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The present invention relates to a ResF—1) Br whi ch conpri ses

urea and urethan roups and which aﬁnasﬁﬁ \ wei gh his
suited as an |HB§3%?6%£ l'iving belJ;;,sudh jtaax“ S and anln%FgEgﬁﬁgéﬁ

i nvention al so conprises a nethod f & production of the block 15

pol ynmer in question and use thereof as an inplant, for exanple, an inplant
in the form of Iiganents PRI OR ART: When injuries arise on the body of a
human or an ani mal or as a result of sone di sease, %ﬂqved organ

must often bedrepl 5&@6“: tIe’rﬁ%'FalbilpffkoP°b%‘P?Farf§?ﬂHr§'s"B9 ug%qma rgthgp

groups, method for the production of linear block polymers
and use of the block polymers as implants.

FIELD OF THE INVENTION:

10 The present invention relates to a linear block polymer
which comprises urea and urethane groups and which has a
high molecular weight and which is suited as an implant in
living beings such as humans and animals. The invention
also comprises a method for the production of the block

15 polymer in question and use thereof as an implant, for
example, an implant in the form of ligaments.

PRIOR ART:
When injuries arise on the body of a human or an animal or
20 as a result of some disease, a damaged organ must often be

replaced temporarily or permanently by some kind of
implant. A condition for such an implant to be able to be
used is that, firstly, it has such properties, for example
strength, that it can replace the functions of the damaged
25 organ and, secondly, that it is biocompatible, i.e. that
the body is not poisoned or in some other way damaged by
the implant. Different materials, such as pure titanium and
some kinds of plastic materials have been shown to have
these properties and are already used to a great extent.
30 Other materials are also known in this connection.

The metallic implants, such as titanium and some types of
steel are characterized by their great strength and they
are therefore used, for example, as tooth implants or for
35 repairing bone <fractures, etc. Surgically inserted
reservoir containers for medicines which are to be dosed in
small amounts during an extended period of time are
preferably made of titanium. Different forms of pipes which
can replace blood veins or drain out some body liquid are
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inplant. A condition for such an inplant to be able to be used is that,
firstly, it has such properties, for exanple strength, that it can replace
the functions of the damaged 25 organ and, secondly, that it is
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drain out _sone body liquid are
CHNICAL PROBLEM: y q

Some implants, such as implants for replacing or supporting
a ligament, must have a certain tension strength and have
an adapted stretchability. In addition, it is necessary for
such an implant that it is also biocompatible and it is
also desirable that the implant can promote the growth of
the damaged natural ligament at the same time as the
implant in many cases should be biologically degradable so
that it slowly disappears and the rebuilt ligament resumes
its function again.

SOLUTION:

According to the present invention, the above problems have
been solved and an implant has been created using a new
linear block polymer having a molecular weight of at least
10* Dalton, preferably at least 10° Dalton, comprising urea
and urethane groups and comprising primary NH, and/or OH
end groups.

According to the invention, the linear block polymer should
have at least as many or more urea groups as urethane
groups.

The linear block polymer according to the present invention
can, in the chain, also contain such groups as

polytetramethylene oxide, polyethylene oxide,
polycaprolactone, polyethylene glycol adipate, toluylene,
diphenyl methane, hexamethylene, tetramethylene,

naphthylene, glycerine monoallyl ether, trimethylol propane
moncallyl ether, glycerine monoglycidyl ether, dimethylol
propionic acid methyl ester, dimethylol propionic acid
bromobutyl ester, esters of monocarboxymethyl ethers of
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2 used and these are usually made of t hernopl astic material s.
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ily and permanently. TECHNI CAL PROBLEM 5 Some

gro %s th.ch modify the properties of the block polymer.
The invention also includes a method for the production of
linear block polymers and it is characterized in that a
prepolymer having two isocyanate end groups per molecule is
chain extended with an aliphatic or aromatic diamine having
a mol ratio of NH,/NCO of 0.95 - 1.05, preferably 0.98 -
1.02.

According to the invention, the prepolymer is suitably
produced by providing a diol with two isocyanate end groups
per mnolecule. The prepolymer may be a mixture of
prepolymers having different composition.

According to the invention, it is suitable that the diol
consists of a polyester diol, for example, polydiethylene

be

fyhe:&tls W%ﬂmhwsl hayepheenanal Riledndaant iopdpnt

glycol adipate diol, polycapro-lactone diol or polyethylene

glycol adipate diol, or a polyether diol such as
polytetramethylene oxide diol, polyethylene oxide diol or
a monodiol such as glycerine monoallyl ether, trimethylol
glycerine monoglycidyl ether,
dimethylol propionic acid methyl ester, dimethylol
propionic acid bromobutyl ester, esters of
monocarboxymethyl ethers of glycerine, trimethylol propane,
and others and <the isocyanate-supplying compound is
suitably 4, 4°’~diphenyl methane diisocyanate, toluylene
diisocyanate, hexamethylene diisocyanate, tetramethylene
diisocyanate, naphthylene diisocyanate and others. The diol
may also consist of mixtures of diols.

propane monoallyl ether,

According to the invention, it is suitable that the diamine
consists of primary diamines, preferably ethylene diamine
1.3-diaminopropane or hydrolysable for
example, 1l.3-propane diol-bis-p-aminobenzoate or ethylene
glycol-bis-diamino acetate.

or diamines,

\
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| i near bl ock polymer having a nol ecul ar wei ght of at |east 10[err] Dalton,
preferably at least 10[err] Dalton, conprising urea 20 and uret hane
groups and ester groups at such a di stance from each other that after
hydrol ysis of these ester groups fragnents are created mhlch are so snal
that. they can be_excreted from a [orarset—ai C her ngrls%’ﬁ%glrrary
NH err] and/ bt 28 ite groups, whi ed by f

exanpl e nonoam nes, such as but yljiam . According to the

i nvention, the Ilnear bl ock pol ynmer Sh Frees ) east as nmany or nore
urea groups as urethane groups 30 The Ilﬁear block pol ymer accordlng to

t he present invention can, contain roups
as pol yt et ranet ﬁ'??éﬁ‘%le"“l@fl‘ﬁ%"ght aﬁféﬁﬁﬁﬁ%ﬁ’e"“m&ﬂ‘% aG6Py g’a‘b‘? act one,
pol yet hyl ene gl ¢hel anvemtinn,t obeyl epstr8bled diypherhel stoichivmwesric
hexanet hyl ene, o116l sl ¥heNSrimaRlly bl Cifai tdlonCSE | i 1ToRAGkEE oft her

trimethylol pro
y P gonoamxne, for example butyl amine or ethanol amine.

5 .
The method according to the invention also includes that
built-in groups in the chain are modified by a reaction
with physiologically active substances. Those groups which,
according to the invention, are modified are suitably

10 glycerine monoallyl ether, trimethylol propane monoallyl
ether, glycerine monoglycidyl ether, dimethylol propionic
acid methyl ester, and d.tmethylol propionic acid bromobutyl
ester.

15 The linear block polymer according to the invention is
suitable as material in implants in humans and animals.

When the block polymer is used as an implant this is
suitably an implant for ligaments, tendons, skin or
20 cartilage.

According to the invention, it is suitable that when the
polymer is used as an implant it has the form of fibres or
threads which have been knitted or woven.

25
According to the invention, it is suitable that the block
polymer, by means of its NH, or OH end groups, is used for
covalent binding of growth-promoting groups. The OH groups
can be obtained by, for example, using ethanol amine as a
30 chain stopper.

DETAILED DESCRIPTION:

Block polymers or block copolymers are defined as

copolymers in which participating monomers are present as
35 sequences or blocks of different lengths which are linearly

united to each other to molecules having a high molecule

_\_
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3 nonoal |l yl ether, glycerine nonoglycidyl ether, dinmethylol propionic acid
met hyl Ester, ﬂi Imet hyl ol propionic acid bronpobutyl ester, esters of

nmonocar boxynet hyl ethers of gl ygerine and trinethylol propane and ot her
additional 5 groups whi ch s LNE - propert d of Fhepbl ock pol yner.
The -i nvention @l gn.Jcpcl udes a icti on of | peperesilask
polymers and it iIs characteri zet ymer having two isocyanate
end groups per nolecule is 10 = th an aliphatic or
aromatic diamne having a nol ratio of NH2ENCO of 0.95 - 1.05, preferably
0.98 - 1.02. According to the invention, the prepolyner is suitably 15
produced by proviwgiiagta(ghgll paitbn)Wo MROCYSde £6d igporpantpeforvitheul e.

The prepol ymer nan%cggnfcaq )gr%rfgrg.{es and necessary for making fibres and

films.

5 An advantage of block polymers is that properties which are
characteristic for several homopolymers can be built in in
one and the same molecule. In this way, incompatible
polymers can be brought to cooperate in a material and
apparently non-compatible properties can be combined. Thus,

10 reactive side groups can be introduced. Further,
hydrolysable blocks may, for example, be introduced which,
after hydrolysis, give fragments of polymers which are
sufficiently small to be secreted from the body.

15 A common way to describe block polymers is as follows. The
monomer A forms the block A-A-A-A-A...; called polyA or pA
and the monomer B forms the block B-B-B-B..., polyB or pB.
They are united to -A-A-A-A-B-B-B- or pA-pB in the
production process. Typical block polymer types are

20 diblock, triblock and multiblock polymers. In the present
invention, the multiblock type is the one mostly used. It
is written pA-pB-pA-pB-pA-pB... in which the block types
alternate. By partially exchanging the block types,
variants can be produced which give further properties to

25 the polymer. The invention relates to production of such
variants in which the third component (and possibly a
fourth) randomly replaces one of the blocks, for example
pB.

30 The invention uses isocyanate chemistry to synthesise the
block polymers, which will be of the type polyurethane urea
since the polymer chain contains both urethane and urea
groups. Both form hydrogen bonds between the molecules,
which gives the cohesive forces which are needed to keep

35 the molecules together in a material. Especially strong
intermolecular forces are obtained by the urea groups
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prepol yners having different conposition. According to the invention, it is
suitable that the diol 20 consists of a polyester diol, for exanple,

pol ydi et hyl ene gl ycol adipate diol, polycapro | act one di ol or polyethylene
gl ycol adipate diol, or a pol - ' pol yt et r anet hyl ene OXIde
di ol , p0|y6tﬁﬁyﬁ§? xi de di ol|[ dH'SBSHBROHUABIBEENCH as glycerlne nmonoal |y

ether, trine propane_nmBESARCED et he gl yceri @!@ﬂ%‘bl dyI
et her, di nmet hyl ol propionic acl d metnyl ester dinethylol propi oni ¢
acid br onobut yl ester, esters of nnnocarboxynethyl et hers of
gl yceri ne, trinethylol propane, and other& and the i socyanat e- supplylrg
conpound is 30 abI 4, 4' en ane | socyanat t ol uyl ene
di i socyanat e, Hé eBlﬁf§8§§ﬂ P§°“P%t 2NEt PP RO ¥5Fpé iEntle,

napht hyl ene di |mn&ee dier othis s remrendi dthenagobesivec ofisrass ogrowxt ur es
of diols. 35 gsiAemai¢i Whet CcidAmblnenst Gred blosks Uiddtldaekhat the diamine
consists of primary diam nes, preferably ethyl ene di am ne
5 The polyurea blocks will henceforth be denoted by pA and
the others by pB, pC, etc. They are usually formed at the
chain extension when the isocyanate group-terminated
prepolymers are coupled to diamines according to the
formula
10
n.0CN-R-NCO+n.NH,-R’ -NB;-->~— (—~CO-NH-R-NH-CO~NH~-R ' ~-NH-) , -~

in which OCN-R-NCO is a urethane diisocyanate formed of a
dicl and a diisocyanate according to the formula

15 BO-R’’~0OH + 2 OCN-R'*’'~NCO - OCN-R’’’'-NH-CO-0O-R’ ' -0-CO-NH~
R’'’=NCO in which R is pB, pC, etc. blocks as above. In the
reaction the stoichiometry is very important. Thus, n must
have so great a value that it corresponds to molecular
weights of at least 10 preferably 10° or more, if

20 satisfactory mechanical properties are to be obtained. To
reach such high values the molar ratios of -NH,/-NCO = 0.95
- 1.05 are used. The excess of -NH, gives end groups of a
primary amine character which can be used to covalently
attach biologically active groups to the polymer molecules.

25 If ethanol amine is used as a chain stopper, OH end groups
are obtained which also can be used for coupling of active
agents, for example growth factors to the polymer. Excess
of isocyanate groups gives end groups which can react
further according to known isocyanate reactions.

30
If better mechanical properties are desired by means of
more and/or longer urea blocks, this can be obtained in,
for instance, the following two ways:

35 1. During the chain extension reaction further diisocyanate

and a corresponding amount of diamine are added. Care must
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4 or 1.3-diam nopropane or hydrol ysabl e di am nes, for exanple, 1.3-propane
di ol - bi s- p-am nobenzoate or ethylene glycol-bis- dlan1no acetate. 5 The
nol ecul ar wei ght and its distri blfton ey CCOt=ahi-F to the invention, be
controll ed by the stoichionetric imarily by addltion of

small anounts ﬂgfn1ne for xa -HAGH d or ethan

The et hod acé&baggg o the invention arso t hat bU|P%T|n groups I n
the chain are nodified by a reaction with physiologically active
substances. Those groups which, according to the invention, are nodified
are suitably glycerine nDnoaIIyI ether, trihethylol propane monoal Iyl 15

et her, glycerlne non Ci et her r.Qpi d t

ester, and di met gfﬁgbﬁ%ﬂ &ngﬁfﬁs’b'}%t er% ¢ lQHbEhan ehE @Qa

blocks since formation of unmeXtable gel can be obtained

even on a moderate increase of the length.

5 2. An isocyanate group terminated prepolymer containing
urea groups is added during the chain extension reaction.
The prepolymer must be dissolved in the reaction mixture
when the reaction of the chain extension is started.

10 As a chain extender, primary diamines are preferably used,
which may be aliphatic or aromatic. Primary aliphatic
diamines give very high reaction velocity, which can cause
inhomogeneous reactions and hence an inhomogeneous product.
The reaction velocity can be modified by using aromatic

15 amines the structure of which is very significant for the
reactivity or by adding some agent which cooperates with
the amine and/or isocyanate groups such as acetone, oximes,
or the like. Considerable possibilities to control the
activity are consequently present.

20
The chain extension may also occur in solvents which
dissolve the starting products but not the polymer. The
product precipitates, for example, as a powder and it can
then be obtained by filtering.

25

‘The polyurea blocks pA are often called "hard” since they
are responsible for the cohesion of the materials, which is
a function of the content and the length thereof.
Correspondingly, the pB are often called "soft" blocks
30 since they give the materials the stretchability and
elasticity. In known materials produced on a large scale
they consist of polytetramethylene oxide diol. Other
examples are polyethylene oxide diol, polycaprolactone
diol, polyethylene glycol adipate diol, etc. All of them
35 have hydroxyl end groups and are transformed to prepolymers
by reaction with diisocyanates according to the formula:

—————
—_—
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ester. The linear block polyner according to the invention is 20
suitable as material in inplants in humans and_ani mals. Wien the bl ock

pol ymer is used as an inplant Sig S ha®beeRNi npl ant for |iganents,
tendons, skin or cartilage. 25 E coﬁa%pgAbthhe ifovention, it is suitable
t hat. when the_polyner is used B st—has the formof fibres or

t hr eads mhicﬁwﬁgvémﬁ%en knitted or woven. 30 Accor di ng PeTEE¥/01S30
invention, it is suitable that the block polynmer, by neans of its NH err]
or OH end groups, is used for coval ent binding of growh-pronoting groups.
The OH groups can be obtained by, for exaBple, using ethanol amne as a

in stopper. 35
cha PP 2x OCN-R-NCO + HO-R'OH --> OCN-R-NHCO-0-R’~-0-CO~-NE-R-NCO

In the formula two mol diisocyanate per mol diol have been
stated. This gives the shortest possible prepolymer. If

5 longer prepolymers are wanted, 1less than two mol
diisocyanate per mol diol is used according to known
relations from polymer chemistry. At the reaction urethane
groups are formed. It can be carried out at an elevated
temperature (60-B0°C) or at lower temperatures in the

10 presence of a catalyst. Too high temperatures (>90°C)
should be avoided to minimise non-desired side reactions,
for example, di- or trimerising of the isocyanate.

The isocyanates used in the invention must be bifunctional

15 so that the formed polymers are linear and can form fibres
and £films. Preferably, the content of bifunctional
molecules should be greater than 99%. If the impurities
consist of agents that do not take part in the reaction,
then a somewhat lower content of isocyanate can be

20 tolerated. If monoisocyanates are present they will bring
about a termination of the molecules. If isocyanates having
three or more isocyanate groups are present, branched
molecules or cross-bound polymers are formed which cannot
be spun to fibres or form films. Among useable isocyanates,

25 toluylene diisocyanate (TDI), diphenylmethane-4,4'~
diisocyanate (MDI), hexamethylene diisocyanate (HDI),
tetramethylene diisocyanate, naphthylene diisocyanate, and
cthers may be mentioned.

30 In a corresponding way to that described above, prepolymers
for other functional blocks (pC,pD, etc.) can be produced.
In principal, every diol which does not contain other
groups than hydroxyl groups which react with isocyanate can
be used. Examples thereof are glycerine monoallyl ether,
35 trimethylol propane monocallyl ether, glycerine monoglycidyl
ether, dimethylol propionic acid methyl ester, dimethylol
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copolynmers are defined
Fresent as sequences or

£}/ united to each other
=10[ery] Dalton). The latter

is inportant fgpdhhsesechani cal properties'and necessary for pgplskdimbidzpbr es

and filns. 10 An advantage of block polymers is that properties which
are characteristic for several honopol ynmers can be built in in one and the
same nolecule. In this way, inconpatible polyners can be brought to
cooperate in a material and apparently non-@onpatible properties can be

conbi ned. Thus, ctiv i de 1can bgr i Nt rddegd.
Furt her, hydrol ys%’f)cfpioglﬁgck g"‘f foF exanp egl'sntf uceqf\ﬁfglch oaffter

hydrol ysis, gi ve PonQaaskesyBetivt fﬁ\?%s\ﬂ‘ﬁ Yﬁ?’é"'ﬁﬁ FF(’:’?‘%’?R REPRaNS be

secreted from theagpdyany others. These either have, or they can be
converted by known methods to, epoxy groups which in their
5 turn after the chain extension can be reacted in a number
of ways to facilitate binding to biologically active groups
such as growth-promoting peptides.

The chain extension reaction is suitably carried out in a
10 solution to decrease the speed of reaction, viscosity and
tendency of gel formation. Dimethyl formamide,
dimethylacetamide, dimethylsulphoxide or some similar polar
solvent may be used as solvents. The solution obtained can
be used as a dope for fibre spinning directly or after

15 modification.

Alternatively, as mentioned above, the chain extension may
be carried out in an agent which dissolves the starting
products but in which the polymer is insoluble. In that

20 case the product is dissolved in a solvent before spinning,
which is performed in the same way as above.

The spinning can be done either as dry spinning or as wet
spinning according to known methods. The latter method
25 includes that the dope is inserted via the spinning nozzle
into water. In connection with the coagulatiomn, the fibre
bunch may be stretched to the desired stretching degree,
whereupon the thread is wound up while being simultaneously

twisted.

30
In an analogous way, film can be produced by moulding on
rollers, coagulating, stretching and winding up. The
stretched film can thereafter be cut into fibre-like
strips.

35

__’_//
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20 A comon way to describe block polyners is as follows. The nononer A
forms the block A-A-A-A-A .., called polyA or pA and the nmonomer B forns
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of 560 was dried in vacuum for 16 hours. In a three-necked
flask with thermometer and stirrer 90.78 -g of crystalline
4,4'’-diphenyl methane diisocyanate (MDI) was melted,
whereupon 99.86 g polydiethylene glycol adipate diol having
a molecular weight of 560 was added dropwise during
heating. The reaction temperature was maintained by cooling
between 80 and 90°C. The reaction was complete after four
hours. The content of isocyanate was determihed
titrimetrically and was 1.22.

The prepolymer obtained (22.81 g) was dissolved in dimethyl
formamide to a concentration of 20%. It was chain extended
using a slight excess of ethylene diamine (1.05 g) at room
temperature under most possible effective stirring. The
reaction was complete a few minutes after the addition was
completed.

Film was produced by spreading out the solution on a glass
plate and evaporating the solvent in a desiccator cabinet.
The film obtained was flexible and mechanically strong even
in a humid atmosphere.

The solution was wet-spun by extrusion through a spinning
nozzle having 50 orifices with a diameter of 80 ym in a
water bath. The fibre bunch obtained (the thread) was
stretched 5 times in a subsequent water bath and wound up
on a bobbin. After rinsing in water for two days and
drying, the strength was measured in a tensioning measuring
apparatus to 1.6 N and the break elongation was 70%. Bands
were woven from the fibres and surgically inserted into
rabbit knees.
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6 groups. Both form hydrogen bonds between t &s, which gives the

cohesive forces which are needed to keep Lhe JX { ogether in a
material. Especially strong internol ert g o gbt ai ned by the urea
groups 5 especi al | y when several §f Doy <

cooperate. For ta ason, the hes\ /’“ P o :ity o

: : cohesyve £8FCES grow stron

anount of ureawél jélgllgsei ncreases. The §'-‘ ea bl gcks w | | geﬁge orlto#sge
denoted by pA and 10 the others by pB, pC, etc. They are usually forned
at the chain extension when the isocyanate_ group-term nated prepol yners
are coupled to diamnes according to the ]rgrrrul a 15 n.

OCN- R- NCO#n. NH[erE%- Herr]-->- (-CONHRNHCONHR-NH)[err]-- in
whi ch OCN- R- NCO i et hane dii socyanate forned_of a.diol and a

di i socyanate accd0@i-Aga °f ha POLFERArRGqRoneqqdiply hywing a -‘R‘éﬁc[“é'PF]
OCN-R ' ' - NH CO- OyRigh> 6302900 was added dropwise to 17.19 g hexamethylene

diisocyanate at a temperature of 80~-90°C during three
5 hours. 42.1 g of the product, which had an isocyanate
number of 0.78, was dissolved to a 25% solution in dimethyl
formamide. The solution was cooled to 0°C and reacted under
vigorous stirring with 0.96 g ethylene diamine and 0.039 g
ethanol amine. The reaction was practically instantaneous.
10 _
After dilution with dimethyl formamide to a concentration
of 15% and addition of 12 g LiCl, a clear solution was
obtained which was wet-spun in water through a nozzle
having 50 orifices with a diameter of 80 um, stretched six
15 times and wound up on a bobbin. After rinsing in water, the
thread had a break strength of 1.18 N and a break
elongation of 80 %.

EXAMPLE 3

20 118 g dry polycaprolactone having a molecular weight of 530
was added dropwise to 11.32 g diphenyl methane diisocyanate
(MDI) while the temperature was maintained at 70-80°C
during 2 hours. From the prepolymer formed (isocyanate
number 1.98) 16.13 g was dissolved in dimethylsulphoxide

25 (DMSO) to a 15% solution and 0.95 g ethylene diamine and
0.04 g ethanol amine dissolved in DMSO was added at 20°C.
The solution, which rapidly became highly viscose, was
stirred for one hour, whereupon it was wet-spun in the same
way as in Example 1. The thread obtained had a break

30 strength of 1.1 N and the break elongation was 22%. The
thread had the text number 7.

EXAMPLE 4
98.78 g dry polycaprolactone with a molecular weight of
35 1250 was added dropwise to 39.51 g MDI during 3 hours at a

maintained temperature of 70-80°C. From the prepolymer,
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To 25 reach, such hlgh val ues tfie nol REPLACEDS oOf
are used. TheV&T@E¥3of - NH2 gi ve

in which Ris pB, pC, etc. blocks as above. In the reaction

ry is very inportant. Thus, n nmust have so great a value

onds to nol ecul ar g ast 10[err], preferably

I f satisfactory; erﬂBEBHBEaIHA:ngt es are to be obtai ned.
NH2/ - NCO = 0. 95 -
i mary RETEWHAIAct er

1.05

whi ch can be used to covalently attach blologlcally active groups to the

pol ymer nol ecul

es. If ethanol amne is used as a chain stopper, OH end

groups 30 are obtai ned which al so canlde used for coupling of active

agents, for exa
groups gives en
| socyanate reac

10

15

20

25

30

35

i wihec hseqyanatgc purbex Her2 rad@e# 8 hyasodksemhved
inOAgetone 7and 1.13 g ethylene diamine was added under

vigorous stirring at 20°C. A white pulverulent product was
formed which could be dissolved in DMF + LiCl and wet-spun
to a thread. The break tension was 2.18 N and the break
elongation 175%.

EXAMPLE 5

A prepolymer was produced from 47.58 g poly(1l.4-butane diol
adipate) with a molecular weight of 600 and 90.2 g MDI by
adding the dry polyester dropwise into the melted
isocyanate for 2 hours at a maintained temperature of 70-
80°C. The isocyanate number for the finished prepolymer was
1.61.

29.78 g was taken from the prepolymer and dissolved to a
30% solution in dimethylsulphoxide (DMSO). 7.72 g 1,3-
propane diol-bis-p-aminobenzoate was added and chain
extension was carried out at 100°C during 22 hours while
stirring. A clear solution was obtained which could be spun
to fibres according to the method given in Example 1. The
thread was stretched 4 times. The break tension was 0.8 N
and the break elongation 200%.

The polymers according to the invention can be fragmented
in a biological environment and they can be bound to
growth-promoting groups. They are film and fibre forming
and they have mechanical properties sufficient for the
production of woven or twisted bands useful as ligament
prostheses.

As stated above, the polymers according to the invention
can be used both as temporary and permanent implants. If
the implant is to be temporary, it is connected in a
suitable surgical way to the damaged body part, for example
the ligament, whereupon the damaged body part can grow and

———
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| f better mechanical properties are desired by nmeans of nore and/or | onger
urea, bl ocks, this can be obtained in, for instance, the follow ng two ways:
5 1. During the chain extension.eaction further diisocyanate and a
correspondi ng anount of diam ne aj/e;added=GCare nust. be taken when
increasing th e |l ength of ce formation of
unneltablg geﬁwgéﬁﬁgg obta?ned evieaqn. FFRA N fcr ease OFCUSRIODERYL h.
10 2. An isocyanate group termni nated prepormes=canf/ai ning urea groups is
added during the chain extension reaction. The prepol yner nust be di ssol ved
in the reaction nixture when the reaction ¥ the chain extension is

d. 15 As a chain, d dizani fer ahl d,
whi ch may be ol | BRAFI KEH EHORBRTECtaPR APy APERRSAIE Qariifos BATBCoe: y

C
hi gh reaction veAftex ytheiliesidingnisepmpletfontyenetan beammayed andihence
an i nhonogeneouschh asbifragmented during the healing and be secreted from

the body.

5
The invention is not limited to the abové-stated
embodiments but can be varied in different ways within the
scope of the claims.

10
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20 The reaction velocity can be nodified by using aromatic am nes the
structure of which is very significant for the reactivity or by addi ng sone
agent which cooperates with the am ne and/ or isocyanate groups such as
acetone, oxines, or the |like. Copskderabl-e—pessihilities to control the 25
activity are consequently presen{|. THIGSHHEET HASREENS| on may al so occur in
sol vent s whi (WOA7/28} ve t he startlli ng pREBLACED but t the p&CYHEIOITHe
product precipi tghpseslgy exanpl 5= t can 30 t hen be
obtai ned by filtering. The pol yurea bl ockf pA are often called "hard"—sine
they are responsible for the cohesion of e materials, which is a function

of the content and the length thereof. 35 Correspondilmnulﬂ:nllﬂ m l
often cal l¢d "segaru®! ocks since they give the material slii ) [BRIrian ity
and

1. Linear block polymer having a molecular weight of at

least 10* balton, preferably at least 10° Dalton, comprising

urea and urethane groups and including primary NH, and/or
10 0H end groups.

2. Linear block polymer according to claim 1,
characterized in that the urea groups are
equal with or greater in number than the urethane groups.
15
3. Linear block polymer according to any of claims 1 or
2, characterized in that in the chain it
also contains groups derived from polytetramethylene oxide,
" polyethylene oxide, polycaprolactone, polyethylene glycol
20 adipate, toluylene, diphenyl methane, hexamethylene,
tetramethylene, naphthylene, glycerine monoallyl ether,
trimethylol propane monoallyl ether, glycerine monoglycidyl
ether, dimethylol propionic acid methyl ester, dimethylol
propionic acid bromobutyl ester, esters of
25 monocarboxymethyl ethers of glycerine and trimethylol
propane and other additional groups which modify the
properties of the block polymer.

4. Method for the production of linear block polymers

30 according to any of claims 1-3, characterized
i n that a prepolymer having two isocyanate end groups per
molecule is chain extended with an aliphatic or an aromatic
diamine having a mol ratio NH,/NCO of 0.95 - 1.05,
preferably 0.98 - 1.02.

35

' 5. Method according to claim 4,
characterdized in that the prepolymer is
produced by providing a diol with two isocyanate groups per
molecule.

e
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8 elasticity. In knowmn materials produced on a | arge scale they consist. of
pol ytetramet hyl ene oxi de diol. Qher exanples are pol yet hyl m‘mml“m“ t!um
pol ycaprol actone diol, polyethylene Yol .-_____m~

have- hydroxyl end groups and are tra ' - -rs "y © rekct' on

w th diisocya cording to the - >
OCN- R- NHCO- O %%NI—I— R- NCO 10 dF&M e per

- nmol diol have been stated. This gives the shortest "possi bl e prepol yner. |f

| onger prepolynmers are wanted, |ess han two nol diisocyanate per
nol diol is used according to knovvn rel ati'ons from pol ymer chem stry. At
the reaction ure hanegég gofgigﬁg5 It can be carried out at an
el evated tenperature g at wer, tenp ures i.n the presence

Qr
of a catal yst. TBoPhiaghF taen%el“a ufes (z>9‘@b[8rr]lc)n shbif alt'd phe a%‘? HetF 1
m ni M se non- despokgestiede Kddatii ofisy fexampdaEnpl @olycapoe-Xadtorei sdigl of the

I socyanat e. polydiethylene glycol adipate diol or polytetramethylene
5 oxide diol, polyethylene oxide diol, polyethylene glycol
adipate diol, glycerine monoallyl ether, trimethylol
propane monoallyl ether, glycerine monoglycidyl ether,
dimethylol propionic acid methyl ester, dimethylol
propionic acid bromobutyl ester, esters of
10 monocarboxymethyl ethers of glycerine and trimethylol
propane, and the isocyanate-supplying compound of 4,4’'-
diphenyl methane diisocyanate, toluylene diisocyanate,
hexamethylene diiscocyanate, tetramethylene diisocyanate,

and naphthylene diisocyanate.

15
7. Method according to any of claims 4-6,
characterized in that the diamine consists
of primary diamines, preferably ethylene diamine or
hydrolysable diamines, for example DMAB or ethylene glycol
20 bis glycine ester diamine.

8. Method according to any of claims 1-7,
characterized in that the molecular weight
and its distribution are controlled by stoichiometry or by

25 addition of small amounts of monoamine, for example butyl
amine or ethanol amine.

9. Method according to any of claims 1-8,
characterized in that built-in groups in the

30 chain are modified by reaction with physiologically active
substances.

10. Method according to claim 9,

characterized in that the groups consist of
35 glycerine monoallyl ether, trimethylol propane monoallyl
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20 The isocyanates used in the invention nust be blfunctlo
formed polyners are |inear and can formfibres and fil ns. ? I ”M"H"I
content of bifunctional nolecul es should be greater than 99%

inpurities 25 consi st of agep hat—de—no ke part in the reactlon
then. a somewhat | ower cont ent {[0fyjsSagsmamas be tolerated. |If
monoi socyanaM¥97223pr esent t ey Wi hkgptmcag aboull a terni nakGUSEIGP1ISBNhe

nol ecul es. |If isocyanates havilrg=threeo re fsocyanate groups are
present, branched 30 nol ecul es or cross bound polynmers are formed which
cannot be spun to fibres or formfilns. AGong useabl e i socyanates,

t ol uyl ene diisocyanate (TD), di phenyl net hane- 4, 4' - d||socyanate

(MDI), hexanet t8tihexe @lyessipenmercaliyl) ethex » dimethylaiepropionimacie,
napht hyl ene di isettiyanebeer Ardinmbthylolt besiote Aeidepidmibadyl ester.

11. Use of the linear block polymer according to any of
5 claims 1-3 as material in implants in humans and animals.

12. Use according to claim 11,

characterized in that the block polymer is

part of or wholly an implant for ligaments, tendons, skin
10 or cartilage.

13. Use according to any of claims 11 or 12,

characterized in that the block polymer is

present in the form of fibres or threads and is knitted or
15 woven.

14. Use according to any of c¢laims 11-13,

characterized in that the NH, or OH end

groups of the block polymer are use for covalent binding of
20 growth-promoting groups.
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9 In a correspondi ng to that descr i be&i_:;‘g:\b,ove, pt e,yrrer,s”ﬁqr”’pp;%,g.r":
. | bl &¥§4 PAp etc.) can be produted. |Inpefheipdl, :eyely. diQle
whi ch does not~ confarn other groups than hydroxyl grotps® whi*gh?reatt w dt

functi onal

i'socyanat e cak9%7-09b@2used. Exanpl es thereof are glycerine nonoallyl

ether, trimethylol propane nonoallyl etheg, glycerine nonoglycidyl ether,

230

-
*
*

di met hyl ol propionic acid nethyl ester, dinethylol propionic aci d
br onobut yl ester, esters of nonocar boxynet hyl ethers of glycerine,
trinethgl ol propepe i@nearamddBk)\polyi®rss.compebeingi thea hade urevhdreey

can be converted by known t hods to X roups: Whi ch i n.thei,r turn

after the cha?’ﬁo‘ég§érf§?g“°ga oBegP%ﬁ%gﬁpq%?’% n Nl \ﬁéx?s% l{ & q‘l%‘ﬁ{st ate
bi ndi ng to biahdgusel bf &bei bdogkoppdymers as dmphahigronoti ng peptides. - 15
The chain extension reaction is suitably carried out in a

10

15

20

25

30

35

FIELD OF THE INVENTION:

The present invention relates to a linear block polymer
which comprises urea and urethane groups and which has a
high molecular weight and which is suited as an implant in
living beings such as humans and animals. The invention
also comprises a method for the production of the block
polymer in question and use thereof as an implant, for
example, an implant in the form of ligaments..

PRIOR ART: _

When injuries arise on the body of a human or an animal or
as a result of some disease, a damaged organ must often be
replaced temporarily or permanently by some kind of
implaht. A condition for such an implant to be able to be
used is that, firstly, it has such properties, for example
strength, that it can replace the functions of the damaged
organ and, secondly, that it is biocompatible, i.e. that
the body is not poisoned or in some other way damaged by
the implant. Different materials, such as pure titanium and

some kinds of plastic materials have been shown to have

these properties and are already used to a great extent.
Other materials are also known in this connection.

The metallic implants, such as titanium and some types of
steel are characterized by their great strength and they
are therefore used, for example, as tooth implahts or for
repairing bone fractures, etc. Surgically inse:ted
reservoir containers for medicines which are to be dosed in
small amounts during an extended period of time are
preferably made of titanium. Different forms of pipes which
can replace blood veins or drain out some body liquid are
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solution to-decrease t épeedﬁof reaétdon:?yLscosity 'teqdepgyn’ Of s2 2325
gel formati on. D ne®™iyl Tornmartide, di pet'hyl acetaside, = 20 = = a5

LR ] »

di met hyl sul phoxi de or some siwmilar polar 20 7 solvent_ray be usédhas 73 o
sol vents. The sol ution obtained can be used as 'a dope for fibré spinning’ °
directly or after nodification. Alternatively, as nmentioned above, the

chain extension nay 25 . be carried out i an agent which dissolves the
starting products but in which the polynmer is insoluble. In that case the
product is di se2gdand thesspprrenuspallyanage of fhermepdestipmaterdadsi.-n

the sane way aphepomgy BE useJhSoEHiEéﬁﬁaréﬁﬂlPeaﬁ&“ﬁe?hhhéhti?.dry
spinning or as wet spinning according to known nethods. The latter nethod

i ncludes that the dope is inserted via the spinning nozzle into water. In
connecti on W tTECHRICABgJPREBLEA;: the fibre bunch nay be stretched to the

desi red. &1 et chbng G8US6 o SSucn WILAEPAReLFol W HFhd nd B Lt oitcty
' a ligament, must have a certain tension strength and have
an adapted stretchability. In addition, it is necessary for

such an implant that it is also biocompatible and it is

also desirable that the implant can promote the growth of

10 the damaged natural ligament at the same time as the
implant in many cases should be biologically degradable so

that it slowly disappears and the rebuilt ligament resumes

its function again.

15 SOLUTION:
'According to the present invention, the above problems have
been solved and an implant has been created using a new
linear block polymer having a molecular weight of at least
10 palton, preferably at least 10° Dalton, comprising urea

20 and urethane groups and ester groups at such a distance
from each other that after hydrolysis of these ester groups
fragments are created which are so small that they can be
excreted from a human body and further comprising primary
NH, and/or OH end groups, which can be substituted by for

25 example monoamines, such as butylamine or ethylamine.

According to the invention, the linear block polymer should
have at least as many or more urea dgroups as urethane

- groups.
30 _ _
The linear block polymer according to the present invention
can, in +the <chain, also <contain such groups as
polytetramethylene oxide, polyethylene oxide,
polycaprolactone, polyethylene glycol adipate, toluylene,
35 diphenyl methane, hexamethylene, ' tetramethylene,

naphthylene, glycerine monoallyl ether, trimethylol propane

AMENDzp SHEET



10 I'n an anal ogous wayg¥ il m can be___-ﬁr oduée;gl by routdi on Jollens, s aaas
coagul ating, stretchin@®and wi ndi ng- up. The stretched=F+| m qan;tar_lggggfip,r: ,°
be cutinto fibre-like strips. 5 EXAVMPLE 1:Pol ydi ethyhene gleycel adipates s

diol with a nolecular weight of 560 was dried in vacuum for 16 hodrs. I a’
t hr ee- necked 10 flask with thernoneter and stirrer 90.78 g of _
crystalline 4,4'-di phenyl nethane dii socygnat e (MDI) was nelted, whereupon

nes added d opanSiLERE, S5HRT,, B1¥eURRS BoodRiy il dfinetinn, wihest¥AcH nod
by cool i ng 15propbeniceradid ameth@llered€er Jhelimestyleol wasophonliet cacid er
four bromobutyl ester, esters of monocarboxymethyl ethers of
glycerine and trimethylol propane and other additional
5 groups which modify the properties of the block polymer.

The invention also includes a method for the production of
linear block polymers and it is characterized in that a
prepolymer having two isocyanate end groups per molecule is

10 chain extended with an aliphatic or aromatic diamine having
a mol ratio of NH,/NCO of 0.95 - 1.05, preferably 0.98 -

o 1.02. |

According to the invention, the prepolymer is suitably

15 produced by providing a diol with two isocyanate end groups
per molecule. The prepolymer may be a mixture of
prepolymers having different composition.

According to the invention, it is suitable that the diol
20 consists of a polyester diol, for example, polydiethylene
glycol adipate diol, polycapro-lactone diol or polyethylene
glycol adipate diol, or a polyether diol such as
polytetramethylene oxide diol, polyethylene oxide diol or
a monodiol such as glycerine monoallyl ether, £rimethyiol
25 propane monoallyl ether, glycerine monoglycidyl ether,
| dimethylol propionic acid methyl ester, dimethylol
propionic acid ‘bromobutyl = ester, esters of
monocarboxymethyl ethers of glycerine, trimethylol propane,
and others and the isocyanate-supplying compound is
30 ‘suitably 4, 4'-diphenyl methane diisocyanate, toluylene
diisocyanate, hexamethylene diisocyanate, tetramethylene
diisocyanate, naphthylene diisocyanate and others. The diol

may also consist of mixtures of diols.

35 According to the invention, it is suitable that the diamine
consists of primary diamines, preferably ethylene diamine
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hours:" The content- i socyanate -was-* det er m neg itrimetri-eal |y sand-»-
was 1.22. The prepoly obt ai ned (22.81 g) was dissotVed in drmethyl «£0e o7
formam de t0 a concentration of 20% It was chain extépged'ungg;§QSTrdﬁb
excess of ethylene diamine (1.05 g) at room tenperature under nost possib
effective stirring. The reaction was conplete a few mnutes after the

addition was conpleted. 25 Filmwas produéed by spreading out the solution

on a glass plate gn A rati the solv .n,a | ccat.or .cabi net_. The -
Cfilm obt ai nedg%/asqf’%é%ﬁb%“%ﬁ&q’%éé%am%%l Fﬂﬁéw%ﬁﬁggi& PR G g for
at nosphere. 36x@mplesl dt.Beprapante diodurbilsy peamimoben zdatrugr @ty Teneg
nozzl e havinggigcgiLg%ggaighﬁgoaa@E@gg er of 80 [err]min a water bath. The
t

fibre bunch o Ined (the thread) was stretched 5 tinmes in a subsequent
wat er bath and wound up

5 The molecular weight and its distribution.may,'according to
the invention, be controlled by the stoichiometric
relationship but primarily by addition of small amounts of
monoamine, for example butyl amine or ethanol amine.

-
»
s

e

10 The method according to the invention also includes that
built-in groups in the chain are modified by a reaction
with physiologically active substances. Those groups which,
according to the invention, are modified are suitably
glycerine monoallyl ether, trimethylol propane moncallyl

15 ether, glycerine monoglycidyl ether, dimethylol propionic
‘acid methyl ester, and dimethylol propionic acid bromobutyl
ester.

The linear block polymer according to the invention is
20 suitable as material in implants in humans and animals.

When the block polymer is used as an implant this is
suitably an implant for 1ligaments, tendons, skin or

cartilage.

y 25 '
According to the invention, it is suitable that when the
polymer is used as an implant it has the form of fibres or
threads which have been knitted or woven.

30 According to the invention, it is suitable that the block
polymer, by means of its NH, or OH end groups, is used for
covalent binding of growth-promoting groups. The OB groups
can be obtained by, for example, using ethanol amine as a
chain stopper.

35



35 “on a bobbin. Afte,msmg in water fo‘r two days, d dry?ng;=the =»
strength was neasured i M™a tensioning neasurlﬂg appatratusato; 1.6 N aqg'
the break el ongation was 70% Bands were woven from the, f1bre§ and,3
surgically inserted into rabbit knees. EXAMPLE 2 102.2 g of a

pol ycaprol act one di ol having a nol ecul ar wei ght of 2000 was added dropw se
to 17.19 g hexanet hyl ene diisocyanate at astenperature of 80-90[err]C
during three u of the product, which had an isocyanate
number of O. 7&13'9E%§L€$ égfs‘v?éﬁ%?#g *25% sol ution in dimethyl formanide. The
sol ution was cBbbek tpolfymerkC axd Hasdled copelymegsr oasest defingdn tds
0.96 g ethyl eng.di p0h0gs20q OnddR BaftRaRBbedWy fiontdBr-o3t Yrdiht as

OO

practically ins neous:
sequences or blocks of different lengths which are linearly
5 united to each other to molecules having a high molecule

weight (>10*° Dalton). The latter is important for the
mechanical properties and necessary for making fibres and
films.

10 An advantage of block polymers is that properties which are
characteristic for several homopolymers can be built in in
one and the same molecule. In this way, incompatible
polymers can be brought to cooperate in a material and
apparently non-compatible properties can be combined. Thus,

15 reactive side groups can be introduced. Further,

| hydrolysable blocks may, for example, be introduced which,
after hydrolysis, give fragments of polymers which are
sufficiently small to be secreted from the body.

20 A common way to describe block polymers is as follows. The
monomer A forms the block A-A-A-A-A..., called polyA or pA _
and the monomer B forms the block B-B-B-B..., polyB or pB.
They are united to -A-A-A-A-B-B-B- oOr pPA-pB in the
production process. Typical block polymer types are

25 diblock, triblock and multiblock polymers. In the present'
invention, the multiblock type is the one mostly used. It
is written pA-pB-pA-pB-pA-pB... in which the block types
alternate. By partially exchanging the block types,
variants can be produced which give further properties to

30 the polymer. The invention relates to production of such
variants in which the third component (and possibly a
fourth) randomly replaces one of the blocks, for example

pB.

35 The invention uses isocyanate chemistry to synthesise the
block polymers, which will be of the type polyurethane urea
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After dilution with di hyl fornmani de-to. a‘:concentr at@n .6f,15% and’"> "2
addition of 12 g Lid, cl ear ‘sol ution was obtaihed W ch was.wets SPUR i-n
wat er through a nozzle having 50 orifices with a.tli aneter gt°8Q.[err]m 3
stretched six 20 tinmes and wound up on a bobbin. After rinsing in
water, the thread had a break strength of '1.18 N and a break el ongati on of
80 % EXAMPLE 3 25 118 g dry pol ycapr & actone having a nol ecul ar wei ght

Whi et ho-t cnBEPHPARG EIh rEPRa PRGFoRE R R PRERRRR e HOREIL P om

Ej he pL elool lyrrﬁwhﬁghmgiv(e'ss mmms&v@eﬂgﬁc%) which3 agenareedierb Ao/ ckledp

i ami ne. and’ 0208 PSS ahoRetHRECAN G TALBRED o s SRaTad Y ATEryC

The sol uti on, inttecmolegsudlar bfonceshiapd yobtadoned, bgps tdte r needaf ogroups

28?;; o e[}:gpggg'kag&k‘ﬁiiw\%ﬁéﬂ”%e%ﬂaﬁe SASEpdaNade | ThEXpURGbE1ikRF £4r ead
cooperate. For this reason, the cohesive forces grow

strongly when the amount of urea blocks increases.

The polyurea blocks will henceforth be denoted by pA and

10 the others by pB, pC, etc. They are usually formed at the
chain extension when the isocyanate group-terminated
prepolymers are coupled to diamines according to the
formula

15 n.0CN-R-NCO+n.NH,-R’ ~NH,~->——( -CO-NH-R-NH-CO-NH-R’ -NH- Ya——

in which OCN-R-NCO is a urethane diisocyanate formed of a
diol and a diisocyanate according to the formula
HO-R’'-0H + 2 OCN-R’’’-NCO -» OCN-R’’’-NH-CO-0-R’’~0-CO-NH-

20 R’’’-NCO in which R is pB, pC, etc. blocks as above. In the
reaction the stoichiometry is very important. Thus, n must
have so great a value that it corresponds to molecular
weights of at least 10%, preferably 10° or more, if
satisfactory mechanical properties are to be obtained. To

25 reach such high values the molar ratios of -NH,/-NCO = 0.95
- 1.05 are used. The excess of -NH, gives end groups of a
primary amine character which can be used to covalently
attach biologically active groups to the polymer molecules.
If ethanol amine is used as a chain stopper, OH end groups

30 are obtained which also can be used for coupling of active
agents, for example growth factors to the polymer. Excess
of isocyanate groups gives end groups which can react
further according to known isocyanate reactions.
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35 strength of 1.1 g@and the break elongatlan was: .The,threaqd”had”"a

the text nunber 7. IT®EXAVPLE 4 98.78 g dry polycapr actqme W t,h*3.s &7
nmol ecul @ar wei ght of 1250 was added dropwi-se to 39,51 g MDI gy i pg 3 hQuPs$
at” a nmai ntai'ned tenperature of 70-80[err]C From t he prepol yner, 5 whi ch

had t he isocyanate nunber 1.2, 30.48 g was_di ssolved in acetone and 1.13 g
et hyl ene di am ne was added under Vi gor ous %tirring at 20[err]C. A white

pul verul ent product was forped which could be dissolved in DM + LiC and
wet - spun to a“ﬁ Rehtes, peghani cadn HTRPSEIes 18R dR3iRd R Reqps of

el ongati on 173ord P ér S18ngeepakeae bloeks) arhiee dod Obe 4dbkéiged in,

poly(1.4- bUtE”¥%f“{%stance, the following two ways:

5 1. During the chain extension reaction further diisocyanate
and a corresponding amount of diamine are added. Care must
be taken when increasing the average length of the urea
blocks since formation of unmeltable gel can be obtained
even on a moderate increase of the length.

10 _
2. An isocyahate group terminated prepolymer containing
U urea groups is added during the chain extension reaction.
| The prepolymer must be dissolved in the reaction mixture
when the reaction of the chain extension is started.
15
' As a chain extender, primary diamines are preferably used,
which may be aliphatic or aromatic. Primary aliphatic
diamines give very high reaction velocity, which can cause
inhomogeneous reactions and hence an inhomogeneous product.
20 The reaction velocity can be modified by using aromatic
amines the structure of which is very significant for the
reactivity or by adding some agent which cooperates with
the amine and/or isocyanate groups such as acetone, oximes,
or the 1like. Considerable possibilities to control the
25 activity are consequently present.

The chain extension may also occur in solvents which

dissolve the starting products but not the polymer. The

product precipitates, for example, as a powder and it can
30 then be obtained by filtering.

The polyurea blocks pA are often called "hard" since they
are responsible for the cohesion of the materials, which is
a function of the content and the length thereof.
35 Correspondingly, the pB are often called "soft" blocks
since they give the materials the stretchability and
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adipate)imdth a ol ecul gl wei ght of 600 and 90.2 g MDDt~ 153 J2agddi ng e the

dry polyester dropw s into the * nelted: |socyanate 2 hours at*as .°
mai ntai ned tenperature of 70- 80C. The |socyanate nunber fo* ,ehe finished ;
prepol yner was 1.61. 20 29.78 g was taken fromthe prepolyner and

di ssolved to a 30% sol ution in dinethyl sul phoxide (DMSO . 7.72 g 1, 3-
propane di ol - bi s- p-ani nobenzoate was added &and chai n ext ensi on was carrLed

out at 100[err] C during 22 hours while stirring. A clear solution was
obt ai ned whi chedagtdcg&Yspdin denown takenials apredurag o8 thdarandraleen

in Exanple 1. fheytheeagivwes &F E% &l eéram@eayléhe béﬁﬁ&et e&fbpn V@&&B N
and t he break eIon i@lon 200%

. r
di et hyl ene gl yE3PE! BpafTRaRNy et eélﬁul &P‘é‘d\ﬁel éﬁ?il %?WWCW%
17,02 ni xed W aho&,,1@ogyﬁtzajmwr§ﬂwdm0édﬂpat€adﬁony etc. All of them

?hgllylogy 1- ZhQr%pﬁgdgb§§l egd gro 5%”&%& %%%'gr%h%¥ogﬁeapLV'nghpgiymers

by reaction with diisocyanates according to the formula:
2x OCN-R-NCO + HO-R’'OH --> OCN-R-NHCO-O-R’-0-CO-NH-R-NCO

10 In the formula two mol diisocyanate per mol diol have been
stated. This gives the shortest possible prepolymer. If
Y longer prepolymers are wanted, less than two mol
| diisocyanate per mol diol is used according to known
relations from polymer chemistry. At the reaction urethane
15 groups are formed. It can be carried out at an elevated
temperatufe (60-80°C) or at lower temperatures in the
presence of a catalyst. Too high temperatures (>90°C)’
should be avoided to minimise non-desired side reactions,
for example, di- or trimerising of the isocyanate.
20 _
The isocyanates used in the invention must be bifunctional
so that the formed polymers are linear and can form fibres
and films. Preferably, +the content of bifunctional
_ molecules should be greater than 99%. If the impurities
il 25 consist of agents that do not take part in the reaction,
then a somewhat lower content of isocyanate can be
tolerated. If monoisocyanates are present they will bring
about a termination of the molecules. If isocyanates having
three or more isocyanate groups are present, branched
30 molecules or cross-bound polymers are formed which cannot
be spun to fibres or form films. Among useable isocyanates,
toluylene diisocyanate (TDI), diphenylmethane-4,4'-
diisocyanate (MDI), hexamethylene diisocyanate (HDI),
tetramethylene diisocyanate, naphthylene diisocYanate, and
35 others may be mentioned. '
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i socyoni t e nunber:.was _n.?mured to 2,52 Mhol/Lg. Chain ’ extendi ngenasgee;
made at room tenpéerat ur ith 2,°17 ¢ 1-2 Hi.dnmino propan® centarning 0,07 g°
et hanol e am ne solved in 13 a mixture df 3,5 g acetone and- 30 g DVGO* A
hi‘ghl'y vi scous sol uti on was obtai ned whi ch had to' be dil uted with 15%
solids to nmake spinning possible. The solution was wet spun through a
nozzl e having 60 holes (dianeter 80 nm do@n into 5 water at a
tenperature of 80[err]C). The thread was stetched 6 tines in water at
80[err] C. The Ihraampmmspondinmoay tot thabfdesqeibed rhoepe @rene lymens

Lensi on of 0. 1£oM Jetiex EXAMELEda1 OntockfT g 5, REEBY) YRR 18 R 3 22

g was dewatered 1 n vacuuo at 100[err]C _. .9 .
1, 3- pr opandi ol IBi RYNFHARRBben 2YLEY hemhdgh rdeeseathgCeRkAbBr Qfther
140 err] C and gr¥egs\hdnttiroxyl groups which react with isocyanate can
5 be used. Examples thereof are glycerine monoallyl ether,
trimethylol propane monoallyl ether, glycerine monoglycidyl
ether, dimethylol propionic acid methyl ester, dimethylol
propionic acid bromobutyl ester, esters of
monocarboxymethyl ethers of glycerine, trimethylol propane
10 and many others. These either have, or they can be
converted by known methods to, epoxy groups which in their
™ turn after the chain extension can be reacted in a number
of ways to facilitate binding to biologically active groups
such as growth-promoting peptides. |
15 .
| The chain extension reaction is suitably carried out in a
solution to decrease the speed of reaction, viscosity and
tendency of gel formation. Dimethyl formamide,
dimethylacetamide, dimethylsulphoxide or some similar polar
20 solvent may be used as solvents. The solution obtained can
be used as a dope for fibre spinning directly or after
modification. |

Alternatively, as mentioned above, the chain extension may

25 be carried out in an agent which dissblves the starting
products but in which the polYmer is insoluble. In that
case the product is dissolved in a solvent before spinning,
which is performed in the same way as above.

30 The spinning can be done either as dry spinning or as wet
spinning according to known methods. The latter method
includes thét the dope is inserted via the spinning nozzle
into water. In connection with the coagulation, the fibre
bunch may be stretched to the desired stretching degree,

35 whereupon the thread is wound up while being simultaneously
twisted. | ' |
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war m prepolynmer. The r’ture was poured-i nt'e a cyl indr@@al * T.ormwhi eh’was™”
mai ntai ned in a heating chanber at 100[err]C 15 : *dyring 18°hours’.Ihe-"
fornmed cylindrical body was yellow and had a hardness~of 72,%n.{he Shefes
D-scal e. EXAMPLE 8 A prepol ymer was produced from pol ykaprol act one having a
20 mol ecul ar wei ght of 530 and di cykl.q hexyl netan diisocyanat (H12
MDI) in a noler ratio of 1-2. Fromthis [}epolymer 27 g was solved in 122,4

DIV d 1, 3-di ] ' 4 d t
Somporatare. 2 pfiat0LBER §R9GS A Had be' pedhed SRy ot iathg, SR e
in 25 exarpllkens ancceagelatibng b tstmetcling spuwl f iwdnslioak mgnsi dthenas
0,20 N Tex. T | | th an e
200 (oo e e B e LReURERLE Podfd ot MerpralINieees

ethanol with $50B%s-isobutyronitril as a catalyst. Hereby an aduct was
f or med davi ng protruding

EXAMPLE 1

Polydiethylene glycol adipate diol with a molecular weight
of 560 was dried in vacuum for 16 hours. In a three-necked
10 flask with thermometer and stirrer 90.78 g of crystalline
4,4’'-diphenyl methane diisocyanate (MDI) was melted,
N whereupon 99.86 g polydiethylene glycol adipate diol having
’ a molecular weight of 560 was added dropwise during
heating. The reaction £emperature was maintained by cooling
15 between 80 and 90°C. The reaction was complete after four
hours. The content of isocyanate was determined

titrimetrically and was 1.22.

The prepolymer obtained (22.81 g) was dissoclved in dimethyl
20 formamide to a concentration of 20%. It was chain extended
using a slight excess of ethylene diamine (1.05 g) at room
temperature under most possible effective stirring. The
reaction was complete a few minutes after the addition was

completed.
. 25
Film was produced by spreading out the solution on a glass
plate and evaporating the solvent in a desiccator cabinet.
The £film obtained was flexible and mechanically strong even
- in a humid atmosphere.
30

The solution was wet-spun by extrusion through a spinning
nozzle having 50 orifices with a diameter of 80 pm in a
water bath. The fibre bunch obtained (the thread) was
stretched 5 times in a subsequent water bath and wound up
35 on a bobbin. After rinsing in water for two days and
drying, the strength was measured in a tensioning measuring

-
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hydroxyle .groups fr the polyner.  -ehain.: ropregipitatk bn“r‘h’__ N

wat er and washing with er and DVBO t hei"35" pol nse ‘was solyved i*n, Ihe
DVBO and reacted with the peptid glycyl-histidyl-| ystn;: (G-IK), unger se’ o
“influence of* dicyklo 14 hexyl karbodiimd. After the reaction was

finished fil mwas nol ded which was washed wth destilled water, contacted
with a solution of copper (Il) sulfate in Ykt er and washed in destilled
wat er until copper iones could not be shown in 5 the water. Tissue

growth of cond@ppgrasusnte 1i 6 pardiutkel breahislopgatinmetrs My oRands

i nproved growt Gefatl Gv@H£Sht ehé BeBreseamy %i@éli%' Ehs@?@eﬁmi}ﬁ% S
according to thaphnvegtlon can be fragnented 10 I n a Dbiol ogical

“environment and2PRgy EBARSBe bound to growt h-pronot i ng groups. They are film
and fibre formng

5
EXAMPLE 2
102.2 g of a polycaprolactone diol having a molecular
weight of 2000 was added dropwise to 17.19 g hexamethylene
diisocyanate at a temperature of 80-90°C during three
10 hours. 42.1 g of the product, which had an isocyanate
number of 0.78, was dissolved to a 25% solution in dimethyl
formamide. The solution was cooled to 0°C and reacted under
vigorous stirring with 0.96 g ethylene diamine and 0.039 g
ethanol amine. The reaction was practically instantaneous.
15 '
After dilution with dimethyl formamide to a concentration
of 15% and addition of 12 g LiCl,.a clear solution was
obtained which was wet-spun in water through a nozzle
having 50 orifices with a diameter of 80 um, stretched six
20 times and wound up on a bobbin. After rinsing in water, the
thread had a break strength of 1.18 N and a break
elongation of 80 %. '

EXAMPLE 3

25 118 g dry polycaprolactone having a molecular weight of 530
was added dropwise to 11.32 g diphenyi methane diisocyanate
(MDI) while the temperature was maintained at 70-80°C
during 2 hours. From the prepolymer formed (isocyanate
number 1.98) 16.13 g was dissolved in dimethylsulphoxide

30 (DMSO) to a 15% solution and 0.95 g ethylene diamine and
0.04 g ethanol amine dissolved in DMSO was added at 20°C.
The solution, which rapidly became highly viscose, was

stirred for one hour, whereupon it was wet-spun in the same
way as in Example 1. The thread obtained had a break

35 strength of 1.1 N and the break elongation was 22%. The
' thread had the text number 7. -
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and t hey have nechanica.!Propertles suffi-ci'ent for the duct jon of ,hbweh'”
or twisted bands uséefil W |iganent prosthesés. 15 As-~stat ed abpve,. the .
pol yners accordlng to- the invention can be used as tenporary,ﬂnpjants,, a
These are connected in a suitable surgical way to the damaged body part,

for exanple the |iganent, whereupon the damaged body part can 20 gr ow
and heal with the protection and assistand@(ﬁ the inplant. After the
healing is COHB%S%? this can be renoved or it can be fragnented during the
heal i ng and be BBl fromthe body. 25 The invention is not
limted to t88.78bagvelry apellyeappdlaetdsebutitham molecukari wedighteramt

ways wi thin thfz%BQQSSOLd&QS ﬁkgﬁﬂfse to 39.51 g MDI during 3 hours at a
maintained temperature of 70-80°C. From the prepolymer,
5 which had the isocyanate number 1.2, 30.48 g was dissolved
in acetone and 1.13 g ethylene diamine was added under
vigorous stirring at 20°C. A white pulverulent product was
formed which could be dissolved in DMF + LiCl and wet-spun
to a thread. The break tension was 2.18 N and the break
10 elongation 175%.

~ EXAMPLE 5 ,
' A prepolymer was produced from 47.58 g poly(l.4-butane diol
adipate) with a molecular weight of 600 and 90.2 g MDI by
15 adding the dry polyester dropwise into the melted
isocyanate for 2 hours at a maintained temperature of 70-

80°C. The isocyanate number for the finished prepolymer was
1-61.

20 29.78 g was taken from the prepoiymer and dissolved to a
30% solution in dimethylsulphoxide (DMSO). 7.72 g 1,3-
propane diol-bis-p-aminobenzoate was added and chain
extension was carried out at 100°C during 22 hours while
stirring. A clear solution was obtéined.which could be spun

25 ‘to fibres according to the method given in Example 1. The
thread was stretched 4 times. The break tension was 0.8 N
and the break elongation 200%.

EXAMPLE 6

30 From a prepolymer of diethylene glycole adlpat having a
moleculare weight of 375 and MDI were 17,02 mixed with 6,12
g of a second prepolymer made by 3-allyloxy-l1-2-propan diol
and MDI (molar ratio 1-2) by solving in DMSO. The
isocyonite number was measured to 2,52 M-mol/g. Chain

35 extending was made at room temperature with 2,17 g 1-2
diamino propéne containing 0,07 g ethanole amine solved in
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pol ymer having a nol ecu wei ght of" at |:6a3t 10[erri--Dton,; preferably at
least 10[err] Dalton, conprising urea and urét hane grqups ang ester ggoup$
at  such a 1 di stance from each other that after hydrolysis of these

"ester groups fragnents are created which are so snmall that they can be
excreted froma human body and further incl3iding primary NH err] and/or OH

end groups, which can be substituted by for exanpl e. nonoani nes, such as
butyl ani ne 15 @ mgrterayPEndnd. goacetone Rnd 30 o2 IONRRA y ferhighlsr HifFaus

claim1l, c h agplat§oh &ds i oBt&ifledi whichhNaad heoUnRAa &1 DEOSd 248 tAdURds
wth or greater (n . nupber than fhe, uret'han% %rou S. 29 3. Li near bl ock
pol ymer accordFHglflﬁ taymie gRinping gossible. The solution was wet spun

through a nozzle having 60 holes (diameter 80 mm) down into

5 _water at a temperature of 80°C). The thread was stetched 6
times in water at 80°C. The thread obtained had a titer of
3 Tex and a specific break tension of 0,17 N/Tex.

EXAMPLE 7 .
10 From the prepolymer of example 3 22 g was dewatered in
vacuuo at 100°C. 6,5 g 1,3-propandiol-bis-p-aminobenzoate
B was melted in a heating chamber at 140°C and mixed with the
warm prepolymer. The mixture was poured into a cylindrical
form which was maintained in a heating chamber at 100°C
15 during 18 hours. The formed cylindrical body was yellow and
had a hardness of 72 on the Shore D-scale.

EXAMPLE 8 _
A prepolymer was produced from polykaprolactone having a
20 molecular weight of 530 and dicyklo hexyl metan diisocyanat

(H12 MDI) in a moler ratio of 1-2. From this prepolymer 27
g was solved in 122,4 g DMF and 1,9 ¢ 1,3-diaminopropane
solved in 41 g DMF was added at room temperature. After the
reaction was finished the solution was wet spun as in

25 example 1 and stretched 5 times. The specific break tension
was 0,20 N/Tex. ' |

EXAM?LE 9

The polymer in example 6 was reacted with an eccess
30 (compared to the allylic dubble bonds in the polymer) of

merkapto ethanol with azo-bis-isobutyronitril as a
catalyst. Hereby an aduct was formed having protruding
hydroxyle groups from the polymer chain. After
precipitation in water and washing with water and DMSO the
35 polymer was solved in the DMSO and reacted with the peptid
glycyl-histidyl-lysin (GHK) under influence of dicyklo-
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2, character. e d i n that i‘n:the chain it- o] confékns greups7
derived from polytetra hyl ene "oxi de, polyethylene oxl s any a  aes
pol ycapr ol agt one, pol yethyl ene gl ycol 25= 'adlpate tquyFene; di phenyl
met hane, hexanethylene tetranet hyl ene, napht hyl ene, gl ycerine nonoal |yl
ether, trinethylol propane nonoallyl- ether, glycerine monoglycidyl ether,
dinethylol propi-onic acid nethyl ester, dﬂﬁethylol pr opi oni ¢ aci d

b but yl t Sl b th h f
D OB e, 28 B o RIBERE Y e €25 B
~the properti esmqifdednewbiohkw;asl yrashed!. with Mdestdlled twaterr odaontaatedl
| inear bl ock 4 {%’tﬂ%’ sso°1§n—.1o oﬁig&ngﬁxaoﬁu&ffa%ahﬁswétgr Gnf %aéh@dc t

eri zed: prepo | socyanate en gqrou
nmol ecul e is cHep @@&Jéﬂ@h%tﬁx emtam PPEPEE HPNEH QBWHAMAL ﬁgﬁyn Bavi ng

a mol ragio NHis dtaQ ofisdhidYrowthl o#5 copaeorytisy o 88£ilh B2oduced

in this way showed a strongly improved growth rate compared
to a non-treated control film.

.The polymers according to the invention can be fragmented

10 in a biological environment and they can be bound to
- growth-promoting groups. They are film and fibre forming
and they have mechanical properties sufficient for the
production of woven or twisted bands useful as ligament
prostheses.

15
As stated above, the polymers according to the invention
can be used as temporary implants. These are connected in
a suitable surgical way to the damaged body part, for
example the ligament, whereupon the damaged body part can

20 grow and heal with the protection and assistance of the
implant. After the healing is complete, this can be removed
or it can be fragmented during the healing and be secreted
from the body.

25 The invention is not 1limited to the above-stated

embodiments but can be varied in different ways within the
scope of the claims.
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16 5. * Met-hod accordi gghkto claim4, c-h a+s ac-t e-r 2% £ n,that’:
t he prepol yner 524Qr0 y providing a diol wth 3wo soo%aha; e ,gr ouPss"
- per nol ecul g % according to claim5,: c h:ar?a® t,e r bez &
d*i n that' tRk@9d~O9-0S a pol yester diol, for exanple pol ycapr o-1 act one

~di ol polydiethylene glycol adipate diol or golytetrane;hy#eﬁe—iﬁ”‘“—“”ilde

- diol, polyethylene oxide diol, polyethylene gl ycol adi rine
nmonoal | yl "ether, trinethylol propane nonoallyl ether J |g‘““r
nonogl ycisdyl eglhiarmsdi met hyl ol propi onic acid nethyl

pr opi oni ¢ acid bronobutyl - - ester, esters of 15
nonocar boxynet hyl ethers of glycerine and trinethylol _
1. Linear block polymer having a molecular weight of at

least 10* Dalton, preferably at least 10° Dalton, comprising
urea and urethane groups and ester 'groups at such a
10 distance from each other that after hydrolysis of these
ester groups fragments are created which are so small that
they can be excreted from a human body and further
including primary NH, and/or OH end groups, which can be
substituted by for example monoamines, such as butylamlne
15 or ethylamine.

2. Linear block polymer according to claim 1,
characterized in that the urea groups are
equal with or greater in number than the urethane groups.
20 '
3. Linear block polymer according to any of claims 1 or
2, characterized in that in the chain it
also contains groups' derived from polytetramethylene oxide,
polyethylene oxide, polycaprolactone, polyethylene glycol
25 adipate, tolquene, diphenyl methane, ' hexamethylene, .
tetramethylene, naphthylene, glycerine monoallyl ether,
trimethylol propane monoallyl ether, glycerine monoglycidyl
ether, dimethylol propionic acid methyl ester, dimethylol
propionic acid bromobutyl éster, esters of
30 monocarquymethyl' ethers of glycerine and trimethylol
propane and other additional groups which modify the
properties of the block polymer.

4. Method for the prodﬁction of linear block polymers
35 according to any of claims 1-3, characterized
i n that a prepolymer having two isocyanate end groups per
molecule is chain extended with an aliphatic or an aromatic 
diamine having a mol ratio NH,/NCO of 0.95 - 1.05,
preferably 0.98 - 1.02.
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propane; and the isocyagse-supplying cenpdund of -4, 4- sl phenyt- nethaﬂe’“"
di i socyanate, toluylene i socydnat e, hexanet hyl ene i | yanate s Thas A
:tetranethylene di i socyanate, and-naphthylene- dllsoqyanate 20 7.0 d
- accordi ng to any of claims 4-6, c har act er | n that the
di ami ne consists of primary di am nes, preferably ethyl m“m‘ \“\
hydr ol ysabl e di am nes, for exanple DVAB oriet hyl ene gl qm \m“

gl ycine ester diamne. 8. Met hod according to any of <l & mé 1%7,
acter i z B.di Methad aheomdhagutarcWanghm,and its dlstrlbutlon are
controlled by gtgich t KY +Of, 0, addi tion sy égnég
nonoam ne, foréeghnplenﬁ 6 t 5%?%€§or gtﬁano %n1ﬁggt ?ﬁé qagﬁgl' accordlng
to any of clai mfoéugedcbm arwadzeng @ 4iql withjtwonigpgyapatrt 9rAUBSARSE i n
t he 35 chapppleealendi fied by reaction with physiologically active

5

6. Method acc¢ording to claim 5,
c haracterized in that the diol is a
polyester diol, for example, polycapro-lactone diol
polydiethylene glycol adipate diol or polytetramethylene
10 oxide diol, polyethylene oxide diol, polyethylene glycol
‘adipate diol, glycerine monoallyl ether, trimethylol
propane monoallyl ether, glycerine monoglycidyl ether,
dimethylol propionic acid methyl ester, dimethylol
. propionic acid bromobutyl ester, esters of
15 monocarboxymethyl ethers of glycerine and trimethylol
propane, and the isocyanate-supplying compound of 4,4'-
diphenyl methane diisocyanate, toluylene diisocyanate,
hexamethylene diisocyanate, tetramethylene diisocyanate,
and naphthylene diisocyanate.
20
7. Method according to any of claims 4-6,
characterized in that the diamine consists
of primary diamines, preferably ethylene diamine or
. hydrolysable diamines, for example DMAB or ethylene glycol
25 bis glycine ester diamine.

8. Method according to any of claims 1-7,
characterized in that the molecular weight
" and its distribution are controlled by stoichiometry or by
30 addition of small amounts of monoamine, for example butyl
amine or ethanol amine.

9. Method according to any of claims 1-8,
characterized in that built-in groups in the

35 chain are modified by reaction with physiologically active
substances.



e

subst ances. - 17 10. ’Et hod accordl Ag to-claim9,- a"r art. t e-r i-"=‘22:
0

e di n that the group nsi st” of gl ycerl :ne nonoal 1y| her’ “trimet hyl, oI
propane nonpal |yl ether, glycerine nenoall yl- ether,di et hyL'ol _propi o,r.]| c.
acid 5  nethyl ester, dinethylol propionic acid br onobutyl ester

Use of the |inear bl ock pol ymer according to any of c |aI
in inplants in humans and animals. 10 172. Use ac m l l '
[ OfL om

haracterizedi nthat the block polymer
impl ant for iGanmedtethadmpreerding torckainid age. 15

aCCOLdI nlg tocay ir @ & Belk A2zl o€ B & "that the §rbu§secgnblgtt pat the
bl ock po ymerglycer:.ne monoallyl ether, trlmethylol propane monoallyl
ether, glycerine monoallyl ether, dimethylol propionic acid

5 methyl ester, dim_ethylol propionic acid bromobutyl ester.

11. Use of the linear block polymer according to any of
claims 1-3 as material in implants in humans and animals.

- 10 12. Use according to claim 11, _
characterized in that the block polymer is
part of or whdlly an implant for ligaments, tendons, skin
or cartilage. '

15 13. Use according to any of claims 11 or 12,
characterized in that the block polymer is
present in the form of fibres or threads and is knitted or
woven.

20 14. Use according to any of claims 11-13,
characterized in that the NH, or OH end
groups of the bloék polymer are use for covalent binding of
growth-promoting groups. ' |

25

A"”‘ ‘J-,;{ f's

) !I'!’"y



pr esent

Use according to any of clains 11-13,
or OH end groups of the block polyner are use for

t he' NH[err]

bi ndi'ng of growt h-pronoting groups.
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25

14.
t hat

is knitted or woven. 20
acteri zed ({_n
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