A may be selected from the group éonsisting of lactic
acid (LA), L-lactic acid (LLA), DL-lactic acid (DLLA), glycolic acid (GA) and lactic-co-
glycolié acid (LGA). In one embodiment,; the monomer A is lactic acid.

[0039] The final product is precipitated from the reaction mixture. Several

- precipitation methods may be used in the present invention, such as, but not limited to,

_ :teﬁlpefdture change, addition of _:one or more solvent(s), and the like. The solvent, which = -
may b>e-used to initiate precipitétion, may be any solvent suitable for precipitating the
polymer. For‘ example, the solvent may be, but is not limited to, ethanol, hexane, diethyl
ether, mixtures thereof, and the like.

t0040] The reaction for preparing copolymer B may be carried out as one-pot-
procedure. All starting materials are mixed together, vs;herein the addition order is of no

:relevance. The mixture is refluxed for a time sufficient to polymerize all monomers
prvesent‘in the mixture. For example, the mixture may be refluxed for about 6 hours, about
12 hours, about 18 hours or about 24 hours. After adding monomer A to the obtained
copolymer B, the resulting mixture is refluxed again for about 6 hours, about 12 hours,
about 18 hours or about 24 hours.

[0041] The monomers used in the inventive preparation process are chosen in
an amount and ratio as already explained above.

[0042] The target was to make the soft segment to be completely amorphous or
at least having minimum cristallinity, thus giving the triblocks a large elongation. Then
this soft segment would be coupled with the hard block made of polymer A, which would
act as an anchor point to give the elastic property of the biodegradable thermoplastic
elastomer.

[0043] The biodegradable thermoplastic elastomer of the present invention
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'may be used for several applications. For example, it may be used as (part of) a medical
device or packaging material.
[0044] The medical device may be an implantable device selected from stent,
an occlude for patent foramen ovale (PF) or atrial septal defect (ASD) or patent ductus
arteriosus (pda), a scaffold for tissue engineering, implant applications and surgical suture
materials. For example, the stent may be a fully-degradable stent in the coronary,
: peripheral arteries, and in the trachea, biliary duct and ureter.
| [0045] The packaging material may be, but is not ﬁmited to, a film, tape, cut,
paper énd cloth. |
[0046] In the context of the present invention, the term "comprising" means
- including, but not limited to, whatever follows the word "comprising". Thus, use of the
term "comprising” indicates that the listed elements a;e required or mandatory, but that
other elements are optional andi may or may not be present. The term "consisting of”
| m‘eans‘ including, and limited to, whatever follows the phrase "consisting of”. Thus, the
phrase "consisting of” indicates that the listed elements are required or mandatory, and
that no other elements may be present. The term "consisting essentially of” means
including any elements listed after the phrase, and limited to other elements that do not
interfere with or contribute to the activity or action specified in the disclosure for the
‘listed elements. Thus, the phrase "consisting essentially of” indicates that the listed
: elements are requiréd or mandatbry, but that other elements are optional and may or may
not be present depending upon ‘whether or not they affect the activity or action of the
listed elements.
[0047] Additionally, the terms and expressions employed herein have been
used as terms of description and not of limitation, and there is no intention in the use of

such terms and expressions of excluding any equivalents of the features shown and
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described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
‘present invention has been specifically disclosed by exemplary embodiments | and
optional features, modification and variation of the inventions embodied therein herein
“disclosed may be resorted to the skilled in the art, and that such modifications and
‘ variations are considered to be witllin the scope of this invention.

[0048] The invention} ha:s been described broadly and generically herein. Each
of. the narrower species and subgeneric groupings falling within the generic disclosure
also form paﬁ of the invention. This includes the generic description of the invention
with a proviso or negative limitation removing any subject-matter from the genus,
| regardiess of whether or not the excised material is specifically recited herein.

[0049] Other embodiments are within the foﬁowing claims. In addition, where
,.feat'ures or aspects of the invention are described' in terms of Markush groups, those
skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

EXAMPLES

[0050] The following experimental examples are provided to further illustrate
the present invention and are not intended to be limiting to the scope of the invention.

Materials

[0051] The monomers, é-caprolactone (efCL) (99%) was obtained from Fluka,
L-lactide was obtained from Sigma Aldrich, and trimethylene carbonate (TMC) was
purchased from Boehringer Ingelheim. The initiator, 2,2-dimethyl-1,3-propanediol
(purum, > 99.0 %) from Fluka and the catalyst, tin-(1I)-2-ethylhexanoate (SnOct;) from

Sigma Aldrich were used as received. Toluene anhydrous (99.8%) was purchased from
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a Si'gmavAldrich and used as the polymerization solvent.

Measurement

[0052] Number average (Mn), weight average (Mw) molecular weights, and
molecular weight distributions (Mw/Mn) were obtained by size exclusion
chromatography (Shimadzu LC-20AD). Chloroform was used as eluent at a flow rate of
1.5 ml/min. Narrow polystyrene: standards were used for calibration. All measurements
- wére performed at 25 °C. |

t0053] Compositions of g-caprolactone, TMC, and L-lactide inside the
polymef weré observed by '"H NMR and *C NMR spectroscopy taken on a Bruker 400
MHz Spectrometer using deuterated CDCl; as the solvent.

t0054] Glass transition temperatures (Tz) and melting temperatures (Ty) of
purified polymers were measured by differenﬁal scan;ning calorimetry (DSC). Samples
(5’-10 mg) were analyzed at a héating rate of 10 °C/min in a temperature range of -90 to
1225 °C using TA Instruments Model Q10 DSC machine. All samples were scanned using
two cycles heating and reported values were determined from the second scan.

[0055] Solutions of polymer in solvent (10% w/v) were cast on glass petri
dishes. After drying under room temperature for 4 days followed by drying in a vacuum
for 2 days, 0.2-0.3 mm thick films were obtained. From these films, specimens for
~mechanical testing were cut into standard dog-bone shaped samples. Tensile test was
' caﬁed out using the INSTRON 5848 microtester according to ASTM D882-91

standards.

Example 1: Preparation of A-B-A- triblock copolymers
[0056]  ABA triblock copolymers, where A is a PLLA hard segment and B is

the soft segment made of random copolymer of PCL and PTMC were prepared by one-
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step living coordinated anionic ring-opening polymerization. The syntheses were done in
a two necks round bottom flask (100 ml) equipped by thermometer, condenser and
magneﬁc stirrer. The flask was purged by nitrogen, vacuumed twice and after that the
flask was kept under the nitrogen atmosphere. A mixture of e-CL and TMC monomers
:were added to the toluene and then a certain amount of initiator was added according to
’ ;thtfe djest.ii;ed degree éf polymerizaftion, lastly Sn(Oct)? as catalyst was added to the mixture
'and th-e. flask was immersed info silicone oil bath with témperature of 140 °C for 24
hours. After that, a defined quantity of L-lactide was added to the flask and the mixture
was képt another 24 hours. Polymer was precipitated in methanol and dried under
vacuum for 3 days. In Figure 1 the general reaction scheme can be seen.

t0057] Basically, all the triblock copolymers that have been synthesized were
categorized under three different groups, according toﬁ the variation of ¢-CL and TMC
raﬁo in:the soft segment (B bloék). And under these three groups, there would be several
triblock copolymers, which were the results of varying the molecular weight of the soft
segment (B block) and the hard segment (A block). This allowed seeing what would be
the effect of varying the molecular weight, the ratio of e-CL and TMC, and the ratio

between soft segment and hard segment.

Molecular Weights and Structural Properties
PLLA-P(CL-TMC)-PLLA with CL:TMC 50:50
[0058] Table 1. Molecular weight and molar ratio of various PLLA-P(CL-

TMC)-PLLA with CL:TMC 50:50.

A-B-A B block Total Target "H NMR
Target Mn Mn Mn MWD | CL:TMC:LA | CL.TMC:LA
(Da) (Da) (Da) (molar ratio) (molar ratio)
5k-10k-5k 10333 16468 1.63 1:1:1.50 1:094:1.26




WO 2011/059408 PCT/SG2010/000433
-17 -

| 10k-10k-10k 10939 25257 1.39 1:1:3.00 1:0.95:2.77

5k-20k-5k 20887 . 23737 1.51 1:1:0.75 1:0.92:0.53
10k-20k-10k 20484 31151 1.57 1:1:1.50 1:0.94:1.27

5k-40k-5k 32661 32948 1.44 1:1:038 1:0.92:0.21
10k-40k-10k 34551 37777 1.48 1:1:0.75 1:0.91:0.58
~ | 20k-40k-20k 34290 49161 1.22 1:1:150 | 1:083:1.35

| 40k-80k-40k 30524 40868 1.41 1:1:1.50 1:096:1.24

[0059] Table 1 shows various triblock copolymers with the B block made of
random copolymer of PCL and PTMC with molar ratio 50:50 and the A block made of
" PLLA. What has Been varied here were the molecular weight of the middle block and the

outer block. During the synthesis, before adding the L-lactide monomer, small amount of
the polymer solution was taken for SEC characterization. It can be seen that for the B
block of targeted molecular weight 10kDa and 20kDa the SEC results managed to reach
the target, while for targeted 40kDa the result was slightly lower, probably due to the
presence of trace hydroxyl group-containing impurities in the reactants and reaction
-system which is getting more significant as the molecular weight increase.

[0060] The typical 1H_ NMR spectrum of the triblock copolymer is shown in
Figuré 2. The methylene protons from PCL: (a), (b+d), (b) and (e) are shown at 2.31,
1.66, 1.39, and 4.23 ppm respectively. Meanwhile, methylene protons from PTMC (f+h),
and (g) are shown at 4.05 and 2.04 ppm, respéctively. Also the methane (i) and methyl
protons (j) of the PLLA block are shown at 5.16 and 1.64 ppm respectively. The peak
splitting on the region of (f+h) and (e) peaks suggested randomization of PCL and
PTMC. Monomer composition of the copolymer was determined from the integration

ratio between proton signals (a), (g), and (i) (as the results are included in Table 1).
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[0061]  While the resulting CL and TMC composition ratio are very close to the
‘target, the L-lactide contents of the purified triblock copolymers were lower than
-expected from the target composition as it can be seen from the 'H NMR result. This is
due to the 90% to 95% conversion of L-lactide which might result from L-lactide
transesterification during the polymerization. Nevertheless, the table shows that the

-compdsition and the block length of PLLA in the triblock cqpolymers can be well

regulated.

PLLA-P(CL-TMC)-PLLA with CL:TMC 75:25
[0062] Table 2. Molecular weight and molar ratio of various PLLA-P(CL-

TMC)-PLLA with CL:TMC 75:25.

A-B-A B block | Total - Target "H NMR
Target Mn Mn Mn | Mw/Mn | CL:TMC:LA | CL:TMC:LA
(Da) (Da) (Da) (molar ratio) | (molar ratio)
10k-40k-10k | 21373 31097 | 1.49 1:033:05]1:031:0.38
20k-40k-20k 20328 41583 | 1.24 1:033:1 | 1:025:1.03
20k-80k-20k 24537 35732 | 1.73 1:033:05]1:029:0.38
40k-80k-40k 42437 56108 | 1.40 1:033:1 | 1:0.28:0.85
[0063] Table 2 shows four triblock copolymers with middle block of random

copolymers between PCL and PTMC with CL:TMC molar ratio of 75:25. Similar to the
previous section, it was observed that the resulting molecular weight fell below the target,
especially for the middle block. Overall, the resulting molecular weights for the same
targeted molecular weight were lower compared to those triblocks with CL:TMC 50:50,

- with 40k-80k-40k as an exception. Nevertheless, '"H NMR data also showed a good result
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for molar ratio of CL:TMC and a slightly lower L-lactide content than targeted.
| [0064] Overall, the chemical shift of the triblock copolymers C NMR
spectrum were similar to ._the spectrum from a tercopolymer of e-CL, TMC, and PLLA
from jia et all (Polymers for Advanced Technologies, 2008, 19, (2), 159-166). It can be
“observed that the soft segment of the triblock copolymers with CL:TMC 75:25 was not as
grar.ldo'r'nlas CL:TMC 50:50. For CL:_TMC 50:50 thé CO sigrlal frqm cither CL and TMC
.carbon‘yl atoms showed a dyad §plitting of almost equal intensity. Meanwhile for
CL:TMC 75:25, although the CO signal from CL carbonyl atom still showed a dyad
splitting into peak (a) (CL-CL dyad) and peak (b) (CL-TMC dyad) (figure 2), the TMC
carbonyl atom only showed TMC-TMC dyad, peak (g). From the L-lactide signals, it can
_be observed that there was indeed a certain amount of transesterification of the L-lactide

blbck happened in the polymerization, showed by a cluéter of small peaks (e), (f) located

to the left of L-lactide-L-lactide dyad peak (d).

PLLA-P(CL-TMC)-PLLA with CL:TMC 90:10

[0065] Table 3. Molecular weight and molar ratio of various PLLA-P(CL-
TMC)-PLLA with CL:TMC 90:10.
A-B-A Target "H NMR
Mn Mw
- Target Mn PDI | CL:TMC:LA | CL:TMC:LA
(Da) | (Da) : :
(Da) (molar ratio) | (molar ratio)
20k-40k-20k | 50707 | 56504 | 1.11 | 1:0.11:0.83 | 1:0.11:0.7
40k-80k-40k | 100928 | 130251 1 1.29 | 1:0.11:0.83 | 1:0.09:0.74
[0066] In Table 3 the middle block of the triblock copolymers were random

- copolymer of PCL and PTMC with CL:TMC molar ratio of 90:10. The resulting

molecular weight for 20k-40k-20k was more or less similar to CL:TMC 50:50 and



WO 2011/059408 PCT/SG2010/000433

-20 -

CL:TMC 75:25, while for moleculér' weight 40k-80k-40k the GPC result showed a much
higher value. This might show that for a higher targeted molecular weight, using less
TMC inside the soﬁ-block can improve the accuracy of resulting molecular weight, thus

“the conclusion that there are some incompatibility between CL and TMC monomer inside

_ ;th‘e_ poiymerization. 'H NMR dat:a showed a good result fo; molar ratio of CL:TMC and a

slightly lower L-Lactide content than targeted.

Example 2: Thermal and Mechanical Properties of A-B-A polymers
PLLA-P(CL-TMC)-PLLA with CL:TMC 50:50
[0067] Table 4. Thermal and mechanical pn:operties of various PLLA-P(CL-

TMC)-PLLA with CL:TMC 50:50.

Ultimate
A-B-A Max
Tg Tm AH Modulus Tensile )
Target Mn °C) ©C) e (MPa) Streneth Strain
(° ° a engt
(Da) ° %)
(MPa)
5k-10k-5k -40.8 140.7 21.41 8.3 2.6 29
10k-10k-10k -38.6 158.6 36.03 | Too brittle | Too brittle | Too brittle
Sk-20k-5k | -41.8 | 1254 | 69 | Toosoft | Toosoft | Too soft
10k-20k-10k -42.3 152.0 19.48 10.8 4.6 60
5k-40k-5k -41.8 144.0 1.48 Too soft Too soft Too soft
10k-40k-10k -41.9 133.4 3.55 3.5 1.5 74
20k-40k-20k -48.8 151.0 15.56 12.5 4.5 520
40k-80k-40k -45.6 159.2 20.56 13.3 33 278
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[0068] Preliminary study showed that random copolymer of PCL and PTMC
with molar ratio of 50:50 was totally amorphous. So, it was expected that the triblock
| »copolymer will have Tp, oﬁly from PLLA, ﬁgure 3 (a). Table 4 shows that the T, of the
- triblock copolymers ranged between 125.°C to 160 °C. Since it was reported that for the
: ‘hor_nopAozilymer of PLLA the Ty, was around 175 °C, it can:be concluded that the middle
| .‘block‘ ﬁés the'éffect_ of lowering fhé T. of PLLA in the triblock. Mean\:vhile the T of the
triblock copolymers obviously came from the T, of random copolymer of PCL and
PTMC. Since the T, of homopolymer of PCL and PTMC were -60 °C and -20 °C
- respectively, it was expected that the T, of the random copolymer lay between those two

values‘ which can be seen in table 4. Meanwhile the T, of the PLLA block were not
:bobfscf:r:v‘ed.

[0069] Mechanical prdperty wise, table 4 shc;wed that molecular weight of the
triblock copolymers and the length of L-lactide block playéd a big role. For triblock with
targeted middle block of 10kDa increasing the L-lactide content from 1.5 to 3 (with
respect to CL content of 1) resulted in having a polymer which was too brittle to be made
into a film. Meanwhile for middle block of 20kDa, decreasing the L-lactide content from
1.5 to 0.75 (with respect to CL content of 1) gave rise to a polymer which was too soft to
be made into a film. Comparing between those with same L-lactide content but different
molecular weight, it was observed that increasing the molecular weight would result in
increasing both the tensile strength and the maximum elongation of the triblock
copolymers. From the table it cén be seen that the triblock copolymers having molecular
weight of 20k-40k-20k has a good mechanical properties with elongation up to 520%,

- figure 4 (a).

| PLLA-P(CL-TMC)-PLLA with CL:TMC 75:25
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[0070]  Table 5. Thermal and mechanical properties of various PLLA-P(CL-

TMC)-PLLA with CL:TMC 75:25.

A-B-A Tensile Max

A , Tg Tm AH | Modulus .
Target Mn ‘ : Strength Strain
(°C) (°C) (J/g) (MPa)
(Da) , (MPa) (%)
36.9 21.15
10k-40k-10k -49.5 20 4.4 571
142.5 5.51
349 0.39
20k-40k-20k -56.8 ' 23.8 7.9 812
141.4 14.44
38.5 20.15
20k-80k-20k -51.8 19.6 6.4 725
e 1444 | 839
. ‘ 30.8 8.1
40k-80k-40k -56.8 32 12.3 1084
' 153.4 12.8

[0071] Preliminary study showed that the random copolymer of PCL and
PTMC with molar ratio 75:25 was a semi crystalline polymer with T, around -58 °C and
T around 30 °C. So it was expected that the triblock copolymer had 2 T, one from the
PCL-TMC block and other from the PLLA block, figure 4 (b). Again, table 5 shows that

the middle block affected the Ty, of PLLA by lowering it from 175 °C (T, of pure PLLA)
to around 140-150 °C. Meanwhile, the T, from the middle block is significantly lower
compared to the triblock with middle block of CL:TMC 50:50. This was expected as PCL
has a lower T, compared to TMC. What was interesting from the DSC results was the
crystallinity of the middle-block. Increasing the hard-block content from 10k-40k-10k to
20k-40k-20k will increase the crystallinity of hard-block (AH increased from 5.51 to
14.44 J/g), but somehow it wili also decrease the crystallinity of the soft-block quite

signiﬁcantly (AH reduced from 21.15 to 0.39 J/g).
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[0072] Looking at the mechanical properties, a significant improvement can be
observed by increasing the molar ratio of CL:TMC 50:50 to 75:25 for all targeted
molecular weight (comp&e table 4 and 5). All the triblock copolymers with soft-block of

_ CL:TMC 75:25 managed to reach elongation beyond 500%. This result was surprising as
'prévibﬁély it was believed that in order to have a good eloﬁgation and elasticity, the soft-
block in thermoplastic elastomer has to be totally amorphous.'Our data showed that
triblocfk copolymer with targetéd molecular weight 10k-40k-10k had a soft segment AH
of 21.15 J/g, which translated into percentage crystallinity of as much as 23%, calculated
using the heat of fusion (AH’) of the total crystalline PLLA (93 J/g). Nevertheless, the
tribloqk copolymers would still have 571% elongation while in the same time having a
good tﬂe elastomeric behavioﬁr. Meanwhile, the highest elongation of the triblock
copolymers with soft segment CL:TMC 75:25 was fl'Ol‘;l the targeted molecular weight of

40k-80k-40k, with an elongation of 1084%, figure 4 (b).

PLLA-(P(CL-TMC)-PLLA with CL:TMC 90:10
[0073]  Tabie 6. Thermal and mechanical properties of various PLLA-P(CL-

TMC)-PLLA with CL:TMC 90:10.

A-B-A . Tensile Max
Tg Tm AH Modulus .
Target Mn Strength Strain
O (°O) (J/g) (MPa)
(Da) (MPa) (%)
47.5 25.15
20k-40k-20k -55.6 72.3 9.42 67
151.2 19.9
49.5 16.7
40k-80k-40k -60.7 56.8 29.5 >1200
159.4 18.2
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[0074] DSC results in table 6 show that for triblock copolymer with middle-
block of CL:TMC 90:10, the Ty, of the soft-block are higher than those with middle-block
. of CL:TMC 75:25, so TMC actually had the effect of lowering the Ty, of PCL which was
i ﬁ supposéd to be 60°C. The crystallinity of the soft block are higher compared to middle-
:block CL:TMC 75:25 for the same targeted molecular weight triblock (compare table 6

and table 5). This proved the role of TMC in the middle-block as a disruptor for PCL
: crystallinity.

[0075] For the mechanical properties, the triblock copolymers with soft-block

of CL:TMC 90:10 gave a very good elongation, very high modulus and tensile strength

_(table 6), although they lost their elasticity properties, marked by the appearance of yield

: péint; ﬁgure 4(@). This showed that the crystallinity of the soft-block played an important

role in the recovery properties of the triblock.

Example 3: Thermal and Mechanical Properties of A-B-A polymers with
additives in polymer A

[0076]  An extension of this work involved making the end-block (PLA) less
crystalline and more extended by adding a comonomer. Results are shown below. From
-Tables 7 and 8 it can be seen that the addition of CL to LA improvés the mechanical
properties of the elastomer, such as max strain. In particular, there is an improvement in

case the molecular ratio of CL in polymer B is > 50%



Table 7: Molecular weight, molar ratio and thermal and mechanical properties of v

arious PLLA-P(CL-TMC)-PLLA with CL:TMC 50:50 and

additional CL in LLA.
A-B-A Target 1H NMR » Tensile
Total Mn Tg Tm AH Modulus Max Strain
Target Mn PDI CL.TMC:LA CL:TMC:LA o . Strength
(Da) : | : O | CO | (/g | (MPa) | (%)
(Da) (molar ratio) (molar ratio) (MPa)
20k-40k-20k 49161 1.22 1:1:1.50 1:0.83:1.35 -48.8 151 15.6 12.5 4.5 520
20k-40k-20k .
) 44463 1.34 1:0.87:1.17 1:0.74:1.10 -48.4 138.5 11 10 4.7 914
(10%CLinLA) |
20k-40k-20k
. 40077 1.49 1:0.77 : 0.92 1:0.79: 0.81 -447 | 138 11.8 9.1 2.5 300
(20%CLin LA)
20k-40k-20k ' too soft
_ 31419 144 | 1:069:0.72 | 1:0.80:0.75 -39.2 | 1115 1.3 too soft too soft
(30%CL in LA)
40k-80k-40k 40868 1.41 1:1:1.50 1:096:1.24 -45.6 159.2 | 20.6 133 4.13 80
40k-80k-40k
) 39149 146 | 1: 087:1.17 | 1:092:1.13 -42.4 142.1 10.2 10 2.64 170
(10%CL in LA)
40k-80k-40k
) 30238 152 | 1:069: 072 | 1:0.82:0.70 -40.8 118.4 24 too soft too soft too soft
(30%CLin LA)
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Table 8: Molecular weight, molar ratio and thermal and mechanical properties of various PLLA-P(CL—TMC)-PLLA with CL:TMC 75:25 and

additional CL in LLA.
A-B-A Target 1H NMR Tensile .
Target Mn To(tgal;’[“ PDI | CL:TMC:LA | CL:TMC:LA (;rg), (Tg‘) (?/H) N(Il‘\’/?}‘,‘;‘)‘s Strength Ma)zo/S;ram
(Da) (molar ratio) (molar ratio) & (MPa) o
0k-40k-20k | 41583 | 1.24 1:033:1 1:025:1.03 | 568 | 349 | 03 23.8 79 81é ’
. :0.33 £0.25: 1. . aia | 144 . .
20k-40k-20k _ , , _ 31.7 8 ’ .
(10%CLinLA) | 43736 | 128 | 1:030:081 | 1:025:08 | 562 | ‘o5 | (o) 16 78 . 802
20k-40k-20k U 0 ) 366 | 23 '
(Q0%CLinLaA) | 45284 | 133 | 1:028:067 | 1:024:061 577 | 356 | 124 10.7 >8.5 >1200
20k-40k-20k 363 | 145 >1200
(0%CLinLa) | 39499 | 154 | 1:026:054 | 1:029:05 | 576 | 0% | 6.6 >73
40k-80k-40k | 56108 | 1.4 | 1:033:1 | 1:028:085 | -s68 | 308 [ 81 32 12.3 1084
. £0.33; :0.28 : 0. . s34 | 138 .
40k-80k-40k , _ _ , 31.9 13.1
(10%CLinLa) | 50465 | 151 | 1:030:081 | 1:029:070 | 551 | % | o>y 18 8 934
40k-80k-40k o o 36 | 253
BO%CLinLA) | 40346 | 17 | 1:026:054 | 1:029:048 | 513 | 50 | 11.8 >5.1 >1200

_92_

80¥6S0/1T0T OM

€€+000/010TOS/LDd



- WO 2011/059408 PCT/SG2010/000433

-27-

Claims

I

A biodegradable thermoplastic elastomer having the general formula
A-B-A

wherein

each A is an amorphous polymer having a glass transition temperature (Tg)

>40 °C or a semi-crystalline polymer having a glass transition temperature (Tg)

and/or melting temperature (Tm) >40 °C;

B is a copolymer of :e-'caprolactone (CL) and at least one additional monomer
selected from the group ‘consisting of L-lactic acid (LLA), trimethyl carbonate
(TMC), and glycolic acid (GA), or B is diﬂ'eren{ to A and is lactic-co-glycolic acid
(LGA); and |

wherein the molar ratio of CL to the at least one additional monomer in the

copolymer B is in the range between about 1:0.09 to about 1:1.

The biodegradable thermoplastic elastomer of claim 1, wherein the elastomer does

not contain 1,6-hexamethylene diisocyanate.

The biodegradable thermoplastic elastomer of claim 1 or 2, wherein the copolymer B

is poly(caprolactone) (PCL):poly(trimethyl carbonate) (PTMC).

“The biodegradable thermdplastic elastomer of any one of claims 1 to 3, wherein A

‘comprises or consists of a polymer selected from the group consisting of poly(lactic
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acid) (PLA), poly-L-lactic acid (PLLA), poly-DL-lactic acid (PDLLA), poly(glycolic

acid) (PGA), and poly(lactic-co-glycolic acid) (PLGA).

‘The biodegradable thermdplastic elastomer of claim 4, wherein A comprises or

consists of poly(lactic acid).

The biodegradable thermoplastic elastomer of claim 5, wherein the PLA is a block

vpolymer with a segment lengfh of at least 10 units.

“The biodegradable thennoplastic elastomer of any one of claims 4 to 6, wherein A

further comprises poly(caprolactone) (PCL) or poly(glycolic acid).

The biodegradable thermoplastic elastomer of claim 7, wherein A comprises PCL in

an amount of about 5 to about 35 wt.-%.

The biodegradable thermoplastic elastomer of any one of claims 1 to 8, wherein the
molar ratio of CL to the at least one additional monomer in the copolymer B is in the

range between about 1:0.09 to about 1:0.99.

The biodegradable thermoplastic elastomer of any one of claims 1 to 9, wherein the
molar ratio of CL to the at least one additional monomer in the copolymer B is in the

range between about 1:0.09 to about 1:0.5.



WO 2011/059408 PCT/SG2010/000433

11

12.

13,

-29 -

The biodegradable thermoplastic elastomer of claim 10, wherein the molar ratio of

CL to the at ]east one additional monomer in the copolymer B is in the range between

“about 1:0.2 to 1:0.4.

The biodegradable thermoplastic elastomer of any one of claims 1 to 11, wherein the

crystallinity of B is <10 %.

The biodegradable thermoplastic elastomer of any one of claims 1 to 12, wherein the

: ~molecular weight of the biodegradable thermoplastic elastomer is at least about

14.

15.

16.

17.

35.000 u.

The biodegradable thermoplastic elastomer of any one of claims 1 to 13, wherein the

molecular weight of B is at least about 20.000 u.

The biodegradable thermoplastic elastomer of any one of claims 1 to 14, wherein the

molecular weight of each polymer A is at least about 10.000 u.

The biodegradable thermoplastic elastomer of any one of claims 1 to 15, wherein the
molecular weight of each A is about 10.000 u, about 20.000 u or about 40.000 u and

the molecular weight of B is about 40.000 u or about 80.000 u.

The biodegradable thermoplastic elastomer of any one of claims 1 to 16, wherein the
overall molar ratio of CL:additional monomer:polymer A is between about

1:0.09:0.25 to about 1:0.99:1.35.
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The biodegradable thermoplastic elastomer of claim 17, wherein the overall molar

ratio of CL:additional monomer:polymer A is between about 1:0.2:0.5 and about

1:0.30:0.85.

Medical device comprising a biodegradable thermoplastic elastomer of any one of

claims 1 to 18.

The medical device of claim 19, wherein the device is an implantable device selected

' 'ffom the group consisting of a stent, an occluder for patent foramen ovale (PFO) or

atrial septal defect (ASD)or patent ductus arteriosus (pda), a scaffold for tissue

engineering and implant applications.

The medical device of claim 20, wherein the stent is a fully-degradable stent for the

coronary or peripheral arteries, for the trachea, biliary duct and ureter

The medical device of claim 19, wherein the device is surgical suture material.

Packaging material comprising a biodegradable thermoplastic elastomer of any one

of claims 1to 18.

The packaging material of claim 23, wherein the packaging material is selected from

- thé group consisting of ﬁlnjs, tape, cup, paper and cloth.

25.

A method for the preparation of a biodegradable thermoplastic elastomer of any one

of claims 1 to 18 comprising:
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—  reacting a mjxmre of e-caprolactone, at least one additional monomer, an
initiator and tin—2-efhylhexanoate in an organic solvent in order to obtain
copolymer B;

—  adding monomer A;

- reacting the obtained mixture of copolymer B and monomer A;

—.  precipitating the obtained polymer.

The method of claim 25, wherein the at least one additional monomer is selected

from the group consisting of L-lactic acid (LLA), trimethyl carbonate (TMO),

gfycolic acid (GA), and lactic-co-glycolic acid.
The method of claim 25 or 26, wherein thé initiator is a diol.

The method of claim 27, wherein the diol is selected from ethylene glycol, 2,2-

dimethyl-1,3-propandiol and butandiol.

The method of any one of claims 25 to 28, wherein the organic solvent is selected

from the group consisting of toluene, benzene and tetrahydrofuran.

The method of any one of claims 25 to 29, wherein the monomer A is selected from

the group consisting of lactic acid (LA), L-lactic acid (LLA), DL-lactic acid (DLLA),

’glvycolic acid (GA) and lacﬁc-co-glycolic acid (LGA).

The method of any one of claims 25 to 30, wherein a solvent selected from the group

consisting of methanol, ethanol, hexane and diethyl ether is added for precipitation.
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The method of any one of claims 25 to 31, wherein the mixture is refluxed for about

24 hours in ofder to obtain B

The method of any one of claims 25 to 32, wherein the mixture of B and monomer A

is refluxed for about 24 hours.

The method of any one of claims 25 to 33, wherein the molar ratio of CL:additional

:rrionomer is in the range between about 1:0.09 to about 1:0.99.

The method of any one of claims 25 to 34, wherein the molar ratio of CL:additional

monomer:monomer A is between about 1:0.09:0.2‘5 to about 1:0.99:1.35.



