wo 2016/200956 A1 [N I N0F V00 0000 R A0 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/200956 A1

15 December 2016 (15.12.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61L 27/18 (2006.01) C08G 18/61 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61L 27/50 (2006.01) C08G 18/08 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61L 29/06 (2006.01) C08G 18/10 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
A61L 31/06 (2006.01) C08G 18/46 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
A61L 15/26 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. . KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(21) International Application Number: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PCT/US2016/036466 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
8 June 2016 (08.06.2016) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: Enghsh GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
62/172,653 8 June 2015 (08.06.2015) US TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicants : MAGUIRE, Francis P. [US/US]; 864 Di- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
estel Road, Salt Lake City, Utah 84105 (US). VEN- GW, KM, ML, MR, NE, SN, TD, TG).
KATARAMANI, Sriram [AU/US]; 292 W. Galen Park .
Boulevard, Draper, Utah 84020 (US). Published:
(74) Agents: PERDOK, Monique M. ct al.; Schwegman, Lun- with international search report (Art. 21(3))

dberg & Woessner, P.A., P.O. Box 2938, Minneapolis,
Minnesota 55402 (US).

(54) Title: PROCESS FOR THE PREPARATION OF POLYURETHANE SOLUTIONS BASED ON SILICON-POLYCARBON-
ATE DIOLS

(57) Abstract: The present invention provides silicon-based polycarbonates, processes for their preparation and their use in the syn-
thesis of copolymers, in particular segmented copolymers such as polyurethanes for biomedical applications.



WO 2016/200956 PCT/US2016/036466

10

15

20

25

30

PROCESS FOR THE PREPARATION OF POLYURETHANE
SOLUTIONS BASED ON SILICON-POLYCARBONATE DIOLS

Claim of Priority

This application claims the benefit of to U.S. Provisional Patent
Application Serial No. 62/172,653, filed on June 8, 2015, which is hereby
incorporated by reference herein in its entirety.

Background of the Invention

To date, solution polymerization that attains controlled viscosity at
certain solids content has not been successfully achieved. Prior art techniques
require specially designed equipment to carry out multiple process steps. It
would, therefore, be advantageous to develop a polyurethane-forming system
having a viscosity that falls within a predetermined range at certain solids
content so that it can be successfully employed in biomedical applications,
including dipping and infusion.

Segmenied copolvimers tvpically denve good mechamcal properties from
the separation of microphases caused by fnyniscibility of the segmends. For
exaraple, i 18 known that in thermoplastic polyursthane elastomers, the so-called
“hard” and “soft” segments have limited sascibibty and separate to form
microdomains, Many of the propertics of polyurethane clastomars ¢an be
rattonatized 1 tormos of a semt-crystathing hard dovain providing 3
reinforcement or filer-dike offoct within a soft matax. The soft matnx oy
domain, most frequently comprises a poly(alkylens ather) or polyester chain of
molecular weight within the range of about 56 to 2000, Such short polymer
chaing are generally termurated with bvdroxyl groups and known as
“magrodiols”

The structere of the macrodiod plays & significant role 1o determuning the
performance of the segmented capolymer. Polvester-based macrodinds generally
give good mechanical properiies, but poor resistance to degradation 1o harsh
environments experienced m for example marine and biomedical appheations.

Polyether macrodiols offer eshanced stability, but arc vot suiiabde for the
synthesis of extremely soft matenials, pariicularly when high stability 19 also

reguired.
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Polystloxane-based polymers, cspecially polvdimethyl siloxane (PDMS}
gxhitit characteristics such as low glage transition temperatures, good thermal,
oxidative and bydrodytic stabilitics and low surface energies. These propertios
would be desirable m the macrodich-dorived component of a segmented
copolymer. in addition, they display good compatinbity with bwological tigsuss
and flutds and low toxicity. For these reasons, PDMS has found particubar
application n the construction of moedical dovices, especially unplantable
devices. However, polvmers denived from PBMS do not generally exhibnt good
tensile properties such as flexural strength or abrasion resistance.

Crnsiderable efforts have gone into finding a means tor incorporating
fow molocular weight PDMS segments mito segmented copolymers such as
polvurcthanes. These efforts have mainly focused on achieving clanty,
processability and a good balance of mechanical properties. However, no
completely successful attompis have been disclosed.

As a result of large differences in solubility parameters of PRMS and
most conventional hard scgments, PDMS-based polvurcthanes are likely 1o be
highly phase separated matenals charactensiic of poor mecharucal propertics. As
a result of this large ditference in polanity between hard and soft segments, i i3
anticipaizd that premature phase separation cocurs durtng svnthesis and there s
composttional beterogeneity and overall fow molecular woight. fo addition, there
appears to be an optiroal degree of mixing at the uderface between sott and hard
domains, with extremely sharp mierfaces leading to a low degres of mechanical
goupling between the bwo domang and reselting poor strength. Thus it
wnderstood thai, for example, PDMS-based polvurcthanes generally exhubit poor
machanical propertios. Typieally, the tensile strongth and elongation at break are
about 7 MPa and 200%, respectively.

Polycarbonate macrodiols have also bogn used as reactive ingredicnis in
the synthesis of block and scgmented copolver systoms, in particular high
performance polvarethanes. Processes for preparing polvearbonate macrodiols
based on g range of bishvdroxy alkyiene compounds are disclosed in 1P

62,241,920 {Toa Goset Chenucal Industry Co. L1d.}, IP 64,801,726 (Dainippon
Ink and Cheomcals, Inc )}, JP 62,187,725 (Baicel Chemical Industries, L1d ) DE
3,717,060 (Bayer A (), US. Pat. No. 4,103,641 (Bayer Aktiengessilschaft),
1.5, Pat. Mo, 4,131,731 {Beatrice Foods Companyy and U5, Pat. Mo, 5,171,836
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{Arco Chemical Technologyy, The most common alkylencdiol deseribed in these
patent specifications is 1,6-hexanediol.

Although polvearbonate macrodiods are generally classified under
polvesiers, the corresponding polvurcthanes exinbit byvdrolvtic stabalitios
comparable or 1 some cases supenor (o polvetherarethancs. Thev also possess
bigh tensile strongth and toughness. These propertios are attriboted to the kigh
tevel of phase mixing, promaied by tdermolecular hvdrogen bonding tvolving
the hard segment arethane hvdrogens and the carbonate functional groups of the
soft segment. The hydrogen bonding s alse partly respousible for the relatively
poor clastomeric propertics such as low thexibibity and lugh durmometer hardoess
of polvurethanes based on polycarbonate macrodiols. These properties are in
contrast to those of the non-polar macrodiol based polvurethanes, such as those
based on sifoxanes.

A requirement acomdingly exists to develop silicon-based macrodinds for
use as binlding blocks of seemented copolymers such as polvursthanes with
structural featores that exdubit good compatibility and mechanical properties.
Suttable macrodiols would retam the advantages of sihcon-based polvmers such
as Hexability, low teroperature performance, stabiliy snd 1o some cases
biocompatibility. The disadvantages of poor mechanical properties 15 to be
avoided so that the sdicon-based macrodiols can form part of materials which
can be used m vanous demanding apphications, particularly the biomedical ficld.
Summary of the Invention

The present invention provides new solution grade polymers for
biomedical application prepared by a process comprising the controlled addition
of a solvent to a siloxane carbonate polyurethane. The processing characteristics
resulting from the present synthesis and the physical properties exhibited by the
present compositions are particularly advantageous for dipping processes in
medical device manufacture. More specifically, the present invention is directed
to a polyurethane solution synthesized so as to have a viscosity range under
ambient conditions (at about 20-25°C) in the range 1000-2000 mPas at about
17% solids. Useful solids concentrations are about 15-50 wt-%.

This present polyurethane process includes an isocyanate component and

isocyanate-reactive component, such as a polycarbonate siloxane diol.
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Such polymers are disclosed in U.S. Patent No. 7,026,423,

incorporated by reference herein.

Detailed Description of the Invention

PCT/US2016/036466

which is

According 1o one aspect of the present mvention there is provided a

5 sibeon-based polycarbonate of the formula (8

Tw Ry i3| T1 Ro ﬁ
A—R5—S|i R7—s|,i Rg—0—°C o—Rs—s|,i R7—S|i Rg—0—C
R3 Rs/n Rs Ra/n

X

(o—R8 0——C——0——Rg3;0——C——0—Rs—Si{—R;—Si—FRs—A
g | |

Rj Ry /n

wheremn

T1 Ry
O——R;—Si R7—S|i
Rz R4/ n

Ri, Hi, Rs, and Rqare the same or difforent and can be hydrogen oran

10 optionaily substiteted strmght chain, branched or ovelic, sabwrated

hvdrocarbon radical

or unsaturated

Ks, Re, Rz and Roare the same or different and can be an optionatly

substituted straight cham, branched or cvelic, saturated or unsaturated

hydrocarbon radical;

15 Ryis a divaleot nking group or an optionally substituted straight chain,

branched ar cyclic, saturated or unsaturated bvdrocarbon radical;
A is an endeapping group,
n, v and z are tndegers of O or mare, and

® 15 an mieger of § or more,

20 The bvdrocarbon radical for substituents By, Ko, By and Remay mmclude

alkvl, alkenyl, alkvavl, arvl or heteroovelyl radicals. Bt will be appreciated that

the equivalent radicals may be used for substituents Bs, Re, Ry, Rsand Reexcept

that the reference to alkvl, alkeonvl and alkynyl shouid be 1o alkyiene, atkenylene

and alkvnviene, reapectively. n order 1o avoid repetition, only detailed

25 defuatons of alkyl, alkonyvi and alkynyl are provided heroipafior.

The term “atkyvl” denotes straight chain. branched or maono- or poly-

evehie alkvl, preforably T allod or eveloalkyvl, Examples of straight cham and

)

Rg—™
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branched alkyl mclude methyvl, ethyl, propyl, tsopropyvl, batvl, tsobuisd, sec-
butvl, amvl isoamyl, scc-amyl, 1.2-dimethylropyl, 1 1-dimcthylpropyl, pentyvl,
hexvi, d-methyipentyl, methyipentyl, 2-methvipentyi, 3-roethyipontyl, 1,1-
dimethyvibuiyl, 2, 2-dimethyibuyl, 3, 3-dimethyibayl, 1,2-dimethylbuiyl, 13-

5 dumethyibueyl, 1.2 Z-rimethylpropyl, 1,1 2-trimethylpropyl, heptyd, 3-
methvibexyl T-methvibexvl, 2,2-dimethyvipontyl, 3,3-dimethvipentyl, 4.4-
dimethyipentyl, L2-dimothvipergvi, 1 3-dmmethvipentyl, Ld-dimathviperdyl
1.2 3-trimethvibutyd, L1 2-rimethyibutel, 11 3-trimethyvibutyl, octvl, 6-
methylheptvi, 1-methylheptvl, 1,13 3-tetramethyibotvl, nonl 1+ 2-, 3 4 5,

10 6-or T-methyloctvi, 1~ 2~ 3- 4- or S-cthylhepivl. 1-, 2- or 3-propvibexyl, decyh,
i~ 2w, 3~ 4= 8-, 6~ T and S-methyinonyl, 1~ 2=, 3+ 4 S or Gcthyloctyl, 1+ 2+
3-, or depropyibeptyl, wdecy] Ee, 2+, 34 4o S 60 7o) Be or Semethyvidecyl, 1o, 2+
3-,4-, 5+ 6~ or T-ethyinonyl, 1- 2+, 3+, 4- or S-propyloctyvi, 1- 2- o1 3-
butvibeptvl, pentvibexyl, dodecyl 1-, 2-, 3~ 4=, 5~ 6, 7-, 8-, G- or 10-

15 wmethviundecyd, 1, 2~ 3« 4~ 5-, 6= T~ or S-cthyidecyl, 1+, 2-. 3~ 4, 5~ o1 6-
propylnonyl, 1) 2-) 3 or debutyloctyl, T 2-pentylbepivt and the hke. Examples
of eyvclic alkvl tnclude cyvolopropyl, cvelobuivl, evelopentyl, cyclobexyi,
cveloheptvl, cvclooetyl, eyclononyl and cvelodecyt and the ke,

The term “alkenyl™ denotes groups formed from straight chain, branched

20 or mono- o poly-cvelic alkenes mncleding ethylenically mong- or poly-
vosaturatod alkyi or cvelaalkyl groups as detined above, preferably Crazalkenvl

Examples of alkenvl mnchude vinyl, allvl, Tomethvivinyl, butenyl, iso-butenvl, 3-

methyl-2-batenyl, T-pentenvl, cyclopentenyl, T-methvi-cvelopentenvi, 1-
hexenvl, 3-hexanvl, eyclohesenyvl, 1-heptenyt, 3 heptenvl, T-outenyl,

~
2

25 eyclooctenyl, Tnonenyl, Z-nonenyl, 3-nonenyl, f-deconyl, 3-deconyl, 1,3-
butadienyl, 1 d-pentadicny], 1 3-cyclopentadicnyl, 1 3-hexadienyl, 1 4~
bexadienyl, 1 3-cvelohexadicnyl, T d-oyclchexadionvl, 1,3-cveloheptadionyl,

1.3, 3-cveloheptatnienyd, 13,5, 7-cycloocia~totracnyl and the ke
The tenm “alkvoyl” denotes groups formed from siraight cham, branched,

30 or monoe- or poly-ovelio alkynes. Examples of alkynyl mctade ethvav, 1-
propyoyl, - and 2-butvoyl, Z-methyil-Z-propyavl, 2-peotynyl. 3-pentvoyi, 4-
pentynyh, 2-hexynyl, 3-hexynyl, dhexvnvl, 3-hexynyl, [0-andecvayl, 4-ethvi-1-

octya-3-vl T-dodecynyl, 9-dodecynyl, 10-dodecynyl, Samethyl-1-dodecyn-3-vi
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Z-tridecynyl, 1-ndecyuvl, 34etradecynyi, 7-hexadecvnyl, 3-octadecyuyl and
the bike.
The term “arvl” denoctes single, polvouclear, conpugated and fused
residues of aromatic hydrocarbons, Examples of arvl include phenyl, biphenyl,
5 terphenvi quaterphenyl, phenoxyphenyl, naphthyl, tetrabydronaphihvi,
anthracenyl, dibvdroanthracenyl, benzanthracenyl, dibenzanthracenyl,
phenanthrony! and the hike.
The term “heterocvelvl denotes mono- or poly-cyelic heterooyelyl
groups coptaining at least one heteroatom selected front nitrogen, sulphar and
10 oxygon. Suitable heterocyely! groups mciude N-contating beterooychic groups,
such as, unsatrated 3 10 6 membered heteromonocyelic groups containmg | o 4
nitrogen atoms, for example, pyvrrolvl, pyvrrolinyd, imidazoivl, pyvrazolvl, pyridvi,
pyrmidinyvl, pyrazinyl, pyridasiov], triazolyl or tetrazolvl satorated 3 o 6-
membered hoteromonocyelic groups containing 1 0 4 nurogen atoms, such as
15 pyvreohdinyl, imudazolidinyl, pipenidine or piperazinyl unsaturaied condensed
heterocvehic groups containing 1 1o 5 nifrogen atoms, such as, indolvi,
ismindelvl, indohzinvl, benzueidazolv, quirelvl, isoquinolyl indazolvl,
benzotriazolvl or tetrzolopyrdaznyt vnsaturated 3 to S-mombersd
heteromonooyclic group contamning an oxyveen atom, such as, pyranyi or vl
20 unsaturated 3 o S-memberad hetermonocvclic group contaming 1 to 2 sulphar
atoms, such as, thicnvl; vosatraied 3 o S-menbered hetcromonocyehic

BERID

P
condaiming | o 2 oxvgen atoras and 1o 3 nitrogen atoms, such as, oxazolyl,
tsaazolyl or oxadiazolvl; satarated 3 to S-moembered hoteromonoeychie group
contaiming 1 o 2 oxvgen atoms and 1 o 3 pitrogen atoms, such as. morpholinyl;

25 unsaturated condensed heterocyelic group contaiming | o 2 oxveen atoms and |
i 3 nitrogen atoms, such as, benzoxazoly! or benzoxadiazolyl unsaturated 3 (o
S-membered heteromonocyelic group contaiming 1 1o Z sulpbor atoms and 1o 3
nitrogen atoms, such as thiazoivl or thiadiazolyl; saturated 3 to S-membered
heteromonoecvehie group contamng | to 2 sulphor atoms and 1 0 3 nirogen

30 atoms, such as, thiadiazolyvl; and unsaturated condensed heterooyvehe group
contaiming 1 o 2 sulpbur atores and 1 io 3 ratrogen atoms, such as
benzothiazolvl or benzothiadiazelyl

In this specification, “opticnally substituied” means that g group may of

may not be further substituted with one or more groups selected from oxygen,
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nitrogen, sulphur, allovd,

alkenyl, allkvoyd, arvl, hale, haloatkyi, haloalkenvi,
haloatkvnvl, kaloary], bydroxy, alkoxy, alkenyilony, atkynvioxy, arvioxy,
carhboxy, benzyioxy, haloatkoxy, haloalkenvioxy, baloalkyvnvioxy, haloarvioxy,
nitro, miroalkyl, nmiroalkenyi, nitroaikynyl, nitroaryl, nitroheterocvelvl, azido,

5 ammo, allviamino, alkenviamnno, alkvavlamino, arvlamino, benzylamino, acvl,
alkenviacyl, alkvevlacyl, arviacyl, acviamine, acyloxy, aldehydo,
alkvisulphonyi, arvisulphonvl, alkyisulphonyianune, arvisulphonviamine,
atkyisulphonyvioxy, arviselpbonyloxy, heterooyelvl, heterooycioxy,
heterocvelvlamino, haloheterooyelvl, alkylsulphenvl, arylsulphonyl,

10 carhoalkoxy, carboarvioxy, mercapio, alkvithio, arvithio, acvithio and the hike.
Preforably z1s an wtoger of O to about 30 and x 15 an integer of 1 to about
50. Butable valnes for ninclude 8 to about 20, more preferably {to about 10
Preferred valugs for v are Gt about 19, wore preforably G o about 2
The term “ond capping group” 18 used horein 1o 1fs broadest sonse and
15 meludes reactive functional groups or groups contaming reactive functional
groups. Suitable examples of reactive fimctional groups are aleshols, carboxylic
acide, aldehvdes, ketones, esters, acid balides, acid anhydrides, ammes, munas,
thio, thioesters, sulphome acid and expoxides. In one embodunent the reactive
functional group 1s an alcohol or an amine, more preforably an alcohol.
20 A preforred polvearbopate 15 a compound of the fornmuda (1) wherein A i
3H which is a polvearhonaie macrodiol of the foromda (Ja):

(Ta)

T1 Ry ﬁ Tw Ra ﬁ T1 Ra
HO—R5—S|i R7—S|i Rg—O—C O—R5—S|i R7—S|i Re—O0—C O—R5—S|i R7—S|i Re——
Rs Ra/n R3 Rs/ 1 R, R4/ n
X

I I [T
( O——RgF} 0——C——0—RyF-0——C——0——R;—Si1—R;—Si—Re—0—H
4 | |

R3 R4 /n

where
25 Rito BRs, K, Re, n, v, x and z are as defined in foromda (1) above and Kris
a divalont inking group or an optionally substituted straight cham, branched or

eychie, saturated or umsaturated hydrocarbon radical;
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Suitable divalent Hnking groaps for Ry imchude €3, 8 and NR wheremn R s
hvdrogen or an opttonally substituted straight chain, branched or cvelic,
satorated or unsaturated hvdrocarbon radical,

Particularty preforred polvearbonaie macrodiols are compounds of the
formula (fa} whersin By, R, Bz and Raare methyl, Reis ethvl, Rois bexyl, Rsand
Rsare propyl or butyl and Ry i3 ¢ or —CHy—CHa—, more preferably Rsand B
are propvl when Rris O and Ks and Reare butyl when By s —CHo—CHo— The
preferred molecular weight range of the polyvearbonate macrodiol 15 about 401 to
about 5600, more proferably about 400 1o about 2000

The present vention also provides a process for preparing the sibicon-
based polycarbonate macrodiol of the fornmnida a) as defined above wiuch
inchudes reacting a source of carbonate with erther

{13 a silicon-based diol of the formula 5

R, R, (D)

HO——Rs;—Si+—R,—Si—+Rg—OH

Rs Re/ 4

wherein
Rito Ryand n are as defingd i formda (Ja) above; or

{11} the silicon-based diol of the formuda (11 defined in () above and a
non-silicon based diot of the formula (H):

HO—R>—OH {115
where

Rois as defined above in foromuda {Ia).

This process may be extended 1o the proparation of the silicon-hased
polvearbonate of the formuda (I by including the additional siep of converting
the bydroxyl groups i the macrodio! of the formula (1a} into other reactive
functional groups. This conversion step can be achievoed using procedures known
m the art such as oxadason to give a dicarboxvlic acd, conversion to an amine
wsing the Gabriel procedurs or reaction with an end capping agent for example,
ditsocyanate, dicarboxyvlic acid, eyclic anhydride or the fike.

The source of carbonate meay be a carbonate comepound o £Wo OF Moo

reagents which when combined produce carbonste or a carbonate compound. It
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will be appreciated that the source of carbonate will include the Resubstituent.
Suttable carbonate compounds include cvelis carbonates such as alkviene
carhonates, for example cthylene or propylene carbonate and inear carbonates
such as dialkyl or diaryt carbonates, for example, dimethyt carbonate, dicthyl
carbonats or diphenyl carbonate. Preforably the source of carbonate has a low
medecolar weight because of the case of removal of the condensation by-product
from the reaction nuxture,

The siheon-based diols of the formula (3} can be obismned as
commercialiy available products. For exampie 1,3-bishydroxypropyvi-1,1,3 3~
tetrametiy hisiloxane and 1,3-Wishydroxybutyl-1, 1.3, 34ctrarethyidisdovane are
gvatiable from Shin Bisu or Silar Laboratories. (thers can be prepared by using
the appropriate distlane compounds and hvdroxy termnated olefinic compounds
psing a bydrosilyiation reaction.

1 will be appreciated that the diol of formula (1F) can be used separately
ot as a raixiure contaming fwo or more structurally difforent diols inthe
preparation of the polycarbonates according to the present invention. The
presence of silicon or eilexy radicals in the diol ioparis hyvdropbobic and
Hexibihty characteristics which results in mproved elastomenic and degradation
resigtance in copolvmers produced using thess polvcarbonates,

in another embodiment, non-silicon based diods of the formela (11 can
be used i combination with the silicon-based diols of the formula {11 for the
preparation of polvearbonates. Preterably, the non-silicon based diol 1w an
ahiphatic dibvdroxy compound, such as, alkviene diols, for example, 1,4+
butanediol, 1,6-hexanediol, dicthyvlencgiveol. wiethvicneglveol, 1,4
evelohexanediol or 1 4-cyclohexanedimethancl. It has been found that when a
sibeon-contaning diod and an alkyviene dio? are reacted, the resulting
polvearbonate s generally a random copolvearbonate. Accordingly,

polvearbonates having a broad range of propertios can be propared by choosing
different ratios of the two diols.

The process for preparing the polyvearbonate is preferably a
transestenification similar to that described 10 U S Pat. No. 4,131,731 whuch is
carried out in the presence of a transesterification catalvst, Examples of suitable
catalysts imchide those disclosed i US, Pat. No. 4,105,641 such as stannous

octoate and dibutyvi tin dilaurate.
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it will be appreciated that other processes may be used o prepare the
polvcarbonate of the present invention such as those descenbed by Hokertet al
which are mearporated horemn by reference. Some of these processes inchude
reacting the source of carbonate and the diol of the formna () with either
phosgene (CICOC or chioroformates, for example, 000 R--GCGCH
wherein R 1s & divalent linking grovp or an optionally substituied straight chain,
branched or cyclic, saturated or unsaturated bvdrocarbon radical.

The polyvearbonate of the present invention may be used m the
preparation of copolymers such as copolyesters, copolvethercarbonatas,
copolvanudes, copolvimides or segraented copolvimers for example polvurethane
or polvurcthane urea clastomers.

Thus, the present invention further provides a copolymer which incindes
a silicon-based polycarbonate segment of the formuda (Iby

(1b)

Tw Ry ﬁ T1 Ra |0 T1 Rz
—R5—S|i R7—S|.i Rg—0—C O—R5—S|i R7—S|i Rg—0—C O—R5—S|i R7—S|i Rg——
Ry R/ Rs R,/ n Rs R/ 1

)_{ 0 L 0 R, R,
(o—R5 O—Q—O—R9 ZO—l(!—O—R5—S|i R7—S|i Re——
’ |

wherain

Rt Ko, i, v, x and z are as defined in formuia (I} above.

The polyvearbonate of the prosent invention is particuiarty useful in
preparing polvercthane elasiomenie compositions.

According to a still further aspect of the present mvention there 18
provided a polyurcthane clastomeris composition which inclodes a silicon-based
podyearbonate segment of the formula {8b) defined above where B 15 a divalent
Boking group or an optionally substiteted straight chain, branched or ¢yvelic,
saturated or unsaturated hydrocarbon radical,

The poivurethane elastomenc compositions of the present mvention may
be preparcd by sy suitable fochnigue. A preferred method involves muxing the

polvearbonate and a cham exiender and then reacting this mixture with a

10
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diisocyvanate. The nilial imgredients are preforably mixed at a tomperature in the
range of about 45 to abowt 100° €., more praferably about 60 o about 80° CIF
desired, a catalvst such as dibutyl tm didaurate at a level of about 0,001 to about
0.5 wi % based on the fotal mgredicnts may be added to the mita! mixture, The
5 mixing may ocour in conventional apparatus or within the confines of a reactive
extruder or contingous reactive injestion molding machine.
Alteroatively, the polvurcthanes may be prepared by the prepolymer
method which mvolves reacting a dinsocyanate with the polvearbonate to form a
prepolyvimer having terminally reactive dlisocovanate groups. The prepolymer is

10 then reacted with a chain extender,

Thus, the polvarcthane elastomenic composition of the present invention
may be further defined ag compnising a reaction product of

{1} a silicon-based polycarbonate of the formula (1) defined above where
R71is a divalent linking group or an optionally substitnied straight cham,

15 branched or cyclie, saturated or unsaturated hvdrocarbon radical;

{11} a disocyanate; and

{11} a chain extender.

Preforably, the dusocvanate s selecied from 4,4 -methyiencdiphenyt
ditsocyanate (MDH, methviene bis {eyvelohexyl} disocyvanate (HIZMDH), p-

20 phenyvigne ditsocyvanate {p-FDI}. trans-cyclobexang-1, d-ditsocvanate (CHD) or
a mixture of the ¢is and trans tsomers, 1,6-hexamethvione dirsocvanate (DICH),
2 A-ohiene ditsoevanate {2,4-TD1) or #ts 1somers or muxtures thoreof, p-
tetramethyixviene ditsoovanate (p-TMXDE and m-tetramethybivlene
ditsocyanate (m-TMXDE) MD 5 particelarty preferred.

25 The chain extender 1s proforably sclected from 1 4buwtancdiod, 1,6-
hexansdiol, 1, %-octanediol, | 9xnonancdiol, 1, 10-decanediol 1, d-cyclohexane
dimethanol, p-xyieneglvend, 1.4-bis (2-hvdroxyethoxy) benzene and 1,12-
dodecancdiol. 1 4-butanediol ts particulariy preforred.

A particulardy proforred polyurethane clastomeric composition of the

30 present wmvention comprises a reaction product of.

{1} compounds of the formula (fa} whersin By, o, Bz and Raare methyl,

Rsis athyvl, Hoig howvl, Reand Roare propyvt or butyl and By is G or —CHe—

11
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{11} MDD and

{111} 1 4-butanediol.

An advantage of the incorporation of the polvearbonate segmoent is the
retative sase of processing of the polyurethane by conventional methods such ag

5 extrusion, injection and compression monlding without the need of added
processing waxes. I desived, howevor, conventional polvurethane processing
additives such as catalvsis, artioxadants, stabihizers, lubricants, dves. pignents,
morganic and/or organic fillers and remforcing matenials can be mcorporated
1t the polyurethane during preparation. Sach additives are preferably added to

10 the polyvcarbonate.

The polycarbonate, diisocvanate and chamn extender may be present n
certain proporiions. The preferred lovel of hard segment (1o, dusocyvanate and
chain extonder) in the composition is aboui 30 o about 60 wt %6, mors
preferably 40 to 30 wi Y.

15 The polvercthane elastomenc composition of the prescnt invention is
particulardy useful in preparing materials having good mechanical properties, in
particular biomaterials.

According to another aspect of the present mvention there is provided a
maternial having improved mechanical properties, clarity, processability and/or

20 dogradation resistance comuywising a polyurethane clastomernic composition
which includes a polvearbonaie segroent of the tormula (Ib} detined above.

The present invention also provides use of the polyurethane elastomeric
gomposttion defined above as a material having improved mechanical properties,
clarity, processability and/or degradation resistance.

25 The present mvention further provides the polyvarcthane elasiomene
compoaition defined above when used as 3 malerial having improved mechamcal
propartics, clarity, processability and/or degradation resistance.

The mechanical propertics which are mproved inchude tensile strongth,
tear strength, abrasion resistance, Durometer hardoess, floxural modulas and

30 related measures of Hexability or elasticity.

The mproved resistance to degradation inclades resistance 1o free
radical, oadative, enzvmatic and/or hydrolvtic processes and to degradation

when implanted as a biomatenal,

12
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The mnproved processabitity includes case of processing by casting such
as solvent casting and by thermal means such as oxtrusion and njection
molding. for example, low tackiness afior extrusion and relative freedom from

5 There 15 aleo provided a degradation resistant matenal which compnses
the polywrethane clastomerts composition defined above.

The poiverethane elastomenc composition of the present invention
shows good clastomeric properties. It should also have a good compatibility and
stability 1o biglogical environments, particufarly when mmplanted s vive for

10 extended penods of time.

According 1o another aspeet of the present mvention there 1s provided an
i vive degradation reestant maienal which comprnises the polvurcthane
clastorneric composition defined above,

The poiverethane elastomenc composition may alscboused as a

15 biomaterial. The term “biomatenal” is used herein in its broadest sense and
refers to a material which 1s used 1 sifnations where it comes info contact with
the colls andfor bodily fhuds of bving anteals or humans.

The polyurethane clastomenc composiion 15 therefore usetul n
manufacturing medical devices, articles or inplants.

20 Thuss, the present invention still further provides medical devices, articies
or implants which are composed wholly or pantly of the palvercthane
clastomeric composition defined above,

The medical devices, articles or implants may mchide cardiac
pacemakers and defibnliators, catheters, cannulas, smplantable prosthesas,

25 cardiac assist devices, heart valves, vascular grafts, extra~-corporsal devices,
artificial organs, pacemaker leads, defibnliator leads, blood pumps, balloon
pumps, A~V shunts, biosensors, membranes for cell encapsulation, drug delivery
devicss, wound dressings, arnficial joints, orthopedic implants and soft fissue
replacements.

30 it will be appreciated that polyurethane elastomeric compositions having
propertics optimized for use in the construction of various medical deovices,
articles or traplants will also have other non-medical appheations. Such
applications may mclade their use 1 the manufacture of artificial leather, shoe

soles. cable sheathing; varnishes and coatings, structural components for pumps,

13
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vehicles, ete.; minmmg ore screens and convevor bells; laminating compounds, for
cxaraple 1o glazing: textiles. separation membranes; scalants oF a5 companenis
of adhesives.

1 will also be undersiood that the siloxane component of the

5 pobvurcthane elastomeric composition by virtue of its dielectric properties will

provide opportunities for use in electronic and electrical components and
msulation.

Thus, the present invention extends o the use of the pobvurethane
clastomeric composition defined above in the manutacture of deovices or articles.

10 The present invention also provides devices or articles which are
composed wholly or partly of the polyurcthane clastomernic composition defined
above.
Examples

Example 1. Preparation of Polycarbonate Siloxane Diol (Ia)
15 A. Raw Materials

Diethylcarbonate (anhydrous 99%), Titanium tetrabutoxide (TBT)
(reagent grade 97%), Deionized water, Dichloromethane (chrome AR), Sodium
sulphate (Anhydrous granular 99%), Activated charcoal were used as received.
Bishydroxybutyltetramethyldisiloxane (BHTD) was purified before use.
20  B. Raw Material Purification

One of the raw materials, BHTD received from supplier needs to be
purified. In the BHTD synthesis, ethyl iodide and Iodine were used. Even traces
of iodine present in BHTD can interfere with the synthesis. To remove the
iodine from BHTD, activated charcoal was used. The charcoal helps to purify

25  the raw materials before being used for Polyol synthesis. To do this, a 2% w/w
activated charcoal was added to BHTD and stirred for 24 h. The resulting
charcoal slurry was then filtered, under nitrogen, through a 50 p Eaton filter bag
and 0.45 p cartridge filter. The resulting once charcoal treated BHTD was,
again, treated with 2% charcoal and allowed to stir for 24 h then filtered through

30  a 045 pfilter. The approximate loss of each charcoal treatment was 10%.

C. First Stage (1 Kg batch):
BHTD (813.66g, 1 M) and Titanium tetrabutoxide (TBT) (4.07g, 0.5% of

BHTD) were placed in a 2 L three neck round bottom flask, equipped with

mechanical stirrer, fractionating column and Liebig condenser. The temperature

14
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of the oil bath was raised to 130°C and diethyl carbonate (186.34, 0.54 M), was
added using peristaltic pump over a period of 1 h. The reaction continued for a
further 1 h under reflux at same temperature and stirred at 150 rpm.

D. Second stage:

5 After 1hr reflux, the Liebeg condenser was connected to the fractionating
column at one end and 1 L RB flask on the other end to distill off the by-product
and azeotropic mixture. Then the temperature was gradually raised to 150°C
while increasing the vacuum to 1 Torr, stepwise. At regular intervals of time,
change temperature, vacuum and remove distillate. In the final stage after second

10 decant, the whole reaction mixture is refluxed at 150°C at 1 Torr for a 1 h. Then
the reaction was stopped and cooled to room temperature, to yvield a crude
polycarbonate siloxane diol of m.w. 520-650.

E. Catalyst Inactivation:

To inactivate the catalyst, to the cooled crude polycarbonate siloxane
15  diol, deionized water (20% of batch scale) was added. The mixture was refluxed
for 1 h at 130°C. Distilled off the water by increasing the vacuum from 200 to 1
Torr at regular intervals of time (check batch card). The final product was
cooled, and dissolved in dichloromethane to make a 50% solution. The solution
was vacuum filtered through Sodium Sulphate bed and subjected to charcoal
20 treatment (2% w/w, batch size) overnight at room temperature. After 24 h,
pressure filtered through 50 u Eaton bag filter and 0.45 + 0.2 u Sartorius
cartridge filter under nitrogen.
F. Stripping:
The filtered polycarbonate siloxane diol in dichloromethane stripped
25  twice using 27 stripper. First stripping was at 70°C at 15 ml/min to remove the
solvent under vacuum. The second stripping at 145°C at 4 ml/min to remove the
traces of solvent and lower molecular weight fractions. The stripped
polycarbonate siloxane diol was tightly sealed and stored at room temperature.
The yield was ~65%. The molecular weight was about 600.
30  Example 2. ECSIL Solution Polymerization

The formulation of this polymer (2Kg) was prepared based on the polyol
molecular weight, isocyanate index and hard segment.

5.76 Eqv. of methyl diisocyanate MDI was introduced into a 1 L glass
reactor while purging nitrogen. The reactor was heated to 80°C. 4.02 Eqv. of the

15
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10

15

20

above synthesized polycarbonate siloxane diol (Example 1) was added in one
aliquot and initially stirred at 150 rpm. The stirrer motor was changed to torque
mode. The mixture was allowed to stir for 1 h at 80°C. Then the resulting
prepolymer was degassed for 1 h at 90°C. The reaction temperature was reduced
to 80°C. The synthesized prepolymer was chain extended with 1.77 Eqv. of
BDO and the torque of the mixture was monitored every minute. Once the
torque value reaches 80 (N c¢cm), dimethylacetamide (DMAc), was added drop
wise every sec and the torque monitored to maintain it between 70 — 100 N cm.
The whole addition was completed in 2.5 h. MeOH (0.1 wt-% of batch) is
preferably added with the DMAc. After addition of solvent, the temperature was
reduced to 60°C and stirring continued overnight at 100 rpm. The ECSIL
solution polymer solution (17%) was taken out of the oil batch, cooled down to
room temperature (20-30°C) and filtered through 5 p to vield a clear solution of
the polyurethane elastomeric composition which comprises silicon-based

polycarbonate segment.

All publications, patends, and patent applications meotioned 1o this
spocification are heroin incorparated by reference o the same extont as ifeach
mdividual publication, patent, or patent apphication was speaifically and
mdividually indicated to be incorporated by reference. In the ovent that the
defindtion of a term incorporated by reforence contlicis with a term defined

herern, thus specification shall control.
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WHAT IS CLAIMED IS:

1. A polyurethane solution prepared by a process comprising:

(a) reacting a polycarbonate siloxane diol prepared by reaction of a
carbonate source, such as a dialkylcarbonate, such as dicthylcarbonate, or an
alkylene dicarbonate with a bis(hydroxyalkyl)(tetramethyldisolaxane), such as
BHTD, in the presence of an initiator catalyst; with a diisocyanate, such as MDI
to form a prepolymer;

(b) chain extending the prepolymer by reaction with an alkylene diol,
such as BDO to yield a polyurethane;

(c) adding dimethylacetamide to the stirred, heated mixture (such as at
about 75 - 85°C) to yield about a 15 - 50 wt-% solution, such as a 17 - 30 wt-%
of said polyurethane; and

(d) cooling the solution to about 20-30°C.

2. A composite medical device, article or implant which is prepared by
coating, dipping or infusing a medical device, article or implant with the
polyurethane solution defined in claim 1, and thereafter removing the

dimethylacetamide.

3. A composite medical devices, articles, or implants of claim 2 wherein
said medical devices, articles, or implants are cannulas, extra-corporeal devices,
artificial organs, pacemaker leads, defibrillator leads, blood pumps, balloon
pumps, A-V shunts, biosensors, such as glucose sensors, membranes for cell
encapsulation, drug delivery devices, wound dressings, artificial joints,

orthopaedic implants, or soft tissue replacements.
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