POLYSI LOXANE PREPOLYMERS FOR BI OVEDI CAL DEVI CES Field

of the Invention The present invention relates to
w@oiogeTidgxane prepol yners that are useful for POY/DBI995/041540

bi onedi cal devices, particularly ophthal mc devices

i ncluding contact |enses, intraocular |enses and

ophthal mc inplants. This invention also relates to

copolyrmers fornmed fromthe prepol yners, especially

hydr ogel copol yners. Background of the Invention

iy dr ogdiQl YSIQSANE ERIGRAL YRS EORRIQYERICALBEVIGES

t he manuf acture of various bionedi cal devices,

i ncl udi ng opht hal m ¢ dekiekdes tlelive@®oncont act | enses. A

hydrogel is a hydrated cross-|inked pol ric system

that _dBREIRE ieafon felatRs domolystpYaN REBREmER Wb gw useful for
P LDt o r

(PG A A0 0l Bl Wl et s

atroctar keosesr andegphithalmiveimpladtys iThis Difvertion also relates to copolymers

i licane-containing material.. Typicall a
i‘?nﬂegg’f?& ﬁ’&rﬂf%ﬁwfﬂ Sﬁﬂ%ﬁ' }fy@%%LB‘PRﬂ%P?rfed by free
radi cal pol ymerizati gacirbiinof el TBRRALibA C MoONnoner,
with either the silicone-containing nononmer or the

hydr oplyidragelsrreprssant afdgsicableoelpssepfanatarials dersthe mannfacture of various

ty: .0sslinker being defined as a nononer havj .
BRRRMse LR R Ele IR o BT ond i Borogel i
& "y dted kks-IBYedOFol§MplHO ¥ pem ABattiRiThR 8RR in Snl fMMRium state.
hydrogel s over non-silicone hydrogels is that the
E%’ﬂf%éh]@nﬁﬁﬁcﬁf&géi@f%b}ﬁpb@wmpﬁﬁﬁw A flegrforsx Walégene hydrogels are a

gﬁ(’](\{ﬂ? aRkd of Pr(?{cfg{)‘%lsfq %d:{cgﬁ giﬁz{e}gxlfté%:a{hafo&e tirtlﬁusion of a silicone-containing

I'’cone-co us
poteyial.| Gypiilbas ailicone paltyifiieSmohdiet iseeopalydridell dyefree radical
I i nkages, have been di scl osed as potenti al . .

pelymeBRicRo ith ﬁgd Jite mROHFICLs | Wikl offEieh y e ogilipene-containing

E{?)‘%ﬁm" & 1! ﬁﬂfgglgﬂ: %Sﬁn‘f‘er p(i;cg)gllf{gg{s d GobdtkingBER Srosslinker

of preparati eir
beiag defimrd std mengnepewingasultipledpdymerizable faxbtidmatities) or a separate

Pt bl o lylr o BBl S UE el e Bon-sicone
Hy@Bgol Athal b SichIY KRARIADGIoRP RAINMIEAS okJU Kebeability due to

endcappi ng _pol ysi | oxane-di ol or "poly oxane
thietinclusion phithe stlicond-tontaining muommied. mononer havi ng an

i(ls’g(li/;/%naﬁtgﬁs %51%' oxsélrjlg-lgas%a ﬁr%ﬁéi%%@rast \%%hha/rlea %‘%tubrgt%&){e! ﬁ%fages have
been disclosed as potential silicone-containing monomers for silicone hydrogels. These
various prepolymers may differ in their methods of preparation and in their physical
characteristics/properties, and thus may exhibit divergent behavior when combined with
other monomers for hydrogel copolymers.

One class of urethane- or urea- containing polysiloxane prepolymers involves
endcapping polysiloxane-diol or polysiloxane-diamine with an ethylenically unsaturated
monomer .having an isocyanate group such as isocyanatoethyl methacrylate (IEM). For
example, by reacting IEM with hydroxy-terminated polydimethylsiloxane, a prepolymer
is formed. In general, this class of prepolymer exhibits similar compatibility with

hydrophilic monomers as corresponding prepolymer without the urethane linkage,

especially for higher molecular weight prepolymers. Also, in general, these prepolymers |
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polymerizable groups though a diisocyanate which provides two urethane/urea linkages
instead of one urethane/urea linkage in the case of 4,605,712, and.are thus and are more
compatible with hydrophilic monomers.

The polysiloxane-containing prepolymers of this invention comprise relatively
weaker hard segments than the preferred prepolymers in US 5,034,461. It has been
found that this leads to several advantages. First, the present prepolymers tend to have a
lower viscosity at room temperature; in fact they are fluid, making them easier to process
in casting biomedical devices as compared to prepolymers with only strong hard
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a monomeric mixture comprising the prepolymer and a comonomer. One preferred

comonomer is a hydrophilic monomer, and another preferred comonomer is a
monofunctional silicone-containing monomer. Preferred‘ copolymers are hydrogels, that
are the hydrated polymerization product of a monomeric mixture comprising the
prepolymer and a hydrophilic comonomer. Especially preferred are hydrogel
copolymers having a water content of at least 20 weight percent, a modulus no greater
than 100 g/mmz; and/or an oxygen permeability of at least 100 barrers.

This invention further provides a biomedical device comprised of the copolymer,

especially an ophthalmic device such as a contact lens or an intraocular lens.



nmonof uncti onal silicone-containing nononer. Preferred
copol ynmers are hydrogels, that are the hydrated
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conprising the prepolynmer and a hydrophilic conononer.
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DESCRI PTI ON OF PREFERRED EMBODI MENTS The prepol yners
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wherein each A is a hydroxyl or amino radical;

each R is independently selected from an alkylene group having 1 to 10 carbon
atoms wherein the carbon atoms may include ether, urethane or ureido linkages
therebetween;

each R’ is independently selected from hydrogen, monovalent hydrocarbon
radicals or halogen substituted monovalent hydrocarbon radicals wherein the
hydrocarbon radicals have 1 to 20 carbon atoms which rhay include ether linkages
therebétween, and

ais atleast 1.

Preferred R radicals are alkylene optionally substituted with ether radicals.
Preferred R’ radicals include: alkyl groups, phenyl groups, fluoro-substituted alkyl
groups and alkenyl groups, optionally substituted ether groups. Especially preferred R’
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radi cal s or hal ogen substituted nonoval ent hydrocarbon

radi cal s wherein the hydrocarbon radicals have 1 to 20
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t herebetween, and a is at least 1. Preferred R

radicals are al kyl ene optionally substituted with

ether radicals. Preferred R radicals include: alkyl
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wherein:
Ry3 is hydrogen or methyl;

each Ry, is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-
R, radical wherein Y is -O-, -S- or -NH-;

Rys is a divalent alkylene radical having 1 to 10 carbon atoms;

Ry is an alkyl radical having 1 to 12 carbon atoms;

Q denotes -CO-, -OCO- or -COO-;



wherein: R23 is hydrogen or nethyl; each R24 is
hydr ogen, an al kyl radical having 1 to 6 carbon atons,
w@er00s/07388 YR 26 radical wherein Y is -0, -S- PCT/UB#d03/041540
R25 is a dival ent al kyl ene radical having 1 to 10
carbon atons; R26 is an al kyl radical having 1 to 12
carbon atons; Q denotes -CO, -OCO or -COO; X denotes
-O or -NH; Ar denotes an aromatic radical having 6
tlo BijdmomsnOaboﬁﬁH-;b is0to6, cisOor 1; dis Qor
;o an is Oor 1. Sultabl.e en ' I
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s et hy! s LR Bievtahng s gBPS i, 3 Ot SiFiaco
produgt 1is SERGGEPPEdksiinhids t @rdiRdnk MRkicERPNSI-COO- or -OCO-NH-.
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Finally, this product is endcapped with the polymerizable -ethylenically

unsaturated radical.
OCN-(Dii*PS),*Dii-NCO + 2 M-OH -
M(*Dii* PS), *Dii*M

In the above reaction scheme, the reaction of the polysiloxane-diol with the
diisocyanate yields urethane radicals (-NH-COO- or -OCO-NH-). Alternatively, the
reaction of poly-siloxane-diamines with diisocyanates would yield urea radicals (NH-
CO-NH-). Other methods for forming urethane or urea polymers are known in the art,
and representative syntheses are illustrated in the Examples.

The copolymers of this invention are formed by copolymerizing the prepolymers
of this invention with one or more comonomers. Since the prepolymers are endcapped
with polymerizable ethyleniéally unsaturated radicals, they are polymerfzable by free
radical polymerization. The monomeric mixtures employed in the invention include
conventional lens-forming or device-forming monomers. (As used herein, the term
“monomer” or “monomeric” and like terms denote relatively low molecular weight
compounds that are polymerizable by free radical polymerization, as well as higher
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di i socyanate yields urethane radicals (-NH C00- or
-0C0-NH). Alternatively, the reaction of
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urea radicals (NHCO- NH). O her nethods for form ng
uret hane or urea polyners are known in the art, and
representative syntheses are illustrated in the
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or device-form ng nononers is silicone-containing
mononers. I n other words, anothe) silicone-containing
conononer, in addition to the subject prepolyner, may
be included in the initial nphomgrig? m xture, for
exanple, if it 6 R2

| |
o . /(CHz)h—?i—-O—?i—Rz
| o) R?
R3 2 I : 2
R—Si—K
I 2
R

(VD)
X denotes -COO-, -CONR*-, -OCOO-, or -OCONR*- where each where R* is H
or lower alkyl; R? denotes hydrogen or methyl; h is 1 to 10; and each R? independently
denotes a lower alkyl-or halogenated alkyl radical, a phenyl radical or a radical of the

formula



Is desired to obtain a copolynmer wth higher oxygen
perneability. One suitable class of silicone

w@ovbarssg nononers i nclude known bul ky, PCT/US2005/041540
nonof uncti onal pol ysil oxanyl al kyl nmonomers represented
by Formula (VI): X denotes -COO, -CONR4-, -0OCOO-, or
- OCONR4- where each where R4 is Hor |ower alkyl; R3
denot es hydrogen or nethyl; h gs 1 to 10; and each R2
i ndependent |y denotes a | oweiRakkyl or hal ogenat ed

st etk RanaShrRd o ok St Plaich) 28 pfidlyl it Such bulky
mdWRler@ ket fidafidli iaaiud® rmélhe[&*ﬁﬁﬁprb%di gisltrimSthgtsiloxy)sifane (TRIS),
a

nononers specifically include nethacryl oxy

| ,
pentamgthyldistoxghdi | ongthginedireryiatiy S) t,riS(trimethyrl)srilg)%ll) . methacryloxy

en thyldisilo I t :

SRR o BT R e, st 5
[ﬁﬁtthﬁieq{yﬁéiro&ﬁmwl BlopPX Wifit badambex yandt ByftristirinasiieylsiBoxy)silyl]
[tris(trimet yIS|ony?S|IyI] propyl vinyl carbamate,
pmwkl)squf earbenate. met hgl siloxy)silyl] propyl vinyl
car at e, L ' i . anpd.. i 2 1]
i1 oD PR i o oL b SHRER Rgnoers are
KRBWnle the g€ 288 ndayCloTaNean®ra ddmatesaier éfidesibé - fiha omeomer mixtures

m xtures may_include the siljcs ddi ti
s b ko Speeyts hE 0D o PG dibetndlo 5
I [ i : t. | h
BHEL LR preolis W0 R TARRL WHIFRRAESET 11 (e
i ncl lld&ﬁ% aaser@fssilfiédnkihygrdgelsoﬂermoaommi;itmmldndgdes a crosslinking
nononer bei ng.defi ned ' | ti . .
PORHE (5 SIS BT OIGRer L PG QCBNFR. it PamGiggc psving mulfiple
ﬂ&ﬁoﬁg%%ﬂﬁr gn@{i&laﬁﬂégf‘pﬁﬁée dhe BRjEcteRESo1YMER @e endcapped at both

nerizabl e radic the prepdlyners wll function
asls awith as pbliyniesizablOptdioalalthe prepodiimess ewidh figiction as a crosslinker.

r ossl.i nki ng, non r .be added to the dnitjal .. .
Vit W&%@éﬁ%‘%ﬂ’%‘?‘?t{}% AR it°ng‘% initial monomeric
@Hﬁ&gﬁf S Reffekétiifivedi Yo ANAREZ BidRometsl Vihclodd: habvinylaérezene, allyl

thyl enegl ycol di methacryl ate, tetraethyl eneglycol
wethreeriikate, y| edbydenagbicpkbt Withetheaylpteol t@ﬁrqﬁ%@gg’p@k e dimethacrylate,

SRR S o5y, B Segravs o e oo
Amétirheacd anatiecthlbennetisuphiteeainglcattonste] i Wkemg supplemental
B od ot o Cployed. this menomeric setid may”be Sneluded in the
monomer mixture at 0.1 to 20 weight percent, more preferably at 0.2 to 10 weight
percent.

In the case of intraocular lenses, the monomer mixtures may further include a

" monomer for increasing the refractive index of the resultant copolymer. Examples of
such monomers are aromatic (meth) acrylates, such as phenyl (rheth)acrylate,
phenylethyl (meth)acrylate and benzyl (meth)acrylate.

An organic diluent may be included in the initial monomeric mixture. As used
herein, the term “organic diluent” encompasses organic compounds that are substantially
unreactive with the components in the initial mixture, and are ‘often used to minimize
incompatibility of the monomeric components in this mixture. Representative organic
diluents include: monohydric alcohols, such as C-Cyo monohydric alcohols; diols such

8



nmononmer m xture at 0.1 to 20 wei ght percent, nore
preferably at 0.2 to 10 weight percent. In the case of

WO piosavisss ar | enses, the nononer m xtures nay PCI/UBENS/041540
i nclude a nononer for increasing the refractive index
of the resultant copol yner. Exanples of such nononers
are aromatic (neth) acrylates, such as phenyl
(meth)acrylate, phenylethyl (meth)acrylate and benzyl

af Btiyloha eiydoktmlydn swhgarglysetin] efhers sueliapdicthylong @b@omonoethyl

the jnitial noner.| ] %t . . As '
o3 bR 1 1 S A AS S s o
h&ﬁ@%ﬁgbﬁs sihskahéRl |y unreactive with the conponents

_ |_n|_t|al m xture, and are often used to mnimze
i ncopdoiniingilensendr other hiomsdisal @Vé@ﬁp@ﬁéﬁ‘?fsoqu |jxdures may be

nooupaei e P i " ! A
Fohyere ENEIFE! 8 KRS el GHERH b, suh s v
rBAiSON0 S effslitQuiing UsTredasdiedl plyenaizgtiye of theomoyiaher mixtire in the

as glycerin; ethers such as diethylene glycol . .
maldodfabiphis proesses re kopna fos suFnE 8 MRACRAFICARI{IE kit REpduction of

esters such a t.hyl ..nap te: 1 a 2 Scfati :
SR TSt B T PP APUGRRE, Fou it LSRR cusine
SHRNdaS@sy meihedsBiveRRIdhergitigxthe hemonmy niirtucdiar amdld, endispinning the
nol d, and then subjected to, heat and/or |i

) ht .. . .
meldiiagiceptroliaddnanner Wiile sxnosing She MEBOmFY AT Hglht. Sggtic casting
free.radigal . i on, i i :
SR04 Bl Y ST b v
Waldoaity Cprowiding @ desired ertjiplo dbaptej @and afuring rthe gnoncare epixture by

th bi di cal i ' ' i i
e ool ol Syt ot g, SHOSERLAG e
06 HPRRBES: ]I@hé( LitfRe bild &ﬁ\}g}{’ﬂ?ﬁé}"m&ﬂ@_e@tmhni@ isRgpetite fomd the posterior

I'n~a control 'ed manner | € exposing the nononer
lehssuifaeet &f désiped,. cuBingtof thecmenomerigrmidioresingthe glojdmay be followed

chargi ng.t he nmononmer m xt ure hetween I d.- j - .

Por Mg TEGHBPYARAY 1 ai vl?ra?’ﬁa ot {98, PGP BRES desired

ﬁﬁ‘aﬁp@onf%%&tfbﬂ[ | NhchNehelHRAONRE dds¥tibéde iRYUSXPaeh &oso 3,408,429,
eat and/or light. In the case of contact |enses, on

3t66($15$%dt1 183512245 49R2366, 3,37 E5rath 8,260080, te disglosures of which arc
surfac it he othe SECt ' . .

T A T
{HRRAARY bCrolls ¥t BhteorisNwhith af®thdn itathe bet il 4 desbdd lshiaree, for example,

nachln!ng operation in order to provide a contact |ens
mto atensshapedavtide a desired

One preferred application of the subject prepolymers is hydrogel contact lenses.
For contact lens applications, it is preferred that the hydrogel copolymer, when fully
hydrated, has a water content of at least 20 weight percent, as measured gravimetrically.

Also, in some cases, it is preferred that the hydrogel copolymer has a tensile
modulus no greater than 100 g/mmz. Modulus may be measured with an Instron (Model
4502) instrument according to ASTM D-1708a, where the hydrogel copolymer film
sample is immersed in borate buffered saline. An appropriate size of the film sample is
gauge length 22mm and width 4.75 mm, where the sample further has ends forming a
dogbone shape to accommodate gripping of the sample with clamps of the Instron

instrument, and thickness of 200+50 microns.



final configuration. Such nethods are described in US
Patent Nos. 3,408,429, 3,660,545, 4,113, 224,

wame/p73686, 5,271,875, and 5,260,000, the di sSCPOBUSHE5/041540
of which are incorporated herein by reference.
Addi tionally, the nononmer m xtures may be cast in the
shape of rods or buttons, which are then | athe cut

into a desired shape, f or exanple, into a | ens-shaped
art i cltés prefeereg st dhe bxilregsp icppalyeihasfant gxygen  pyrareability of at least

RleF B ieh Ficte progrtéblvy B et D7 Piibort O fden Bstlnefib Ak reforred to
£0DR) M'H%ferm‘ﬁ’(éﬂrbyf thb'ﬁllmg@r@@duﬁas’r h’ﬂ: &\@igeﬁ peandability @f silicone
at l'east 20 m5| gercent as neas

@rchmqhﬁewm@ﬁury bAI’f ® polarpgsanhic @&ﬂ)@é (ANSI Z8030:1998) @alng an 02

Db WS 358) g RBMATE, 55-8, TSR, 5 e

%_@bé B&ithidihg( zl\/b&ﬁ‘ial ABRB)ar igbRt ¢atiroeiatat éis @nd dhd @ shl@*eﬁﬁiﬁ\zlle insulated
1708a, where t he hydr ogel copolyner film sam %$
frqmthg eqnthaden oMeparpments ase) taleni oly om pgﬁplﬁﬁkfﬁﬁdap ole-free, flat

em%dl;(%gl filrh r?éﬁfggnp Hré‘? i Eﬁlt L:ﬁg&ltjﬂmgﬁ or ) ﬁfﬂ‘ggf&n 150 to

d@lghﬁmn&ihzﬂmﬁtdr ahmkn@mebammmspcpf 1lhg filin Behaplssammiyebe measured
W.th ¢ s_of the Instr instru cknes

0 ReBaUTE Lrloflsctrans Bihetscrigs CIrabraf ety Ui gatpies have the
%ﬁ@gl&fr‘g& CirD@sr aﬁkoxm%fln%éﬁ? apl lididen @fth dhe |fﬁﬁ‘§§angq§19 and probe

rers, nore preferab | east 150 barrers. ge
pamenedbin a byth(@hntning fogculeting phasphddk buffsredesahnén{Rfé‘d emjalhbrated

b LSS U YRR RS Bl . o i
TG (PRSP0 0385 UG AL REROR! Efstrcd 7S,

tiBA)ing aviaigbubbles ab excass PASHexigs betwent rtlm ¢atbodecamldathe film sample,

G0l TR0t oS AR 2 2Lt anode o 2 e canod

P{)r]%r%hs'?)zl?l%cfn%ge RbMASSr Ml? he filRkamplel AR Q{IGHE BY@bgel films, it is

les of three different center t hi cknesses
fraquently vsefointd SMplay & 0floh qrodymser @embeanet bgc khawiwg a circular disk

asu enent of the f sajmpl e asured _usin
e haen 1o prdn pshod BRI Theh Bl ol "R el e Teflon
hegnbidems SRRPpRSed1 dY aht hge-aldandheal cathodi) et @endihsKfilm sample is
Measurenents are taken with the f|In1saane and_pr obe

planet gw the Reflorbmembeasat enswring neiaicbutblesry gxees gxists beneath

uf al | ) 1A br _ .
g} 'I(')e&f P&n?rﬂil}@} & | IE]g Sal% fréo bde&aﬁ%eea% ﬁ%%eﬁtgférp% gol?eﬁ?etdhgnly data with
BESelRadcoettitgerit ivhle (RZ) of 0.97 or higher should be entered into the calculation

of Dk value. At least two Dk measurements per thickness, and meeting R? value, are

obtained. Using known regression analyses, oxygen permeability (Dk) is calculated
from the film samples having at least three different fhicknesses. Any film samples
hydrated with solutions other than PBS are first soaked in purified water and allowed to
equilibrate for at least 24 hours, and then soaked in PHB and allowed to equilibrate for at
least 12 hours. The instruments are regularly cleaned and regularly calibrated using RGP
standards. Upper and lower limits are established by calculating a +/- 8.8% of the
Repository values established by William J. Benjamin, et al., The Oxygen Permeability
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sanple is placed and centered on the cathode

prenoi stened with the equilibrated PBS, ensuring no
W@Reoohoutsks es or excess PBS exists between the PEL/OSNOES/041540

and the filmsanple, and the filmsanple is then

secured to the probe wth a nmounting cap, wth the

cat hode portion of the probe contacti ng only the film

sanpl e. For silicone drogel filns, |sfreguentl

af RefarkndeoMetepiabsy thdfef lérSOpﬂl (LAek %s(ﬁﬁ?’é)néhe disgjosure of which is

havi ng 3 Ci rcul%\ gl §I%< shape, between the probe

ipcorpRFAEd At WS Y anpl e. I n such cases, the Teflon
FARBnleS T1T 3T RRpas@ey Valuksie | pr goet Bigited |catig@elimit

and then the filmsanple is placed on the Tefllon

memuaopsrmedsur i ng no 262 bubbl &s or e¥cess PBS exi s2%

ben@,@dnliboh@(Tefl on nenéZ.dne or filmsaple. Oijce 66
MeasyyfpRRIS ar¢ collegied, only data 8§ th corjrel atilon

oeffTCrent value (RZ) of 0.97 or i gher shoul d be

entered into the cal culation of Dk value. At |least two

Dk neBsurfeliening Beamples clistsate waribuse ptafergedrembaidineents of the

are obtai ned. Using known regression anal yses, oxygen

IB¥SHIOBI | ity (Dk) is calculated fromthe film sanples

Pavhp) 12t 1 east three different thicknesses. Any film

Wﬁ% hydrated with solutions other than PBS are

Piepatativmodfed @-hispirhy droagsibutyl)polydin ethlylsghosane @’[n about 3600)

equi |l ibrate for at |east 24 and then
PHB aFee EIoBRE VEE ehniesq E)T%Il}gtj’f Becteck gquid-got Ld}}agk equipped

gﬁ BQ L Snk-€ 5 egUbraik bral ﬁ@ﬁ%r@%u"t}ﬂ QHﬂrﬁflétMyldwlloxane

rated usi ng RGP standards. Upper and |ower
Siegmatsalfl dimkthoxpdinetiytalant: 129 grams- ofsilsmedfwatm and 14.7 mL of

cregyrcd S S TbaaR s Srd hetted 00 T 4By Methanol

R ﬂﬁh\dlﬁﬂﬁalofﬁ o&&@ﬁ-ho%périlo% "Ther, 299 dhlS&iht@l&ldr ﬁat@f and 279 mL
which is incorporated herein in its enti rety:

¢aﬂc{:1¢1vat¢¢bHSi<am adsled) andghe eendeniamiessflpred férerQOC for 3 hours. The
{ t h
GRS o e S P D RERAT rh CERAC  ot cer

&ﬁp@()o hiedib@ilddowhiag wers sddet adirgbtﬂxetsohﬁloﬁ ~vkas dxmeted meide with 400
round- bottom fl ask_ eq w&ped with one refl ux condens,l

Bl sodivge hiegrhepate sglqglpgﬁ driexyslithgn with istilled water unt Hhe washing
b BT L oA Py ATy g i of et

endg/148g). nEh@fboftomcm'ghmatleybr hya:kr sephtated, added WJtthhethyl ether and

m xture was heat ed t 6 %for our,. M ha
dried with magnesium sul ate ther was then sfrippe er vacuum at room

temperature and the residue was further stripped under vacuum (0.07-mm torr) at 80° C.
The final product was recovered. The molecular weight (Mn) as determined by titration
was 3598.
Example 2
Preparation of o,@-polydimethylsiloxane prepolymer using PDMS of Example 1

A dry 3-neck, 500-mL round-bottom flask was connected to a nitrogen inlet tube
and a reflux condenser. The following were added to the flask all at once: isophorone
diisocyanate  (9.188 g, 41.333 mmol) (IPDI); a,0-bis(4-hydroxybutyl)-
polydimethylsiloxane from Example 1 (114.68 g, 31.873 mmol) (PDMS); dibutyl tin

dilaurate (0.327 g); and 180 mL methylene chloride. The contents were refluxed. After:
11



was then distilled off over a 5-hour period. Then, 279

m distilled water and 279 nL concentrated HO were
w@de7138d t he contents were refl uxed at 1000BCT/082085/041540

hours. The crude product was then separated fromthe

aqueous | ayer. Then, 600 niL diethyl ether and 400 nL

distilled water were added, and the sol ution was

extracted twice with 400 nL sodi um bi car bonat e

overnighit Othe (@thoanPHf Boeyahdte wasi detarnhiimdi tol dedreaset tor2 24 by titration.

e SampnibTge Sosied A 16 AR ATEIT e 1] 30t Pl (F0144 o)
%H? ﬁﬁ&%ﬁ@ﬁgﬁuga%ﬁi@ {2.9p5 gS%%@@t RcholRURed thnt Added and the

I'ed W th magnesi um sul fate. Ether
coasntsheste smrrecpmeainmtrtemtw wouxmwtpeab eh22&hger dtsapleeamddfrom IR

the res r strip unde cuu
spurm af thscprosuctdbp pospR e dcs SHREst s S td pipfa and the
pggcgug‘()Wagfec L gdt126M)) TRSorEEEAM ?Wh@%?eﬂél/yrﬁértﬂaét%'B}(Bbk‘é@ﬁntalnmg of
e 2 Preparation o
RDMASp(mIabmtm)t hyl si | oxane prepol yner using PDMS of
Sé mlté 1 A dry 3-neck, 500-nL round-bottom flask was
d to a nitrogen inlet tube and a refl ux

MBQFﬂiﬁﬁrqf o, %Jlﬁl%ﬂﬂﬂlo%ﬁ@p?%@ﬁnéﬂu&ﬂgPM 6f Bkhmple 1

once: 1sophorione di'i socyanate (9.188 g,
r nm)l’l)‘he( gePBla) pravedurbiod (Bkamplly 23y iﬁ(dtq;we)i, except that the molar ratio of

m)to Eﬁé%f‘ é L{gﬁ’gfn@ eﬁ [ oﬂb? £ ggplgpé‘lygrﬁld' g?‘verg% d’%&%etlcally,

tH!{PfE?B Yﬂe%ﬁ&d@'&ldeké Elhtaidin goﬂ»mmﬁawa)refl uxed.

overni ght, the anmpun i socyanat e was
Eretmepleidned to decrease to 22.0 % by titration. The
contents re cq

Eesph e b e B P e GBE IS S hachpte 1

met h I‘iey Hefal (Podtrebf BanmPid 2 BB LoWel, exdédpe thabéstesholar ratio of
and t ontents were stirred at ambient until

FEMSytarIBDé ipeakestecwdy. t1R.9 2@l Qeeppb/me'édvas rengverRd. Theoretically,

{ duct. th tri d
Rt beh o S Bk TR St Rks T ecover od-
EXdRpR) 5_1'L'|heoret| cally, the prepolyner had 3. bl ocks

contarning of PDMS (x about 3). Exanple 3 Preparation
Copelymepol ydi net hyl si | oxane prepol ynmer using PDVS of

fE)élal o 8(:)Lm-8r€ gg%tfn%t L %re %%&ﬁ%r 'ilﬁxﬁ)lf %ﬁ&\ﬁm% do?nponents, listed in

Tables 1 and 2 at amounts per weight: prepolymers of Examples 2, 3 and 4;

methacryloxypropyl  tris(trimethylsiloxy)silane  (TRIS); =~ N,N-dimethylacrylamide
(DMA); 2-hydroxy ethyl methacrylate (HEMA); N-vinyl pyrrolidone (NVP); and/or
methacryloxyethyl vinylcarbonate (HemaVC). Additionally, each monomer mixture
included: 1,4-bis(2-methacrylamidoethylamino)anthraquinone as a tint (150 ppm);
hexanol as a diluent (10 parts by weight); and Darocur™ UV initiator (Ciba Specialty
Chemical, Ardsley NY) (0.5 wt%).

The monomer mixtures were cast between silane-treated glass plates, and then
cured under UV light for 1 hour. Each monomer mixture was cast between three sets of
glass plates, each set of plates separated by Teflon™ polymer tapes of different
thicknesses, such that three sets of film samples were obtained for each monomer

mixture, with film thicknesses of about 200, 400 and 600 microns. The cured films were
12



PDMS to IPDl is 4:5, respectively. 149.6 g of
prepol yner was recovered. Theoretically, the
w@e@poipser had 4 bl ocks contai ning of PDVS ( XPEDUS1005/041540
4). Exanple 4 Preparation of a,w polydi nethyl sil oxane
prepol yner using PDVS of Exanple 1 The general
procedure of Exanple 2 is followed, except that the
nolar ratio of PDM5S to IPDl is 5:6, respectively
A0 eQiragtaalf mmemoplyopmol vevstighdo et @tﬁd Whéb’ldéﬁttméallnl geionized (DI)

Vg?g%ugr ‘?do l%ﬁrﬁﬁﬁg f(g ‘ghg%g%gﬁﬁﬁ% r%l?;eélo rr%lr g%t lélﬁfered saline or

p%gpﬁl E’igﬁf%ﬂéd XA bhe hyRlrd i flighsC OTRO wﬁrsconkdrﬁtv@d measured
and 2 at "anounts per weight: prepol

ye
gnawﬁx‘awpllygs Mechanieal dests Wg@tqqadlp(yepd)W@;g)huffered sahne accordlng to

ﬁé*\f’l&ﬁ A{Zpﬁeg Ig%sl S gx %}’? Ll%,%&i( %1 ﬁe)rlaleablhtlesf Ir]eiﬂorted in Dk (or barrer)

Rk h@@r’é)&h@dsﬁreﬁ"iﬁ%bspﬂ&evbdifére@smm@ lak GS‘T@; UshgPceepstatelé diims with
met hacry] oxyethyl vinyl carbonate (HenaVC).

thtd idiffererati thigknesaeshandipowied aRP¥e-ur e i ncl uded:

|, 4- bi s(2- et hacryl am doet hyl Qﬂu}'bipi ant hraqui none as a

tint (150 ppn); hexanol as a uent (10 parts by

Wei Egaﬁlpl.ﬂnd Dar osur (fm) 6V ijitizator| (Cgba YpecBal t

%@ﬁﬂl*nﬁErE dstT eyssNY) (065 WP9 . g0he [nongsrer [m xtur eq
LSOy L&L%gu eT_sitane-1reafed gl ass pL. arey, apdl
. t Ager “\vli giltlpi\UI % iIISUI . Ed&l mgmno

_m_xul:[&.\mc cast—petween—three—sefs ass—ptates;
ea(‘hWA of nI HTQ]QS separ iged_mig_u_gﬁg\‘z'? [a) rynrélf
t apeNWP diffeérentd t hickd@sses. dlch t hat- t hrlee st
of fHemasanpl es were bt ad ned| f ord each nononer -

m XEerRVOM th [fi 1o t hi ckiesses of.5about 200, [400-and

600 opivgi@ns. Thejgygred fidas hergthen| exiodact|ed 20i3t h

| bqﬂg I over ngh[ ng)(b 0W°d @2/4 hydr aZﬂ‘g)n N 257
o @@L e RFT [ DOYREU TPl TR eT 307 7 TS

phosphat e buffered saline to give hydrogel filnms. The
wat er content was neasured grapdgredrically. Mechani cal

tests were conducted in borate huffered salin
accdhdimpe t o ASTM®- 17084l di scud2ed abodd. The dygdn
PRrcpighict Ekided, r€&porfed 60n Dk (of bafrer} unjts- werle
MB@gsly R ER 4pTjosphat e [buffered sasi ne| at 6350G, usdng
aCCGDIIﬁQI e TT11{ns mt n 15 10 10 15
DMA 12 12 25 12 15
NVP 10 10 -- 5 10
Hema 5 5 - -- 2
HemaVC 0.5 0.5 -- 0.5 0.5
% Water ND ND 25.9 ND 23.9
Dk (barrer) ND ND 171 ND 159
Modulus (g/mm®) ND ND 85 ND 79

The monomer mixtures prepared in Examples 10, 11 and 13 were cloudy so no
films were cast. As the prepolymer in these examples were less polar, this suggests that

prepolymers of lower polarity are less compatible with hydrophilic monomers. All

hydrogel films were optically clear.
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three different thicknesses, as discussed above. Table

1 The nononer m xtures prepared in Exanples 10, 11 and
waomeress! oudy so no filns were cast. As the PCT/US2005/041540

prepolyner in these exanples were |less polar, this

suggests that prepolyners of |ower polarity are |ess

conpati ble with hydrophilic nononers. Al hydroge

films were optically clear. Having thus_descri bed

var i c'bhmqgr thius rdesctibsdbortions mrefstred reanbodinasiiti @fnthet yengion, those

Elﬁgﬁli g}glt ! g aﬁéftag%\q &h%‘%ﬂ‘gsc hﬁgﬁié%@&{n%y@%ﬁ@ﬁés 8nd changes may

bk ASII8 tiRer¥o tithdut deRaiid ARG fihospitihamdRiopé bf the dnwentips, asfset forth
the invention, as set forth in the follow ng cl ai ns.

lwﬂwdb&mwmgckmmprepolyner represented by the genera

v[,orrrula M*Dii* PS) *Dii*M (1) wherein: each Mis
%ﬁgﬁ%ndently a pol ynerizabl e ethylenically
unsaturated radi cal; each Dii is independently a

di radi cal residue of a diisocyanate; each PSis

i ndependently a diradical residue of a

pol ysi | oxane-di ol or a polysil oxane-di am ne; each * is
i ndependently -NH CO NH, -NH COO or -0OCO NH; and x
is at least 2. 2. The prepolyner of claim1l, wherein
each Dii is independently a diradical residue of an
al i phatic or an aromatic diisocyanate having 6 to 30
carbon atons in the aliphatic or aromatic noiety. 3.
The prepolynmer of claim2, wherein each Dii is a

di radi cal residue of a diisocyanate selected fromthe
group consi sting of isophorone diisocyanate,
hexanet hyl ene- 1, 6- diisocyanat e,

4, 4" -di cycl ohexyl net hane dii socyanate, tol uene

di i socyanate, 4,4'-diphenyl diisocyanate,

4, 4" - di phenyl met hane dii socyanate, pphenyl ene

di i socyanate, 1, 4-phenyl ene 4,4 -di phenyl

di i socyanate, |,3-bis-(4,4"- isocyanto nethyl)

cycl ohexane, and cycl ohexane dii socyanate.
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4. The prepolynmer of claim1, wherein each PS is

i ndependently a diradical residue of a polysil oxane
wo eoesest ed by the formula: RR 1 | AR Si-(PS/USROF041540

I I a RRL wherein: each Ais a hydroxyl or an am no

radi cal ; each Ris independently selected from an

al kyl ene group having 1 to 10 carbon atons wherein the

carbon atons may include ether, urethane or ureido

| i nkaged prapolsmer vepeasentedibythwy general fogaplendent | y

sel ected fromh e | ent hydrogar bon

radi cals or halo %%s@§§gﬁﬁgﬁgd nonoval e hydr ocar bon

twvadietial s wherei n the hydrocarbon radicals have 1 to 20

carbon atons_whi ch may include ether |jnkages

t her egrshMdsn indgpendently apolymssizable ethylemgally, prggbirgtad radigal;
ndepeic 08 L EUrheBRly B i e or PP 1 ©

i ncl uedchg P8t herinddpehdentls . a Gliralival pesifod ywiea pdlysiloatms-diol or a

5,  wherein My of PS ranges from 1000 to 8000. 7. The
BPlyplaReHiagNg| ai m 1, wherein x is at least 3. 8. The

pr epoLyper is‘?xtéc}e@lalgtjtleﬁy?f -NPe ﬁﬂlﬁ-ﬁﬂﬁlcbﬂd-%a i-d;gg)g@gﬂdﬁg@' y

a polyneriza eni cally unsaturate
t he fwiisnatlleast®herein: R is hydrogen or nmethyl; each

R24 | drogen, an al kyl radjcal hayi 1.to 6 carbon,. .
At o2 of N PIERISYR 8 St baphiir Sio W18 indspendeBHy Gy diradica
rddidue df%m dlHhaidby &h emaickiis6RnsRHacRly O BHFarboh Atoms in the
10 carbon atons;

aliphatic or aromatic moiety.

3. The prepolymer of claim 2, wherein each Dii is a diradical residue of a
diisocyanate selected from the group consisting of isophorone diisocyanate,
hexamethylene-1,6- diisocyanate, 4,4’-dicyclohexylmethane diisocyanate, toluene
diisocyanate, 4,4’-diphenyl diisocyanate, 4,4’-diphenylmethane diisocyanate, p-
phenylene diisocyanate, 1,4-phenylene 4,4’-diphenyl diisocyanate, 1,3-bis-(4,4’-
isocyanto methyl) cyclohexane, and cyclohexane diisocyanate.

4, The prepolymer of claim 1, wherein each PS is independently a diradical

residue of a polysiloxane represented by the formula:

T F
A—R—Si—(O—8)—R—A
R R

wherein:

each A is a hydroxyl or an amino radical;

each R is independently selected from an alkylene group having 1 to 10 carbon
atoms wherein the carbon atoms may include ether, urethane or ureido linkages
therebetween; |

each R’ is independently selected from hydrogen, monovalent hydrocarbon
radicals or halogen substituted monovalent hydrocarbon radicals wherein the
hydrocarbon radicals have 1 to 20 carbon atoms which may include ether linkages

therebetween, and
15



R26 is a alkyl radical having 1 to 12 carbon atons; Q

is -CO, -CCO or -COO; Xis -O or -NH; Ar is an
w@e@antisss r adi cal having 6 to 30 carbon at ons; POT/US2005/041540

to6; cisOor 1; dis Oor 1; and eis 0 or 1. 9.

The prepolynmer of claim1l1, wherein: each Mis

2-et hyl enenet hacryl ate; each Dii is the diradical

resi due of isophorone diisocyanate; each PSis a

di r adénftleastidue of a pol ydi met hyl si | oxane- di ol

havi n f S ; ch.f B Se- r -

- OCO Eﬂ—l—MTrhgéa r &&l}%ﬁ%&fyﬁl{%ﬁgﬁh %@ﬁt %gh p%ﬁ?/r?e |e§ﬁg}|a%(g each R’ is

jprdepeicientdy alkyherftuvesalicyl mpHonally incdoging ethegliakggespol ymer

of ¢ conpponer, 11. Theg:éOpOl yner

laim1, and a of
cl ai ng-lgl,héw T of glaip Ao RetF Ml B dargssions K00 8000.
Y dr OpNiThe prép BRI TR blate 1, WG HOPRIY IERE 0f ¢l al m L1,

wher ein ric mxture conprises at |east one
hydr ofhiThepremionerof shdimdt, ehefedn radhhd igimi¢perienidy 8 polygnerizable

of : . unsaturated carpoxylic acids; (meth)acrylic
g{l}gggqqc@ Yélasa&ifefsﬁaﬁl cal &Wlf" #ams; and

(et h)acryl am des. 13. The copol yner of claim 12,
wherei n the nononerfzs ni xture conprises at |east one
hydrophilic npg el ected formthe group consisting
of : nethacrylic afid; (@Gde)y{X)caci(@q (AnNe Ras™—

2- hydr oxyet hyl rn acryl ate; glyceryl nethacryl ate;
N-vi nyl pyrrolidone; nethacryl anm de; and

Ninbkesh: et hyl acryl am de. 14. The copol ymer of claim 11,
wherein the nononeric m xture further conprises a
nmonof Rr213cit8ihtydlavlge1$bhincﬂ1mle-cont ai ni ng nononer. 15. The

? 8?? Lé&}c ' ﬁBF ﬁ%@r&?ﬁ}éﬁ%ﬁ {rg&%ﬁl{%ﬁ%@op g[)omg rclar%orq1 azc(otnlljsr, %r a -CO-Y-
Rod @liichl Whérbinl Bid ©Xyssbt 208-; 16. A hydrogel copol yner
that is, the hydrated pol ynerization product of a

R™ is a divalent alkylene radical having 1 to 10 carbon atoms;

R? is a alkyl radical having 1 to 12 carbon atoms;

Qs -CO-, -OCO- or -COO-;

X is -O- or -NH-;

Ar is an aromatic radical having 6 to 30 carbon atoms;

bisOto6;cisOorl;disOorl;andeisOor 1.

9. The prepolymer of claim 1, wherein:

each M is 2-ethylenemethacrylate;

each Dii is the diradical residue of isophorone diisocyanate;

each PS is a diradical residue of a polydimethylsiloxane-diol having Mn of at
least 2000; and ‘

each * is -NH-COO- or -OCO-NH-.

10. A copolymer that is the polymerization product of a monomeric mixture
comprising a prepolymer of claim 1, and a comonomer.

11. The copolymer of claim 10, wherein the monomeric mixture comprises a

hydrophilic comonomer.
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nmononeric m xture conprising a prepolynmer of claiml,
and a hydrophilic conononer. 17. The hydr ogel

waeopeloyrses of claim 16, having a water contentPOf/USL005/041540
| east 20 wei ght percent. 18. The hydrogel copol yner of
claim 16, having a nodulus no greater than 100 g/ m®.
19. The hydrogel copolyner of claim 18, having an

30 oder SErSrmphisieh of cisti L Deterfigyheghosmsiig geAture omprises at
RELBAD Ul?rﬂxtg}ﬁhfg{c ﬁbn(l)zrgé}s elddQ PR &6 r cc;l;ﬁf‘stigg ﬁ{f?gﬁhsamrated

copol yne aim avi ng an oxy@en- per nea
odrbaxyliceastidi50 (methargic 22ubstietetty dalogiedls;c opinlyy melactads;  and

I% 1?, ving a water content of at |east 20 weight
é@?bghpfmﬁl dul'us no greater than 100 g/m®, and an
oxygems p eﬂ'}fé‘g&ﬁ}biy&ﬁe}f oPlclfb 12 aﬁ{err]%ig Qnd ?rfd'ngfrr%rif Mxtfe 1g:omprises at

bi onmedi cal devi ce conprising a rogel copolynmer o

teiasti ane hy draphilicamonghdrtsalenied fomv theegrouprpensisting of: methacrylic acid;
SRR oy At SRR S R poions
hefifcrylamide; and N,N-dimethylacrylamide.

14. The copolymer of claim 11,. wherein the monomeric mixture further
comprises a monofunctional silicone-containing monomer.

15. The copolymer of claim 14, wherein the monomeric mixture further
comprises methacryloxypropyl tris(trimethylsiloxy)silane.

16. A hydrogel copolymer that is the hydrated polymerization product of a
monomeric mixture comprising a prepolymer of claim 1, and a hydrophilic comonomer.

17. The hydrogel copolymer of claim 16, having a water content of at least 20
weight percent.

18. The hydrogel copolymer of claim 16, having a modulus no greater than 100
g/mm?.

19. The hydrogel copolymer of claim 18, having an oxygen permeability of at
least 100 barrers.

20. The hydrogel copolymer of claim 16, having an oxygen permeability of at
least 100 barrers. |

21. The hydrogel copolymer of claim 20, having an oxygen permeability of at
least 150 barrers.

22. The hydrogel copolymer of claim 16, having a water content of at least 20
weight percent, a modulus no greater than 100 g/mm?, and an oxygen permeability of at
least 150 barrers.

23. A biomedical device comprising a hydrogel copolymer of claim 16.

24. An ophthalmic device comprising a copolymer of claim 16.

25. The ophthalmic device of claim 24,tthat is a contact lens or an intraocular

lens.
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