;;sf e3emvHnSl . $6 THO@I dy ppppgl I A1 11A" OV; ~p7 1 Bi onedi cal pol yuret hane,

| ®& preparation and umvention is directed to bionedical

pol yur et hanes and t ﬁmmwmmmm& in various applications. Bionedi‘ci}y 200
pol yur et hanes ( PUs) ave | 6gy,en used for a wide range of applications.
Exanpl es include nerve guides, 5 neniscal reconstruction materi al s,
artificial skin and artificial veins. For these applications, usually

comerci ally avail abl e pol yuret hanes are used. These materials frequently

exhi bit good nechani cal BP&H%?%’{%Eﬁ?\l%{aﬁé%ip%%a&i%mandﬂ& di sadvantage is

that they contain aromatic ane “dr'r socyanate (MD). MDD based
pol yur et hanes are known to rel ease carcinogeni c and nutageni c products on
degradation. Furthernore, they often show | ow resistance to tearing. A high

resi stance to tearj i S, | a vent tur rqQm tearing out
of a biomaterial. #ﬁ% %ilz\\’/%ﬁqg%{rjrén?& o#ﬁr?gcrv%%ﬁdg iocgﬁlioé‘rea e"%go&’fﬁié’éﬁrﬁg eas?%v?nth
good mechamndathproper thesep§ thevafimuws Ripplliraddsinsabl e. Further an

i nportant aspect OéigﬂgdP&QﬂEgog?th%%%E%éb £F h%v%h%ere‘?lq%ég Bh ot %aﬁl

they can be processed 20 into pofous s odies, e.g. as Inplants.
the devel ophBRt BMAheChordPligtadiraps &kampder ekideonnervestayisiasus

50/ 50 eopoh¥h$=eapr oladnt/dl@actidnde ) ndmhanial,s vere: pisedhif or skhe  and
reconstruction _of neniscal |esions. They showed a very good adhesion to the
25 neni scafTEFEdGa2and S P Rerefore, a good heal ing of the neniscal |esion.

The mechani cal properti egzhefse hi sappapehyiens; esenizuallie neeidmcalally
properties_of .pal yuret hanes .Because _of the high nol ecul ar -wei ght and .the
presence O?VEP@?‘#%FI POARIE SEHeRSS &gesél(?&@ncgg‘?s?héna%&rﬁr%ts h%ffqlh%g\g\yer,
30 certai neshabbacksgoddr stmedhmnidedr adatopertiadse westsonemhatinportengh.
New meny scgh ti he; so |, | i b il kS ~f Ofy

nductiton G e opTBR0 D SEae, hey MESEELIR A9Brabtc, R IfiaRhe |
very hi gh AbLEGYaRaRE ghHDE) -t P hoPRReE PIITRIMAGTCeAtPat KBAVEf B0
could be reathage WHEcIRsHddBE hAd VALYalOMt € OPRHEEEEON ofDMB dr Hda PLFOUS
materi al s. Foq: t he ingrowth of Sfftl br 0 %r‘JiLg erhisqhgr rmdLgi gere .need?g. 5
_Finally, tﬁgrl__hleggplrge c%@(alo, Shhi ar t i'F 5 S8sht ATt Faﬁlf?gar of
in-vitro dbggadaréoigtamee i houdeaingnfianimporianeatei preyiende sethises
cannoty (i gesbnt Nesa Hithd KeuRO! ¥ S wC ARt EL9RE) O/axgga gg&v&ic\xﬁr@éﬁée H YRl s

To avoid lactjide crystallinity, an anorphous 5 _
copol y( s- cEBBAGICA Fher®s, PSlruperbianede)ifls 9698d MeshaiEddr datiePrbhl oF
nerve gui dgs. theadfeorddhaiaptsnciedifrablistal s, however, this polymer showed
o Capr of act one. and (LA deBastPBEr s et AEFES TRE 1570 cr pAREeRAraL
segnent s cPpdialrstdrandd ki ythe equiueheandtbascépeybican denpymaesged
degrada i ORntlN Fgﬁ_dj@g (ghaptga i g 2B .g-.capr Q,lnggggag_ and L-1actide based
PU the bi oconpati blllnI t%hgaydggeigg)rgeonvte of the novel materials of the
; invention, first porous 50/50 copoly(e-caprolactone/L-
lactide) materials were used for the reconstruction of
meniscal lesions. They showed a very good adhesion to the
25 meniscal tissue and, therefore, a good healing of the
meniscal lesion. The mechanical properties of this copolymer
resemble the mechanical properties of polyurethanes because
of the high molecular weight and the presence of
crystallisable L-lactide sequences. The polymer had, however,
30 certain drawbacks. First, the degradation rate was somewhat
too high. New meniscal tissue, the so called fibrocartilage,

is formed after an induction time of 10 to 20 weeks.
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Wien the copol yner was sinply chain extended with 20 diisocyanate$b Niiergp
nmechani cal properties of the resulting polyner were poor due to the absence
of a phase separated norphol ogy. Phase separated norphol ogi es can be
reached when an isocyanate terninated polyol?is chain extended with a
diamne or diol resulting in a polyurethane urea and 25 pol yuret hane
respectively. However, the L-lactide and Ecaprol act one based prepol yner
showed a devi ant bE&E&EFNEr WEh tPesHECIVErY dH&IM eadasisian waldht % be ne

and diol . Ig-apRaaredndiaturt Neoiveanalrien was useaptd bhe to.eataol yais and
transesterification unlike E-caprolactone and 30 gl ycolide/trinethyl ene

carbonat e prEpolSAfRrs! VIR | R RPTHT 9SS 10T QdH § 0hoRerops oRaarEaRls.

pol yur et hangs) i tiafbjnxwtw dfnrfliﬁ%%areeyallgéVIa@ghwemeh%@\/%&@gﬁéeded.
di scussed above. Further it is an aspect of the invention to provide a 3 5

novel way ofiprbllci f§et e prFyifet Kanetals, wiyoyhoooe 3 9tild f PFeBeREpect

the inventionds diregtes t ooVl -pioredi g&dr DA yEet hangy, amadeéi ngd in
claiml1l. According to the invention, the EOl yurethane_is represented by the
fol | owi ng foRhdAmRatMer ef$REHEB SEReR eClL I SoEPRRSte FIEEE ekhen HBAGKRS a

pol yester npbBys- cpienatesna)dafll ﬁ@lﬁ%w@@ﬂiael@rw@amgnber of recurring
units. In a nost preferred_enbodinent the paol yuret hane consists of
repeating units of Thed¥8lf oty ifsr MAEY2IE FHHCY N RE- NBTOTROUD- BOG5E (0)
-N-R1- NoC (&polyy B-Qfaprovaeeena /RS, s an, D-badyl @ap et Yusdd i For  the

pol yester noie % Eis gm n- but él ene di §I, an n- hexyl ene diol. or a

di et hyl ene Eﬁ?/‘i FtHYs et nBREYS HHESRST nliPEates Hife #RABRreoPtr SF¥SERAG
units. Wt hhowespect ttthide pilowe:f orstwwed | tswied liagbe upetred deptadaheyn.
represent t [ i ng its he |y hane. The_endgr e t

r epr esent edﬂ? 5?%1%%’ Thé:%%at ufr(gé% tﬁggengél?%ups%%w I Pﬁeary r@%@%%%\g {3% t he
type of (cojpHnmestagtansd deodl, ds ladtiides whehRedhe prldieetilsanes ocedhe

Fur t hen opr ef L R £MRQAEMRREReBk st REisPant | or. af exbngi ¢RI 6%k | Brkhe ang
dependent clains. The produCts of thé present inventiqgn show a good bhal ance

bet ween t heSPPEpRFiPLe hRcBREWPIL+or IBEaT Rkt ¥Rf R BAGHEdPRal PY making
appl i cati onsan sutdprsl gaatheadid 05,1 dcenisiel dastede rgl thand camgessidn ity

nodul us. It _has. been fo\%lgl possi ble to process these materials into porous

. ma ?e IMpro . ) . . .
i npl ants by 341 771 e 5eh ng and freeze-drying, resulting in a material having
macropores in the réme 6helsoopedyeeB300agm s el yatodeiial exnhendads widn

2002 59 diisocyanates, the mechanical properties of the resulting
polymer were poor due to the absence of a phase separated
morphology. Phase separated morphologies can be reached when
an 1isocyanate terminated polyol is chain extended with a
diamine or diol resulting in a polyurethane urea and

25 polyurethane respectively. However, the L-lactide and e-
caprolactone based prepolymer showed a deviant behavior with
respect to chain extension using a diamine and diol. It
appeared that the prepolymer was susceptible to aminolysis
and transesterification unlike g-caprolactone and

30 glycolide/trimethylene carbonate prepolymers.

The invention 1is directed to novel biomedical
polyurethanes, suitable for implants, not having the
disadvantages discussed above.

Further it is an aspect of the invention to provide a

35 novel way of producing the polyurethane.



WO 99/ 64491 PCT/ NL99/ 00352 4 al so be produced in situ in an extruﬂgwnggﬁn
in conbination with generating nacropores in situ. As has been indicate
ahove, the conventional nethods of producing pol yurethanes may result in
transesterification 5 and am nolysis, with the consequence that the
material has insufficiently bal anced properties. Mre in particular the
uniformty of block-length gets |ost, Eesulting in loss of phase
separation. The consequence thereof is“that the nmechani cal properties
deteriorate to a |l evel below that which 10 is acceptable for nunerous

bi onedi cal__appl.ications. An inportant feature of fhese polyurethanes is
Chat 1t n) BuEl TP PP M thAHIAr bF optiTicat 9 AME Lo RASE LRy at eq

nor pbol ggyetBeeayses tdegiaofitirsegaent 5. (e. g. polyesters, polycarbonates or
pol yethers} are chemcally ' 15 inconpatible with the hard segnents
(urethane, urea or am de noieties) phase separation occurs. The hard
segnent s @rcystairg ze ane froem:sdi onhehpdl pgerthhondss wddreathesd lar dhe
segn%g&? &E§u%%kgglgnto physi cal cross-1inks) The behavi or of these

pol yuret han i'STn strong 20 contrast w th other pol yurethanes often

app! wedrein vtlel Bkdenwteexanpbeydrmtpohyieeidsandsdemiss ehpll vhSftleer moiety, C
chem i ibl.e fi se n e . | yest ers. and pol yet hers)
are g%ﬁ%#ée(sd ag&nggrlg‘%%ot(yygﬁgt}é.lSA%%gxéﬁ%é%r tO%errgg yﬁ%gdglg%:?‘g'sed in US-A
4,2844,506. In this case, also a certain 25 extent of phase separation wl|
occur, but. t ' ej I ; ril .
R e i S S L G R T R
cont mnphsi oh tdfe datbewjiraméntsubnd phase separation between the different
soft segnents. The reason why the urethane 30 functionalities can not
contribute to the mechanical properties of the material is that the

ur et H&r@) mhiRet Ne$ (Qr@-Pob-S Ml IN-Ro XS/ & aPtB X »and f or m hydr ogen bonds.

Pol yur et hanes with a m cro-phase separated norphol ogy frequently exhi bit
good mechani cal properties and are 35 generally easy to process due to the
rel ati vel yPr&Ri Pt in@rpsrhetylene Boigty 7db2s S \BRIWES B Al "PrSyer Ei % 0F

pol yuretianehdIl@as, ase Haléakh ¥n&VenR1bett 8rafasyh thd gy fydm bhged Meieasethd
crystallizability and hydrogen bonding ability of the urea noieties. The
pol yRer 831 FRNRN e PYBRfFe Rl YeReAE WePPHY' 5 points that are close to the
degradation tenperature) leading to a small processing wi ndow. The pol yners
of the presepnt invention, contain_|long urethane-based hard . segnents of

uni form siwz‘é.R TRTRGedQl FRE 9oy afeyR Wiret &i TP taDr?enﬂ'é? tshéa&r’rgﬁ‘f% have

i ncr eapedsdidk cihestrabhtzialy hintys asifl dhedpoygnrdimadengTisdidnidgy ocpsipatecdot 0
"classical" polyurethanes. The nec ical properties. are conparable to

{ hood SBFBBT SN STRARET Lriiss PAEBREVEL ErEng" RETE R 5ot 5% 2SR T TR RS ™ ow
whi cliymeke§ progedyenger aelrat diel y amaswelllss Ivitdhobkdpbelunstied piatesthe
uniformty of the urethane-based hard segnents is the crucial factor for

t he nechani cal properties of the materials. The preferred nmethod for the
synt hesi s Bfrthhesprefsiryedeehizatigeshoud fl theedabonrtl die arkeinrdkratiedninfthehe

di ol Loupgognt it an excess of 20 diisocyanate followed by reaction with
the macro-diol (e. g. polycaprolactone or copolyners of L-lactide and
caprolactone). In this process) trans-esterification of the soft segnment
with the chal B exbenIeys ikfeayAded. shestH {dNEnbit® e s egRENtsS tRbetinideor M
size. 25 As has been indicated above, the polyurethane of the invention
conprire@ert fes meaesserygefer alsef sharent docpanredidadk ear i ttigng  poisfedser
NDr e ddoaPablih £4d Altehis DA s AN SRPAUMRILEE i of AHAANERT S1t Hhe BatMr&weh the

di ol conmponent is very inportant, especially with respect to the uniformty
of possible to process these materials into porous implants by salt-leaching

and freeze-drying, resulting in a material having macropores in the range

of 150 ym to 300 pm. The material can



30 the bl ock-length. The diol and the (linear random co) pol yeste]r5 %Urvem2
connected to each other by diisocyanate, nore in particular 1,4-butane

di i socyanat w099/644%¢ pol yur et hane of the present invention caCHNLIY@pEred
by different processes. In a first process the diol 35 conponent, i.e. the
but anedi ol , hexanedi ol or diethylene glycol) or the reaction product of two
nmol ecul es oﬁ thg sai d ~ ~.N0v.é002 WD 991 64491 PCT1NL99100352 6 dLoI W th
1, 4- but aned FRoESaREPEUFBDO BDPIEBOI D AL SRIG P t$VSh 1809 %Rapation

t er m nat edwpohygstherating. mabeopeaes i om pitoduct of the random pol yester

W th an excess of I y - ) se t] h eact.i
conditions 5 (terrpgé)a}?érgtli},B 8%1 rrgl?é%i?g%s??gé%ﬂ t’ﬁé {:gﬁ\é%tl‘t_’%%gﬁgl Q%h‘?“ggs

wei ght of Phepyolypginohaed yvyptbanesl awyededult henatranaasterifhicagiion

conponeqt Eﬁde%%imﬁﬁﬂs\'yi thi dlee BRI G dRaried vhib EF\% r al has
copol yester. Accordi to a further nethod it is possible to end 10 cap the

pol yest er \M“-ﬁHffhéiﬁ§géyaﬁ%ﬁ1@flﬁﬂﬁcaﬁfﬁ%emé@seo%ﬁfﬁenﬁnr RANG I HYLAT n thRe
case of a dhhydimxy t%ﬁnmm-p@fh%@st%&sl n@str epabkyeingf itrthe16gk! @w ng
conposition; OCN-E-NH C &S -D?\ﬁ; ) -NH E-NCO Thi s pregolyrrer can
subsequent PP2BE r §8PREAtWPEN 15 NFat SONSEIHNTE a PitiRRet hhfe GPBY the
according hechhﬁibawep&FparthbSdﬁtf@EE63aﬁéOde§5 1teloelpb§$'ﬁbi ez }v«mich
gener pQrous naterta in_situ oy .exanpl e Lxing.the prepol ymer
Wiih o+ aRaqarerabyRatrE: PG PHe RAPERHEFS Lo ARPLAGAYLBRE i me ot a

sui t abl e t enper at uAs. iAfpoetanéacheanrd ohetielse fpolpurterheaies i db ahadr ous
pol yur et ha re as kN ]yg}gf%{y t e e i ded
by the sal ?%ae d %g?t %lgg?ﬁeo%gc@gg%ecr ated Int eégéé%%lt%%nqﬁ tschrg:'r plpg{)a%\eyner
with the weePRratge r seRhsHLIet weBRCRRRE vatiteus fponepagwents 25(«drri ed

out under e yeardirki onpopeERbbAake sSUbkabbe 1kt Heia)pr arar atdiinidfally
pol yur et hanes. Thes proc,eg\s/e all result in a gsefu bi onedi cal ,
pol yur&? haﬁé{coﬁ‘g\?itﬁglﬁhé“& . IR eSUEREBANGDOVES] P ShP%e

not ed t Ihialt m_blietli&e)oL pbihééOCys&@aﬁ:ﬁt&dearxpﬁduBthi qlhé&ash@f@f erafrent s
especially jn case.the poly er on t t endency. to
transest erity 9’.5 Rﬁ er <t i ncipr g%%‘r“atsﬁ%n@l@f el{’])%%r‘gé%% %@Pgﬁ a"flt%llf Pghﬁgssl?%"l-de to

process it Seamengs resgltingmiatsophyisdicaln capssdamiks .sol vent such as
di oxane, into shapedlcnBhenhghisr FOF IhexU™epRARMIEAHRRS | § ol SifSeitlodd
have a porous structure. This can be obtai ned by the nethod as described in
De G o® cork gk Wigh other polyurethanes often applied. A well-known
example is polyurethanes in which 2 different, chemically
incompatible, soft segments (e.g. polyesters and polyethers)
are coupled by a diisocyanate. An example thereof is
disclosed in US-A 4,2844,506. In this case, also a certain
25 extent of phase separation will occur, but these materials do
not owe their mechanical properties to the ability of the
urethane functionality to form hydrogen bonds but to the
contribution of entanglements and phase separation between
the different soft segments. The reason why the urethane
30 functionalities can not contribute to the mechanical
properties of the material is that the urethane moieties are
too small to crystallize and form hydrogen bonds.
Polyurethanes with a micro-phase separated morphology
frequently exhibit good wmechanical properties and are
35 generally easy to process due to the relatively low melting
point.



"7 et al, Use of biodegradabl e polyner inplants in neniscus recons%”r@i iZQW\,
Colloid Polym Sci., 1990, 268, 1073-1081. In case of the use of the

pol yur et hane of the invention in meniscus geconstruction, it is useful to
have porosities of 5 50 to 99 vol.% The diol conponent to be used in the
present invention has to neet the requirenent of uniform bl ockl ength. Di ol

component s ar e baggdnaday- utgnadiioh: 1c- BexgRediflngr dretbyl epe

glycol. It is possible to use the diol as su I's al so possible to
use a readSuaA Lyr ode¥Enof beétﬁgocyémlélm g from- bittenediinssegandt e) and

two nol ecyl t%flltlrigﬁ‘iiﬂ%y( B l]}ﬁr ggﬁngndgﬂéu%@llﬁzyon@f n@p{eeg?egap this

reaction pr nol ec I'ng 1”'n a frve ock, that
can be us&wieftitase r Ehet il wwears t hbow\rmar faeduentdpyol haee ermelfhag

pol vesser e, sed BoaceaEdans il agkhB 0o W ERREAI L ! IREhEEAD! Y b

| i near? rein partic a ran omgopo yest er ctlve
endgroups tdrri’ewadrid@rrogpgsmg wendgMir oxyl or carboxyl. It is preferred to

have a di hydroxy M Y rb@c}% r boxyl
term nat ed copol ygg—lte éﬁ%rfaéﬁgo% b@%?ercfslé% r%g; alt(ftj%?e tane enégaoups
is deter mwwqwaeﬁpél%ﬁd ceapnenEs sof t Hel favuntssizeherBufs resultmpe of
starter (ifpused), fs%@eﬁ\hewﬁeeéihomeonﬂafaom?e gridnt$ Ve IpteLagddrat the

nol ecul ar wei ght_o he pol yurethane.in the present invention Is not so

-cruci &P fo?rlbi'tﬂ%]rﬂ@%%Yne%’é@séb’?r%e%éﬁ&%%%l akridpdm i eampazed st he

case in thepidoicart . pmnwz@tmﬂalmée | ovyes nmc@raﬂla:rawvelg%tpéreﬁésn gréfice.
Sui t abl e nmononer s r ar.e th nononers that c be

t
pol yneri setPTRYERP i? ngtoopeﬁ‘ioﬁées yrﬁquyélﬁﬁgaﬁxﬁon‘dFF?ﬂns.H%ﬁﬁl'es
| acti des, wéycbhgdexmin® 5isr isteflly| emchesar bowawh iand/ makEs c aproaleasting.

Preferred @éf{._ gg gg, L, DL, nmeso) and e-caprolacton. More i n 15
NOV 2002 WO 991 644 % /NL99/ 00352 8 particular a linear random

copol y&ster havi nglbothowkdli ik ami®BuntBabi EheapvBi be¥Han®iL- theti de
is prefer redetﬂtahenbaesél Biakit imrientkude mﬁeyeéf@éﬁabaiﬁdtﬁﬂ gdecighec acid

and ethylen al ,or 4- i r, on esters of. 5 lac
acid. In cascg?‘ ﬁ‘i %I r??%’fg%ég ?5 g géérﬁgnte%ﬁié pglr\gb%r %‘bra?%d“ed%} r‘f'ig
di functi onéprc@ﬂr@orraemth@ailel P fad-hesgr pewumﬁhanﬁeasboalql helkereforts gpﬁar
functional tpel yeleactibhedofr St BheShAPST RAMYRHEAES HYAYhOEaAbt gkhess Tde

vendGn A LRERYERREEIGel] SRS T LERACS IO (e Toutil BRSF bt mh i 15

Mat eri al s polycrird®lactosecapr oract crrpolgmerabt aieed f riprhadgddel bvand

(Noor dhor ncaB}%ll\aEItfb?{é)anCﬁa) ends Uﬁs?éc@éé er ¢ S4d0RE e PUF 1 ddtG¥H W dhHE

catalyst Sta'}”ougeé’rﬁér??tﬁléh”%,e chain extender is avoided, resulting
into hard segments of uniform size.

25 As has been indicated above, the polyurethane of the
invention comprises in the most general form diisocyante
linked diol and polyester, more in particular linear random
copolyester, components. The nature of the diol component is
very important, especially with respect to the uniformity of

30 the Dblock-length. The diol and the (linear random
co)polyester are connected to each other by diisocyanate,
more in particular 1,4-butane diisocyanate.

The polyurethane of the present invention can be
prepared by different processes. In a first process the diol

35 component, i.e., the butanediol, hexanediol or diethylene

glycol, or the reaction product of two molecules of the said



20 was obtained from Sigma Corp. USA and used directly fromthe supfOV @802
1, 4-But ane diisocyanate (DSM GCel een, The Netherl ands) was distilled under
reduced nitnwgewe@oessure; 1, 4-butanedi ol (BDO Acros O gani BET/NLAWSIA

nol ecul ar si eves, dimethyl sulfoxide (DVBO, #cros Organics) from CaHz. 25
Prepol yner synthesis For the 50/50 L-lactide and E-caprol actone, 20gram of

L-lactide (Q.14 npl s, mxed wth 16 gram E; rolactone (0.14 nol nder
nitrogen a h}é’rlé1 W’?‘b’%@%ﬂ%%@d’l ateo 6%@88&3%?9) al(’ICP'SZlOIﬁS ted

st annous oe&tiadt eaneriscaydedtas tennirefitord apdlgasaéyst ir.espeghe velenction

m xture was._po rized, for_24 hours at 0C. . 1H NVR showed go et
co?(]vgrsi onpr%dgc§hé)€ g‘ﬁ%zr%é@@/ %235?55%%@1"/%%9@/”0(%?2%8? o%ﬁ E%t h@?lls_ The
i socyanat e podryestatredBhifet haye Hedelct(iBbl / BDO Bbk) wasicpriempar ednioy tricsst i on
of but apedi ' sixsfald f a | i n a it hout
catal ys fo@%%%ar%éel‘heéé&%éss gl | §§sc€'an§#§ \/\r}'/grgil rggrg%zida%@emgns?ﬁ%%ﬂﬁﬁh

dry hexane Welighthyefi &38R aRithemey mah dge sllesik eBDO BDI./ HDO) was
prepared by mi xing Rt @redhiseenapdie Wnkh Bl Xedhshd®: exgeshdfcapped
but anedi ol at 80C without catalyst, for five hours.” The _excess butanedi ol
was renoved N ke R @1t TRAFTed witdhdhepgiansiom £oncdyestethe prepol yner
(50/ S0 E-caprol act queddrdiagy itde)a Gurthedineshoyanat & sepdseapned tor @pel-y mer
was diiéol ved in DNBQ The chai r}éeté_tben.der but anedi o] or tgdo K were
di ssol Y IFFRNES AR Bibrdl SETDITBT S SARRF DS i se to the
20 prepol yresmsohent oresumbeingreCianileal cade rofi ry.difyeinotyalt epodiymeared
but aned: amiey ey (oth b AR AR Sl bo il MBS A ock and
50 w wo for butanedi ol and®@NhrE AR -R67 (@) ndted -BIC6ck. 25
Characterization Thig prepolymer can subsequently be reacted with
15 water to yield a polyurethane urea according to the

invention. This process provides the possibility to generate

porous materials in situ, for example by mixing the

prepolymer with salt and water, and letting the material

react for some time at a suitable temperature. After leaching

20 the salt from the material a porous polyurethane urea has

been obtained, whereby part of the pores are provided by the

salt and part by the CO, generated in the reaction of the

prepolymer with the water.

The reactions between the various components are

25 carried out under the conditions known to be suitable for the
preparation of polyurethanes.

These processes all result in a useful biomedical
polyurethane, having the advantageous properties cited above.
It is to be noted that the use of an isocyanate endcapped

30 diol has preference, especially 1in case the polyester
component has the tendency to transesterify.

After the preparation of the base material it 1is
possible to process it further, e.g. from a solution in an
organic solvent such as dioxane, into shaped materials. For

35 some applications it is useful to have a porous structure.
This can be obtained by the method as described in De Groot



I'ntrinsic viscosities were neasured using a Ubbel ohde vi sconeter. g&qv
Calorineter studies were carried out wwth a Perkin El mer DSC 7 cal ml.[](%r
The scanning rate was 10C per minute. 1H NVMR (200 MHz) was used to
characterize the bl ocks. Tear strength and7hysteresis were determned. 35
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chai n-extender a |socyanate term nated prepol yner' BDO Prepol yner=

BDI / BDO Bl calSooysnabé tielddeatataddbpe epml lymera BDOL Bt ¢ BOO: * 5&rEGcus

L-1 act i de/ e- capf ol act.one 20 the butanedi, ; Bt
o7 ool ymort SRS 3 TG e onaBA a8 BDOEDr BPBek (CUAA B B, a 1
pol ymer V\'itztagsfea?ﬁifnttf-@Siu%eyié@oﬁhéyp%fl]yi%-r@tﬂlahg ol dhbe 1edentIbg BSC

t her nogr am € polynmer is shown in figure 1. The mechani cal properties
of the pronkrctscbmseecons Euc (bl &1 )isares s et erTh PRBrsiE1ef0 Crabl e
2(t)] dul%gT chéé edr al nNTmAHTgPer manent (dl / g) (MPa) Strengt hat (C) (J/ g) ((C) De
formatT on( a%a reak(o}()(% 1.B1212750535. 5-913. 51. 0602364050, 928. 6,

4. 6-2113. 52. 06244580461 L Tompopgne 1% Ihetssk Pt ithenPE ESFSHt hat  t henet hod

bof table T%NQMM@& I OAS el tthBeté Gl IBehant Cfl (it itEsodhanls
met hoda. e role_of _the uniform’t% of t rd segnents has al so been

he h
deronst r at EeR®Yyh t RACEoFPBRPARGRER anpi%: Z}Ba%ayeﬁp}o‘?'a@f%@moom was

end-Cappedl‘/\@sIﬂi'eﬁih&i(fcﬁs%@fdi%%y@@h%n%Q%%qqyanate- The excess of
di i socyanat e was I‘en‘DVﬁd b% distill %ti n. The resul ti ng macro-dii socyanate
was chai n-tkt eRdBASHFPRet e Wi B1S dBPO BFoBRChTHRUE c¥I1$ nglso

possible to use a reaction product of a diisocyanate (e.g.
1,4-butanediisocyanate) and two molecules of the diol (BDO-

15 BDI-BDO) . Optionally one may end-cap this reaction product
with two molecules of BDI, resulting in a five-block, that
can be used in the reaction with the linear random
copolyester.,

The polyester to be used in accordance with the

20 invention will preferably be linear, more in particular be a
random copolyester, and will have reactive endgroups. These
endgroups may be hydroxyl or carboxyl. It is preferred to
have a dihydroxy terminated copolyester, but hydroxy-carboxyl
or dicarboxyl terminated copolyesters can also be used. The

25 nature of the endgroups is determined by the type of
comonomers, the amounts thereocf, the type of starter (if
used), and the reaction conditions. It is to be noted, that
the molecular weight of the polyurethane in the present
invention is not so crucial for obtaining the necessary

30 mechanical properties, as is the case in the prior art.
Accordingly, lower molecular weights often suffice.

Suitable monomers for the polyester are the cyclic

monomers that can be polymerised under ring-opening
polymerisation conditions. Examples are lactides, glycolides,

35 trimethylene carbonate and/or t-caprolacton. Preferred are

lactide (D, L, D-L, meso) and g-caprolacton. More in
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pol yur et hane of identical 5 conposition was %btained. However, in this case
‘trans esterification reactions of the chain-extender with the

pol ycapr ol act one foft segenent were avoided. This resulted into a, polyner
Wi th an | nbRFRAFELAT sEoLTISAT (T AATR ALTRP LYRP S FroREY HRY ADUGE RRAITTHE:

| over vi scasbhigtefof he-qapnoTictoan anel 10 Iexidieneds hyrdferdayerotiaaet i vity
of the BDI. BDOEDJr BDO. BDI ﬁl ck compared to the BDO. BDI , BPO bl oék.

However, tRESALALIHSES T ?é%ﬂ?? F§Ts RRged e FHFSIRLCAFLSUPRd0f the

unijf OL m haedhygg??ng$};cwr@% semrmu&médtmif 05N ShZ ¢cad) fo é@téwsgal Ihi ne
and t re difficult_to_disrupt. The absence of a,nelting,endotherm
260 & pr OOFHSE Aaic i BhaTAES] o ROTYETCBY ERP<CRRPROltEraRe it can
esterifi cabeoprepaceédonsingre avinnedional SompOngn2002idR) Chai psatter,

Bi onedi cal | yur n j y .l inke este |y and
di ol corrpo}r?gir)it %H g%lgg go%ﬁgée]tﬁgnlgii%%?ngﬁ gl%’%glrfruﬁgg%%\- %Ec{‘ﬁgg' \%Eérrei n
A denot es shiapepoP9e¥eeEeEBnPaYiche, optdénddes the said diisocyanate

noi eties, C denot eﬁhéhépﬁai@li@ﬁ@'f&:@ﬁ?@ﬁé‘iiﬁ@dtﬁed BoyEestLPs R¥EDEhoRE
recurring units, said diol conponent having been selected fromdi ethyl ene

gl ycol10 1, ¥PeuPapBdFBF, 2XL6- hexanedi ol and a reaction product of a
diisocyanate and tv¥heminhhedsioh tike rfbwl eldci@ho88dionalt ROyl £ hage the
according to claim1, having“urethane-based hard segnents, obtainable by
reaction oFx?HPgearo| conponent with an excess of diisocyanate followed by
reaction with the polyester conponent. 3. Bionedical polyurethane according
to claim1l, havi ngegpehmegetl@sed hard segnments, obtainable by reaction of
said di ol conponent wWith an isocyanate term nated pol yester being the
reactibh product of the di hydroxy term nated pol yester conmponent and at

| east two nol es of Mditiexdayanate. 4. Bi onedi cal pol yuret hane according to

clainms 1-3 consisting of .repeating units qQf the follow ng fornul g { 0)
“NH-RL-NHC ( 0) Lolagtade ( 39 ENGARENREQRD ) WeEF E- @L}al,neahe ﬁcr&(“i‘ n

Rl i s a naydaitlyl ere nmiNebydhbBrins t MBepoNge sl Ak )t Y and | sisad n-dfded ene
diol, an nEﬁgg ene _di ol

or .a die | en | ycol based noi ety and
ndi cates 1 Pt e i, o i et A0 sPASRRaR o gt dafhr (fnpsts)
cl ai ms2a- 4 washesgiainde oy Stama i GotmasedSdnandpolspds tereprdyarfarbnpyche
ringopeni ng, polyngr i satj angRLefer alli% B RAMGPT ol @)  gehendtV 2802
Netherlands) was distilled under reduced nitrogen pressure;
1, 4-butanediol (BDO, Acros Organics) from 4A molecular

sieves, dimethyl sulfoxide (DMSO, Acros Organics) from CaH,.
25

Prepolymer synthesis
For the 50/50 L-lactide and g-caprolactone, 20gram of
L-lactide (0.14 mol) was mixed with 16 gram e-caprolactone
(0.14 mol) under nitrogen atmosphere. 1.70 gram butanediol
30 (18.87 mmol) and 40 mg stannous octoate were added as
initiator and catalyst respectively. The mixture was
polymerized for 24 hours at 130°C. ‘'H-NMR showed complete

conversion.



13 6. Pol yurethane according to claim5, wherein the said pol yestldrNiVs10§2
random copol yester, preferably a copolyester of |actide, glycoli
trimet hyl en®Q@¥fBtat e and/ or e-caprolacton.q7. Pol yuret hané’ce?'&'ggs@f}%é to
clainms 1-6, wherein the polyester is based on lactic acid, succinic acid,

di et hyl ene gl ycol, 1, 4-butanediol, 1,6hexanedi ol and/or diethylene glycol.
8. Pol yur et hane ac®dpdkngytohekasns 1-7, obtainable by a process conprising
reacting the polyester and an i socyanate endcapped di ol conponent, the

rati o of isocyanate groups to polyester endgroups being at |east two,

foll owed by reacti mpet he resdlyhnagepr epaammmnaddd wat efetRan&ol yubgbhrne
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pr ef er abl y sti0-6@d duni éxceads e- ocfpr dudeinedi ilsasgdnattenundter . 8D0C Pwicksstf or
t he preparatj | ol e ' o, cl.ai -9,

wher ei n thzéd [ Q)}y::to?r.fp%nent |%'eg§¢%¥%%?£a%§¥§§%€%ﬁ%%ée f"é%m&%f)égg by

pol yesters YrRs g h-Eltrl"_eé?(‘;M dexpneduct of at |least two noles of dii socyanat e
and the di hydroxy tﬁremﬂwx%&yaolty@ﬁﬁ{atédl-uféa@%ﬁé \Ag%ckhe(s?o%@xa/@n@@ of

a bi onedi cal pol yurethane according to clajins 1- erel n_the pol yester

conponent i%W2§ eREERATRAL PY hB1¥&RT: iH Festivcofanaty ewdth vp mipedadd

di i socyanatexcsrk t e dbotasedapenenit Jgdecl nplerbdst ba@@@lap?s& he phonediveal
pol yur et hanes accqding to cl.ains 13 %favi ng._a gorgsgty of 50 to 99 vol. ~.
13. Use of OW0 yult RefRe SR FAeiQl cvas nkenoved .8vh WagadPed G Yy mer
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15
The prepolymer (50/50 e-caprolactone/L-lactide) or
the diisocyanate end-capped prepolymer was dissolved in DMSO.
The chain extender butanediol or block were dissolved in
DMSO. The chain extender solution was added drop wise to the
20 prepolymer solution under mechanical sgtirring. The total
polymer concentration after chain extension was 5 w/w% in the
case of butanediamine, 30 w/w% in the case of the isocyanate
terminated block and 50 w/w% for butanediol and the hydroxyl
terminated block.

25
Characterization
Intrinsic viscosities were measured using a Ubbelohde
viscometer.
30 Calorimeter studies were carried out with a Perkin

Elmer DSC 7 calorimeter. The scanning rate was 10°C per
minute.
'"H-NMR (200 MHz) was used to characterize the blocks.

Tear strength and hysteresis were determined.
35
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When the butanediisocyanate terminated prepolymer was

5 chain extended with a BDI-BDO-BDI block (table 1, b), a
polymer with an ilntrinsic viscosity of 1.0 dl/g could be
made. The DSC thermogram of the polymer is shown in figure 1.

The mechanical properties of the products based on a-c (table '
1) are presented in table 2.

10
Table 2
nl Modulus Tensile Strain Tm AH Tg Permanent
(a1/qg) (MPa) Strength at (°c) (3/9) ({(°C) Deformation
(MPa) break (%)
(%)
1.8 12 12 750 53 5.5 -9 13.5
1.0 60 23 640 50, 92 8.6, 4.6 -21 13.5
2.0 62 44 560 49,112 2.3, 16 -5 10.0

These experiments show that the method b of table 1
provides products with better mechanical properties, than
15 method a.

The role of the uniformity of the hard segments has

also been demonstrated by the following example:

20 Polycaprolactone (M=2000) was end-capped with an
excess of 1,4-butanediisocyanate. The excess of diisocyanate
was removed by distillation. The resulting macro-diisocyanate
was chain-extended with the BDO.BDI.BDO block. The resulting
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! >S" 10% ()j.'ntgbloa(y"gbcﬁiméP with an intrinsic viscosity of 1.00 dL/g and a
modulus of 105 MPa. The lower viscosity of the polymer can be
10 explained by the lower reactivity of the BDI.BDO.BDI.BDO.BDI
block compared to the BDO.BDI.BDO block. However, the modulus
has significantly increased. This is a result of the uniform
hard segments. Hard segments of uniform size are more
crystalline and thus more difficult to disrupt.
15 The absence of a melting endotherm at 60 °C provides
additional evidence that by this method trans esterification
reactions were avoided.
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and diol components, said polyurethane having the formula (-A-B-C-B-
)nr wherein A denotes said polyester component, B denotes the said
diisocyanate moieties, C denotes the said diol component and n denotes
the number of recurring units, said diol component having been
selected from diethylene glycol, 1,4-butanediol, 1,6-hexanediol and a

reaction product of a diisocyanate and two methods of the diol.

2. Biomedical polyurethane according to claim 1, having urethane-based
hard segments, obtainable by reaction of said diol component with an
excess of diisocyanate followed by reaction with the polyester

component.

3. Biomedical polyurethane according to claim 1, having urethane-based
hard segments, obtainable by reaction of said diol component with an
isocyanate terminated polyester being the reaction product of the
dihydroxy terminated polyester component and at least two moles of

diisocyanate.

4. Biomedical polyurethane according to claims 1-3 consisting of

repeating units of the following formula

{C (0) -NH-R;-NH-C (0) -O-D-0-C (0) -NH-R;-NH~-C (0) -O~E-0),, wherein R; is an
n-butylene moiety, D is the polyester moeity, E is an n-butylene diol,
an n~hexylene dicl or a diethylene glycol based moiety and n indicates

the number of repeating units.

5. Polyurethane according to claims 1-4, wherein the polyester is based
on a polyester prepared by ringopening polymerisation, preferably a

polycaprolacton.
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12. Implants based on the biomedical polyurethanes according to claims 1-

9, having a porosity of 50 to 99 vol.%.

13. Use of a polyurethane according to claims 1-9, as biodegradable

polymer implant in meniscus reconstruction.



