HYDROGEL COPOLYMERS FOR BI OVEDI CAL DEVI CES Field of
the I nvention The present invention relates to
whymsogele copol yners that are useful for fornmPQI/US2005/044289
bi onedi cal devices, particularly ophthal mc devices
i ncluding contact |enses, intraocular |enses and
ophthal mc inplants. The copol yners have a desirable
conbi-nati on of oxygen perneability, -tensile nodul us,
and water content, especially for soft contact |enses.
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Oxygen permeability is a desirable property. for contact lens materials since the

human cornea will be ‘damaged if it is deprived of oxygen for an extended periéd.
Oxygen permeability is conventionally express'.ed 1n units of barrer, also called Dk. .
Oxygen transmissibility is a property of contact lens materials related to oxygen
- permeability. Oxygen transmissibility is oxygen permeability diVided by lens thickness,
or Dk/t. The contact lens clinical literature has expressed the view that a contact lens
should have a Dk/t of at least 87 barrers/mm in order to be worn 6vernight Without
corneal swelling, especially when the lens is worn continuously for extended periqu of
time. The desire for. contact lens materials with higher oxygen permeabilitiés is
especially important for thicker contact lenses, such as toric contact lenses, in.order to.
maintain an écceptabl'e Dk/t value. |
An advantage of silicone hydrogels over non-silicone hydrogelé is that the

silicone hydrogels typically have higher oxygen permeability due to the inclusion of the’



time. The desire for contact lens materials with
hi gher oxygen perneabilities is especially inportant
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Figure 1 is.a graph of water caontent versus oxygen
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the cornea when worn for extended periods.
SUMMARY OF THE INVENTION

This invention provides hydrogel copolymers that are useful for forming
biomedical devices, particularly ophthalmic devices including contact lenses, intraocular
lenses and ophthalmic implants. The copolymers have a desirable combination of
oxygen permeability, tensile modulus, and water content, especially for soft contact lens
applicatidns. Especially, the hydrogel copolymers have higher oxygen permeability for a
given water content value, and also exhibit desirable tensile modulus. _

In one aspect, the hydrogel copolymer is the hydrated polymerization product of
a monomeric mixture comprising a polysiloxane prepolymer and a hydrophilic
comonomer, the hydrogel copolymer having either: a water content in the range of at
least 20 to no greater than 40 weight percent, and an oxygen permeability greater than
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This invention provides hydrogel copolyners that are
useful for form ng bionedi cal devices, particularly
wo@phthal4md ¢ devi ces including contact | enses, PCT/US2005/044289
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Preferably, the hydrogel copolymers have a modulus no greater than 100 g/mm?,
especially between about 40 and 80 g/mm’. Preferably, the silicon atom content of the
prepolymer is at least 30 weight% of the prepolymer, more preferably at least 32% of the
prepolymer, and most preferably at least 33% of the prepolymer. Preferably, the
prepolymer has a molecular weight (Mn) of at least 10,000, especially at least 15,000,

and more preferably, at least 20,000.



According to various other preferred enbodi nents, the
hydr ogel copolyner is the hydrated pol ynerization
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

X

Figure 2 is a graph of water content (weight percent water) versus oxygen
permeability (barrer). The line in Figure 2 was developed empirically by applicant by
measuring and correlating various prior silicone hydrogel copolymers. As seen in Figure
2, for water contents rangiﬁg from 20 to about 35 weight percent, the line is relatively
linear with a slope approximating minus 6 (—6). In the range of 35 to 40 weight vpercent,
the line begins to plateau. This line graphed in Figure 2 actually correlates well with the
reported water contents and oxygen permeabilities of four commercially available
silicone hydrogel contact lenses, represented by the circled poinfs in Figure 2:
lotrafilcon A (sold under the trademark Focus Night & Day by CIBA Vision
Corporation) having Dk of 140 barrers -and 24% water; lotrafilcon B (sold under the
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This invention further provides a bionedi cal device

conprised of the copolyner, especially an ophthalmc
waswsom4zuch as a contact |ens or an intraocul BCT/US085/044289
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Bausch & Lonb | ncohpdtatied(OhaM)mRBK of 9 1 and 36%
wat er; and gal yfil con A'(sol d Lider the trademark
Acuvue Advance by Johnson & Johnson Vi @n Care, Inc.)

havi ng Dk of 60 rers and 47 %water. The points on
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Ly ) ol ORI S B ASTRURE nd Li o o
apwhs vererant uhoncapb@dulmmfofmeaf 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 4

ais at least 1.

Preferred R fadicals are alkylene optionally substituted with ether radicals.
Preferred R’ radicals include: alkyl groups, phenyl groups, fluoro-substituted alkyl
groups and alkenyl groups, optionally substituted ethér groups. Especially preferred R’

radicals include: alkyl, such as methyl; or fluoroalkyl optionally including ether linkages,
such as -CH,-CH;-CH;,-O-CH,-(CF;),-H where z is 1 to 6.



nmononeric m xture conprising a polysiloxane prepol yner

and a hydrophilic conononer. The pol ysil oxane

w@reeotiymeer s i ncl ude pol ysil oxane-cont ai ni ng SEf/US2005/044289
segnents. These segnents are preferably derived from

pol ysi | oxanes endcapped with hydroxyl or am no

radi cal s and represented by the folloewi ng fornula .
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t he "hydrocarbon radicals have 1 to 20 carbon atons :
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Js.at least 1. Pref R radj cal s. | .
o TR IR 0 SO OE SRR 190her il ZaPLt sFbymsgand most
PrefefaBfli ka5t BNGLBEYs &t thY brepbBMRS., SIMREANlonDEHIRS is defined as the
fluoro-substituted al kyl groups and al ken roups,

| g .
total weight pisikepnsatoms; iretye @rqp@}ylmrd@ppéotallzg?iegﬁ of|the/prepolymer, times
IQ)rOe/f erred R radicals include: alkyl, such as nethyl;
of ‘t1uoroal kyl optionally including ether I|inkages, ' .
such He prepblyfidds &d2erddchiped ( £&ERZ0H -dndyvvette a Zpdlemdridable ethylenic
6. Preferably, a is.about 10 to abouyt 100, .nore
ynsapetesh radicabo uPreferred, temymal  BYfYMeHzAb, radicads arg gatssented by
fBﬁHlﬁh%IQl@)o to 8000, nore preferably 2000 to 6000.

Ro3 .
=
R24W/k(CH2)C(X)c_ Qg (Ane~Res—
 Rea .

M)
wherein:

Rj3 is hydrogen or methyl;

each Ry4 is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-
Ryg radical wherein Y is -O-, -S- or -NH-; |

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

Ry isa alkyl radical having 1 to 12 carbon atbms;

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

X denotes -O- or -NH-; v

Ar denotes an aromatic radical having 6 to 30 carbon atoms; b is 0 to 6; ¢ is 0 or
I;disOor1;andeis O or 1.

Suitable endcapping precursors, for forming the M radicals, include: hydroxy-
terminated (meth)acrylates, such as 2-hydroxyethylmethacrylate, 2-hydroxyethylacrylate,
and 3-hydroxypropylmethacrylate; and amino-terminated (meth)acrylates, such as t-
butylaminoethylmethacrylate and aminoethylmethacrylate; and (meth)acrylic acid. (As

used herein, the term “(meth)” denotes an optional methyl substituent. Thus, terms such
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Various pol ysil oxane-diols and pol ysi | oxane-di am nes
are commercially available. Additionally,

worepresent ati ve synt heses of pol ysil oxanes ar @Cprseodod4289

in the Exanples. It is preferred that the silicon atom
content of the prepolyner is at |east 30 wei ght % of

t he prepol ymer nore preferably at | east 32 wei ght %
of the pre and nost preferably at | east
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e endca preéecursors

I:é}ﬁpd\dnﬂﬁldhﬁadrs,polly’iﬁérlﬂdble lbwdxree)ﬁ‘ﬁﬂleﬁlnpcb’l@medzatlon as well as higher
(rreth acryl ates, such as c){droxyet h){l met hacryl at e, ‘
bwghhyq)rggql&n dg @lso rgﬁqge to as “prepolymers”, macromonomers and

%}é&%{(ﬂ [e%}.“?r POV LI S)B'@(ﬁg gtlgéisgla??:}g n?drﬂr yﬁ% Hd#e8dn the monomer

)acryl ates, nmet hacryl ate
anictugrat ﬁoef)ﬁ]y\tergﬁ parcent pm&:abiy] ao (QT%Q W):gbt p&rcemtam d.
(As u ed herein, the term"(neth denot

et hy ! sISBNt PRGAHETOPHTS COMBRRRS 8 he fifcd Wil P °p&lysitoxane
plepBlyhea et WeahRia }m@tﬁﬁ‘l@hﬁﬁc %1&&% RepRa&inthal B dsphilic comonomers

acryl ate, and "( h)acrylic acid"
include: unsaturated carboxylic acids, such as methacrylic and acrylic acids;
(meth)acrylic  substituted alcohols, such '~ as 2-hydroxyethylmethacrylate, 2-
hydroxyethylacrylate and glyceryl methacrylate; vihyl lactams, such .as N-vinyl
pyrrolidone; and  (meth)acrylamides, such as methacrylamide and N,N-
dimethylacrylamide. A hydrogel is a crosslinked polymeric system that can absorb and
retain water in an equilibrium state. At least one hydrophilic monomer is included in the
monomer mixture at 20 to 60 weight percent, preferably 25 to 50 weight percent.

According to various preferred embodiments, the initial monomeric mixture
comprises at least one (meth)acrylic substituted alcohol, such as at least one of 2-
hydroxyethylmethacrylate and glyceryl methacrylate, preferably in an amount of at least
1 weilght percent of the monomeric mixture, more preferably in an amount of 2 to 10
weight pefcent. Preferably, the monomeric mixture further includes at least one vinyl
lactam, such as N-vinyl pyrrolidone and/or at least one (meth)acrylamides, such as N,N-
dimethylacrylamide. |

Another class of lens-forming or devicé-forming monomers is silicone-containing
monomers. In other words, another silicone-containing comonomer, in addi_tion to the

7



denotes either nethacrylic acid or acrylic acid.)

Preferably, the prepolyner has a nol ecul ar wei ght (Vh)
woofooae7ikmast 10, 000, nore preferably at | east PLE/@K2005/044289

and nost preferably at |east 20,000. The copol yners of

this invention are fornmed by copol ynerizing the

pol ysi | oxane prepol yners with one or nore conononers.

Si nce the prePonners are endcapped with polynerlzable
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conpounds also referred to as- g epgl yners”,
"macronononers", and rel at eRtepirs R For copol yners,

t he subj ect prepolyners are |ncbuded n the nononer
mxture at 5 to 95 wei ght percent, preferably 20 to 70
wei ght percent At IeasL&GH@%hyS%oﬁh%S%tﬂﬁonDnoner is
conbined with thd po I | oxane prepol yper in the
initial nononeri @3m xture. Repreg¢sentative hydrophilic
conononers include: unsatur @edSgamBoxylic acids, such
as methacrylic and acrylic acidg, (meth)acrylic
substituted al cohols, such as

(VD
2- hydroxyethylnethacrylate 2- hydroxyet hyl acryl ate
and gX;ﬂ@e@tyd; G@Oha@@N&“t e*OC\XDﬁy,IOfI @Qéﬁ&b @me@b where R* is H

?felPWS ?Q?%ﬁ é; gn% and tlﬁy tﬁgfﬂ?{% lfﬁ a%\d ﬁa %h%ﬁlgfiependently

- demofes @St hIklkEdr Bﬂbgéfﬁfddcallsyd&h@lﬁhﬁ Bé}iheﬂ)&r}a@bﬂwrth fdecal of the
retain water I n an eqU|I|br|un1state | east one

Blgphi | i ¢ monomer i's included in the nononer m xture
at 20 to 60 wei ght percent, Eﬁ&gﬁerably 25 to 50 wei ght
percent. Accordlng to various p ‘ef erred enmbodi nents,
Wh:ﬁennmath R isroxdepeErdentlymh dawerallgd mpdica e agtheh@asadicalneSuch bulky
neth%acr

BAROTEES ?-pgcﬂbﬁerl )L(Ii}é dﬁl%lll'll%?’g ﬁ%ﬁv?&{ogyiﬁ%@gﬁfp&}gfﬁﬂox%mlane (TRIS),
ﬁ@?&d?l?é%ﬁ))dh@ﬂ@xan?f ef ﬁ%ﬁl@lrﬁeth&rﬂﬁteamWtri‘ﬂiet@lsﬂo@@?t ilnethacryloxy

Wwel ght per Cent of the mononeric m xt ure, nore
popyleilank] v i nmethyidifitmethylsilpxymetimeryloxymethyl silane, 3-

[tris(trimethylsiloxy)silyl] propyl vinyl carbamate, and 3-[tris(trimethylsiloxy)silyl]
propyl vinyl carbonate.

Various difunctional and multifunctional silicone-containing monomers are
known in the art and may be used as a comonomer if desired.

The monomer mixtures may include the silicone comonomer, in addition to the
subject prepolymers, at 0 to 50 weight percent, preferably 5 to 30 weight percent when
present. |

For silicone hydrogels, the monomer mixture includes a crosslinking monomer (a
crosslinking monomer being defined as a monomer having multiple polymerizable
functionalities). Since the subject prepolymers are eﬁdcapped at both ends with a

polymerizable radical, the prepolymers will function as a crosslinker. Optionally, a
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wei ght percent. Preferably, the nononeric m xture

further includes at |east one vinyl |actam such as
WONoaa/aTyd79pyr r ol i done and/ or at | east one PCT/US2005/044289

(et h) acryl am des, such as N Ndi net hyl acryl am de.

Anot her class of |ens-formng or device-formng

nmononers i s silicone-containing nononers. |In other

wor ds, another silicone-containing conmononer, in

am;bildmmtal tayogshielpog ysdnomxeameay be pdklgdm;q thqraytlaj gnonomeric mixture.

R Eetive { cforTink Mgo afofRrsy ey naindlihecsis ally] ethacrylate,
Bih ?réﬁéglwg&ﬁlenﬁbmbl {eltxhé/thy@i‘@glfddiltcﬂbkﬂlaéﬂyﬁﬁ@ Bdlyethyleneglycol
i cone cont ai ni a mononers i ncl ude known | Ky

dmﬂﬁlﬂamd@fﬁo nehylpsl plex Aativativiey | ofrothe nehsol e@ﬂ@ﬁ@ﬁtyéaies and
by .F v d
R B e CShER A TPl TR oty ceom

allshdlyed, RBis demohesic yutkdriag ety e indtided in the mendmdranik@ire at 0.1 to 20

and each R2 |ndependent3¥ denotes a | ower al kyl or
wslg@gaﬁa%dnaxewﬁfefabbi )2 togl Giweigbt peregdt-cal or -a

radi cgl ¢ Q%f f IIQHBE{J@ 'l%l %sREZﬁésrrm et Hm@tﬁﬁeg rﬁ%@ lffther include a

|ndepen ower al radlca or
nexbmar forSumhasbmg klge nﬁaamr mdepet ilei E&ﬂllta]lt lcnpxil)mder. Examples of

ﬁw;ﬁal O)%Ipér%p% Ll S%x@{:q};llge ?Fé{#f%:ﬁ’lr %Xg% Sélsl ap een)ngFflmSelH)acrylate, '
bﬁén%(etﬂﬁ 12(&. 15%)/1}1 bgﬁ%y‘l‘@ﬁéﬂﬂ Rl 0Py Si | ane,

met Ayl y si | oxy)net hacryl oxynet hyl silane, 3-
[tri s(Ammrgguhylllgemtou@y) b lrqudeémrmﬁw mmahymon@mebarmmélre As used

tris(trinet on Si |

BRI i B VA BE TR SRR el b g subsanciaty
Shich@pPRewRl McatdthpeheBrianBE $mﬁalemimmmamd1 aflehsftear dise@n6 minimize
may be used as a conmononer if desired. The nononer

ifcrpprdilitrag! the dneRANAricecosRaNERAdn CRiFEMBIET., Representative organic
aﬁl‘i{éntté %lutdg @%ﬁol@)ﬂpﬂc %?JohB%O&%VMZSClO%org 91 Vﬁp a%h&gt diols such -

percent, prefera wel ercent
m eﬁhyl&he gheol; $)blylotsmmeh hy dlyo e, Se,thdrsh aldhmsaimhylame(glymi monoethyl

i ncl udes a crp ssllngap omer (a crosslinki
B NEOT5S1 S s MR LY KRS e e i) heptanoate; and
BOABERDOEARLR as toluene.

In forming lenses or other biomedical devices, the monomeric mixtures may be
charged to a mold, and then subjected to heat and/or light radiation, such as UV
radiation, to effect curing, or free radical polymerization,‘of the monomer mixture in the
mold. Various processes are known for curing a monomeric mixture in the production of
contact lenses or other biomedical devices, including' spincasting and static casting.
Spincasting methods involve charging the monomer mixture to a mold, and spinning the
mold in a controlled manner while exposing the monomer mixture to light. Static casting
methods involve charging the monomer mixture between two mold sections forming a
mold cavity providing a desired article shape, and curing the monomer mixture by
exposure to heat and/or light. In the case of contact lenses, one mold section is shaped to
form the anterior lens surface and the other mold section is shaped to form the posterior
lens surface. If desired, curing of the monomeric mixture in the mold may be followed
by a machining operation in order to provide a contact lens or article having a desired .
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functionalities). Since the subject prepolyners are

endcapped at both ends with a pol ynerizabl e radical,
wotdoes/qepol yners will function as a crossl i nkeCT/US2005/044289

Optionally, asupplenmental crosslinking nononmer may be

added to the initial nmononeric m xture. Representative

crosslinki ng nononers include: divinylbenzene, allyl

net hacryl ate, ethyl enegl ycol dinethacryl ate,

fimalr a@mggaraemg| yash dietherh aare ydescrbedn o yidB hatentedlogc 31408,429,

SPOSt Mot B be ST R tnd ey P B0y R gRbIobIE of which are

mwﬂpbfa@édomalheoy MWieBnee. sap@tienant de ﬁbﬂ@rﬁéﬂ mkmm@s age e cast in
IS enpl%eg this nononeric material may be_ included .
3]

the shepe srer byifoosuwkicharethen dhooutigioghdesyied skape, for example,
lrr%gle%r %ﬂaﬁ{eﬁk&wcl?at 0.2 to 10 weight percent. In the

raocu | enses, the nonomer nixtures may
furt hvanmrsc |pulj/ell@(aﬂ6n1§rﬂp(ﬁlyﬁlefs smcsbagonghis hmvention will now be
refractive index of the resultant copol yner. Exanples
ggscdbrdn ononers are aromatic (meth) acryl ates, such
as phangl ¢ 6 QLA &% RbhnpfiBR! Hbaer A (1) and |
and bg‘nzyS I(E ﬁ?agrly ep?%)%gam [ dll [ uent n@ ( ) and is
tenninatsbeldat r:zn:htdnd withi dn ahylemnn mnmtmratethradmaie As used
herein, c dilu enconpasses organic
corrpounds &Ié{ ﬂ;{]?lé‘ antl al W unreactive with the
conmponent s ﬂml*ipls% [ n|t| al mxtgpe, and are often used
to mnimze inconpatibility of the nmononeric
wbnlpnhents inthis mxture. Representative organic
di | uent ncl.u ohy 0 .C-a 0
ronongia st Sser MGl £ e SBUCSs e el O
pol yobshPiehisasdepbideatly 8 diradioslresidwecdt aadioth@iﬂgyl ®nd carbon
gl ycol nonoet hyl ether; ketones such as nethyl ethyl
gletShe; esters such as nethyl heptanoate; and
hydr o St QLHEREal rbAddeWrH Ry dIBRARS dR or -di
ot herg%l orregl cap&ﬁvtl%gg% Eae rrmnoemer|ﬂr})q’ym xt ures m?1§/ lamine;
be chaa"ogétisurmegendehﬂiy -NHdC O -, SNHF@00Oe dr t@C@é‘&H

and/ or d| ation, S t i 0

ef f eck r?HE eﬂﬁt %?unf“l’eéé’fpg’ﬁk%gf "ﬁt"i\/ﬁh%??t afin, of t he
rmnomeﬂ}wewtﬁe b @ BRIcKs (IMaht @i [pdspeesses are
known™ for curing a nononeric mxture in the production

of comhisclass efiprepolpmerstindndasitbesederrasentpeihydbe general formulae:
i ncl udi ng LACA § alk ,tl ng. Spi ncast
o SB DEBI S AR bR bSurd 5

met hods in tthe no m xture to a
mol d, and BAEDLFDHItDE*PS)(*Dii*PS),*Dii* Diol*Dii*M aIav)

wherein Dii, Diol, PS, *, x and y are as defined above, and M is a polymerizable

ethylenically unsaturated radical.

Generally, the blocks of formula (I) may be characterized as composed of strong
hard segments (represented by *Dii*Diol*Dii*) and soﬁ segments (represented by PS).
Generally, the blocks of formula (IT) may be characterized as composed of weaker hard
segments (represented by *Dii*) and soft segments (represented by PS). The distribution
of these weaker and strong hard blocks (I) and (II) rhay be random or alternate, where x
and y represent the total number of blocks of respective structures in the prepolymer;
stated differently, it is not necessai‘-y in formulae (III) and (IV) that all blocks of formula
(D) are directly linked to each other. The distribution of these blocks may be controlled
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nold in a controll ed manner whil e exposing the nononer
m xture to light. Static casting nethods involve
wockhed@ii4rg t he nononer m xture between two nol ®#CTAS2005084289
formng a nold cavity providing a desired article
shape, and curing the nonomer m xture by exposure to
heat and/or light. In the case of contact |enses, one
mol d section is shaped to formthe anterior |ens
byrthesequenee toif eadditivar Ofwﬁledpglefélim@ne,u diisopyqarets el Shernchain diol

t he rior,lens esired, curing of the
‘rﬂ%ﬁ%‘ﬁ%‘? ur},ﬂg)}%prep ar%{" %t%e moPd PR pn—g' Pe f oI | oned by a

machi The rdpp%&trg Qmude ;Qil)ds@lbxérfé dmmvmﬁg séft seghatt, represented by
or artic avi ng a desi redfinal configuration. Such.

Retin 6@@‘&?%@1&1&{ {[Heand (Vs Mareapartigyarly, shia pglysfigranc-containing

%‘23 §4cg:rlv§% }roé'n fsol'oxéne%%z?ga%ﬁcd %ﬁ}éd?&gl ofiMlino r%dlcals such

sures o Irch a or por at e
htepcﬂysalolxmld eparen (rqares%dd:dtbly(fnaiuily (PS fle nononer.

o Bt Svbiac el P BV7GaRhu LE%8aGhe THUROR peteabl

Wb o abdik @oaﬁhsmn §HPP efhoas bl B00 Y8 BOGY $Snore preferably 2000 to
pol ysi | oxane prepol yners SU|tabIe for this invention

@00. now be described. A first class of polysiloxane

P eSS O B 2 e b of o i,
fe%@és@ﬁk:d bl ol TPFintfdei (HPENT)and ! VY. * Peiféri2d) Bid{ rddicals mclude the

wherein: each Dii is independently a diradical residu

diradicaliresidueyafraatatkyl shielha Ewipalk)sl 4%@1@@%&%1% kgyl diol, an aryl diol
|
GBS Byt AN )8 lechNO9 gy P LB, g, i o

ampe! Vigikhgesana- thié Oinaﬁf ehdiram nléeprmn’(atﬂ‘/el diols include 2,2-(4,4’-
i ndependent |

Ay foxydiphen rcma%er <la$phsn‘§'c‘k)s (e ampqogylaﬁ? eadicyglohexanol,
@fﬂgx alel %83&8 & B}é Eol QI pX @43Kﬁdlﬁwr})x%ﬁhéﬁl)ﬁéntane 1,1°-

['east 1. Thi's ss of prepol ymers i ncl udes” t
(e’ F@hjﬁdlbsyﬁlplyemybqa gmmprqplyl benzrne, dle3-cyclohexane diol, 1,4-cyclohexane

diol, 1-4-cyclohexane dimethanol, neopentyl glycol, 1,4-butanediol, 1,3-propanediol,

1,5-pentanediol, ethylene glycol, diethylene glycol and triethylene glycol. Especially
preferred are alkylene and etherified alkylene diol's>having 1 to 10 carbon atoms.

The aforementioned polysiloxane-containing segments and diol residue segments
are linked via diisocyanates that react wifh hydroxyl-. or amino-functionality of the
polysiloxane-containing segments and diols. Generally, any diisocyanatc' may be
employed. These diisocyanates may be aliphatic or aromatic, and include alkyl, alkyl
cycloalkyl, cycloalkyl, alkyl aromatic and aromatic diisocyanates preferably having 6 to
30 carbon-atoms in the aliphatic or aromatic moiety. Specific examples include
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.

Generally, higher x values results in prepolymers have a higher number of polar
urethane/urea linkages, and polarity of the prepolymer is important to ensure.

11



M*Dii*Diol*Dii*PS) x(*Dii*PS)y*Dii*M (II11) or
M*Dii*Diol*Dii*PS) x(*Dii*PS)y*Dii*Diol*Dii*M(1V)

woed/@itar9Di i, Diol, PS, *, x and y are as def ipeadiS2005/044289
above, and Mis a polynerizable ethylenically
unsaturated radical. Cenerally, the blocks of formula
(1) may be characteri zed as conposed of strong hard
segment

. *Dii*Diol*Dii* f )
g@@?@émlitwgﬁ ki Wflneéeﬁé?e&f:‘liay; Biibeb PotHluesfeslts in
&gggzbﬁrs( With a'ﬁ?@hep?ereéfﬁééécéf%flicéﬁ dreﬁﬂtlﬁ%{'ff’lg?ﬁé} olegen permeablhty

hard segnents (represented
Hegweeer the(ratip rod seartdey Sbo)ul@$)3 bailameedjl étcccprldmglmnh@fatlo of x toy is

R At anicer O rrat o 2 AU L BRGe preaffaatised (7B

t ot al TR rﬂaafolﬁﬁerbla@@léﬁd@ﬁ)péceap%ﬂﬂ ¥iRdsSivitH o ybgﬁlelnaama Q:thylemc
prepol ynmer; stated differently, it is not necessary

hsohustad redieal) repveseuies)oyt Nain Sommibteods a0 (%) mitesrqseytative M
?%ﬁcaﬁ ?&% é’se}lgegllgg%&nqﬂe other. The distribution of

control’l edby the sequence of

addi t Aotrrsofeptefsamt@meymdtmemﬁemd'fdrsfomylag alieprepelysiayis as follows.
chai n diol 1ngredients durlng the preparation of the
B]rrgp@ yqp@yanaﬁehxé r?ﬁcg'gdzy%g Ljafa mplar ratio of 2:1, respectively.

lysil t & i
pol ysi 0Xa§>€g‘(‘?\?'li);ﬂ Nla ’y m%?&r@g S> V;ﬁ@b?ﬁﬁﬂ BfbI9Wii-NCO

PS in formul
pratitis scheare] ¥, designstepaltyeihhrm(alde:ab eNHe(E(aOﬂg:r s@@@eNH—: sﬁenerally,

ﬂ]-ﬁr llf?\é&(}joél];l% géln} O’lteéalé hl%)éggsgg?es 4 (&%ﬂ}[]sg %lgg ﬂ%g{y? tl}{ dllaurate and in

E%va%ﬁle @ﬁ&ﬁasbmet@uéﬂél A4S, hnd Bh&SraeAlt YThed, hMifs6éyaHA and the
(I'11) and (1V) is about 10" to about 100, nore

p@léslé(rxam-yhoébmﬂddgg with givoxatio®d. tOWh@ISVquajfateP$X1’)§)rigepsﬂysﬂoxane-
{0? g]ﬁl%g% lglog(g?eflerafl E ef g&??l > %O? ° 6000. The

seg repoly I ncI ude the
resi du@@lﬁ Bii-imibl- *mapNemenfe qe+py) HICDPSJOHH);/ DENDII-NCO >

1)y, (111 d (I P Do | | ud
t(h)e di(radi)cgln bQ\QJ‘@""E}S‘OE{D@W(*]ail*éﬁ’s)ly*jib'&rdcg;I Eyle

g.’r%/ly,a‘rag? @a@qct GY Ched ngé’d V\q{ho lthe ?Elgﬂfeyikalﬁé A én\;\ﬁ‘lghunsaturated

havi ng n atons a
mlycatont ai n ether, thio or am ne l'i nkages i n the main

O e EAE R Ep B R AR Ry ™ Tom
4,4' -iso-propyl wwnﬁ*gi&miimxamhm) *Dii*M

A second representative reaction scheme for fonﬁing the prepolymers of formula
M, D), (III) and/or (IV) is as follows. First, a diisocyanate is reacted with the
polysiloxane-diol at a molar ratio shown below, where (1+1/m) preferably ranges from
1.05 to 1.9, most preferably from 1.2 to 1.5.

(m+1) OCN-Dii-NCO + m HO-PS-OH -2 OCN-(Dii*PS)n*Dii-NCO
In this scheme, * again designates a urethane radical -NH-COO- or -OCO-NH-.
Generally; this reaction is conducted in the presence of a catalyst, such as dibutyll tin
dilaurate and in a solvent, such as methylene chloride, and under reflux. Then, the diol is
added, with the molar ratio selected based on the desired ratio of strong and weak hard
‘segments, with reflux continued, where z1/22 is equal to or lower than 2 but higher than
1.
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et hoxyl ated and propoxyl ated bi sphenol -
2,2-(4, 4" -di hydroxydi phenyl ) pentane, 1,1'-
wWO(240610714i9hy dr oxydi phenyl ) - p-di i sopropyl benzemr€T/US2005/044289
1, 3-cycl ohexane diol, 1,4-cyclohexane diol,
1- 4- cycl ohexane di net hanol, neopentyl glycol,
1, 4- but anedi ol , 1, 3-propanediol, 1,5-pentanediol,

oL e SLVBRAY o S B i 3

etherified al kyb@mﬂu@la*bgypg}g{*bu&ps)leDﬁgpj@@n at ons.

The af orenenti oned pol ysil oxane- cont ai n i ng segnents

Bimdllgli this pesiudués sedpapped vathe thei pddgoherizablel iethydenjeatlat wasaturated

Eﬁet react with hydroxyl- or am no-functionality of
bolysiloxane cont ai ni ng segnments and di ol s.

Gener al |y, o@Dl DS €EDARRS o(* DRy PR * BN OYed. 2THesH >
di i socyanates nay be ali hatlc or "aromatic, and

|nclude aIkyI (KDii*Ripd 11y Iﬁyﬂ*Déyﬁ$k%W%VM? al kyl
arona %vg 240 1tohcscge eape%%&? h Bf % N Q‘R ii]?s%&'zﬂﬂtes yields

6 to car on a rrsln IC Or aronma

oRtiehy radeae (INIE-GO@NDPE e@COnNHu)d eAltspticalpne reaction of diamines
di i socyanat e, hexanet hyl ene-1, 6- diisocyana

with' dna@weqe@ Heokid wekdﬁa??eraérqaksdclﬁr%@é‘m oIQIEWémethOdS for forming
gfelzttfaﬂgy&nﬁxtegl %E%uﬁersdé hen Itﬁ@%a%geny presentative syntheses are

hen ane ||socyanate [ene
dhmsme&ammEQXmmpksphenylene 4, 4' - di phenyl

di i socyanat e, 4 anto ne

o Soaanet ook poBl Tplita o g%%ﬁ%l“‘é“‘é?% sh fogmula:
hi gher x val uespjepukps),) *Dipipol ymers hawe a hi gher
nunber of pol ar ur et hane/ ur ea | i nkages, and polarity

vherefre prepolyner is inmportant to ensureconpatlblllty
W th .d Rononer s ner KTV : &
val ueiBY gg’ul ?'nsd I?Inhab“ri(tepoﬁaglr?er?%an\l/{/llg?ﬁs %%I gher pe&cﬁéﬁt Qi PS

Blockd bff foftfiula (B Syt behatadtchizghay compogetofrelativelh Ivi'dak)hard
However, the ratio_of x and y shoul d be bal ance

mg@aﬁpéﬁ (rpropenier by &Yy apd sqft %%Wn154re§f%F@ﬁ%By ;?Sbt In formula (V),
tleeg ﬁvc{ Imo‘? r&erX%b%%@letltfﬁ@ét 0.6:1), nore

pre era ast he prepol yners are
endc a[Apm;breBEntbmm reantden selidmeafqyafoymingi thadbtlesebh pt@nlymers is as

filioms Eit Aidfocvagi issERat b o b e GpE 2
repr esent eghy FaNDH-ROOM J n HOPSIGH  F2 POEREiAPISYe* Dii-NCO

reaction schene for form ng the prepolyners is as
f ol | ol thij sobcme,a*dd¢m}0@natl§ethgner catiead - NAHUOG- @ of0OCO-NH-.

%teQerﬁ@) llj%gl rez'élit_tlloo gfc‘&gﬁ&c‘[ﬁe &%Ct Lﬁve%l: Xcagl%%’[,%ulch mmutyl tin
dilaurate and in a solvent, such as methylene chlorlde, and under reflux.

Finally, this product is endcapped with the polymerizable ethylenically
unsaturated radical. |

OCN-(Dii*PS)x*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-
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In this schenme, * designates a urethane radical
-NHCOO or -OCO-NH: GCenerally, this reaction is
woooswdhred7@d in the presence of a catal yst, suclrCagiS2005/044289
di butyl tin dilaurate and in a solvent, such as
nmet hyl ene chl ori de, and under reflux. Then, a
di i socyanate and the polysil oxane- di ol are added, with
of tot

Eg?evr oS8 AR %}éefPh o aagrgg{ﬁ +¥ﬁ)@cg>:fp@’p%{p jage knowan in the art,
3 reﬁre@éntaﬁ‘v?sygtheyes%ré)llﬁlsﬁ‘atm}{' s ExamB‘eS’l -Dii - NCO +

(x+y-1

QCN- ( deﬁi‘gn@ll p@sulbm)e oo(ltalimng p@pol)yhmrs arpi@résientgt by the formulae:

et hy! oni call Pl ESoTARE0- Thitksi-RE! Y TRV 22! €
CON D1 1 * D1 S+ i DR DFPATPDiol DA OV 2 M CH - >

*Dii*Diol *Dii *PS) x(*Di1*PS)y*Dii *M A second
iartSaDiole* ﬁ@@ iij hawe herrems meanings gprpbayet heformulae (V1) and

fi \ NElest Bh f &W&l {ﬂ%e 1% !) meg Ark)cor’ﬁ 94 Q'of hlt thfg strong
UARS f e Bhe  PERAG, hisde pi Pt pliepad

1 SOC e IS reac
naﬂdxssfgﬂnémg nepltés@hecﬂty EDiirtIbial* Dlat) iagd Sdit‘OW”gn’(t&tﬂMprd%ﬁt"eé by PS).
é_1+1/ preferably rang esfroml 05 t ? L
Peedrenalymens giay e prengred by methnds genery! lmklnome@ ﬁherﬁrt including

S zﬁp ﬁelg;geth%\hlgabéedp§bsng 634 4(5‘1(@ } B di Eltﬁe §1‘ftﬂ@ IE!i?svclosure of which

I gnates a uretharie ra
is0atdrpbtatedGerem by keferends. s reaction i s conduct ed in the

P RoE gtk hread S b hrBhiB sl R oS Fikages
BBR\REN h§1fd| sE¥ment D8RI sdth\RgflleRls, it s REfAdd thak Hi2 W&?ht'”f@t'l@bf soft
ro

rati o sel ected based on the desired ratio of s
acminendsalie hard segmegivanatdeasid 1l rand el gusaterdhan Hibdnd éqrée cases,

zI/22 | or Io £ 2 but higher than 1.zl
atfe%%?,)lrr@d’ﬁ% hah 351, &, B0 o

(IIN- Dthé By @lopEY dopBIShiet, Whéri* fafly iy DidtedNGa3 riwaddr|cyntehidfSat least 20
product is endcapped wth the polynerizable
. é‘teiﬁhlt ePfiredtt] s umeasurada eeayimgigically.”  Espeically preferred are hydrogel

%}h%érs lB'aQiIn* ivhatErbtifenthe at E’e%)syfgvéi'gm&"en% MOH -

Also, it is preferred that the hydrogel copolymer has a tensile modulus no greater
than 100 g/mm?, more preferably a modulus between about 40 and 80 g/mm®. 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 22 mm and width 4.75 m‘m, where
the sample further has ends forming a dogbone shape to accommodate gripping of the
sample with clamps of the Instron instrument, and a thickness of 200+50 microns.

It is preferred that the hydrogel copolymer has an oxygen permeability of at least
100 barrers, more preferably at least 140 barrers, most preferably at least 150 barrers.
Copolymers having an oxygen permeability of at least 180 barrers, and even at least 200
barrers, are provided by this invention.

The preferred combinations of water content and oxygen permeability may also
'be described as either (i) a water content in the range of at least 20 to no greater than 40
weight percent, and an oxygen permeability greater than (320-6x) barrers, where x has a .

{
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M*Dii*Diol*Dii *PS)x(*Dii *PS)y*Dii*M I n the above
reacti on schenes, the reaction of diols with

wodnisoedranat es yi el ds urethane radi cal s (- NH @Q@AISR005/044289

-OCO-NH). Alternatively, the reaction of diamnes
with diisocyantes would yield urea radicals
(-NH-CO-NH). O her nethods for form ng urethane or

urea pol yners are known in the art, and representative
¥3IHE Reuab o Wewht PPrﬁglttr“é"tt%‘ocoinFan (& (@%»ﬁreégomﬂms@ééﬁ gange of 40 to

g{}] %ﬁeﬁ%}ﬂf er},‘%hy %Eib %a&@g & Hﬁllﬁ\is gf%ra%r RERT 76 BRL&S. l?Al/ltema'uvely,

wherein: D,
thesgqpropttiay may Ibe expncesedrtaamthﬂgs(l)as watzo eentei@an elnealtahgq of at least 20

0 354 B e P 5 R e
(ﬁ)ea%ja&emne&t bythe Pidgt)of akasi 8D ko 56 QRERRE Shah4ORN&ERPeRnt, and an

f or mul a , X is at least two, nore
pxm‘earpabhqabdtty [gesatsr thanrlSe. baxxelfsem @demwatet cantens i the gange of 40 to

f t hi |
6 PR Poeepd o BetroRatut eSS bRt s Pl ne
p0| ys Ux?ééiﬂ ?et@le@bmt)( #1490 réeheditd -am)ﬁsrtiddﬁi'rﬁ}&daw the following
DI*PS)x*Dii-NCO In this schene, * designates a_.

mO@t: fre PHYF darthody-prcdes insHuments. Y. be cisedras lopg asnthg oxygen
@@r%ﬂetabﬁ)l?y u;éé) %gtéﬁ{eﬁgfhi:fgfrgnlear@r ARt 96 ¢ ‘c\l@stcﬁioé(ds&rhethod The

aur at e an in a solvent :
asygeat ]Ifqdneﬁlﬁhtyhbbslhdene apdtopelsids nreafired byFihagddlarpgiaphis method

Z@Ngf éﬁog} Si}%i ﬁggigg A ¢ Ptregg?(ggq: erR/Eod%?BO?T instrument (Createch,
QNG CEL T omlix TIA) HERg b prodéd CntainiNg aldehtral F’ec\i}d&lar%olcfc (Mthode at its

In the above react| on schema the reaction of
pud g5 & sikeen enatleoinsulited fromethdicathodsy ahvﬂaa@rgmentmre taken only on pre-

ur et hape.ra .

HPeIRL PRl e had, SRR Ry Bhecl R Shnbles of. tregafiffggent center

WMitkheShel IARIRN &AS 13@ 0 G0V infiknbll €ZenterdhieRh&s measurements of the
NHCO- NH-). O her nethods for formng_urethane or urea

ympgesap@ykhgvmeqsp}regihg;51agta Rehder ET-1 electronic thickness gauge.

Generally, the film samples have the shape of a circular disk. Measurements are taken
with the film sample and probe immersed in a bath containing circulating phosphate
buffered saline (PBS) equilibrated at 35°C+/- 0.2°. Prior to immersing the probe and
film sample in the PBS bath, the film sample is placed and centered on the cathode
premoistened with the equilibrated PBS, ensuring no air bubbles or excess PBS exists
between the cathode and the film sample, and the film sample is then secured to the

probe with a mounting cap, with the cathode portion of the probe contacting only the
| film sample. For silicone hydrogel films, it is frequently useful to employ a Teflon
polymer membrane, e.g., having a circular disk shape, bétween the probe cafhode and the
film sample. In such cases, the Teflon membrane is first placed on the pre-moistened
cathode, and then the film s;clmple is placed on the Teflon membrane, ensuring no air
bubbles or excess PBS exists beneath the Teflon membrane or film sample. - Once
measurements are collected, only data with correlation coefficient value (R?) 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,
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and representative syntheses are illustrated in the
Exanpl es. Additional pol ysil oxane-contai ni ng

wooep@hyrer s are represented by the fornul ae: PCT/US2005/044289

M*Dii*PS*Dii*Diol) x*Dii*PS*Dii*M (V)
M*Dii*Diol*Dii*PS) c*Dii*Diol*Dii*M (VII) where Dii,
PS, Diol, * and Dii have the sane neani ngs as above.

In formulae (VI) and (VI is at | east
@fg@pd?quyeaqq(ﬁté(szplﬁr]épéﬂl%l‘%?q;é %%‘BSW qs havmg at ‘least three

BRI ss%gr A9 (Y Gl g@gféecf LRR @&%ﬁaﬁse&haythanpgl)as are first

nts (represented by
§dake@impmﬁ‘mldwﬁelsandmylobzed o epalitmdtefpr atdedsod4 hgenscandl then soaked

i BB A0 o ot o E RS, thecngitmssys are regularly

Cletdqosr ?eg‘é\farwhéeﬁmrdt& 'uﬁlﬁgrB?GP%tﬁﬂiamr eUppbY and lower limits are
reference. For "the aforenentioned prepol yners

esattlished bogcalcléamwérﬁﬁ%rof mlnquCMSﬁRrafg‘@éudﬁasmébﬁwﬁ dydWilliam J.
nents.a oft se nt s ef er
Reg s 707 QuRtr Lagtil o BB LRI QIR vis s 7

{ 1@@}5 9531 9—979,rtﬁe BRclgE@abeivhichadinkdipbratédigertin if @Sentir@ses,

preferably at |east 7:1 and no greater than 11:-1  The

Hylaﬁenglemampol ynerReRﬁaﬁlé@TYf\{ﬂhllﬁ;‘i Hydrle@vt Limits o wal/mper Limit

cong ot g Fgast 4u2 ght—pgr LEIIL S Easm ed 59
oy A7y :%I:ru ra¥=d il IRV Conpol A8 of aal
gravi-Hett YT TSPEtE —y—pterjer+ cu € ||yU|| g€

E i _g_a_\Aaj'62_l4 contet 36I east P5 66

wei gQ‘laIﬁHm(ant Alsa_ %3 s pr pf err pd Bhat_the 101

hydr ogel copol yner has a tensile modul us no great er

t han 0 d t .

bone 108 SAVErs TR BB el e, or e
Imshtiem ( Model 4502) I nstrunent accord| ng to ASTM D-

1708a, where the hydrogel copolynmer filmsanple is

in borate buffered saline. An appropriate

BB O A o R o st

'f or m Mge follRghe veers birgrged @ acch mmdaheclgfdunnibngomf fldskequipped
nple with clanps of the Instron |instrunent, a

mﬁhc%We@ﬁ%fcogm@o ’éd 2ogAws of t1.3-bispy iPEYREY %Hametﬁﬁléﬁsﬂoxane;
Ingii' gﬁgjﬁ% C??gﬂﬁét}{ d1 ﬁaﬁ%xxgﬁ & a%gtil%éd{%%tgr’ 3hd 18.4 mL of

[ eds barrers, prefer a
bancestrated hpdbcldosé ecldblliheamxheasnas beaetat 6@1Csfor 1 hour. Methanol

was then distilled off over a 5-hour period, with 552 mL collected. Then, 349 ml

distilled water and 349 mL concentrated HC] were added, and the contents were refluxed
at 100°C for 3 hours. The crude product was then separated from the aqueous layer.
Then, 600 mL diethyl ether (ether) and 400 mL deionized water were added, and the
solution was extracted twice with 400 mL sodium bicarbonate solution (0.5 %) and then
with distilled water until the washing had neutral pH. The product (655.8 grams) was
then added slowly into a mixture of methanol/water (508.2¢/147.97 g). The bottom
organic layer was separated, added with diethyl ether and dried with magnesium sulfate.
Ether was. then stripped under 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 H-NMR was 4800.
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Copol ynmers havi ng an oxygen perneability of at | east

180 barrers, and even at |east 200 barrers, are
w@roowdder by this invention. The preferred corftimes2ens4289

of water content and oxygen perneability may al so be

described as either (i) a water content in the range

of at least 20 to no greater than 40 wei ght percent,

nd ap pxygen perneability greater than (320-6x)
Eé?—'ﬁ@pé where x has aval ue equal to wei ght percent

P@éf%aﬁ&%ﬁ&t@ b%r(4-ﬁlblﬂ%x@bﬁ@lﬁfolﬁﬁﬂn‘éﬁmsﬂoﬁaﬁ@mﬁ QBGSt 200) -

to 50 weight peréent, and an oxygén per meabi |
gr eat €he gthEral Poodedune exf Exavﬁbieek was follelwng fohasding thl_s polysiloxane,

ert be expresse ei.t he i) a water.. . _
g’ﬁ‘ﬁ&antt ¥n ‘Eqaé‘ r aWﬂ@pof)§ Fﬁg)éil}é’ d%y{"gylfwo)tﬁ?@&?téﬁdfsﬂﬁ?‘?ne to
xghﬁnd@l%ﬂﬁiﬁi% waRReariRd 9 BRI 183 nﬁ@t}hblb&Maxoxﬁ/e@Bt (Mn) of the
Ieast 00 barrers; (ii) a water content in the range

prodact as determized by titration was 2730t han 40 wei ght per cent ,

nd ap. pxygen per meabi lity greater than 150 barrers;
%‘——’PP—M a water content in the range of 40 to 50

m;ghﬁtnmbpﬁpbl,ydam&hyrs.loxmamsm PG théit ysigg PBMVES of Example 1
than 100 barrers. ermaablllty (al so referred

pid gentpjaing Blogks @ﬂfl‘h’mbﬁ%{ ) atb(H)o| | owi ng procedur e.
Qa her '@g%%@k%ﬁt erﬁc{ E@FE]%%HT%%%P&QQQ? ﬁ?é ntt%grgf? inlet tube

as the ygen per neabi va al ne ere
andea edfluxvahderiset. 0Thd ﬁ)lkd)&&n:g’ wedadied ho the fldsk allxat @ace: isophorone

v aiieahl 0 e DH3d o AEBDY StetnBasEiel (G128 b 4596 mmoD
gE@?QﬂFJt &r tiVRfSira’ Q0T 61 NS BE50 n{IChRAVRGR chf¥rRRNYThe .contents

ornia USA) having a probe containing a central,
wmec cﬁfhv(edgol Aftcamhmlat thet smewnt ol dsoayaiatey decreasedido 43.3% as

suI f.rom t sur.e t

AEePiBi e Bl Pt i Ty o Sy oty floRene 45.873 g,
b.‘5§7 QaRb1) frdNESAMNES Wis leea%qhé ffﬁﬁl@ntﬂféeﬂ%flﬁim as continued

hi cknesses rangi ng from 150 to 600 m crons.

ovﬁrm&hbssd n@ama@t mosya@fatetmmafned s detaphiosd hﬁyltx‘g@on Then, IPDI

u'r n Reh ectroni c..thi,c
(TRl St P R0 o] e RORE MR Roiuda SRERghe, The amount
6f fs@cbguaﬁéte dlleéﬂéase%aig erentisemdiifed B ifratibi. N Thé Gordtehtewere cooled
sanpl e and probe i mersed in a bath containing

é?% dpatinhignt fspsraiuee: buld ebicdr saphthed (P o) “and 2- hydroxyethyl
SRRk, o A oL R O g et o

ambqahmmﬂi ismoghraeneak @td2267 ¢heé disappreackd fpom rmlspecenmlof the product
hl%g%s ng hlg?srg vter?tdwe?th en (setrr]f?ager:é nxgderr] (r)ecﬁllced }k))rlé‘,lgskl)llrée ando the 44.55g
of product was recovered. Theoretically, the prepolymer had 3 strong hard segments, 4

weak hard segments (x about 3, y about 4).

Example 4 _
Preparation of a polydimethylsiloxane-based prepolymer using PDMS of Example 1

and containing blocks of formulae (I) and (IT)
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 (7.825 g, 35.202‘mmol)_(IPDI); o, co-bis(4—hydroxybutyl)polydimethyl-.
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bet ween the cathode and the filmsanple, and the film

sanple is then secured to the probe with a nounting
wocaw/07w7wh t he cat hode portion of the probe ceotrasteosg44289

only the filmsanple. For silicone hydrogel filns, it

is frequently useful to enploy a Teflon pol yner

menbrane, e.g., having a circul ar di sk shape, between

the pro cath and e films I I p.such cases
ﬁ‘llfé"a%f(%%l deiB s ) o Xﬁwa@gﬁ @hutefﬂsn delaura_te (02297 g); and
9?@%@&?&%@ chREAOIEhe &fttkrtdRBrel:Bfuidd! MBRRABPERIMS, the amount of
pl aced on"the Tefl on nenbrane, ensuring no air bubbles

oocpaneeswaPBSeenined o decresmetotdded Yebl ditratienhrihes dethyleneglycol

fil ._Onee renen | t .onl .
o &R rRPSOTRR R o e TR IR B gpprtinucd for
8Verdlighf &ind the BimduierabdShfile wak Ardgdped @alvaubat 1 onoptheldfiginal as
val ue. At |east two Dk neasurenents per thickness, and

deteringd Ry titeatign, Thea thdeenterts wers corjed down t airbiend jteypperature.

| _ il ;
TS BSOSO AR L By eS8 K893 mmon
iRk HRASE8a] amihthe fcoh®@hangat etirrby dr ahbidnwnith iselaatopaak at 2267
other than PBS are first sgaked in puri

fied d
&M ofierpredred diom {prsaetrumpel Hhe pradugt (9bou é‘ér@ﬁ? ﬁ {jT h%nhwent was
il%%ﬁ gﬁllpg)gd %e?r}gd@éeho sur® &Y 'tllu% ?%a?e of Oprodbct! alg?trecovered.

e Instrumehts are regu cl eaned an
Tagoretcdlly, thalprdpoitnect has drstromERardtsagrdentslS3, weakderd sagthents.
lower limts are established by calculating a +/- 8.8%
of the Repository values established by WIliamJ.
, et al., The Oxygen Perneability of Reference

g?‘?g]%fljaﬁt)ﬁ of %Bmi%{hﬁlyﬁﬂionné—ﬂgs%)i:prgﬁolgfﬂl%?mingtﬁ]{i\éls of Example 1

osure o IS 1 ncorporated herein in i

antlicotayninghéodks lof towmga&papd éd) i | | ustrat e vari ous

g :LZ%&%B gbglgg g/rlrt%ncto%p%gergtp Sf Simitar trr{o e{]r'ratli:'(g(saarmllgt o]f Example 4 was

| g‘ggia?eﬁ"r Ty yAMEId bk sisilay & BRAMYIE 3 dxoeprageddMd LARAWS polysiloxane

0) The following were charged to a 2-L , three-neck
b abduththet samer meddeulag v ppttdwed upedondhe efmpappts oh gempanents were:

L ——
byRthaxydilsahbyl 65.3 2021 IB7méholy; amutdftirddisdurdte €01307 g); 250 mL
\?\)a{%r; a%}lld 18 4erL ofg]concenltnrz;é%d h;/yértt)chll c?ritc@(gci 2) "

: d,
Treshylenet @hbriﬂ@;s disthitlengghcols €h 96 o i %.rr'anBt hlah’oll’i'z' naphthol
P L P B 85, P5 B 552

Example 6
Preparation of a polydimethylsiloxane-based prepolymer using PDMS of Example 2

and containing blocks of formulae (I) and (II)

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: IPDI
(10.3311 g, 46.475 mmol); a, w-bis(4-hydroxybutyl)polydimethylsiloxane (84.68 g,
31.023 mmol) from Example 2; dibutyl tin dilaurate (0.300 g); and 200 mL of
‘methylene chloride. ~The contents were refluxed. After overnight, the amount of

isocyanate was determined to decrease to 33.6 % by titration. Then, DEG (1.092 g,
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distilled water and 349 nL concentrated HO were
added, and the contents were refluxed at 1000C for 3

womed/e71479he crude product was then separat ed fRCaVIS2005/044289

aqueous | ayer. Then, 600 nL diethyl ether (ether) and
400 nL deioni zed water were added, and the sol ution
was extracted twice with 400 mL sodlun1b|carbonate

e s igerasden Gue s hérrghissatasteotisaon by, and the
Wasurlc N @c%gﬁﬂe %d%vﬁryi_%ﬁe@t &bvﬂl 8 1 ure, Of (Heesripaneas WRt@mined by

(508. 29/ bott om organi c | ayer was
- sepamat §den, aﬂilde@nwntsr1Wdreet:¢n}¢d eipwgrthmjbum tegnperatere.  1,1°-bi-2-

CRetam a7 LA SndreavimdRaliRsts DPREE (RS mpoiopere then

gddetl PRRAGthe NEtRkentP GleMsliRed &t AFbi&H rl)ntﬂitls&g)axﬁte Po&k at 2267 cm’
final product was recovered. The nol ecul ar wei ght

disappenred rframe thﬂpeWNVRf Wegs prodod. (BReAlchoury el %&11(/% )Was then

f .
Siofie Y5t Y LRION Yip L LY LIRS, G heoriany
ﬂﬁlpquwllyi@erfms 6 PRVIB galdcmasd palrysg haruaa@nemmemOut hey about 5).
nmol ar ratio of 1, 3-bishydroxybutyl
tetramet hyl di sil oxane to di met hoxydi met hyl sil ane was
fRANgRd 7t @ about 1:28. The nol ecul ar wei ght (M) of
rfb'lv—g‘r‘O‘th[ as determned by titration was 2730.
Enp«nyh&rsfrﬁnepmpalymr (rffExanndé $di net hyl si | oxane-based

pr epol ynmer usi. n %x mpl.e. 1 ndf ﬁont ai ni n listed i |
Dl ook MOBprEb Figises Y ip ASE PY 15ty TiRatne Shggiongts, listed in
T8GR Ao MsfPeRSeighaS pPORRth£Of EQarfpled Braﬁ&ﬂnniefﬂa@ltyloxypropyl

tube and a refdl ux condenser The follow ng were ad

tris(trimestyllalory ksilanca (TRYe N Ngbmq&y&méylamdgo@ma; é- lmi.r@w ethyl

11 497 PDI . 4 _
g%%”rﬁ%%l )(% (hf f #'L%h&é/)n @\2‘{@ Ozgn%G e l%cryloxyefthyl
ﬁiﬁ@'lc&ﬁﬁnﬂb (mhﬁwenmdhio@aulﬂeeacﬁhmm eﬁbcmrwénicﬂuded 1,4-bis(2-

refluxed. After overnjght, the amount of ispcyanate

Aethasrkepideghylamim)athiaaviapns #ied UBY (150mpa); Bekanghasa diluent (10
gﬁ\?5®( %/emﬁ)%r ?ﬁ% %ﬁg«ég}nﬁ@bw %’gﬂ% dagbxj @i@a{‘ gﬁée&%tyg(gﬁerﬁrcal Ardsley
Nef)l(08iwtgo)was conti nued overni ght, and no unreacted

I soc ate remai ]
| PDI y?’ﬂe monomer rr%gt%reasswgr%tc%gtni)quvgenbglle}neztgeaa%ed grlass prlateé 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
then extracted with isopropanol overnight, followed by hydration in deionized (DI)
water, boiled in DI water for 4 hours and then saturated in bornte bufféred saline or
phosphate buffered saline to give hydrogel films. The water content was measured
gravimetrically. Mechanical Vtests were conducted in borate buffered saline according to
ASTM D-1708a, discussed above. The oxygen permeabilities, reported in Dk (or barrer)
units, were measured in phosphate buffered saline at 35°C, using acceptable films with

three different thicknesses, as discussed above.
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(1.261 g, 5.673 mmol) was added and the reflux was

conti nued overni ght. The anpbunt of isocyanate
wodmeseras®md to 22. 9% as determ ned by titrati orPCTIRR005/044289
contents were cool ed down to anbient tenperature. 1,1
"-bi-2- naphthol (0.008 g) and 2-hydroxyet hyl

met hacryl ate (0.429 g, 3.296 mol) were then added and
the contents were stirred at anmbient until isocyanate
peak at 2267 cm 1 dlsappeared'F$@ﬁilR spectrun1of t he

rodu aboutT 20-hous)— 1 MeT SOt yernt Iﬂ
Mgk (Foout 20U Sy g THeTSot gremt i 12
VAwav| U| (v hwy | T C \JC j— Mt oo ul T u*r JJ g 5"3 60
r ecoVe nr‘l T nraoti e |\I
T ot oo v | SO LELELAS A~ B = TN BER v v 3 | 3 JQ _1le| 15
H# 3 strong Har dl&eqy mntm, 4] we lﬁan nm:ntc X

BBt 3. v abdut 2. Exark@le # Prdparptidd of| a 124 0
PMPydi net hyl si|l oxane- haseld pr epollPner | usilAg PDVS10f 22
Exsmapl e 1 and |contail niilng bl ocks of fofmp.ée (]|) 2aad 5
felhhv& dry 3-reck,. 500- nlg 9 oupd-lpat t om T hask mwaso.5 0.5
COWIRGT €U 10 & NhEKogen Iyph et [TURG anf & ef TuX 33 9 36.5
D‘KI( ||3Y| —The fU'JI'ﬁ)U\,{I' TS € ddg]ll-ﬁ:l,' t :Eiilsel "ii_dbml I 169@
| vl UIUI TS ATTUPT T l.ULJ D J|. LUL
Madulus (g/s; 5 a 45 ND ND 37 --

W bi Is%4 hydr oxybut yI') pol ydi net hyl si | oxane (94. 31

19. 648hemminpmier grxsesnperarad ingExueples $iand § wam%{@'@y so no films
d 250 d]ﬁ,

(’v e ece}s%?ﬁjovxge&er,iﬁ e:ﬁ‘e%scgiri&}% ﬁ\?&% LfsEJi %E' c%ra}nﬁh& Q%S%xﬁer (as in

ESQﬁpﬂa@ 8l €0 wAs 1dgloervhien GDMIAOW&Eprms@ tdtallyd<vith N&¥Pyas in Example
titration. Then diethyl eneg

Aoy mivEGyetRedea il ilk bydrags i ﬁ%@ kweremﬁeaf eﬁfﬁ ﬁﬁgf thickness data
ggﬂ{s' WHEdof @cgalﬁé(c? rcg5 o t}fi’{lglegsl}ﬁt%ﬁ@%twe?é obtipeyanat e

dr opped 5.1 %of the I gl nal as
determned by titration. Then the contents wer e cool ed
own o ent tenperature. |,l"-bi-2- naphtho
a d 2-hydroxyet hyl nethacrylate (0.819 g,
@o%%fynmmh)onwwpdmﬁ@r enmed the contents were
stirred at anbient until isocyanate peak at 2267 cm 1
di sap Eeﬁwmgﬂh@gﬁnﬁml 9{5@@@%@%& JR@nOmEs Fjktupey were

Feé)grseh,r opgf}fénetr egtﬁve\rl\éacc’afs 81%&)%.1%%9 gvg?eua/qﬁfaterdegéf&geﬁle

ﬂ‘b@@ryﬂ{dr o8Ekymplelie mfeeasmllty aﬁrsuhﬁﬂhr&es if Datge Dar d
segnents, 3 weak hard segnents. Exanple 5 Preparation
of a pol ydi net hyl si | oxane- based prepol ynmer using PDVS

of EX&n'p' el Table 2

Example 13 14 15 16 17 | 18
Prepolymer Ex 4 65 65 60 65 60 65
Tris 10 10 15 10 15 10
DMA 25 12 12 12 0 0
NVP -- 10 10 10 22 22
Hema -- 0 5 5 5 5
HemaVC -- 0.5 0.5 0.5 0.5 0.5
% Water 31.7 28.5 29.6 34.7 48.2 47.8
Dk (barrer) 158 208 218 209 215 183

Modulus (g/mm°) 60 66 54 61 73 76

When comparing the prepolymers of Example 3 and Example 4, it was found that

the prepolymer of Example 4 can be used to formulate with 5 parts of HEMA, instead of
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and contai ning blocks of fornmulae (1) and (I1) A

prepol ynmer with conponents of simlar nolar ratios as
wotzhed/07of79Exanpl e 4 was prepared. Thi s synt hesPETER005/044289

simlar to Exanple 4 except a second batch of

pol ysi | oxane of about the sane nol ecul ar wei ght was

used. The anounts of conponents mere i sophor one

dii socyanate (8.716 g, . 39.209_mmmuol)

wobyi 30 pary ap w%ﬁgﬁ ;Hrfijl)ﬁB?fy‘tf M? 3 ﬁéksah@w(vgw%s Because the
H PR e Mk e o

fixample 31, 1 ' - bi - 2- napht hoI (0. 0146 g); and
2- hydr oxyet hyl mat hacrylate (1.033 g, 7.938 mmol).

Exanpl e 6 Preparation of a pol ydi net hyl si | oxane-based

[Erfxg&%wsnmzysi ng PDM5S of Exanple 2 and contai ning
brocks o ormulae (1) and (I1) A dry 3-neck, 500 nL
ICapotjxvat donivéd from mmm&wmmeé ni trogen inl et

t ube a.refl ux cq nden ng were ad

o't haofipisieThy #enefl BHEAGp o Bamle s ot SBRRRE vere
Hared, @opolyriersiifs Ryesls @asy, HE )Sfdp@ﬁie)t d\?e&’@é\h&daﬁdd 08§ the

84.68 g, 31.023 nmol) from Exanpl e 2; dibutyl tin
drepalimarof E5ample 5y) Thegpsnlb oo W@wwétlwﬁ@ﬁé chlori de.

The contents were refluxed. After overnight, the

anmount of isocyanate was determ ned to decrease to

33.6 %by titration. Then, DEGI@Bile@®2 g, 10.288 nmol)

was added—tothe flask—The +refHuxi-nrgwas—confnyed
Aaammde hour s landd? he [anpttht  gf Zglzq_c;_maé&_mas_d&p.pe]d__zi_
Respelytneer X M 9 of 6% he |or i @ nall asddet er ni%ed by 60 60
flirisr at i on. Then, ihe dont Ehts |werd cool ed0down tdS 15
oMent tenperlaturde. 1|, 1' 8bi-2- ni@pht hol 120.0{12 o) and 0
Xy dr oxyet hyl| nmetgacriyl aig (1. 63® 0, [12.1995 pmoh) 25
TRLE rhen added and Tfje cgntents yere[stigredfar 5 5.
'%&)rlahvcﬂ ot |i |bu0,§ou| te df’f’f,“( at (2267 (..II}QJS di :,ap;?%aré'u 05
I0 T T T\ DlJCL;L—I UIII2§f L IF;e 7L;;t; ?g. Il;:; JdL%Sl’ I‘:; Irg@glllc 36,4
;Bkeﬂbﬁrrﬁf)r‘l ear i qudi rl prodrict (196 .67 g Theor et i 2%7 |y i
Medubisdgohmier| ha8 6 RDVB4I odk attd 2] st rdng har 07 73

segnents (x about 2, y about 5). Exanples 7-12
Cé)xpm es£582’;rom pr epol ymer of Exanple 3

Copolymers denved from Prepolymer of Example 6
Following the general procedures of Examples 7-12, monomer mixtures were
prepared, copolymer films were cast, and properties were evaluated, using the

prepolymer of Example 6. The results are summarized in Table 4.

Table 4

Example 25 26 27
Prepolymer Ex 6 65 65 60
Tris v 10 10 15
DMA 25 12 12
NVP -- 10 10
Hema -- 5 5
HemaVC - 0.5 0.5
% Water ' 29.8 23.6 25.8
Dk (barrer) 122 165 161
Modulus (g/mm”) | 81 119 84




Monomer m xtures were made by m xing the foll ow ng
conponents, listed in Table 1 at anpbunts per weight:

wooep@hyrer s of Exanples 3 and 4; nethacryl oxypemamedos/044289

tris(trimethylsiloxy)silane (TR'S);

N, N- di met hyl acryl am de (DWR); 2-hydroxy et hyl

nmet hacryl ate (HEMA); N-vinyl pyrrolidone (NVP); and

nmet hacryl oxyet hyl vi nyl carbonate (HemaVC).

Addi tional ly, each nonomer m xture included:

Exfimpieig- et hacryl am doet hyl am no) ant hraqui none as a
In ppm ; hexanol as a diluent (10 parts by

Reepgirhdion ahd, ddiisgd-tydtoxybatylypolydimerhytlsibvixane (Mnkdbout 3600)

S | Ch | dsl
o xt L%&éy%&@% et B@'ﬁrﬁéﬁp é.NYL ﬁv?%%ugg ggtgom "Hask equipped
Rl G redd cBH@é?ls@rur sfl 26@%&5 oPM 3 b&ﬂ&drﬁ%bulylh@ffémetﬁ?ﬁﬁlloxane

nonomer m xture was cast tween three sets of glass
Rbhigesys eddimetlatxydimghdsibmes é@ﬁagrmsdoﬁa@lsfﬂﬁdl wat@t rgnd 14.7 mL of

Pinebe] BVGPelbrg R e o rarRaaT PO Phdghour. Methano

(VA5 QHER diENEAUSTE ovi & B-Hout Bedidy. clrﬁ@issm af d@i@@é& wéfePand 279 mL
400 and 600 m crons. The cured filns were

estoenizated Bl tter¢ addsd opnsnibe contentaivgre refluged @;\Agxg) Gyfor 3 hours. The
PRUE Brodii b b ARRASE i A Gtcon DB S Tach, €ho YR eyt ether

amd HO@® nfll diRtibaphatee weud ﬁ(ﬁfeﬂdaﬁﬁthe%ldtmngﬂva&ee)&nmdlredgﬁ'ice with 400
filnms. The water content was neasured %itrsaw metrica

micrsiinme dicarkepets saliondB il eadithen vwm loglTvier et e washing
ﬁgci h&%r2HEO" ‘#g@ ?rJdgcfA@IMh@ﬁ 148 slo ﬁ‘lz.' ixRROBE meltMhol/water

oxygen perneabifities, reporte or barrer)

0406g51 18g\p r §haeastamedrganic pays piad saeplawftefde raddeds a.liﬁhnéeﬁmyl ether and
a accept Iefg with three diffe

R icHEE B UGS o PR D T4 GUPPIISh ofpgum at room

fena&;e%&% R0 SR Ruk WaErarir @ﬁlvlﬁe@nﬂdé% VaBien ¢0.0mem $6i*r) at 80° C
| s were cast. However en | ess HEMA was used

: 51;e éinhlmpdmﬁ iWais gecswprsAorhbe niclecular visighty(Miy as detegmingd by titration
g E?SV when DVA was replaced totally with NVP (as in
%% e the m xes were clear and all hydrogel
Exla@w\me cl ear (1) Three thickness data poi nts wer e
not obt ai ned. Zy Four thickness data points wer
Brepdration o irpp dimegthyliloxane prepolymer using PDMS of Example 28

and having formula (V)

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, 41333 mmol) (IPDI); o,w-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
overnight, the amount of isocyanate was determined to decrease to 22.0 % by titration.
The contents were cooled down to ambient temperature. 1,1°-bi-2- naphthol (0.0144 g)
and 2-hydroxyethyl methacrylate (2.915 g, 22.399 mmol) were then added and the
contents were stirred at ambient until isocyanate ‘peak at 2267 cm™' disappeared from IR

'spectrum of the produét. The solvent was then stripped under reduced pressure and the
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Copol ynmers from Prepol yner of Exanple 4 Follow ng the
general procedures of Exanples 7-12, nononmer m Xtures
woweoeo7psepar ed, copol yrmer filns were cast, an@®CT/US2005/044289
properties were eval uated, using the prepol yner of

Exanple 4. The results are summari zed in Table 2.
Tabl e 2 When conparing the prepol yners of Exanple 3

IR e Riop | AR En VBTt S PHTGT b 1 Blogks conaining of

pIBMfS(,Q&%hp ofonly 2.5 parts as with the prepol yner
of Exanple 3. It is believed this is because the

Exemple3fer of Exanple 4 had nore strong hard segnent

bacbaration o POy an b IpTagi nsFBBS s mgrb (IR g Eaagpole 28
ERA haVinB%ofdiGlageer @l procedures of Exanples 7-12,

nononmer m xtures were prepared, copolyner filnms were
cast , Thegepprapgeotddes ofamplalfas Edlowed; engeptitbat the molar ratio of

DBBR P} 06 S A 08 LT AT S S BERFES okbrecany,

{HeQR 1 AR HATEY blodk sy ARRIR: 6 FDMSqQWaBeuttd)e gener al

rocedures of Exanples 7-12, nonomer m xtures were
‘ Eﬁmﬂﬁaﬂ copol yner filns were cast, and propert| es

re t ed | f - Th
PGt s Eo-Snalifia e o RUBRT e meB oy iU o madwte 28
Rhée m{rﬁhtgli@fhnﬁfa &)
W- Di s(l_hhhydr 0X butyl ) pol ydi et hyl si | oxane (M about

3600) Tirh@etessl] qudgre\/@r@«me g8ds fadlosved. gxceptithatethp grqlar ratio of
g%l]@% éo?lg’tni%lqg? f6I Iaegg%c?lgﬁgg ?gg?gﬁ{hr%?yrﬁgrf\ujs‘e&%%%n% or_etlcally,
tietprepoty s idsi Blodkarentaifing @ff RIDBISqk about 5).

di met hoxydi nmet hyl sil ane; 126 grans of distilled water;
Mﬁﬂﬁﬂfﬂ of concentrated hydrochloric acid. The
@o)f,;)mrgvas heat ed at 6Q0C for 1 hour. Methanol

Monomer mixtures were made by mixing the following components, listed in
Tables 5 and 6 at amounts per weight: prepolymers of Examples 29, 30, or 31;
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 Speéialty
Chemical, Ardsley NY) (0.5 wt%). The monomer mixtures were cast and cured into

ﬁlms-following the general pfocedure of Examples 7-12.
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was then distilled off over
m distilled water

hours.
aqueous | ayer.

distilled water were added,

Then,

a

5- hour

et her

peri od.

Then,

and 279 nL concentrated HO were
wazhded714and t he contents were refl uxed at 10006 1/0%2085/044289
The crude product was then separated fromthe
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ExaaneISO

The monomer mixtures prepared in Examples 37, 38 and 40 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.

As seen in Figure 2, the claimed copolymers have Dk/water content values falling
well above the line represented various prior silIcone hydrogel copolymers, and the
majority of these copolymers have desirable tensile modulus for soft contact lens
applications. Several additional observations are noted. First, copolymers including a
meth(acrylic) substituted alcohol tended to have higher oxygen permeability for a given
water content. Second, copolymers having a prepolymer with a silicon atom content of
at least 30 weight percent tended to have a higher oxygen permeability for a given water

content.
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Preparati on of a,w pol ydi net hyl si|l oxane prepol yner
usi ng PDMS of Exanple 28 and having formula (V) The
w@znenakl7pr ocedure of Exanple 29 is foll owed, BXRE§R005/044289
that the nolar ratio of PDM5 to IPD is 4:5,
respectively. 149.6 g of prepolynmer was recover ed.
Theoretically, the prepolyner had 4 bl ocks containing
of PDVS_(x about 4). Exanple 31 Preparation of -

di met hyl si | oxane prepol ymer using PDVS of

BBl ot oy A AR TR e O LS PDMS pf Example 1
a“ml mntmatngcbloéksRDmmmlak MlandgIB: 6, respectively.
159.9 g of epol ecovered. Theoreti L
the ph OEOURST arprepasrd illoving, i L a¥nt§fﬁi§§0afl< imple 4. The
A0t @COW%%I@ZI%P&%PQHM %@9(91'3' fidnol); a, -

were made m Xing th oW ng corrp nent 'l sted
b15(4'lfgrﬂfmb&ybr®1ﬁhmbthah;dUMm (@%ﬁ 1 \.gellghﬂS nmmelodiputyt §in dilaurate

@f'lgx ,%HS{? 29 31 I ie l¥rcﬁ)%¥qlé8 {1172mmol);1,1’-bi-
i r %}W‘eé}m } n E

l m a mmo
i\'ﬂé?gkglrm]bat 2 1 B AR oY) mefhr B»s%@((y%d %}\I/ﬂ 57’6 D.

HEMA) ;° N-Vi nyl pyrrolidone and/ or
Mmbﬂﬁl oxyet hyl vi nyl car bonat e (HemaVC)

L G SRS B B s s ppampte 1

dridéonitdinthgFIodks dmﬂﬁelae@g aaddihuent (10 parts by
wei ght); and Darocur (t initiat orﬁai)o ba Specialty
Cheni 4 @repojyraes| \é@s mare f@lcwtl% thergeae ﬁb@fb?Slw&Eme 4. The

aﬁ\’\ggugléc on@?)d t e? E?Sliojbnj.ller@ Ilsfo?%ln%ge(rf %gzg%égg 8%9 ?Amol)' a, O-
mmt}gﬂﬁﬁiyﬁﬁﬁg%&ﬁhm&h@%ﬂmsﬂﬂﬁ 332A%0b hitholye ﬂﬂ’)_utyl tin dilaurate

cl ou SO Nno wer e cast prepol yner
OrO4 );ew&rmlﬂé@,etmé@r@ qfwsdepéleﬁwlen@alwgoléa&éégt 2l il?Pammol) 1,1’-bi-
et e R S e S

mehghl4l4y cI ear.
Preparation of o, ®-bis(4-hydroxybutyl)polydimethylsiloxane (Mn about 4000)

The general procedure of Example 1 was followed for making this polysiloxane,
except the molar ratio of 1,3-bishydroxybutyl tetramethyldisiloxane to
dimethoxydimethylsilane was changed to about 1:45. The molecular weight (Mn) of the
product as determined by titration was 4000. |
Preparation of a polydimethylsiloxane-based prepolymer using PDMS of Example
44

A prepolymer was prepared following the general synthesis of Example 4 and
employing the PDSM of this example. The amounts of components were: isophorone
diisocyanate (23.149g, 104.139 mmol); a, ®-bis(4-hydroxybutyl)-polydimethylsiloxane
(208.54 ¢, 51.56l8 mmol); dibutyl tin dilaurate (0.690 g); 400 ml methylene chloride;
diethyleneglycol (4.769 g, 44.940 mmol); 1,1’-bi-2-naphthol (0.032 g); and 2-
hydroxyethyl methacrylate (1.751 g, 13.455 mmol). | '
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As seen in Figure 2, the clainmed copol yners have
Dk/wat er content values falling well above the |ine
WO mps/emem ed various prior silicone hydrogel PCT/US2005/044289

copolyners, and the mpjority of these copol yners have
desirable tensile nodulus for soft contact |ens
applications. Several additional observations are

ot e First, copolyners including a nmeth(acrylic)
ﬁ@é&?—ﬁ—é—é@' al cohol tended to have hi gher oxygen

d}flﬁpltsl ity for a given water content. Second,
copo y

mers having a prepolynmer with a silicon atom
cont évibnaheramixterss twede nyasle dht mieing éhe fellavdag comphagnss, disted in

ﬁa&%%ggz a‘"éxgn%l gﬂel gg)lglbl t%gl{tggpgﬁp%é' elils Vg?t]sxamples 42, 43 or 44,

R&hYE IRy prep i | Q?ié(ﬂﬁn&ﬂ?l@ﬂio@f)ﬂﬁﬂbyﬁﬁl’RI®l NN, RDMEnetifylacrylamide
Ex e 1 and containing bl ocks of fornu

@1‘3‘;{? A2y dissy yatyl mathagry bt (HEMA); | Nwinyg nm@glg@w‘euﬂéwl’) and/or
TAPRISELSEL, BNE ot (NG KRl SRR hbpgmer mivr

i@cluded: b <$-bfk(lﬁyﬂtmxiyyﬂmﬁ1y1béthjdah1yni])air&hﬂa§{1hmbﬂla)xsaaenr(t 12507 ppm); and

HhronelyBunattie (s, Serciat Cbraignl Brifey 16l s o, he

1%3?1&15%0%%:;’/ \’Jeﬁée tc?]a'(?P?/ %g{égai?g; gg%s g@log\;lig%gﬂe géH%)?al procedure of

Eeam¢e7-43. Atepak anlues i abiespalayndl Sreeteydegivied feome fivaslets points,

re d cont ai ni ng
Biestle! Eraneilf ol ieR Vo derrod PR R BB O Rer e
prepared followi ng the generalTapyert hesi s of Exanpl e 4.
The ampunt s _of conponents were: |sophorone
di i socyanatBxqmple370 ., 45 649 n#®|):| a 4 48
bi s( 4- hyPrepalybiet £k ¥2pbl ydDnet jhyl 40| oxane-{ 133. 47--q,
27. 806 |npmbdlyndt Buigl | tin-dillaurate ((0.44% g); 3@0 nl
met hyl éne chiqgqd de; df et hyl enlegl ygol [(2.2p7 ¢, 2b 270
mol ) ; I T A 2- napngfol (0. §g1 d) 7 pad 1
2- hydr gxyeth VplEllldL 366 g 63’6‘5 O, 123894 nnu;'d.
Exal’rp|L 4-4 D“&anL;U|U| &G

W- bi s( 4= h\/Hr at—yl—)—pei—%—nﬂiﬁ hylsitdxand (Mi—abdut
4000)( he nHﬁmaXC nroteduk e I]:Qerpl e 10-7/\5\q¢ f nlq'zmpd
for maKi ng hexanelol vs| | odfne 10 10 10
% Water 47 47 49 48
DK (barrer) 116 97 101 100
Modulus (g/mm"°) 56 55 51 54
Table 8
Example 49 S0 51 52
Prepolymer Ex 43 -- 40 40 40
Prepolymer Ex 44 40 -- - --
Tris 18 20 10 17
DMA 9 10 10 9
NVP 40 40 33 35
HemaVC 0.8 0.8 0.7 0.7
n-hexanol 10 15 16 15
% Water 60 54 52 53
DK (barrer). 74 . 83 80 85
Modulus (g/mm°) 43 57 57 56
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except the nolar ratio of 1, 3-bishydroxybutyl
tetranet hyl di sil oxane to di net hoxydi net hyl si | ane was

waimsgad7d o about 1:45. The nol ecul ar wei ght (IMW)/U$X005/044289
the product as determned by titrati on was 4000.
Preparation of a polydi methyl siloxane-based prepol ymer
usi ng PDMS of Exanple 44 A prepolyner was prepar ed

Lg.lp: ?.Vﬁgﬁ Lhe gf%g%;egi ?%nt hes| e%ﬁ%ggﬁg bqwentlon those

&80 &R §rtV\‘ﬁfl %ppie@ﬁm'é@%wﬂlb infREN@Mehs addibiond Wd changes may
104. 139 nmol ) ;

bﬂ-madt(fhemwﬁh% depariing Goydthespinig ped sevpa eé thedogersiongas set forth
Hé &ﬁ 1 %‘1 di butyl tin dilaurate (0.690 g); 400 m
l?fh &n égc el de; diethyl eneglycol (4.769 g, 44.940
WeRlgit: | , | ' - bi - 2-naphthol (0.032 g); and 2-
hydr oXyet hyI net hacrylate (1.751 g, 13.455
nmmol ) . Exanpl es 45-52 Copol ynmers Monomer ni xtures were
made by m xing the follow ng conponents, listed in -
Tables 7 and 8 at anounts per wei ght: prepolyners of
Exanpl es 42, 43 or 44; met hacryl oxypropyl
tris(trinmethylsil oxy)S| | ane (TRI'S);
N, N-di met hyl acryl am de (DMA); 2-hydroxy et hyl
nmet hacryl ate (HEMA); N-vinyl pyrrolidone (NVP); and/or
nmet hacryl oxyet hyl vi nyl carbonate (HemaVC).
Addi tionally, each nonomer m xture included:
|, 4-bi s(2-met hacryl am doet hyl am no) ant hr aqui none as a
tint (150 ppm); and Darocur(tm) WV initiator (G ba
Specialty Chemcal, Ardsley NY) (0.5 W% . The nononer
m xtures were cast and cured into filns follow ng the -
general procedure of Exanples 7-12. The Dk values in
Tables 7 and 8 were derived fromfive data points,
except for Exanple 51 which was derived fromfour data
poi nts. Tabl e 7Having thus descri bed various preferred
enbodi ment of the invention, those skilled in the art
wi || appreciate that various nodifications, additions,
and changes may be made thereto wi thout departing from
the spirit and scope of the invention, as set forth in
the follow ng clains.
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W claim1. A hydrogel copolyner that is the hydrated

pol yneri zati on product of a nononelic m xture
weowpniging a pol ysil oxane prepol yner and a hyetopdobs/ei4289
conononer, the hydrogel copolyner having either: a

water content in the range of at |least 20 to no

greater than 40 wei ght percent, and an oxygen

perrre [ ater than (320-6 ar wher, e

Rl W YR e RN A byt of a ;
RoN@h&lc CRREBE cbiptififg " angR1yRflotdhet § e'iﬁ )Vfﬁérg hind 2 hydrophilic
percent, and an oxygen perneability great’er than 70

@m«m@ﬂ@r, tie hykiregdh pdpadymbr leypgd gjther: of claim 1, having

o griueler SPHER HOR Sgn o ok Rt A hlecehler W alp Foighpercent,
A FFEAMYgbh DYmeaBtte brealeR thdn3300-8X) birddrs, Sikere WK @ value equal to

has a val ue equal to wei ght percent water content; or
welghwrce@bwa@n@omwtme range of 40 to no greater t han

45 wej 8550 PESHER" : i ﬂ{},d rdhde 269 46 hoP 36 W ?1;] brbed! %ﬁ{leﬁt oxygen

t han arrers,; onten rang e

;t@m%blmlgéﬁtemhm’mman@nd an oxygen perneabil i ty
greater than 70 barrers. The_ hydrogel copol ynmer of
cl ai m-1TheaxrAregs! E?R%Ferozfc\':%‘iﬂelp haypg gitkeri n t he range. -

of aty, lav%f%? Lort@nt i@ RO B&{g@ Jref 153 B f'e?m' tﬁ%ﬁréﬁﬁﬂ/&ght percent,

and an oxygen per nea greater t :
dmlranems/,gen\ﬁpemmabllhyagrwtev alhame(Bé@r@a) bamersvewkgme xdtas @evalue equal to .

ﬁr cong {ef vvater content in the range of 40
YeeRPegreahvater £ 4%r wei ght percent, and an oxygen .

per mealiatek c¥ntBhERL tRE r&gerbf% 0alo Sester fHan & 5Wakight percent, and an
content in the range 45 to 50 wei ght percent, and

wgmpgewab@ﬁmmt thay 8@ bamererort han 70 barrers. 4. The
hydr 098 atg &%t FH e{n%s g&f;l 45 ht%v 56 gw%éwpﬁ)gxrceﬁto gﬁlgn&n oxygen

in the Tahge o 0 no grea
mnﬁiiﬁlhﬂeg"reaéﬁthaxﬁ?wbmmxygen perneability greater-

than 3. The hydrogel copolymer of claim 1, having either: . v

a water content in the range of at least 20 to no greater than 40 weight percent,
and an oxygen permeability greater than (330-6x) barrers, where x has .a value equal to
weight percent water content; or

a water content in the range of 40 to no greater than 45 weight percent, and an
oxygen permeability greater than 80 barrers; or ' . _

a water content in the range of 45 to 50 weight percent, and an oxygen
permeability greater than 70 barrers. ' |

4. The hydrogel copolymer of claim 1, having a water content in the range of at

least 20 to no greater than 40 weight percent, and an oxygen peﬁneabilit}; greater than
(380-6x) barrers. |

5. The hydrogel copelymer of claim 1, having a water content in the range of at
least 20 to no greater than 40 weight percent, and an oxygen permeability greater than '
(410-6x) barrers. | |
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(380-6x) barrers. 5. The hydrogel copol yner of claim
1, having a water content in the range of at |east 20
wao 200r07great er than 40 wei ght percent, and an BXyUS005/044289
perneability greater than (410-6x) barrers.6. The
hydr ogel copol yner of ‘claim 1, having a water content
in the range of at |least 20 to no greater than 40 '

than & 456 Byotss eoppigmero i ﬁﬁ&vg@gﬁ% walsh 69Rin ghe range of at
AS?'ZU]‘(% 610{%3%%%\%13? %l'ﬁgﬂk%m ahg n ! gg% gﬁm%fabﬁ‘ﬁy greater than

east
(440-6rphrrterg. y greater than 100 barrers. 8. The hydrogel

28809/% ﬁgjrggeﬁ SOPY mnarg (H%B'b &%us n@r g{)x?e]t?}gelh thehrange of at
lgé’s‘( 4% S0 W@%‘Ht H@rc&ﬁtdﬁﬁ%ﬁ o%??éﬂpei‘ﬁeﬁﬁﬂty%eﬁéﬂm% 10parrers.

The hydr ogel™ copol yner aim1, whérein the silicon

at om &oihe Mydrgel momrequwh@m I, shaving @ asnduBs gegighter dhan 100

g?f t;he prepol ymer. 11. The hydrogel copolynmer of claim
Thherein the silicon atom content of the pr epol yner

is atgl TﬁéhycﬁBgM@bﬁa % of clhine 8P ¥ idulud Detwldet about 40 and
hydrogel copol ynmer ‘claim1l, wherein the silicon -

gimtont ent of the prepol yner is at |east 33 weight %

of t hﬁ) glflﬁ@@h&fg%eﬁ cg%cﬁ§myq@fhchéﬁq{ Pg&*er&ﬂp{ﬁé ¥1'i'i‘35n onf(skﬁi‘tént of the

1, wher as a nol ecul ar
mépdymeeiaat ledd, 306eight 45 offthe phgpoiyoger! copol yner of

claiml, wherein_.th h I '
(Nh') be ' The Pisireqe! fgﬁﬁﬁmeﬂ‘i@ﬂ%g %?‘1&35 SEpb PRt of the
%g“s\aheaawaxté@t%ep@k a mol ecul ar wei ght

| east 20;000. 16 he hgdrogel copol ymer of
“cl ai m21, Thshkydzogel cheolymenofidliion bi whereia the sibicpis stomagontent of the

AR mOrS YL UL PR RRRG! °0 orm the aroup

13. The hydrogel copolymer of claim 1, wherein the prepolymer has a molecular
weight (Mn) of at least 10,000. _

14. The hydrogel copolymer of claim 1, wherein the prepolymer has a molecular
weight (Mn) of at least 15,000. | |

15. The hydrogel copolymer of claim 1, wherein the prepolymer has a molecular
weight (Mn) of at least 20,000.

16. The hydrogel copolymer of claim 1, wherein the monomeric tnixture
comprises at least one hydrophilic monomer selected form the group consisting of:
unsaturated carboxylic acids; (meth)acrylic substituted alcohols; vinyl lactams; and
(meth)acrylamides.

17. The hydrogel copolymer of claim 16, wherein the monomeric mixture

| comprises at least one hydrophilic monomer selected form the group consisting of:
methacrylic acid; acrylic acid; 2-hydroxyethylmethacrylate; N-vinyl pyrrolidone;
methacrylamide; and N,N-dimethylacrylamide.

18. The hydrogel copolymer of claim 1, wherein the mohomeric mixture

‘comprises at least one (meth)acrylic substituted alcohol.
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unsat urated carboxylic acids; (nmeth)acrylic
substituted al cohols; vinyl |actans; and
wo(20ed/ér)iemr yl ami des. 17. The hydrogel copol ynerraafusebesions289
16, wherein the nononeric m xture conprises at | east
one hydrophilic nononer ‘sel ected formthe group
consisting of: nethacrylic acid; acrylic acid,
2- hydr oxyet hyl met hacryl ate; N-vinyl -pyrroli done
net haté?.yi Big i\édroaﬁld copalyraemet elaimc | whergin, thegmormpraeric mixture -

H%ﬁ[d%@&t' e 8&’4 HE B%Q}EF Jg@lme&mf%g{ %&%&%ﬁl@ﬂ&ﬁ%la&.

re conpri one

subst po. UTHdhﬁergﬁl @bpdlPmerl il 4ig0r D geleretithel ysrimedic mixture further
claim 18, wherein the nononelic m xture includes at
meliges atrlgash pnevinyhlagiatet hy| met hacryl ate and gl ycer yl

met hagyyl ﬁﬁee hyd ﬁBTangrhy,ggrogpl C1HAP yafﬁérefhf g&sﬁab{{bxﬁ&c mixture

wher ein t xture urt I nc
beraptises Behydraxykthly odthaorylate. and thévhyblp)agﬂidon@pol ymar of

cl ai t he rmno ric ture,co :

S Py arE T BAE foply et OF St o YRHSI™ (56 PRGTTHER gnixture further
- omprlfes am&{omhoﬁaramcm@&orﬁ&mﬁlgahmohermer ein the

nononeric m xture further- conpri ses a nonof unct i-onal

sili céheTh‘bhl'(tngﬁlﬁgpq’mmemfrclalz@2 Whereiry thegpesiomeric mixture further

msr Of omeric m xture
G R S R |
tris(p4i maé hydh‘égél%pbl?hieﬁﬂﬁclaﬂﬂrl Whaeinytﬁé p@;(pblymer is terminated at .
copol ymer of claim 1, wherein the (i)ol ymer is

At pelymstizablsthylenip uasa;s‘awﬁé? igalbl e et hyl eni c

unsat at e

cl 2y e, P ERPEA, sopSRmel R U, 285 b RREETERY Rbje unsaturated
hetical has the formiua: wherein: R23 is hydrogen or nethyl;
each R24 is hydrogen, an alkyl radical having 1 to 6 °
car bon Rfzons, or a -CO- YR 2 radical wherein Y is -0,
é’f“oor NH; R25 is a divalent al kylene radical having
1

0 ﬁmﬁi“ GO Qg (Ane Res

wherein:
2 is hydrogen or methyl;
each R* is hydrogeh, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-
Ry radical wherein Y is -O-, -S- or -NH-; A
R¥isa divalent alkylene radicai having 1 to 10 carbon atoms;’
R is a alkyl radical having 1 to 12 carbon atoms;
- Qis -CO-, -OCO- or -COO-;
X is -O- or -NH-;
Aris an aromatic radical having 6 to 30 carbon atoms;
'bisOto6;cisOor1;disOor1;andeisOor 1.
26. The hydrogél copolymer of claim 1, wherein the prepolymer comprisles' soft -

segments that are a diradical residue of the formula (PS’):
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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@zowati4e radi cal having 6 to 30 carbon at ons;PGI/US2005/044289

to6; cisOor 1;, dis Oor 1; and e is 0 or 1. 26.

The hydrogel copolymer of claim 1, wherein the

prepol yner conprises soft segnents that are a

diradi cal residue of the formula (PS ):wherein: each A
is a hgdroxylRor an anino radical; each Ris '

|ndepe|hdentlyl se#sc ed froman al kyI ene group having 1

erein the carbon atons may

i ncI udgr et heer uret hane or ureido |inkages

t her ebet ween; each R(PS9 i ndependently sel ected from

%drogen nDnovaIent hydr ocar bon radi cal s or hal ogen
WP tut ed nonoval ent hydr ocarbon radi cals wherein

t he headh acigbgdroxgborcal Snihavalicalit o 20 car bon at ons
whi ch mii?sl ncl ude ether Ii nkages therebetwee

~is atearhRsts indepsndentlyeselegter i ggql a8 GHeNlSATeHOwR gé‘figg ﬁqtgé’o carbon
| . .
a%}gepen gﬁﬂh yl? ehé(xln a(l)); ﬂﬁ@?%&eﬁ (l.)lhezﬁl e or ureido linkages

tharebetdicerg et her I|nkages 28. ‘The. hydrogel copol yner
mer. further

f clai. th I
a1 el s feipperdiatl i U tHERGFDLOBaHLTY  FagPoarbon

ﬁfhcaﬁt ro?”ﬂal%@érg SRS rﬁ&m'vﬁﬁ:ﬁf‘t Bflirbdarbon radicals wherein the
*Dir*; and weak hard segments represented by

| hymrmcarbmmadmah baweh! i 20 sarbewl atenel evhichy maydinchide ceéher linkages -

: ue of di i socyanate, each Diol is independently
hergk’%ﬁlgfﬂbfpgr esi due.of a diol having 1 to 10 carbon
atomsalsamkagach * is independently - NH-CONH- '
_ OCONH-. 29. The’ hydrogel copo

cI ai n3728Th%\h)é¢f§8fH conelypree phrlpi L6 c Bhereinseash Soalgbéﬁlte and each

RS Ay AR oA RO pllod A8 TRAbEmg cARE ARERLET DY

28. The hydrogel copolymer of claim 26, wherein the prepolymer further
.comprises at least one member selected from the gfoup consisting of: strong hard
segments represénted by *Dii*Diol*Dii*;_ and weak hard segments represented by *Dii*;
whefein each Dii is independently a diradical residué of a diisocyanate, each Diol is
independently a diradical résid_ue of a diol having 1 to 10 carbon atoms, and each * is
independently -NH-CO-NH-, -NH-COO- or -OCONH-. -

29. The hydrogel copolymer of claim 28, wherein the prepolymer comprises said .
soft segments and said strong hard segments, represented by *Dii*Diol*Dii*PS*Dii*
wherein PS is the diradical residue of formula (PS’).

30. The hydrogel copolymer of claim 29, Wheréin the weight ratio of said soft
‘segments to said strong hard segments is at least 5:1 and no greater than 13:1.

31. The hydrogel copolymer of cléir_n 30, wherein the weight ratio of said soft
segments to said strong hard segments is at least 7:1 and no greater than 11:1.

32. The hydfogel copolymer of claim 1, wherein the prepolymer is selected from
one of the following formulae:
| M(*Dii*Dioi*Dii*PS)x(*Dii*PS)y*Dii*M
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wherein PS is the diradical residue of fornmula (PS).

30. The hydrogel copolyner of claim?29, wherein the
woioghti4rati o of said soft segnments to said strPONUSZe3/@i4289
segnents is at least 5:1 and no greater than 13:1. 31.
The hydrogel copol ynmer. of claim 30, wherein the weight

rati o .of said soft segments to said strong hard
segnents is at |ea reater than 11:1. 32.

The h%*%’@w&*&bbﬁPM*Db*P%v*é?lm oM n the

prep

for m ’Fﬁﬂ*Ps&Bﬁﬁ%&g&fﬂf*psgjggqﬂ@ of the followi ng

ol *Di
M * Di

§ () SDIDHDIMIS), P DiialDOFM: PS) x(*Di i *PS) y* Dl | *D|
| * L *P i*Diol)x*Dii*PS*Dii *M
W%%P@*DP *D||*II)|0I*D||*MI\/(*D||*PS)X*D||*M

Mer%ﬂereﬁach Mis independently a polymerizable

et hyl

enically unsaturated radical; each Dii is

i ndepeachi dfis indepeddendlyi a:;wlymeuablﬁ@tl@fleracadlyl ussatyetest redical;

each
di ol

ently.a . dir resi due of a.

d
B0 InRERfIE A dinioBe SRS G aifs B

I ndep&iHamibl ¥% ﬂldglbdndgrhtl?}ah dﬁtﬁéﬂcﬁl%sﬂﬁe af a diol having 1 to 10 carbon

pol ys

i | oxane-diol; each * is independently -NH CO NH.

gomsNH COOx is at least 2, and y is at least 1. 33. A

cont a@ac}&'P%ﬁ? ﬂ@?%dgﬂ s); 981(55]&{941 Q%E&ueﬁ)qggJWBx&f (I)la' m’

1. 34

of cl
copol

Sont copol yher
@dchn*3s independentbnINELCONE- omeNHaTOOhe hydr ogel
yner of claim3. 36. A contact |ens nmade of the

hydr ofy& at tog)?ﬂér of claim4. 37. A contact |ens nade

of th
| ens

fra%x slg copol yner of claimb5. 38. A contact
of the hydrogel copolymer of claim 6.

. A contact lens made of the hydrogel copolymer of claim 1.
34. A contact lens made of the hydrogel copolymer of claim 2.
35. A contact lens made of the hydrogel copolymer of claim 3. .
36. A contact lens made of the hydrogel copolymer of claim 4.

37. A contact lens made of the hydrogel copolymer of claim 5.

38. A contact lens made of the hydrogel copolymer of claim 6. -

~39. A contact lens made of the hydrogel copolymer of claim 7.

40. The hydrogel copolymer of claim 1, having either:

a water content in the range of at least 20 to no greater thah 30 weight percent;

and an oxygen permeability of at least 200 barrers; or

a water content in the range of at least 30 to no greater than 40 weight percent,

and an oxygen permeability greater than 150 barrers; or

a water content in the range of 40 to 50 welght percent and an oxygen

permeablhty greater than 100 barrers.

41. A contact lens made of the hydrogel copolymer of claim 39.

42. A hydrogel copolymer that is the hydrated polymerization product of a

monomeric mixture comprising a polysiloxane prepolymer a_nd',. a- hydrophilic

comonomer, the hydrogel copolymer having a water content of at least 40 weight

percent,

and an oxygen permeability greater than 70 barrers.
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39. A contact |ens made of the hydrogel copolyner of
claim7. 40. The hydrogel copolyner of claim1, having
weedoheri47a wat er content in the range of at | eESI/URD0L/®14289

no greater than 30 wei ght percent, and an oxygen
perneability of at |east 200 barrers; or a water _
cont ent in the range of - at Ieast 30 to no greater than

40 wej ercent, and a r r.eat er

than ioprs kydregel go v F@?ﬁh%iﬁ? 41@01@%@@1&1 product of
! y t
%Jn%négcn}g% O(R)b éﬁﬁﬂfg a%‘i’ysﬁﬁxaﬁfé ?@Bolpﬁkfre@k% 311 I¥ctam, and a

greater t rers.. 4. A contact lens m
dxﬂa&h)hgmttamggleilcqimbol ymer of cl a|m39 42. A hydrogel

copol that. i s hydr at riz

of. a oﬂ\?l PHCQRey hfﬁgg%o?ﬂ?ro ﬁ'ér?eﬁ nlgmly P IVX) t%e monomeric
: ﬁ[}&lﬁl@ lidiRdes ahRad oRY df Q-Ih?ﬂﬂdx?etﬁ?lﬂlﬁﬂ%ﬁflate hﬁ’&gﬁ)t&lypﬂl@ihacrylate

copol rrer haV| ng a watef content of at |east 40 wei ght

perc %Omly@@nlmn@fablﬂlm t43, g¥heagiar the Hapnopgeric. mixture

barrers 3, ne I fhat is the
ngs %Iﬁ djiox?{reirl?'l ?n %t?o ugt'w(ﬁ))?lq)?r%ﬂgél}ml ic mxture
cConpr4gi Al@oﬁtaacléns&hédv(ﬁm@e Rydeogdl yomlymer ofichaiin 43act am
and a 7(mat h) acryl ated al coho| .. 44. The si]icone

e

hydr offel A cepiast)prsrmade ofithg }i*b{dé[%el pralengr ofidaimdoner i

m xtu
2- hy dﬁrfxégfl cUF@ﬁ}(cﬁg di %?g(%l}éﬁglﬁtg )t/l}:eel}y;i ate {)?]1 rélrelgll tlon product of

aﬂEmoniﬁimenhyﬁxmgebompxmnhg/am'rlicoﬁe-cdnammnganomea mrtylh @ctam, and a

gﬁ%ﬁﬁp h egd’nxtu e conprises 2-hydroxyethyl methacryl ate '
a oIidone. 46. A contact |ens nmade of

t he hydrogel copolynmer of claim43. 47. A contact |ens

made of the hydrogel copolyner of claim45. 48. A

silicone hydrogel copolyner that is the hydrated

pol yneri zati on product of a nononmeric m xture

conprising a silicone-containing nonomer, a vinyl

lactam and a (neth)acryl ated al cohol.
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