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di sconfort and 20 excessive ocular deposits | eading to reduced vi sual
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by coating the surface of%cg(%ﬁpbi,\@)agcﬁﬁifm tact lenses with
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hydrophobic than hydrophilic. These lenses provide a good level of comfort to
many lens wearers, but there are some users who experience discomfort and
20 excessive ocular deposits leading to reduced visual acuity when using these
lenses. This discomfort and deposits has been attributed to the hydrophobic
character of the surfaces of lenses and the interaction of those surfaces with
the protein, lipids and mucin and the hydrophilic surface of the eye.
Others have tried to alleviate this problem by coating the surface of
25 silicone hydrogel contact lenses with hydrophilic coatings, such as plasma
coatings Uncoated lenses having low incidences of surface deposits are not
disclosed.
Incorporating internal hydrophilic agents (or wetting agents) into a
macromer containing reaction mixture has been disclosed. However, not all
30 silicone containing macromers display compatibility with hydrophilic polymers.
Modifying the surface of a polymeric article by adding polymerizable
surfactants to a monomer mix used to form the article has also been
disclosed. However, lasting in vivo improvements in wettability and

reductions in surface deposits are not likely.
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SUMMARY OF THE INVENTION
The present invention relates to wettable silicone hydrogels formed
from a reaction mixture comprising, consisting essentially of or consisting of
25 atleast one high molecular weight hydrophilic polymer and at least one
hydroxyl-functionalized silicone-containing monomer.
The present invention further relates to biomedical devices formed from
a reaction mixture comprising, consisting essentially of, or consisting of a high
molecular weight hydrophilic polymer and an effective amount of an hydroxyl-
30 functionalized silicone-containing monomer.
The present invention further relates to a method of preparing a
biomedical device comprising, consisting essentially of or consisting of mixing

a high molecular weight hydrophilic polymer and an effective amount of a



and curing said solution. The present invention yet further relates to a
nmet hod conprising, consisting essentially of or consisting of the steps of
(a) m xi /yoasieyht 5 nol ecul ar wei ght hydrophilic pol yner aod/usn2/edeiecti ve
anount of an hydroxyl- functionalized silicone-containing nonomer and (b)

curing the ngaestyicfunéfonalifly sillodheiconfa@iing mobb@eEw forrh adgedrelutibhe present
I nvention yet further relates to a nmethod conprising, consisting
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wei ght hydr ophi IThe pregestiBuertiof @ﬂf%@ﬁ@ét&@tmo@éorﬁprwoxw -
functionalized silicone contai nl%\)%ilnrmnorrer and (b) curing the product of

step (a) &engpting,eRpentialiohoraeR 9tof the steps eidp IRGE NN e bi onedi cal

devi ce. 5Thencné&ﬁwei%m@aFddhnicqiownherfametala%ﬁebwéérﬁsumf@nr@amw-f or

improving the wettability of an ophthal m c device forned from a reaction
m xt ure corfgigtienalized silisore;aantaininggnenayaeiiand (by cyingthe PEsst ststely of addi ng

at | east ong) Rifgln FBidkeedi@i deyiBe ght hydrophilic polymer and an effective
amount of 4at’ | east one conpatibilizing nonomer to said reaction mxture.

The present i nvéhe pesestinventionryehburtheeredates ta @ methad ¢psaPsig. i nprovi ng t he
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T/ S 28D g CRIBIAMIS HE e, i b JESeion BHLe SBBBES escconds. or
equal o orcosisRigeéssentially of and consisting of adding at least one high molecular
weight hydrophilic polymer and an effective amount of at least one hydroxyl-
functionalized silicone containing monomer to said reaction mixture.
The present invention still further relates to a biomedical device formed
from a reaction mixture comprising, consisting essentially of and consisting of
25  atleast one hydroxyl-functionalized silicone-containing monomer and an
amount of high molecular weight hydrophilic polymer sufficient to provide said
device, without a surface treatment, with an advancing contact angle of less
than about 80°, less than about 70° or less than about 60°.
The present invention still further relates to an ophthalmic device
30 formed from a reaction mixture comprising, consisting essentially of or
consisting of at least one hydroxyl-functionalized silicone-containing monomer
and an amount of high molecular weight hydrophilic polymer sufficient to
provide said device, without a surface treatment, with a tear film break up time



than tear filmbreak up tinme for an ACUVUE(r) contact |ens. A device
conprising a silicone hydrogel contact lens which is substantially free
from sur fwoesnesoesi ti on without surface nodification 5 DECAIUSED?28613

DESCRI PTI ON OF THE I NVENTION It has been surprisingly found that bionedical
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| enses and con enses. I omne vices are’  ophthalmc
devi ces, p&ytaxcaptamialwettatiliy wel reeaes deoesse peadwaouihgldly;xam@moatact 25 | enses
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compound OGO qrézdprhankodat st PIsAIEorE: GHlAIERA TAT AT age
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per meat i on chrogat ogr aphy Teffact] ve 4, 0,03/ 022321, FCT/ US02/ 28613
20 be used while either in or on mammalian tissues or fluid, and preferably in or
on human tissue or fluids. Examples of these devices include but are not
limited to catheters, implants, stents, and ophthalmic devices such as
intraocular lenses and contact lenses. The preferred biomedical devices are
ophthalmic devices, particularly contact lenses, most particularly contact
25 lenses made from silicone hydrogels.
As used herein, the terms “lens” and “opthalmic device” refer to
devices that reside in or on the eye. These devices can provide optical
correction, wound care, drug delivery, diagnostic functionality, cosmetic
enhancement or effect or a combination of these properties. The term lens
30 includes but is not limited to soft contact lenses, hard contact lenses,
intraocular lenses, overlay lenses, ocular inserts, and optical inserts.
As used herein the term “monomer” is a compound containing at least
one polymerizable group and an average molecular weight of about less than

2000 Daltons, as measure via gel permeation chromatography refractive
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20 High Molecular Weight Hydrophilic Polymer

As used herein, “high molecular weight hydrophilic polymer” refers to
substances having a weight average molecular weight of no less than about
100,000 Daltons, wherein said substances upon incorporation to silicone
hydrogel formulations, increase the wettability of the cured silicone hydrogels.

25 The preferred weight average molecular weight of these high molecular
weight hydrophilic polymers is greater than about 156,000; more preferably
between about 150,000 to about 2,000,000 Daltons, more preferably still
between about 300,000 to about 1,800,000 Daltons, most preferably about
500,000 to about 1,500,000 Daltons.

30 Alternatively, the molecular weight of hydrophilic polymers of the
invention can be also expressed by the K-value, based on kinematic viscosity
measurements, as described in Encyclopedia of Polymer Science and
Engineering, N-Vinyl Amide Polymers, Second edition, Vol 17, pgs. 198-257,
John Wiley & Sons Inc. When expressed in this manner, hydrophilic
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nonomer sugf oJéE%w?ﬁrdpér{& gn reacting the hydroxyl groups of the
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chloride. Hydrophilic prepolymers made from DMA or n-vinyl pyrrolidone with
glycidyl methacrylate may also be used. The glycidyl methacrylate ring can
25 be opened to give a diol which may be used in conjunction with other
hydrophilic prepolymer in a mixed system to increase the compatibility of the
high molecular weight hydrophilic polymer, hydroxyl-functionalized silicone
containing monomer and any other groups which impart compatibility. The
preferred high molecular weight hydrophilic polymers are those that contain a
30 cyclic moiety in their backbone, more preferably, a cyclic amide or cyclic
imide. High molecular weight hydrophilic polymers include but are not limited
to poly-N-vinyl pyrrolidone, poly-N-vinyl-2- piperidone, poly-N-vinyl-2-
caprolactam, poly-N-vinyl-3-methyl-2- caprolactam, poly-N-vinyl-3-methyl-2-
piperidone, poly-N-vinyl-4-methyl-2- piperidone, poly-N-vinyl-4-methyl-2-
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o e,y ORlipbiyierd iR BRG/IREUH dithat Gt Lbidhe by | ncorporat i on of

t he hydrophil In the reaction m xture de from 15 the

specifically naﬁ%@lhiﬁlhgm'ﬁ@llérc\wlaht Wy@r@mhcmﬁupm\cdqamwmds it is
expected tQak, ﬁlgté/a t%g?@mlgﬁylrﬁﬁram ﬁhﬁvoﬁf?létgé.ﬂﬂéym th h&icsi Qbtiked N thi s

I nvention provi to a silicone hydrogel
f or mul 40i oef therpsesgndinyehtion. chtbotytmng( kounddrsanydheenybit isdreliewdd y phase
separate rn?cﬁg ity to the
resul ting fértgjér?eaet'ggh édlé}%%ﬁ‘t Eﬁ)pﬂﬂggéméﬁ F’éﬁfqré‘ﬁ%i edrred t hat the
hi gh nol ecmdamvemwgim in lagulem{srarlwronrpemtgzniwdrd)mrsbﬂanevater thws di |l uent at

processi ng r ter or water
Cor ubi o i PEEMTEo Ry pRrH e cheRERs SEwalt Fbtgealtf Teatced
cost. Int hrtcsqooeaﬁmdmfrmmhgdrbplg;hc paoipinecinl the rem:tlghimlmdw ohdidé frompol yner s
whi ch e ter | ubl e a Qc ssm 2 ratures ar.e. preferred.
Fycr oxy - 1 Uitesant; adimd PRD B AT uriam ty SRR R B her ei n o
"hydr oxyl - feMpedted thekt bzyedugaimdale@na weighteialynmegr wih beraseful inithisa conpound
containing.at |.east on r bl e group hayi ng.an avera 30 nol ecul ar
et gnt " of A0k oy Pt i Pofimt.S iR GRS BESFR, raat i on
chr omat Ogr@cﬂmmatnbafthémyur@hma(i;@wnctﬁt(@)cdde@rhot@nmbt@rﬁt@‘llypabée/sé;ﬁsae t han about
3000 Dal to?r which js c & at| bil | ngﬁt Sili cone cont ai ni ng
rononer s | REMAIBASRHOT bR, B BRI ISR 8 e "eRuH BIERn | | c o
F7)0| ymepg Hydiymey! Irf stieé embabinients B isreterebifthat tha hightmoleBuigvivaighthy dr ophi | i ¢
hydrophilic polymer be soluble in the diluent at processing temperatures.
Manufacturing processes which use water or water soluble diluents may be
preferred due to their simplicity and reduced cost. In these embodiments high
molecular weight hydrophilic polymers which are water soluble at processing

25 temperatures are preferred.

Hydroxyl-functionalized silicone containing monomer

As used herein a “hydroxyl-functionalized silicone containing monomer”
is a compound containing at least one polymerizable group having an average
30 molecular weight of about less than 5000 Daltons as measured via gel
permeation chromatography, refractive index detection, and preferably less
than about 3000 Daltons, which is capable of compatibilizing the silicone
containing monomers included in the hydrogel formulation with the hydrophilic

polymer. Hydroxyl functionality is very efficient at improving hydrophilic



WO 03/ 022321 PCT/ US02/ 28613 conpatibility. Thus, in a preferred enbodi nent
hydr oxyl -functi onal i zed silicone containing nononers of the present
i nvent i orwoeapea3ge at | east one hydroxyl group and at | e®€T/usnB28613
"-Si-OSi-"group. It is preferred that silicone and its attached oxygen
ﬁcgount | forcompeemtit{yarrhgbqu}a prEferved @inibadimerttiydaixyBfusetichalized f o

r ox ctional.ized silicone_containin nomer refera nor e
than. about SEOVErGHENGGBaRErR S He Eso T anps Comprite gilebstons ©
hydroxyl - flﬂﬁ@idx?ﬂ‘g’tbu;iﬁddﬁtﬂebﬁmﬁz “CSind BinGrogp. errdcﬁthaiﬁ%ohgportant to

provi di ng hydr ox unctionalized silicone tai_.ning nonomer which wll
provi de th@”ﬂé@lqﬂééh?fle YOEN Fecant iy pRareithan AHoM; @ﬁ"’e'@?t H%ﬁ‘iﬁrﬁt gtio of

hydr ophgbi (‘sal@iqwdk&@l f&cﬁb‘ﬂmdh&e& 8ificdteddbntdififg nibHdhRrYhofedstetdramg! | zed
silicone nmononer be poor at conpat|b|I|2|ng the hydrophilic polyner,

resul ting |Wrﬁﬁ%h?%qtgpé"9r@3@ﬁ“&ﬁ‘ ‘m xtures. Accordingly, in sone

embodi ment's, t hgnSratlobf@iltd @‘H |ﬂ théhi/&é?yllﬂh}%’t‘ioﬁa%a sheore c&ﬂgmfh%ef erably
bet ween about 1:1 to about 10:1. In’ sore embodi ments primary 5 al cohol s

have provi deNOMivdled 'mmﬁcbp'rqwdwgc%hwpésd flﬂ’l?t@é@“@ﬁdéﬂ'yon%ll cohol s. Those
of skill inohfagidy Fho\%r'nbr @«Hl&h%ﬂ BiovideRl dbbifeidyfad ofnd sel ection  of

hydr oxyl - functi onal | zed 't cone contal ni ng nononer will depend on how

much hy8r o;@ﬁmpia&blb?tﬁt'?ﬁeﬂf th% ratiocqf dwdrophaleipipettiontta OHiisdpe bighwihet abi | ity and
the degre i tible with
the 20 by eaiiuRicnafizct stoRR mare ity BRIATELmpULRARATRE' 7} %o one
cont ai ni ng hydiephiie polymer| neaeltln@mnmrspaibeQImanmramixturaadAr:cormnglyz |1

R7- Re. O R e alubptoerte e ST BT R jega hal sbaut 812062521
PCT/ US02/ 2 pedférably between about 1:1 to about 10:1. In some embodiments primary
15  alcohols have provided improved compatibility compared to secondary
alcohols. Those of skill in the art will appreciate that the amount and selection
of hydroxyl-functionalized silicone containing monomer will depend on how
much hydrophilic polymer is needed to achieve the desired wettability and the
degree to which the silicone containing monomer is incompatible with the
20  hydrophilic polymer.
Examples of hydroxyl-functionalized silicone containing monomers
include monomers of Formulae | and Il
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wherein: nis an integer between 3 and 35, and preferably between 4 and 25;
R1 is hydrogen, Cl.6alkyl; R2, R3, and R4, are independently, Cl.6alkyl,
tri Cl. 6al wplosiokz32y, phenyl, 5 naphthyl, substituted Cl.6alpicyiysSosedsssit ut ed
phenyl, or substituted naphthyl where the alkyl substitutents are sel ected
from one oryHepsig: menbers of the group consisting of Cl_6al koxycarbonyl,

Cl. 6al kyl, Cl1_6al koxy, am de, hal ogen, hydroxyl, carboxyl,

Cl. 6al kyl c&ripERynteasiPatyeen, f and3a. anthereterahly bg ‘}E“%a%sti tutents are

sel ected f IR0 APGEOGEN,BBIkHY nMenbers of the group consisting of
Cl. 6al koxycgr honyl 4C':l 6al yl, Cl_6al koxy, am de, hal ogen, hydroxyl,

car boxyl , S aBRY REAB dnapennentls Srispikyl, R isalkyisimxyxphenyhn al kyl group
cont al ngng n‘éBﬁt}pg{ sgiFs’tﬁthd’@:ﬁ- K1, SUbRkREd MHenyl SFEESRARONSA)- R' wherein y
is 1lto 5, preféra 1to 3, Xis anintegér of 15 1 to 100, preferably 2
to 90 and nore p’héﬁe&;at&lwl ubstityterds appseleqted fipm anedFeeT@dnemiersel ect ed from

H, al kyl havi ng 0 I i 0 10 carbon
at ons substitut 8@%@%@% resgggogﬁé'g%%ﬁ?a@hﬁ%ﬁﬁrﬂﬁk %]‘%Sﬁgx’rzo R6 is a
di val ent group awigs; haioggn.uydraxyR Gatexpot-ealioiearosayl aad formyhendl ent group

that can under %?rge - the '&ﬂétiéﬁg{s%fen Lr%rﬂe?ectéﬂré/rﬁ%niezcﬁ‘%&@ and_conpri si ng

up to 20 carbon a IS a or trivalent group conprising up to
20 car B6n at ons mebtbeReaicthe group cansistisg of Citadkgqxyemrbonyli Gyveatkyl,on may i ncl ude

th d - j [ N ' . F
monof unct i onal Ky atRs beBHENSEbE. palBRE CEAMIGRAIRRECT, (e
preferred Rl isfdmngl ogen, and the preferred R2, R3, and R4, are Cl.6al kyl
d triCL. 6al.kyl sil t ferred t hyl d.trinmethylsil . F 30
i t1 £ unct roialaoh e Ry e B Foriphid el ror® Plaieb RS B cormr i se.
et hyl eni cal(CH (ORI VGt )R weHeyeiryiig Altd 6, prietaraisly drtd 3pwisampingdger abl y conpri se
te, t I 1. 68al kyl | at e, jod
CL. a1 191 adrg e Welersp 2t P Rninie R Gty IR R el keny
C2_12al kenyhdependéntly seRecletbrdia i lali@phdving up @ 10C2arbah keomd aheayi§l _6al kyl . 9

\8\22%?:'/023242 1vﬁ§;-u/p §q%/c%§b%lr13ator1-\g%uggtﬁatga rw(?t% a'?‘lr’ee{s%ong (pjxr)lg)r(?dn’c:ticSn%ll_lzO_| or

group,
20 R®is adivalent group comprising up to 20 carbon atoms;

R’ is a monovalent group that can under free radical and/or cationic
polymerization and comprising up to 20 carbon atoms
R® is a divalent or trivalent group comprising up to 20 carbon atoms.

25 Reaction mixtures of the present invention may include more than one
hydroxyl-functionalized silicone containing monomer.

For monofunctional hydroxyl functionalized silicone containing
monomer the preferred R' is hydrogen, and the preferred R%R3, and R, are
Ciealkyl and triCq.¢alkylsiloxy, most preferred methyl and trimethylsiloxy. For

30 multifunctional (difunctional or higher) R'-R* independently comprise
ethylenically unsaturated polymerizable groups and more preferably comprise
an acrylate, a styryl, a Cygalkylacrylate, acrylamide, C1_salkylacrylamide, N-
vinyllactam, N-vinylamide, , C,.12alkenyl, C;.12alkenylphenyl,
Cs-12alkenylnaphthyl, or CasalkenylphenylC1.salkyl.



hydr oxyl being nost preferred. The preferred R6 is a dival ent Cl-6alkyl,
Cl. 6al kyl oxy, Cl1_6al kyl oxyd _6al kyl, phenyl ene, napht hal ene,
Cl_12cyclwalokp2326 Cl_6al koxycar bonyl, am de, carboxy, Clpréalusgt/zssidhonyl ,
carbonyl, Cl_6al koxy, substituted Cl-6al kyl, substituted Cl.6al kyl oxy,
subrs]t iht :Jt ed Cl gaé b;éf@xedd wn &aiylayéxlw _lstllgl@[-lidrwd:l-m}wh ML@gamtrﬁubst i tuted
napht hal en substituted Cl_12cycl oal ky ere the substituents are
sel ected f?‘gﬂ‘ic’éﬁ@’eﬂﬂg WMOFEPTREBSEr s of the group consisting of

Cl. 6al koxycar bomyér;re@éq_&;ahkwadﬁ&eﬁad:km; GnaMg@oxpal ogen, 10 hydroxyl,
car boxyl , carﬁgnyl and for The particularly preferred R6 is a

di val ent 1|4i9 ylp 15g[kxh Bhenviens, BPE%@P'PBE %71 XA KYses” a free radical

reactivsg grcntgamomﬁrbo@gl %mld@%ébﬂo&%e(h f,élk%lc&éfbﬂnyl uamshyu miu x9t her,
i taconate grou acryl am de yI acr yI am de,

N-vi nyl | actsﬁﬁﬁt'tNe(?lC}w?'é)ﬁ ﬂ@St'tUt@Cl@AKMyFUbsﬂ@tQiclﬁk UV

C2_12al ken)ébﬁ?tﬁlh"t%mbhen én@%uﬁﬁttﬁﬁaﬂaaﬁﬁﬁb@ng’s&ﬁh{ﬁ%d €L, clé\éﬁyl oni ¢ reactive
group such as vinyl )ﬁer or epoxi de groups. The partlchary preferred R7
i s met hacr w@r%theﬁh@swu@mféﬁr@aelﬂeteﬁéronsorae e malreernem@@tsaélﬂke/grougl 6al kyl oxy,
Cl_6al kyl o hal kyl, 20

Cl. 6al kgx ?g%gﬁﬁ &361 eaRB%'r&gmgx C]%QIP% 5 %%ég%g onyI

Cl. 6al RQxy hydwmﬁarngséocmaﬂwmaktwnyl %mb@tmvlutT@é p@ﬁlc@:éarlywrefﬂyed &ibst i t ut ed
Cl. 6al kyl o ed phenyl ene, substituted naphthal ene,
substi t ut e?%fw%?nkﬂethgl ﬁ“?ﬁykvﬁ ere the substituents are selected from one
or nmore menbersTbé pterfﬂrégiB pompmastree]gadmal Ghclve goupcsudbasydn, Cl- 6al kyl ,
Cl1_6al koxy, , 0 Icar bonyl and
fornyl . Theacg}gtglacﬁtpﬁé Iy mvxrfs/gr%g %&Late%@ﬁéﬁ&? i‘a?@%al kyl . Exanpl es
of hydroxyIacfwmnrdeﬁﬁedailwlad:r)damldeoNenmyﬂactarmNﬁgnwammeerC@fzalkEnylrruIa | that
are papkic |

et hyt 152 Brdr eyl G2 o Barn BRI G BkelyoRenyCraaikyl or 2

[ (tri et hylcatidnit )mcy\}aigmubcsmahnyxb}/mybemam}rm‘mpmb gesips: Thethparticutzp al so be
named

(3-net hacrﬂrgﬁve%RhfdPSWﬁW@ﬁ?fl oxy) propyl bi s(tri nmet hyl si l oxy) nmet hyl si | ane)
10 WO 03/ 022321 TREpretsest RBBIS a divalRribiQ; GiiRYI3CT-{alktox@~~Si - Il OH O

C1i.salkyloxyCi.galkyl, phenylene, naphthalene, C1.12cycloalkyl,

20 Csealkoxycarbonyl, amide, carboxy, Ci.salkylcarbonyl, carbonyl, Ci.galkoxy,
substituted Cq.galkyl, substituted C1salkyloxy, substituted Ci.salkyloxyCj.galkyl,
substituted phenylene, substituted naphthalene, substituted C1.12cycloalkyl,
where the substituents are selected from one or more members of the group
consisting of Cy_salkoxycarbonyl, C1.galkyl, Cs.¢alkoxy, amide, halogen,

25  hydroxyl, carboxyl, Cy.salkylcarbonyl and formyl. The particularly preferred R®
is Cr.salkyloxyCi.salkyl.

Examples of hydroxyl-functionalized silicone containing monomer of
Formula | that are particularly preferred are 2-propenoic acid, 2-
methyl-,2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-

30 [(trimethylsilyl)oxy]disiloxanyl]propoxy]propy! ester (which can also be named
(3-methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane)

10



Si (CH3) 3 The above conpound, (3-nethacryl oxy-2-

hydr oxypr opyl oxy) propyl bi s(tri nethyl siloxy)nmethylsilane is formed froman 5

epoxi de, wbiogl23epduces an 80: 20 m xture of the conpound howrsozaissve and

(2- met hacr yl oxy- 3- hydr oxypr opyl oxy) propyl bi s(tri met hyl sil oxy) met hyl si | ane.

In sonme enbodi nents of the poesent i nventi on .$i{CH;%;, preferred to have sone

anount of the primry hydgo erably greater than about 10
W% and nore preferably a &M /\{ewﬁ)l)‘mlo Ct her suitable

hydr oxyl -functionalized sil'i cone @dntai ni ngOnononers i ncl ude

( 3- met hacr yl oxy- 2- hydr oxypr opyl oxy) propyl t ri 8{@Hd)sret hyl sil oxy)silane 0

OSi(CH3)3 "~Uo-- ~O-~Si-O0Si(CH3)3 |I' HO Si(CH3)3 15
bi s- 3- et hacryl oxy- 2- hydr oxypr opyl oxypr opyl poI ydi met hyl si | oxane O - ~0
Si (O2Si ~ QThe @bb\@-tontbubdnis-mathagiytoxy-2- ( 2-

Bé%é’é%i&“%@ﬁp%@?f%é@ééﬂ% SR RIB PR @#%Wb#n%e o

N, :\l y , Bl hbﬁbmfiklvsmlah pmdhaesarh 8&3202mhlyxchf oﬁgyplcomp?hmdaslﬁ@rbzlabeva a;mi noIor opyl
P o ol T S Bl BB SPGB PR 2
Eygr oxy: ;llmé(bmére&iboﬂln:\erﬂglﬁthetp@é‘ée@i mvegtioninisrpeeferrel ktlﬁéha\mlssdrﬂéol eOI | .
o e SgonnEphe RemanengIreoA biasat. Bieferea Bt Mooyl IEaRe ' °°°
4, 259, 467; afid #6dte pesferably’dtledst Bbout, 204M%4.84;

10 Other suitable hydroxyl-functionalized silicone containing monomers

include (3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane

o~ SiCHa)s
\")L /\/\0/\/\& O-Si(CH3)s
Sn(CH3)
15
bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane
0] 0]
o/\ﬂo Si< i o/\Ao
OH /N OH
20

3-methacryloxy-2-(2-
hydroxyethoxy)propyloxy)propylbis(trimethylsiloxy)methylsilane

11



4,139, 513, 4,139,692, US 2002/0016383, 4, 139,513 and 4, 139, 692. These and
any other patents or applications cited herein are incorporated by

r ef er encewO$Bioed32addi ti onal structures which nmay be suit alpCa&/us02/28613

hydr oxyl -functionalized 20 silicone containing nononers include those
simlar to the conpounds disclosed{n/Pro. ACS Div. Polym Mat. Sci. Eng.,
April 13-17, 1@P7, p. 42, and haV|nngh§ follow ng structure: OR OR 0O RO H
HOROR N,~~3 0S N yy) OR Qﬁ ORNnNn 0 OROR 12 WD 03/022321

PCT/ US02/ 2 dpfﬂL;nmLI i ndependently conprise Hor a

pol ymeri zabl ¢ unsat ur at ed group, myth\at | east one R conprising a

pol yneri zabl group,( Q\//gl easty one R, and preferably 3-8 R, conpri sing
H. Additional suitabhe hydrdQ§l_L@mcLlonallzed silicone containing 5
nononers are disclosed in U S. Patlent 4,235,985 These conponents nay be
removed fromthe hydroxyl-fucntionalized nmononer via known nethods such as
| i qui d phase chromatography, distillation, recrystallization or
extraction, or their formation may be avoi ded by careful selection of
reaction conditions and reactant ratios. 10 Suitable nonofunctional

hydr oxyl -functional i zed silicone nononers are conmercially available from

Gel I
hyd(raz;y P@h@%g{lﬁtﬁk‘eéfmef ﬁe Jm%trﬂ] 8rongrljo£)gl gg’?m%?%%mwmpgval | abl e from

Gel est, | npplyNmmeth@sildxeee PA or may be made using the procedures di scl osed
in 5,994,488 and 5,962,548. Suitable PEG type 15 hydroxyl-functionalized
silicone nononers may be made using the procedures disclosed in

PCT/ JP02/ 02231. Wil e hydroxyl -functionalized silicone containing nononers
have been found to be particularly suitable for providing conpatible
polymers for bionedical devices, and particulalrly ophthal mc devices, any
functi @pal i zed 20 silicone containing nononer which, when polynerized

ﬁ;gﬁ gghr ?)Ir (r:re g OIHE%% E;%cgfrl?.ras?)ldfﬂgtrstc)lf%chudylsmet?mngry‘ate with amIPO }ur}l%tl&eall ect ed

polydimethyisiloxanes may also be used as a hydroxyl-functional silicone

containing monomer. Other suitable hydroxyl-functional silicone containing

monomers include those disclosed in columns 6,7 and 8 of US 5,994,488, and
15 monomers disclosed in 4,259,467, 4,260,725; 4,261,875; 4,649,184,

4,139,513, 4,139,692, US 2002/0016383, 4,139,513 and 4,139,692. These

and any other patents or applications cited herein are incorporated by

reference.

Still additional structures which may be suitable hydroxyl-functionalized

20 silicone containing monomers include those similar to the compounds

disclosed in Pro. ACS Div. Polym. Mat. Sci. Eng., April 13-17, 1997, p. 42,

and having the following structure:

OR OR O
H OR OR

H
RO l \.J, \/ |
\WJ\ NWSI(O/SI%NM OR
OR OR

n O OR OR

12



used. Suitable functionalized silicone containing nononers nmay be sel ected
using the foll ow ng nononer conpatibility test. In this test one gram of
each of womea33aet hacryl oxypropyl term nated, nono-butyl PCErUsonzteesl 25
pol ydi met hyl si | oxane (nPDMS MV 800-1000) and a nmononer to be tested are

m xed t ogelpgre inn= WE@ ﬁd%r@%g@nc?eﬂﬂyﬁﬁﬂpﬁbegl&@Mﬂher@éab@om 20C. A
m xture of 12 weig arts K-90 PVP and 60 wei hiy arts DVA is added drop-

wise to hyHF'%ﬂiH@??Q:gr@Hﬁp‘M%ﬁ&'egﬁfl%‘?l%ﬁomﬂﬁ'%@ 8 &5gablg/oyr. A8 sol uti on

remai ns cl guEyseddear, 5,{1{ gpefgaaggtgag ROtomptisihgMd. The mass of the added bl end
30 of PVP and DVA is determ ne grans and recorded as the nononer

conpatibility |Aﬁ@ﬂon%ﬁy'@%Plﬁ(9¥¥|‘fﬂéﬂ¥@f’i‘@ﬁ§fj|SE'€B”%F<P'?t€'6W<Q- cont ai ni ng

monomer s haygndtheds SRRSO hwslﬁﬂ@m&ﬁsggs@ter than 0.2 grams, nore
preferably 13 WO 03/022321 PCT/ US02/ 28613 greater than about 0.7 grans and

nost pref er abl yThgsesaampangats mavhe rqm@/egirf&wetm hydreeyl-fugntignaliged or use in
Lhis 'nvenHoﬁmBméﬁQgroo%CrtéMSdé‘ s liffid ghaééocm?&ha prdpai\,ng effective

anount" of t unctionalize | 1 cone-confai nf ng nononers of the
i nvention d@tluart@n &:cwabajlmatlﬂreedeﬂrac@ommmmwi@irmiatm ey desyeided byhe hi gh

ol ecul ar \é"é‘# rl%sef()&éﬁér?[?ﬂebbt?onpé&nﬁ%ﬁsQﬂﬁi{é%‘i‘adﬂoxy CO”po.”e”ts of the

pol ymer formnu he ano -functional silicone
cont ai Alng nonofuitablé ronotiwptioral hydrox funntionalized siligane alonhydrsorki | i ¢

pol ymer whi ed silicone
cont ai ni ng %moe?r%rglﬁﬁ%faﬁ{%lgg%gpgg es{‘{rg{%f |S\)cllliét)‘fafﬁ‘l ze |bg er concentrations
of hydr ophmultcfunpxmoylald'rydrdidyf &mt:tlmallaed)snhdmwe mbndmcmscmqbemmmmtynal i zed
silicone cqgnt.aini r at | ncI ude about 5%
(wei ght peIaX%'%b?e %@Eggquﬂ?lpﬁ MW&Q&' g%/}( gF E"@thggrgyéo% %'ﬁ@t reactive
conponent s prdcedalesidischisetin [, 8944 8hand al96215480(8mtahﬁe &iutyp80% nost
preferq I bou]f %Wt'r%f% Qqu ut 50% 15 In a d|t| n to (ijne hi gh nol ecul ar
wei ght X%F??(Y'Hn SIERES (MREOMRA /B rf‘ﬁ tVF'8HElS zed silicone
cont ai ni ng provedURisisfiodeden POTeS/RO2¢022G8t her  hydr ophi | i ¢ and hydr ophobi c
nononers, cross|inkers, ditjves, diluents, . polynerization |n|tators may
be used to prepM ?‘Mamﬁ?ﬂ%?}logﬁfze&e?ﬂc@@% CB'?ta’t’\?RQ r¥|Pﬂ?/@l"‘l'isl haYe beRNaddi tion to
hi Igh ol ecdudd M@bqhhldm]/éily@&hbﬂgb%rmbwﬂ’ﬁ c@ﬁ@aﬁlﬁllefmq'h@fyl‘orf unct: ogal i zed
silicone containing nononer, t roul ati ons may i ncl ude
addi t i onal P Qm?cﬁ‘@rﬁget‘fﬁ?ﬁ éi”ﬂlpﬁ‘ "H{?r'fg’r%’?’g‘a"ﬁfo‘fqytﬂﬁsl Ry Uﬁﬁ?ﬂﬂ%ﬂ?%d, and cross
l'i nker 90t 0 sfityfe écﬁ}ﬂalhln@ﬂﬁ&idﬁ\’ér Vot eenqlolyridtized \4@Bldr fstmed into a

final article is compatible with the selected hydrophilic components may be

used. Suitable functionalized silicone containing monomers may be selected

using the following monomer compatibility test. In this test one gram of each

of mono-3-methacryloxypropy! terminated, mono-butyl terminated

25 polydimethylsiloxane (mPDMS MW 800-1000) and a monomer to be tested

are mixed together in one gram of 3,7-dimethyl-3-octanol at about 20°C. A

mixture of 12 weight parts K-90 PVP and 60 weight parts DMA is added drop-

wise to hydrophobic component solution, with stirring, until the solution

remains cloudy after three minutes of stirring. The mass of the added blend

30 of PVP and DMA is determined in grams and recorded as the monomer
compatibility index. Any hydroxyl-functionalized silicone-containing monomer

having a compatibility index of greater than 0.2 grams, more preferably
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Addi tional Silicone Containing Mnoners 25 Wth respect to the additional
silicone containing nononers, am de analogs of TRIS described in U S
4,711, 943wowsnyisear banat e or carbonate anal ogs decri bed PCTWIS82/246a8 .
5,070, 215, and sil oxane contai ning nononers contained in U S. Pat.

6, 020, 445 greutettninbband.? hemes aidmestiiticpary gRatahan assutwed | as any ot her

patents nmentioned in this specification are hereby 30 incorporated by
ref er ence. SR WURESYitaple fo(use in this invention.

3- met hacryl oxypaRPsftdctile bhiouA® bh ¥ SdrhsatiblizingatRciviRmdunt” of the
nononet hacryl oxypropyl term nated pol ydi net hyl sil oxanes, |
pol ydi net hiydioxyxapeienalized silicone-containing monomers of the invention is the

3- met hagr y LgyoRt ReudeRi 18 ChirpBEbiie &v disveneRE RighshbRB&ar weight
met hacr yl oxypr SB%I pent anet hyl di sil oxane and “conbi nati onS t hereof are 14 WO

03/ 022321 hiiookiic poyBTES ang Ate othen eaMRONeats efitheypolyener farawiation.
si |1 cone- cqfi,aithé BehoiROONTR R [fuhBora 4RErcAntaifigiridrop whi | | cone

contai ni ng nononers nay sent In anounts of about O to about 75 wt %
nmor e pr ef edapend bfpaatruthemmgunt ablysdrolicapalymerswhich issdsedawity mefre about 10

and 40 wei 9% 45 r 4 di | 11 : &afth on conmponent s of
t he presen?v{jrré(\}/%'ﬁ%ﬁ%%n%da '@SNQ?{%@@[S‘@?Q'@%&E%@%%P?%C nononmers used to
pr epar &0 cocoepaiikilize higyefrasge¢rdrations of kydiopiilic palyroer riffactive aimontg acrylic

oyt~ or oubh et aiel Scthe Yot BindidedR iR bolffier 5. oot 11+
nmononer s afarmijdtiodiimdade/dtzot $aiweight pefseht; dased en lthd weighhacr yl at e, gl ycer ol
th | at -hyd t A e, | vet h I
et hac i Boe N BRI S A B O /00
N-vi nyl - N- teealbydt 888k tnaost gesferdbly] alydut!2084 toydbollb5@%et am de, N-vi nyl - N- et hyl
f ,de, N-vipyl § 1 de. and  conbi nat,i ! f. Asi th
addi 11 Shai  nydr BrAtdRE N feh Bt onaen R Beh e pEhss BbRitne pol yo s
havi ng one hgdrorpfanctionbliredt siifcoha abntainiiigomphorgeugishe inephtomesthav th a
functional ,group..con ni ng a pol ynerizabl e doubl e bond, may 20 be used.
RysoRRI Hotde ol ds

tai .
Exanpl es i A¥QH BBP?@%’WP b1ers. FOHUAHANGIVRS38ueRISy 84, 863,
et hoxyl at egoRhlerizanigRatbiemaRBe ds6¢ tosreparerthd/Biomerithl 85vced IS the
5, 304, 584, and et hoxyl at ed bi sphenol A, as. discl %s_ed i n US5, 565, 539, reacted
invention. In"addition to high molecular weight hydrophilic polymer and
20 hydroxyl-functionalized silicone containing monomer, the hydrogel
formulations may include additional silicone containing monomers, hydrophilic

monomers, and cross linkers to give the biomedical devices of the invention.

Additional Silicone Containing Monomers

25 With respect to the additional silicone containing monomers, amide
analogs of TRIS described in U.S. 4,711,943, vinylcarbamate or carbonate
analogs decribed in U.S. Pat. 5,070,215, and siloxane containing monomers
contained in U.S. Pat. 6,020,445 are useful and these aforementioned patents
as well as any other patents mentioned in this specification are hereby

30 incorporated by reference. More specifically,
3-methacryloxypropyltris(trimethylsiloxy)silane (TRIS),
monomethacryloxypropyl terminated polydimethylsiloxanes,
polydimethylisiloxanes, 3-methacryloxypropylbis(trimethylsiloxy)methyisilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof are
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with one or nore nolar equival ents of an end-capping group such as

| socyanat oet hyl nethacrylate, nethacrylic anhydride, nethacryl oyl chloride,
25 vi nyl b&oacybk23ehl ori de, and the |i ke, produce a pol yet hylcarnsopesoydl
having one or nore term nal polynerizable olefinic groups bonded to the

pol yet hyl e@arncniah?/%eﬁmwMtuédankan&gwefr@urﬁémmg rﬁcmame% of fhehAavantign. Urea or
ester groups. . Sti further exanpl es include the hydrophilic vinyl

car bonat e &ddifiopglsilicene santainindHRABAHRELS MK EE 859@8"1 'ﬁ am%mts:aftab%s

5, 070, 215, olihebByidraRth, hére prefepatly of st BRRarEDbEt 60 86d AeRd in U.S. Pat.
No. 4,910,277, the disclosures of which are i ncor porated herein by

ref erence @Fﬁferp’;@h/ﬁf@)bf’k"aw anth40 melght’er ed addi ti onal hydrophilic nononers
are N, Ns di methyl acryl am de (DMA), 2-hydroxyethyl nethacrylate (HEMA),
glycerol nethacrylate, 2-hydroxyethyl nethacrylam de, N-vinylpyrrolidone
(NVP), 15 \Wydrophitie Monprmers/ US02/ 28613 pol yet hyl enegl ycol nononet hacryl ate,

et haor Y110 2t Aaafialk! aBRbFoctithndhENREbIABS hIGRAmaykisg hydrophilic

nononer s corrprl S ng bel ng partl cu prererre I t1 onal
hydr ophi | i mqludecﬁmrrfwdrmahlll@enm@e@rﬁtuseﬁto mam@mﬁnmwyd}oge}s about 70 wt %

f f ab 10
and 50 wer 5ot pYerile dtimats B8R horil® B CIRECREG WRIER 81 W th < vio
or nor 40polhydmegen abCeealkyj aotx isrbr YY) ouysy! gT¢1msdr©s@lHt)rm:e,r beragedhe
Py O o | EpRecbr 3RURBAA 1A c K RUTE SRIRALR R Glichfife Pr eoent

i nvention dr ophobi ¢ cr rs have been

found to pRewddeysthyl meﬁmcfwmepgjsataolvmodomethmrplatﬁj 2dpdroogethyl arity (reduced
SU|tabIe hydrophilic

h
oo aco Bl fel pabint ool tonqr ARV ER, ettt 0V S PPN | Gna
groups, as amajllb aaid, Nynirryd)pynrdﬂldmé,LN@tnyDNaheth&jl @retamide sNainyhbl-gihyly et her ,

am de h 0X i ncl,ude ' TE

Loty adbnybé f@g?@ﬁ’c%{v'a?ﬁ%?ﬁﬁiﬁyfmmqe 8 NP Bdpmariict R8¢ ForBNEiPyR o

di met hacr ylisdregf, et hyl enegl ycol di net hacyl ate (EGDMR), ethyl enedi am ne

di met hyacryl am t ha ate and conbinations thereof
Exanpl gs 01}/ sui gﬁg?g‘%ﬁwbﬁo 'P@%éPPH'WSFSsmPHQHW?&@b?M €nul tifunctional
hydr oxyl - f wagb dﬁlﬁ}léﬂ@ﬂol?élb lhﬁ@iﬁg oﬁ@lb'i' #ioné Bﬂthéﬂé@rﬂﬁél hydrexyt grbupst i onal

pol yet her - pol y oxane copol yners, onbi nati ons thereof and

the Iike. e¢qd.V&'tm%maﬂw.gémmw'wm@r Netizale double bond may

20 be used. Examples include polyethylene glycol, as disclosed in US
5,484,863, ethoxylated alkyl glucoside, as disclosed in US 5,690,953, US
5,304,584 ,and ethoxylated bisphenol A, as disclosed in US5,565,539, reacted
with one or more molar equivalents of an end-capping group such as
isocyanatoethyl methacrylate, methacrylic anhydride, methacryloyl chloride,

25 vinylbenzoyl chloride, and the like, produce a polyethylene polyol having one
or more terminal polymerizable olefinic groups bonded to the polyethylene
polyol through linking moieties such as carbamate, urea or ester groups.

Still further examples include the hydrophilic vinyl carbonate or vinyl
carbamate monomers disclosed in U.S. Pat. Nos. 5,070,215, the hydrophilic

30 oxazolone monomers disclosed in U.S. Pat. No. 4,910,277, the disclosures of
which are incorporated herein by reference and polydextran.

The preferred additional hydrophilic monomers are N,N-
dimethylacrylamide (DMA), 2-hydroxyethyl methacrylate (HEMA), glycerol
methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
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acryl oxypropyl term nated pol ydi net hyl sil oxane (n= 10 or 20) (acPDWVb),
hydr oxyl acryl ate functionalized sil oxane macroner, nethacryl oxypropyl 25
t er m nat eWORBNR32buUt anedi ol di met hacryl ate, divinyl benzemeT/UBpB285i3( 3-
met hacryl oxypropyl )tetraki s(trinethylsiloxy) disiloxane and m xtures
thereof. Pogémiyleadgytaisadidmethacrylate, wrbthadndoldsid, Bié\aciacii@Vs and

conmbi nations  thereof. The ampunt of hydrophilic crossl.inker used is
general |y §8BAIagoRgthe M'ﬂkh@?%%@émf“ r[se;pg}pémn’gsl:?l\ﬂé €¥out 0.5 to

about 2 wepghicuférppebféied. SRdGBREN hydrophilie rapbalers may erésdren i s about 0 to
about 5 weight % which can alterpatively be referred to in rrglg% of about

0.01 to abdliruptsofaRgHid imabqul 40 Wivee MOBRBEIRAPY Of bRttt atd 9bal80: 0. 02 to
about Os51 @R4 Bk BretérabRctRbYut 1 & sPwakath. 0. 6 nmmol e/ gm 16 WO 03/ 022321
PCT/ US02/ 28613 Increasing the |evel of crosslinker in the final polyner
has been found to reduce the anmpbunt of haze. However, as crosslinker
concent r at i Qgsslihkrs eases above about 0.15 nmol e/ gm reactive conponents
modul us i AcCreases above generally desired |evels (greater than about 90
psi). Thus, in 8uitaple piosslistkers arearmpeHNdhwit pyar makepolypapEadia i on and
amount is A : r | ROSENh | Iy ihhe reaction
m xture of gtﬁ%%g’ra guprhgoajr 1“3‘?\% rﬁ%@ﬂlﬁﬂ .El)pﬁﬁ)raofes/ rﬁé“cdrgf)bs% |Ihker.
Addi t i d8al scoemomadingents chthei preserd inventiohmixteregoh bydophilikaatn in the art

may al so bﬂé&@él&%ﬂgggwg’éﬂﬂégﬂ N&%ﬁ%{éﬁl e Q%ro@ﬁ@ s[igbnd h{qr{bﬁtgs g/&h;l tra-violet

10 absorbin non reactive tints, a cr I

conpounds, imprgred bpticab hlatitydreduced hazisessocmmpayethtasa G&dfbimlagnspns t her eof and
the like. I.tional. S o conponent s
Such as. caFSaPleaRl St Rrae R tiesH RE o ie SORES IR RRNS, ne

cont ai ni ng onooerpolgmetizatiie &unetitomad\groups, asheekhas hgdrdphitic Fundéorfidi uor i ne 15

t ai nj t h I d I fically includ f | e,
{1 uor | M- c oL A 2B Rier RS L FufBRG o i, iSpelGiNamRiEea such s
2,2, ﬁ) tri lidc:medm@&Mﬁ(mtde)tmndiceldi&eﬂxa&n@éteﬁ'T;BGDMaf | uor oi sopr opyl
met h) acryl a

2,2,3,.3, 4,4, 4-heptaf | uor ohut yl t.h te,
3 50 kfeytensybeotaigeagy aicl Bhiensdv e Ao RUEtPA U a o,
, 3, 3, 4, étHyldneQiamine dinfetBydtrlamliehgyesterdifeteiconatsidnd( net h) acryl ate and
like Dl ,en?,s The r?a}g::tior] component s g%dgox I-ﬁ,uknctio %I i zed
i cone cSATRINGHARS thereof Examples of suitable hydropnobic crosslinkers include

20 multifunctional hydroxyl-functionalized silicone containing monomer,

(

2, 2,

2

t . .

S
multifunctional polyether-polydimethylsiloxane block copolymers,

- combinations thereof and the like. Specific hydrophobic crosslinkers include
acryloxypropyl terminated polydimethylsiloxane (n= 10 or 20) (acPDMS),
hydroxylacrylate functionalized siloxane macromer, methacryloxypropyl

25 terminated PDMS, butanediol dimethacrylate, divinyl benzene, 1,3-bis(3-
methacryloxypropy!)tetrakis(trimethylsiloxy) disiloxane and mixtures thereof.
Preferred crosslinkers include TEGDMA, EGDMA, acPDMS and combinations
thereof. The amount of hydrophilic crosslinker used is generally about 0 to
about 2 weight% and preferably from about 0.5 to about 2 weight % and the

30 amount of hydrophobic crosslinker is about 0 to about 5 weight %, which can
alternatively be referred to in mol% of about 0.01 to about 0.2 mmole/gm
reactive components, preferably about 0.02 to about 0.1 and more preferably
0.03 to about 0.6 mmole/gm.
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nmononer, hydrophilic polynmer, crosslinker(s) and other conponents) are 25
generally m xed and reacted in the absence of water and optionally, in the
presence wb 0aw213enst one diluent to forma reacti on m xt uP€T/URhE286ype and

anount of diluent used also effects the properties of the resultant polyner

and article. Therd®#g tA8kverbft@bsdihker inthd fral poipmer Bas beérefolRy be i nproved
by selecting relatively hydrophobic diluents and/ or decreasing the

concent r at t®Feduge e Nt af haze Howsvey; ag creseikgherncentratideasi ng t he

hydr ophobi gidryasek dbbée a%dtt@ﬁm mrme hﬁ@aaide%n%%heé &g | bl e conponent s
(as neasured by the conpatib est processed to forma

conpat i bl e iNsEeaseEAbAKRIgENGrALY @es"eﬂd%ﬁa rezggr ‘hﬁ% agpui Rdpsibeldbige® nore

hydr ophgbi gne ?Fe@éﬁﬁm oﬁ&r%éosaﬁﬁeﬁéo?ﬁyosﬁtran%elm it Reselibdiskeyy Wi th water
will require the use solvents 17 WD 03/022321 PCI/ US02/ 28613 ot her than

wat er. Thi @F%@qﬁ @lﬁﬂé@iﬂkﬁbpwqeﬁﬁﬁ%@ thﬁéeaé?@ﬂ'ﬁmwﬂwf&@ﬁ”%'s@b%'ﬁ t he
manuf act uri o SHP 0. 1TrHH1%’I%s'/5f c?oésfm@ tant to select a diluent which

provi des the desired conpati Ity to the conponents with the necessary
| evel of proceAdditionat campanents or adilifivesnwhichsse genemlypkrqyer inthet he devi ces

f this 5 i d
gl I anla:, a dﬁ é&’ é'gglbégﬁé li‘%%a?djﬁ rv'%g @O%L%St af%h@tqﬂﬁtedib lﬁg _\ngi%t:l :Fcohol S
are préﬂerrabdorbmglamem'ogndaadd smonwarryaetrve tints, antimicrelli@choippuads nost

_pref er_red %ﬁﬂ?‘%‘&l’ phgi cﬂﬁ F@%r an tsoéorﬁlg H? osl‘lslfﬁ(]grfe O?ﬁadsth? IIl( ents for this

I nvention i ene et her,
di propyl ene gl yAddiltlmal onllnpibﬁerﬁs Irrmludee:tthw cacygergbqrmmﬂabﬂe tmngéneatdﬁer
di et hyl ene

| |et ene col et her, ethyl ene
Gl ool phesdrt 8t kaPoraoniting bord BT Sendnbicind Bt cne-gi yeo
rr:et hy: et hebnamigamenordgprwlmyh amekrgimyuolthémrtt lapd u&ildderﬂ#oanei ate, pr oloyl ene
gl yco ro r.. dipro ether, . tripropyl ene
gl ycol ! 895%'”&91 ?“"BFB@%}?g Q%O%eﬁ#ﬁr]y "8%%1(5‘” eXdMSpyl ene 15 gl ycol
n; Eut ylj_ et hebrlné-éarﬂélﬁmg|@é®12@:&y€3@étem awmnth)ﬁr?ﬁrﬁcumsm\yésemle 2! yclol phen?/l
et her dipr i e ene col s, .pol ypropyl ene
glycol's gn?fﬁﬁo eﬁ?‘&é’%?ﬁgﬁ'%f"t é}?afr%h%g '6‘$ ?'@ &"g/t ryﬂaﬁg,s iylr[:veg%/i on

i nclude et fzsd 3&§¢T4&f-ﬁ5eptbﬂlidfbblﬁ§il9{hﬁt@acr?lé¥é 282336&%,5;@,6*7)/7 glsact ate, et hyl
| act at e, ropyl des useful as diluents

o BT | ReBlBRAIuSE AL (BB A AP 22 SIS BAD. B AIEG of ol | anee

useful 2gs (ﬁbké&bfaﬁuér@ﬁoﬁ)fﬂ(rﬁethbébfﬂafe'é?ﬂth@ﬁké’de ,
oct armet hyl cycl ot etrasi | oxane. "Exanpl es of al cohols useful as diluents for

this invention include those
Diluents

The reaction components (hydroxyl-functionalized silicone containing

monomer, hydrophilic polymer, crosslinker(s) and other components) are

25 generally mixed and reacted in the absence of water and optionally, in the
presence of at least one diluent to form a reaction mixture. The type and
amount of diluent used also effects the properties of the resultant polymer and
article. The haze and wettability of the final article may be improved by
selecting relatively hydrophobic diluents and/or decreasing the concentration

30 of diluent used. As discussed above, increasing the hydrophobicity of the
diluent may also allow poorly compatible components (as measured by the
compatibility test) to be processed to form a compatible polymer and article.
However, as the diluent becomes more hydrophobic, processing steps

necessary to replace the diluent with water will require the use of solvents
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having the formula 25 R G OH R' wherein R R and R' are independently
selected fromH, a linear, branched or cyclic nonoval ent alkyl having 1 to
10 car borwowhiozds2ray optionally be substituted with one @®CTrESOE2851DUPS

i ncludi ng hal ogens, ethers, esters, aryls, 18 WO 03/022321 PCT/ US02/ 28613

am nes, amotlRs thaw dv@taesrhualrﬂwmesmwl mcvdas@ tn@caapleaultmﬁwbést ofl dehydes,
ket ones or .t he I| can toget her

bond to f &S IMGAW aB‘“”HSPéO‘{ey“EV\QE“&' 'ﬁ@%ﬁ@?t(’siﬁ!‘ﬁctzﬁs‘j léﬂPRS/‘ﬁ"ﬁ'?;\Vl ng 1tol0

car bons whipgdviddsaivie ale§|9ed0@orﬁpmilw ld)ttﬁéi c@ﬁ]pbh@ﬁts vlmﬁ Glid REcbssHyliével he proviso
that no nore than 5 one of R R' is H is preferred that R R

and R' aref H%Bﬁﬂ%ﬁ?m\@”@%c%ﬂeﬂt? Hﬁ?fl-'i '8 rpreFlﬁﬁ@GBQ? p?ﬂﬁ%ﬂoﬁ igear, branched

or cycl 5C aueRlioRinehis dimes NSidrs! AkahRAERAMIGSS, sithfed B ef erred that R
R, and R' are independent|y selected form unsubstituted |inear, branched

or cyclic alaeppisgngdestipationg thereef. Ardidesandalcphols ereprefasiad enbodi ment s,
the prefer Hﬁ&’erﬁé'éﬂﬁ'ﬁeclﬂﬁﬁae r anb téﬁléﬁ;‘/ aléBPoR 6 Pht ﬁmfé(rrert?]al%héfor e total

carbons, because mol ecul’ar wei ght diluents have | ower
vol ati | ity dilggnis. Emp'ﬁﬁ@ﬁﬁﬁlﬁff’r wgeful agydiientn fordhistimeention Relugged R' is H, the

structure fgy dﬁ)f&%ﬁ%gﬂ{p\{ﬂeﬂle%| me}ﬁ@?ﬁ}gépﬁg}@yﬁﬁ(}gﬂ ol%et d R" are H,

t he structure orns a t oho rti s ar m)re
pref eri@d BﬂWetfh%tthefthda'rrybldVbQih@L diettpfened)iyaptntbaityd etheprdiétbylabe y i nert and

I d f
Poss. | ExaiyBCRamyfat, MHyEndtify bl Bt AT el AT ' 5 Lt opanol
ment hol , cetHeshprpylehe gkyycllmgbyiteilnmlacatalb ebimnpylbm gbod)l,mélhyiaﬂnexnol, 3-

t |, th - hept |, 2-oct l,
D50 monanbh B Py gl BV oot P K 8oV e 050! PO 8. " ol o6 of
useful ter ttm;aoyylerie:glyod)lm butyll adloksr, pmpylebelgbynolln bmtgréthan;ryllp,rop)daémohol
2-neth d th t |, 1-
me{rﬁyl ycI gﬁ' a’hﬁﬁ“y' %t%ﬁ’éttrllé}'ggﬂe'%e&lﬁﬁogl a@ﬁft'mrn%@ﬂglﬁn%gyg&g%%ﬁ% 1-chl or o- 2-
met hyl - pledmrdtﬁropﬂerrmglbl@dldﬂnét?mtbelob%lyﬁthmhéglycalsppcblﬂmobyleﬁe2 met IhyI 42 25

exano ept ano -

POt 4. bR TR Detent Exambles o SEa ety TorThis yentan oot mut

include ethyl acetate, butyl acetate, amyl acetate, methyl lactate, ethyl lactate,
i-propyl lactate. Examples of alkyl halides useful as diluents for this invention
20 include methylene chloride. Examples of silanes useful as diluents for this
invention include octamethylcyclotetrasiloxane.
Examples of alcohols useful as diluents for this invention include those
having the formula

25

R——C——OH
R"
wherein R, R’ and R” are independently selected from H, a linear, branched or
cyclic monovalent alkyl having 1 to 10 carbons which may optionally be

substituted with one or more groups including halogens, ethers, esters, aryls,
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nonanol , 4-nmethyl -4-nonanol, 3-nethyl-3-octanol, 3-ethyl-3-hexanol,
3-nehtyl - 3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol,

4-1 sopr opwio-0d/0kBpt anol , 2, 4-di et hyl - 2- pent anol , 1- net hylpeyaiSopessizanol |
1- et hyl cycl opentanol, 1 30 ethyl cycl opentanol, 3-hydroxy-3-nethyl -

- but ene, 4ahﬁﬁ’é§>ém(fesnﬁﬂ<ﬁﬁés Jalk%/néy e lieaes, a?cdnb@nwheﬁydysopanol
2- met hoxy- 2- rrethyl- - prop anol - trinethyl-

3, 7- di met hyptones et Fﬂ?d!ke @WéW?IOF?"U'JFQHBR Rzaf\ﬁ‘e? Iﬁﬂ" tﬁgetbﬁ'émﬂd 9 propanol
and 3- et hyksrdr Heb@mBle cyiiéstrbturel keich B a‘ﬂ@l ARG 23210 EXFBORSNRICAB613 A

singl e al cohol or m xtures of two or_nore of the above-listed al cohols or
two or mor &3y AeMbe SubRiEWrd PRt destibed willk thgrreovisp et pam PR dfled as the
di l uent 5 tooﬁ@‘&?Rt ReoPR! ¥Fgr of this invention. In certain enbodinents, the
preferred al cohol diluents are secondary and 5 tertiary al cohols haV| ng at
| east 4 car bdhis.prafegredthat Ry Reped e @raiindependendy selepted fioltHude tert - but anol

et ey Sheabihod il onShongd b Bl iR BRI AMng o gt - 2 butanal

3- et hyl - 3-pent ano ano 3-oct anol
Present |y, is merewreferfaddhal Ry, and Beﬁt%mde;eemi@mimwectn@mrahol octanol, 10

nonanol , t opanol t
amyl  al Cohﬁ?un&gtlt%&fﬁﬁeé?;‘%r%éhc@dc@‘b& lig ﬁk@%&)ﬂs I’?évf?mggyﬁ%npg%rg)gﬁééﬁh
3, 7- di Bt hgkrtginembadohents dhewprdfgired afilremt e, 4 @n m@tehmor@p@tf@rabld@ di net hyl
pr opi onami y f ddi ti onal
di l uents uggmﬂ%@)%l%hosrgf Eé\"\g’/é(a?’llnts?gct)ﬁr1le()lqi§rr1e ?Isg%: ose h{é]@gﬁ%a aé/ral\t 6, 020, 445,
which is i rlmmrpmtaannydamrblowenflhxymtb.'bullt)efWhemoae of thed R’ eamti(RInsrblntheof t he

pr esent |nv ntion the dilue squbI v SLh condi tions

D" readi | FEHELREE R o SRy plolls, it Sk REAEFR gifhoa"6r 't Phe.

Sui t abl e wahestrisairelfbrensda terttany @aldohol. Ukketicdry atdobulg -aPe more peaferred

1-nmeth Pro anol, t-a cohol .. tripr ne glycol .methyl 20 ether,

i sopr oégnolt qupﬂ?;y aéco%lsr g'he(fg'ng,“sﬁ,rﬁgm?%ébﬁ)}rl‘%’?%%fSﬂ%% de, ethyl

lTﬁCt ate, d:cdwmbm@eaygwaﬁeWh%fewwbtaemhlaber dﬂcﬁtwne:’os ﬁ\hﬂbrﬁéés and the |i ke.b
e use o r s e dil yent ows t ost in rocess to be

conduct ed us%‘?ﬁf")ﬁ?‘%? ‘93890'}&%&% 'Ggh%lf\ﬂlﬁds 69?5% e water as a

subst ant i almgr@Rd osRIBhexaol, c%@n@ﬁb%d@@horﬂoh@eoarmpléﬁtanm gliluent is

generally | ess than about % % b t he reaction m xture_and

pr ef er abl ypp@@go{ BAEXapefus- EIS%OA methyl utanol, 2-heptanol, 2-octanol, 2-
20 nonanol, 2-decano!, 3-octanol, norborneol, and the like.

Examples of useful tertiary alcohols include tert-butanol, tert-amyl,
alcohol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 1-
methylcyclohexanol, 2-methyl-2-hexanol, 3,7-dimethyl-3-octanol, 1-chloro-2-
methyl-2-propanol, 2-methyl-2-heptanol, 2-methyl-2-octanol, 2-2-methyl-2-

25 nonanol, 2-methyl-2-decanol, 3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-
methyl-4-heptanol, 3-methyl-3-octanol, 4-methyl-4-octanol, 3-methy!-3-
nonanol, 4-methyl-4-nonanol, 3-methyl-3-octanol, 3-ethyi-3-hexanol, 3-mehtyl-
3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 4-isopropyl-4-heptanol,
2,4-dimethyl-2-pentanol, 1-methylcyclopentanol, 1-ethylcyclopentanol, 1-

30 ethylcyclopentanol, 3-hydroxy-3-methyl-1-butene, 4-hydroxy-4-methyl-1-
cyclopentanol, 2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanot 2,3,4-
trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-
phenyl-2-propano! and 3-ethyl-3-pentanol, and the like.
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nore preferably between about 10 and about 30% The diluent may al so

conpri se additional conponents such as release agents. Suitable rel ease
agent s arwowawexs2sol ubl e and aid in | ens debl ocking. 30 Ph#/ysed/3sses i zati on
initiators includes conpounds such as |auryl peroxide, benzoyl peroxide,

i sopr opyl f per@arngwtahol azmbdélsrbs Obtlxhtcydir?ﬁd)ﬁerdﬂtlee abavedistdtEaltotkts o'g hat
generate free radica t noder ate evat e eratu an

Bhot o it i AF0Pr Bt BlrendhaFEng e FCHTS RBOYR CHTodS R hite

al koxyoxyb@ng@um@mﬁgm@p@m@ﬂ@ﬁh.saﬁwnt.@ﬁosph| ne oxides, and a tertiary 20
WO 03/ 022321 PCT/ US02/ 28613 etone, m xtures thereof and

the like. 111! ﬂsCFFta'f‘lWM%Fe@e@fefeﬁﬁ%?GPh@ q"%l?’ﬂ)t?@r%?%col‘dﬁ%q‘@xycycl ohexyl

phenyl ket @&fa %&w@rﬂ@w@xmmh-clarbd@l@emﬁbmcsrewéreﬂre@@ﬁ:oho
bi s(2, 6-di net hoxybenzo )-2,4-4-trinmethyl pentyl phosphi ne oxi de ( DVBAPO),

bi s(2, 4, 6- Cilyerts HV!U(S’@HQ’&W)G“Q' Mﬁwbﬂmu%%ﬁﬁﬂ@ém%ﬂ@w@ tand) |
2,4,6-ri WQtélMin#&W;QLtﬂJtmrwhetrWl@%&é?%l B :ﬁ-BQnthél §7Ldimemiyy! benzyoyl

dlphenylphosphlne oxi d ben20|n met hyl 'ester and a combi nation of
canphor qui Rov@anghd et hyI 4- (N, N- di net hyl ami no) benzoate. Commercially

avai | abl e vi si bb?eslehg)rtthé Aokt &%Férrredsdflﬁéﬁg%ré HE)ldﬁ%f" hlei)%ﬁp foﬁtaﬁalg I rgacure

1700, Irgacure 1800 rgacure I rgacure 18 rom G
Speci allfy oﬁeamqiam@pnglnt;rtwvlralwhpné mathyl- &mntanpmﬁ@pm@nel t arowh BASF)

Conmrer ci al | and Darocur
2959 (G ba Sfe“é?g}r??/ia&erh caﬁ%%%&’e‘a}%rm |I%dti%tlr3u§? d"ﬁgfegpy eaﬁglsreact I on

m xt ur e i ndenétbgltforeanideudimethybacetamiost élmqjlhwtpmmMmdeszeﬂwl of the
reaction m , i ght per
100 parts ?F'we"z” n%é}‘d xmgg ﬁ%géhtf ,Qddlrtézn{%tl 8@%'%%3?%& fotégé oﬂgﬁn xture can
be initiateadke dsclnged hndJ&ppteopﬁJOQOA%hmhlcle isohcdrpartatext hereimithl e  or

ul t ravh\sl et fl e%gé or ot her neans depending on the polynerization initiator
used. terna ly, initiation can be conducted w thout a photoinitiator
using, for exahpdre erabdxbiment didie prssentihegntianphedidient ts edter sdlsblelsed, t he

f d 2 i f | oh henyl
ket one. ana PSS Gdford AReRAG e out o R ENEST Moo v oxi de

(DVBAPO),  ahdirt pbhied p’rmﬁ@rSembm@mmd sOIﬁJbIé(ﬂlmmlerdlﬁde)ﬂetHuXSHZat ion is visible
| ight. The nopst

d i :
bt (2. 4. 0 PRoAIEh T EERY S PIOmBRGh P EMLRENa: diRoRYeps BlySeLPetYa10( 1)) . 25 The
I nvent Ron fetiidrhiesprepamul] Bafethy-2qsrdlidorRN N, G-eNBetAYIBrapisRftii&ldibyl of a

lactate, dipropylene glycol methyl ether, mixtures thereof and the like. The
use of a water soluble diluent allows the post molding process to be
conducted using water only or aqueous solutions which comprise water as a
substantial component.
25 In one embodiment, the amount of diluent is generally less than about
50 weight % of the reaction mixture and preferably less than about 40% and
more preferably between about 10 and about 30%.
The diluent may also comprise additional components such as release
agents. Suitable release agents are water soluble and aid in lens deblocking.
30 The polymerization initiators includes compounds such as lauryl
peroxide, benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile,
and the like, that generate free radicals at moderately elevated temperatures,
and photoinitiator systems such as aromatic alpha-hydroxy ketones,

alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, and a tertiary

20



silicone hydrogel, bionedical device, ophthal mc device and contact |enses
of the fornul ae shown bel ow. W % conponents HFSCM HWHP SCM HM 5-90 1-15,
3-15 or 5w023020321 10- 80 1-15, 3-15 or 5-12 0 O 20-50 1-1PCTArS0528513 5-12 0
0 5-90 1-15, 3-15 or 5-12 0-80, 5-60 or 10- 0-70, 5-60 or 10- 40 50 10-80

1-15, 3- 15affindpllg altikdlond nikufds th@reoﬂaﬂd)theBRGOIIIMtral@e 2%aMPleg3f 022321
PCT/ US02/ 28613, .40 50 20-50 1-15, 3- Vﬁfiﬂ‘%? 0,, 5-60 or 0-70, 5-60

or 10- 40 BEoojnHiEsace JHPEBWPWQIW&‘S’] ydmy- %B‘ﬁfhé(il 1ng nononer

HWAHP i's hi E@nWr@fdhLﬁbné\BdlﬂhtG aﬁméltrmbbénz@yp@u;mrmeﬁweh |silicone
cont ai ni ng ponomner e wei ght percents above

are based Bp8sPHiNG 0¥'%%16?M9é nlaa@e"fﬁéﬂmeﬂmaenzqyﬂe present invention
i ncl udeg sbhéﬁwmsbm@@ﬁeé,(|r$adav@é19)at A%eNinfetnylb&iyldiieriyic devi ce and

contact | enses havi ngﬁa each conposition listed in "the table, which
descri bes RhARNNGY BP@2640¢r56§$tf‘¥|€%y°¥'éﬂ@@§y|p@8§lﬂ“m oXide. ranges |i sted

above is pb@ﬁf&ﬁ%é@d[yl ©B2r ¥R @ cofbfistion oTB&n{;ﬁHrﬁGiﬂbHQaﬁ@@ﬂﬁll l@N‘I‘\P”b' nations
are presented with t'he proviso that the |isted conponents, and any

addi ti onal difertpyaminodbenreats Gammersialiayptiakle vigibler light initiador ange of t he
combi ned Sbskét&?l@‘r‘nm I?]_d;emalge?sf@rl ur% 17bby%58&¥é1éwqgaen@'s@ed )

silicone-conhtainin t1on | 'coneZcont ar ni'n is from
about 50tolrggcwce|1@59 (peirerariiba ﬁ‘m@alpf@h@m@alsyaacbbwrulgpfbmmgtogo wei ght

Fenct i on gl RRPRESER, Lo aVapARtY ool rBRLE g © 1
si | i cone- cDareduniligd md&mcurégéﬁ)(ﬁlba §pEOIabSoﬁbemmls)eTghunlmﬁéordent
De e “uadhfihg HadByMatts Albrct MBI et Y o0t 20, Lo apout 56
to about 2@h@Bpolymghzatmerafdind reambmrenpdlﬂrbee@blfgonabmut 051 tooatmipbAt 60 wei ght
per cent15 a?)grts by weight per 100 parts of reactive monomer. Polymerization of the
reaction mixture can be initiated using the appropriate choice of heat or visible
or ultraviolet light or other means depending on the polymerization initiator
used. Alternatively, initiation can be conducted without a photoinitiator using,
for example, e-beam. However, when a photoinitiator is used, the preferred
20 initiator is a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO), and
the preferred method of polymerization initiation is visible light. The most
preferred is bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (lrgacure
819®). :
25 The invention further comprises, consists and consists essentially of a
silicone hydrogel, biomedical device, ophthalmic device and contact lenses of

the formulae shown below:

Wt% components

HFSCM HMWHP SCM HM

5-90 1-15,3-150r5-12 | O 0

10-80 1-15,3-150r5-12 | 0 0

20-50 1-15,3-150r5-12 | 0 0

5-90 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-

40 50
10-80 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-
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nost preferably about 10 to about 50 wei ght percent of the reactive
conponents. A preferred range of high nol ecul ar wei ght hydrophilic polyner
i s about wotosozdsout 15 wei ght percent, nore preferably abear/Bor/mseabout 15
wei ght percent, and nost preferably about 5 to about 12 wei ght percent.

Al'l 25 of [the about wei ght percents af@0obased upon {bhe total of 4l
reactive [ogmgonents A prefeBrerbrsmng e 0d0, ldoueo-1 $ofmomenapun- 0] t o about
70 wei ght | percent, nore preferably abggt 0 to abouts§0 wei ght percent, and
still nor e HAYCN & RRIrdxyiAREorkIzEd SNedHe dntdiRingMorpidrent _and I'n sone
enbodi ment g WSS hiRJHEhBfee@hby wBight BRfosiRUsoljilednd about 30 wei ght percent,
based upon g {GiicReIBhtading MOABREENT i n the reactive mxture. The anmount
of diluent %qg)d?@ﬂ\il}é%bﬁ&néemndi ng on the nature and relative anmounts of
the reagtive CRADURER bercdeis URONSLAIBRRY REFNSO2RBGARpohy@. pref er red
enbodi nent, the reactl ve conponents conprise 2-propenol c acl d,

2- et hyl -, Zhug.dhe pyeseni Bventiop iscladaseilicene hygrogel, biomedical device,

[ (trinmethylsi : di S| Vi Fq(in28 wgt. %
of ' the roCBMnEMERELEL Shy BREKS RRIRIMIRARKS VRS bhoolc Ried P

t er mi nat ed theotablen whichydestribvasi nisety gopsible diompobijibsélirangese EaohrDiE' (- P31

ot ); N, N-di V] ac m " i o 240 > nmet hacryat e,
"HEMA" (- 6%@%@%{&%&%&% @%@5?%@ i Wé? /bag@?%/ 'at% 2{9\‘&1&%&%&( -1.5%),

pol yvi ngl pyomblr}adomsagre'_'p(ewtmm;](f;e?&mi_}so that titre Iidh?dhb@thatfmts,gaod})_rl Si 28 _

m nor anounts _qf.. itiv i rs. e pol yneri zation i's
nost prefegéﬁﬁgdlggﬁ%&%wggﬁ?ﬂggﬁg ugﬁéééﬁ%'ﬁ%&bout 23% (wei ght % of the
conbi ned nononeAsgrefeded rangendf the esrdbingd gilidonmeetdntainiBigossramedrsdi | uent . I n

ot her preferred odinents t.he react.ive ¢ nents.conprise. .those shown
" the TabRREERERR TR ER slie el RS 208 FonoORG I RBPR coR Bl - 15
(C):ogponent YW dronfEirENE\frdth aidut BRONS waiht Berdaivid nibke Piefetdbabbub19to EGDVA 0. 75

15 90 weight percent, and most preferably about 25 to about 80 weight percent
of the reaction components. A preferred range of hydroxyl-functionalized
silicone-containing monomer is about 5 to about 90 weight percent, preferably
about 10 to about 80, and most preferably about 20 to about 50 weight
percent. A preferred range of hydrophilic monomer is from about 0 to about

20 70 weight percent, more preferably about 5 to about 60 weight percent, and
most preferably about 10 to about 50 weight percent of the reactive
components. A preferred range of high molecular weight hydrophilic polymer
is about 1 to about 15 weight percent, more preferably about 3 to about 15
weight percent, and most preferably about 5 to about 12 weight percent. . All

25 of the about weight percents are based upon the total of all reactive
components A preferred range of diluent is from about 0 to about 70 weight
percent, more preferably about 0 to about 50 weight percent, and still more
preferably about 0 to about 40 weight percent and in some embodiments,
most preferably between about 10 and about 30 weight percent, based upon

30 the weight all component in the reactive mixture. The amount of diluent
required varies depending on the nature and relative amounts of the reactive
components.
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PVP 6 6 The pol ynerizations for the above fornul ations are preferably
conducted in the presence of tert-anyl-al cohol as a diluent conprising
about 29wwaeBg32percent of the uncured reaction m xture. PRO/URDDZSSSZI NY
The bi onedi cal devices of the invention are prepared by mxing the high
mol ecul ar wei ghin dipferdy émbodinleyitytie réabtivésahisonents comprisenal i zed
silicone-cqgntainin nonmer., plus, one re of the fallow ng: the

addi ti onal %Z;gog?qqlrgeﬁa, gﬂ}ﬁﬂé)f'réﬁl)drﬁﬁﬁé%lgg%%g@"ﬁmf?%ﬁﬂ i c nononers, the
addi tives [frihemngbiypx a&p@mﬁg roboxyapdpyiiestet 1SieMAs (<28 wgebh on ni xture”),
with a 23 &/\D 03/ 0 23251ZJ PCT/ U 82/ 238‘13 d_golglrreri zat i c()n [ nlgt ator and curing
by appr opr tht ©3agiRFeMeRnents: EPMOR0 MdneronpethacryioxyRiePubsequent Iy f or med

into the apRhfmitt@hRndhirpeyErhinbitdblydinéthlBloxaf8dnibEMmit ke.
Alternati vel the reacti on m xtur e“lraraw%‘” 23&4'8 aced In a nold and
I

, I
subsequent (y3 CawldNNdigetihdacipamigs: 7eWte); 2ydeaxyelliyl processes are
known f or Wae? I eagt ] ' - tud <ont act
| enses, i n@’f eﬁ@ﬁgétg,pﬁ@gétfﬁ&%ﬁg&gég@ﬁ%&g’%g fﬂﬁgéthgéggg%agggr?gj Arret hods are
di scl osed i(+1.52%%t), Palyvinipgrroltiofhe 3 K420 PERY (~730wH0wiithe tatghcet ati ¢ casti ng

met hods are disclosed in U S Pat .. Nos. 4,113 224 and 4 197 266. The

pref erred ﬁBF‘ﬁBﬂ“QH}'"?{r%ﬁ?}ﬁ'ﬁ?}@P%Csﬂ\tfvgéta“f’mgé’é“'fiéoréoig?ipgfyﬁlf”??.t@“pol ynmer of
t hi s i ngenid ®bst refeyatily) ortRictid g tivd picdendd bfi abNE23RY AeRBeYsof théi ch i's
econom cal, and enabl es precise control over the final shape of the

hydr at ed Iéﬂg‘.b'”legrm“'t"?ﬂ"%ergrépﬂ@d?eﬁtﬁ’éer}dgéﬁ'ﬁ"m?t"m" aeengl dilygnkced in  a nol d
havi ng the shapp gher prefericaadmistRfirne®d tisd taeBRecdiigtRa®] comprite, Wat er -

swol I en polyner, and the_ reaction nmixture is subjected to conditions

wher eby 15 thase shewsriethe T Relow; Al arpoytie peeRreficed bydhawped ymer / di | uent

m xture in«jdgt. shape of the final desired product. Then, this
polymer/diluent mxture is treated wwth a solvent to renove the dil uent
and ul flPmately replace it with water, producing a silicone hydrogel having
a final si I -5f1ape Wi ch guite simlar to the size and shape of
the origi nél?mﬁ% aﬁﬂ pol \ rrer/dﬁ{vﬁ/ént 20 jarticle. This nmethod can be used to
f orm cont a&iGMénses and|i s30urtlher30desicribed in U S. Pat. Nos. 4,495, 313;

4, 680,336;—mﬁp—|§ﬁ§, 664 —atd 5303 ,45?8 ncor porated herein by reference.

DMA 31 31
HEMA 7.5 9
EGDMA 0.75 0.8
PVP 6 6

The polymerizations for the above formulations are preferably
conducted in the presence of tert-amyl-alcohol as a diluent comprising about
29 weight percent of the uncured reaction mixture.
20
Processing
The biomedical devices of the invention are prepared by mixing the
high molecular weight hydrophilic polymer, the hydroxyl-functionalized
silicone-containing monomer, plus one or more of the following: the additional
25 silicone containing monomers, the hydrophilic monomers, the additives

(“reactive components”), and the diluents (“reaction mixture”), with a
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Curin 25 Yet another feature of the present invention is a process for
curing silicone hydrogel fornulations to provide enhanced wettability. It
has been wbamanzksthat the gel tine for a silicone hydrogel poayshm28632d t o
select cure conditions which provide a wettabl e ophthal m c device, and

speci }‘ ! Cﬁl |pblyﬁ?erif2§ft$rﬁmttatbﬁﬂﬁd cdriregy mpépargmté Sor?di@ortsj tﬁﬁomiha\pfﬂdubt a Con
crosslinked pol yner petwor rmed, resulting {n the viscosity of the
curing reagﬁ) ?%qu&:ﬁ‘ﬁ)‘ g%(fﬂ‘?idr\@to th?‘n?PWPPQa%ﬁﬁhag‘ﬁby 1ARY; ?f% xt ur e
becom ng n@rndfﬂhéun{é Al teena%lypmmamuh&t@é iy BERsIEEdd i6 adnliemdof
conversion, |jndependent of reaction condjtions, and therefore can be used

as an i ndi S4PsRAUSHLY idred ipta thy appraPila@ftidsh. 1t has been found that, for a

gi ven react i OfiarffustodbcessédSredilown fOEpriRYsdiey theqeadtRndixiife hhe22321
PCT/ US02/ 28613 determ ne cure condjtions ich inpart desirable

wet t abi | i t rodrstian of gondads lensessneiding spiprastingrandrifeli §ashng he react i on
m xture is Sb‘rl'{c%gtn?é mefhoB8 @& didclo8&d intlh BB Pl XosP5 288 485 a'anr oved

wettability, nore preferably sufficient wettabilit or the resulting

device to @eﬁﬁ%w and Biglie castingdnelirrs ate diselesadynds- SsPaﬁNpace treat nent
(" m ni mum g,y 13,33%and 4,76 £ 66 alm{ éf@&é?d’ﬁ%t%tf&?)?ghh&g géntéct |9|$§ersease In

advanci ng dynam c cont’act” a rtg | east 109 mul ati on
wi t h ndOhi gampisieg theapolyimieg ! thﬁonmpn li@h@@rm@iélhgtqf thessiligose preferred as

th | bilit 10
ol "t mee HIOR ST YRR ML EBibaladl ha e TRERE R RAERS R o o Gure”
condi ti ons shageokthkdydrated lensmeor thig metharplhe rearcéloocmmm isclaced inf

crossl i nker de'rJavlnGRﬁ‘&Eh ofttgéftﬁﬂal'dé%[rgé‘&h eﬁgﬁf@eél%er gncentrations

decr eases g I'hCr € T ntensi v adig |on (for
phot opol yrriswoﬂa’l pdmmenrandtthevmacﬁmm mextQifeds stxbgectadlto pmh@rtmswﬂaaretnm) t he

eff|C| cy Jof inl r fic I nitiator

irr §| attl °E8Fn %eﬁocfﬂpéﬁze :&?1 quéé}yﬁo%ﬁ %&'g@ggﬁﬂ}% g%’ﬂé”%t'# gly in the
sel ect ed i rshapke af therinaledepired produch| Fleer) éds palymegdiluert mitureliesnper at ur e and
di luent type _and .concentration also effect Lt i 'S under st ood by
t hose of sErianédid‘ﬁ'ﬁ} 8°|¥?'ftat°f‘f‘f3°¥ﬁ ﬁ\erfﬁlH?'@t ndﬁﬂmalﬁ&sreB%caﬁfvéﬁlm ned by
sel ecting %mwﬁnimdﬁangrarsmdod &éihqdrog\élaﬂiewmma ﬁm side édmesr@bewmlérearbor_s ang
rreasurlngt el ti an t act ni.mu |m3|st e
poi it abav Ui ahaY e 3R At gape. e ridiial e Poipsdnt el ow t he
m ni mupogelarfidiTeTHIS endtiedtbcarSb 888 @l fbdm contact lenses and is further

described in U.S. Pat. Nos. 4,495,313; 4,680,336; 4,889,664; and 5,039,459,

incorporated herein by reference.

Curing

25 Yet another feature of the present invention is a process for curing
silicone hydrogel formulations to provide enhanced wettability. It has been
found that the gel time for a silicone hydrogel may be used to select cure
conditions which provide a wettable ophthalmic device, and specifically a
contact lens. The gel time is the time at which a crosslinked polymer network

30 is formed, resulting in the viscosity of the curing reaction mixture approaching
infinity and the reaction mixture becoming non-fluid. The gel point occurs at a
specific degree of conversion, independent of reaction conditions, and
therefore can be used as an indicator of the rate of the reaction. It has been

found that, for a given reaction mixture, the gel time may be used to
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not wettable. For a contact lens "generally wettable"” is a | ens which

di spl ays an advanci ng dynam c contact angle of |ess than about 80,

pr ef er ablwoloa®s2326 t han 70 and nore preferably | ess than ZboaiSo5B60s a
contact lens which displays a tear filmbreak up tinme equal to or better

than an AClduté%rrﬂe dm@%onduﬂmhltﬂmﬁ;ﬁaroaemblelwéttfabmt\,e Pids, W 41 appreciate

t hat mnlrmm I nt as definped, herejin e, taking into
Consi der at POEESh af Metireshnt Bygalerhdhe Hacion IS Cyed g0t AbREI oi n

enbodi ment gelihé that ipfdvided |h1|p%VedlvVétﬁ6Ih{>}I oPMofé prefatebly $effictentes of at | east
about 30 seconds, prefera %{ﬂat | east about 35 seconds and nore

pr ef er abl y WettaRliEyf oF g fesiling denre s e eula BYPBRHiE CoFngS"
advant ageoudgractraMriedt @%&ﬁ%&nPéEf/tuH‘é@)Z/F'z’réélé’o|¥ ol WetiahfitRisa ng the

reaction mxture is exposed to 1onizing or actinic radiation, for exanple
el ectron bEgFEasKingdvanciog slyngimis ganiact ?Q@\‘? of pbleastci0%e cPMRAGALR I c radi at i on

or particl ehifdtidh!vith WMPH%&&W%&@Q%IW{EJ fllSngérags&ﬁm@E atd om about 150

to about 800 nm Preferab the radiation 'source Ts WV or visible light
havi ng a walefesed as they F&@‘GG@ improvedwahiahility 20d inpreasediireeasisiar adi at i on
sources i ngLUER | anps, fluorescent |anps, incandescent |anps, mercury
vapor |anps, and sunlight. In enmbodinents where a UV absorbing conpound is
i ncludd@ in theG@meQSthh\@lW(Q‘rdrffeeemﬁﬂlb@ne hydrageNormyilations. €we ng i s

conducti ng I.sible |ight
or heat). ICQM%{ re %‘?Ireﬂ t %J;{ﬁﬁ U¥ %@I?gﬁféﬁn&gﬁﬁ&?ﬁr cfgyc?stﬁméséel ected from
UVA (about M@l@paca@eimmefm(treﬂﬂng Waslmaamﬂncemt@bs@em&}a&s geltimd.si bl e |i ght

(about 400 5 @bl ARTnAbiy. &ind BARHIRR ok rophBaRAgbaR or Pref el o

enbodi nent LACLToNn M Xt UF & 1 hC sor compound, is
cured usi ngempesnatnlre (for tylatmalrmblyrmmzanbrenmetqffcmmyuﬁedtsdt@ne(emmitog 15 term
neans t 1 nWcenP. to ab ut 6 mMNcn2 and

or of er 181y SBECURER B S RS Etibton saPesi of TRV T e 'S Fong
general | y absearbs ingore abomgly in MErsete@tmdaplawreramlgbywmalsm@écremm and
it es. ThiGES| BBaTa S e HBiery BB conte R AR SR s G20
conpati bl emmybhhaémdbddfyvthc@omilnhtm apl ay lasting resistance to protein
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20 formulation, varying one of the above factors and measuring the gel time and
contact angles. The minimum gel time is the point above which the resulting
lens is generally wettable. Below the minimum gel time the lens is generally
not wettable. For a contact lens “generally wettable” is a lens which displays
an advancing dynamic contact angle of less than about 80°, preferably less
25 than 70° and more preferably less than about 60° or a contact lens which
displays a tear film break up time equal to or better than an ACUVUE® lens.
Thus, those of skill in the art will appreciate that minimum gel point as defined
herein may be a range, taking into consideration statistical experimental
variability.
30 In certain embodiments using visible light irradiation minimum
gel times of at least about 30 seconds, preferably at least about 35 seconds,
and more preferably greater than about 40 seconds have been found to be

advantageous.
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I nportant. As the tenperature is increased above anbi ent the haze of the
resul ting pol ynmer decreases. Tenperatures effective to reduce haze include
25 tenperwpDuwsmes23at whi ch the haze for the resulting | ens iPSTASoYZased by at
| east about 20% as conpared to a |lens of the sane conposition nmade at 25C
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et woen abGinG GG, R Eerahe Srdenteas Xise VT SBikie FPane 30

(t enper at UlesctroifagAétid tadrmifien bi icrenrhaiammyem_vblbﬁ%mqments of lens

material selected and, with refe er(l)%e to the teaching herein, are within
I

the skill r¥t9egfdrom aB?l&ﬂéQrt?/aE%;tq inmnt Reeteriaplyithe frcliztioni soarcedsr e may be

conduct gd iy o0§ibRIlight KRt & Wabblekgifof @BHG Z50N8 BbodE7 R3S/ 022321
PCT/ US02/ 28613 The cure conditions nust be sufficient to forma polyner
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20 compatible ophthalmic devices which display lasting resistance to protein
deposition in vivo.
The temperature at which the reaction mixture is cured is also
important. As the temperature is increased above ambient the haze of the
resulting polymer decreases. Temperatures effective to reduce haze include
25 temperatures at which the haze for the resulting lens is decreased by at least
about 20% as compared to a lens of the same composition made at 25°C.
Thus, suitable cure temperatures include those greater than about 25°C,
preferably those between about 25°C and 70°C and more preferably those
between about 40°C and 70°C. The precise set of cure conditions
30 (temperature, intensity and time) will depend upon the components of lens
material selected and, with reference to the teaching herein, are within the
skill of one of ordinary skill in the art to determine. Cure may be conducted in

one or a muptiplicity of cure zones.
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average nol ecul ar weight is within the specified range. Preferably the | ow
25 nol ecul ar wei ght polyner is selected fromwater sol uble pol yam des,
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20 less than about 40,000 Daltons preferably between less than about 20,000
Daltons. Those of skill in the art will appreciate that the foregoing molecular
weights are averages, and that some amount of material having a molecular
weight higher than the given averages may be suitable, so long as the
average molecular weight is within the specified range. Preferably the low
25 molecular weight polymer is selected from water soluble polyamides, lactams
and polyethylene glycols, and mixtures thereof and more preferably poly-
vinylpyrrolidone, polyethylene glycols, poly 2 ethyl-2-oxazoline (available from
Polymer Chemistry Innovations, Tuscon, AZ), poly(methacrylic acid), poly(1-
lactic acid), polycaprolactam, polycaprolactone, polycaprolactone diol,
30 polyvinyl alcohol, poly(2-hydroxyethyl methacrylate), poly(acrylic acid), poly(1-
glycerol methacrylate), poly(2-ethyl-2-oxazoline), poly(2-hydroxypropy!
methacrylate), poly(2-vinylpyridine N-oxide), polyacrylamide,
polymethacrylamide mixtures there of and the like.
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al so be used to decrease deblocking tinmes. Qther neans known in the art, 25
such as vacuum nozzles may al so be used to renove the | enses fromthe
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but T s or 8SophlG pPlymes el hedptitied I Aduga s el ComprpBo slosi bi o to
debl ock t héedseosesrganicasoivent. sSlitdbleodrgahiarsolvexsgre dydphebio) g sone rel ease
aid) and then . transfer th Enodti]cgto anot h&ﬁqﬂ(for 20 E%ﬁrrple t he final packing

sol ut i on), TIPSR YA water 1% afers 584 g ke 35e SHERRIGIROEhe | enses into the
same sol ut ispécificallMprieian: Sleyhais end akagestifiche isopropgt ATestol PMANses Wit h
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20 examples.
Suitable deblocking temperatures rangé from about ambient to about
100°C, preferably between about 70°C and 95°C, with higher temperatures
providing quicker deblocking times. Agitation, such as by sonication, may
also be used to decrease deblocking times. Other means known in the art,
25 such as vacuum nozzles may also be used to remove the lenses from the
molds.

Diluent replacement/hydration

Typically after curing the reaction mixture, the resulting polymer is
treated with a solvent to remove the diluent (if used), unreacted components,
30 byproducts, and the like and hydrate the polymer to form the hydrogel.
Alternatively, depending on the solubility characteristics of the hydroge!'s
components, the solvent initially used can be an organic liquid such as
ethanol, methanol, isopropanol, TPM, DPM, PEGs, PPGs, glycerol, mixtures
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about 30 m nutes. The selected hydration solution may additional conprise
25 smal | amounts of additives such as surfactants. Suitable surfactants
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20 example the final packing solution), although it may also be possible to
deblock the lenses into the same solution in which they are packaged. The
treatment of lenses with this extraction solvent may be conducted for a period
of from about 30 seconds to about 3 days, preferably between about 5 and
about 30 minutes. The selected hydration solution may additional comprise

25 small amounts of additives such as surfactants. Suitable surfactants include
non-ionic surfactants, such as betaines and amine oxides. Specific
surfactants include TWEEN 80 (available from Amerchol), DOE 120 (available
from Union Carbide), Pluronics, methyl cellulose, mixtures thereof and the like
and may be added in amounts between about 0.01 weight % and about 5

30 weight% % based upon total weight of hydration solution used.

In one embodiment the lenses may be hydrated using a “step down”

method, where the solvent is replaced in steps over the hydration process.
Suitable step down processes have at least two steps, where a percentage of

the solvent is replaced with water.
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which is effected: none (< about 1 %, slight (about 1 to about 5%, mld
(about 6% to about 15%, noderate (about 16%to about 25% and severe
(greater @b oshas2about 25% . A 10% di fference between thePcatusgoedces i s
considered clinically significant. The ophthal m c devices of the present

i nvention al so the Blligone @yurb@geaﬁergg@ebtmﬁtdm{y ;I)¢|*Me@rp}e fepsbly us. Haze is
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’BE

set as a ha&#sslosgd inUe3. Ratentg t496i r3t§1659 33@%@3%&%?%9@ 14% the dynanic
cont act ang{) Ho4re Hetéb m%&-bsl%ltéd/b)ﬂ,tef&gﬁéew th borate buffered saline, using
a

a W hel ny ance. e wetting force between the | ens surface and

borate buffer edTb%tICWﬁé qnéwthaéamewe@thegoreswtum@nﬁyn diseleyp gkeslleat whil e t he
sanpl e is l?@énétglacé @"ﬁgﬁ?q Owﬁ oY éo%ﬂn%: iu%fn ‘“% o?r?édld%‘? eViegisf 0 | ow ng

equation i s use Wnere IS the wetting
force, 19 |@ntqwetl"samfcateeﬂceemlstﬂnceftobhvéoqbnelmw beqm\ea$ure¢ bys the perineter of

the sampl e al,dhs MGt of Bkedte Qt‘s §OMAERs B HEihe WA hERY, Y. two
%m%g%a ne8$ % t1Ng Experi mehtg

contact angles ar roma dynam c we - advanci ng
cont act angften sefdrree teed$ Higidodapoaits”. angl e. Advancing contact angle is

obt ai ned oM« e Qi BUcBbs k1 YLD RYBROIITUMOSKS UG Sample 15 1

bei ng i nmersed I'nh are es reported
herein. At hhmteyfaelandIeealsletsedca‘fteeaﬁlmmlmpaed bheweak ®f measusieglaatitl the

aver 085! R0 iR Bhon B b Bal e Rh AR R BB a0 e
( PLTF- NI BUTenses _ammaﬂOallyE@ashie&j”O‘f onder to differentidgte lbetweasl depositsaneet t abi i ty.
e N adiSBE e YopS) Bintosh biad SRcE s R Ao oo™
The tine e|bép@&ﬂsdﬂétte\/(ﬂ@ rjeltyhﬁnﬁp’sﬁ} or fIpBNi Frentdurzte depobsidlgivanag biifie appear ance
of the fir ?‘éﬂec on W?]ﬁg E)a(\:qgé a%etdggoélts cfo not. Deposits are differentiated from
20  back surface trapped debris during a blink or a push-up test. The deposits will
move while the back surface trapped debris will remain still. The deposits are
graded into five categories based upon the percentage of the lens surface
which is effected: none (< about 1%), slight (about 1 to about 5%), mild (about
6% to about 15%), moderate (about 16% to about 25%) and severe (greater
25 than about 25%). A 10% difference between the categories is considered
clinically significant.
The ophthalmic devices of the present invention also display low haze,
good wettability and modulus.
Haze is measured by placing test lenses in saline in a clear cell above
30 ablack background, illuminating from below with a fiber optic lamp at an angle
66° normal to the lens cell, and capturing an image of the lens from above
with a video camera. The background-subtracted scattered light image is

quantitatively analyzed, by integrating over the central 10 mm of the lens, and
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filmon the front surface of a contact lens is recorded as PLTF-N BUT. The
25 PLTF-NIBUT is neasured 30-m nutes after the |l enses were placed on eye
and aft erwongomsek. Three neasurenents are taken at each trcwasontssiyal and
were averaged into one reading. The PLTF-NI BUT is nmeasured on both eyes,
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machi ne i ncl udelg %pmﬁ%eteron m%del éi fﬁg @%ﬁg bone shaped sanple having a
0. 522 noch | engivherelr #ithe wettihg forske, v 18itHE Buddsk €ngida of thetprobeRduid Wi dth 10 is
| oaded into the grips and elongated at a constant rate of strain of 2

in/min. uRts the perimetakef thegample atithg mgaisges pathginthgrcoptast aagiel e (Lo) and
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conpositi oﬁ?glr(:gw ggg&gggarﬁd&rﬁg%gver geﬁejorps@g\éﬁrufsggﬁlb%gé?ﬁ rﬁ;mdul us is
measur ed at- advencipgcentart arigieand feseding iconfact arglet Adwancingcantactur ve. 15 The
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Bausch & Lahb pge-lensadearcfiisitiioarrvdsivef bragipuptime/@LIENIBUT) is one
20 measure of in vivo or “clinical” lens wettability. The PLTF-NIBUT is measured
using a slit lamp and a circular fluorescent tearscope for noninvasive viewing
of the tearfilm (Keeler Tearscope Plus). The time elapsed between the eye
opening after a blink and the appearance of the first dark spot within the tear
film on the front surface of a contact lens is recorded as PLTF-NIBUT. The
25 PLTF-NIBUT is measured 30-minutes after the lenses were placed on eye
and after one week. Three measurements are taken at each time interval and
were averaged into one reading. The PLTF-NIBUT is measured on both
eyes, beginning with the right eye and then the left eye.
Movement is measured using the “push up” test. The patient’s eyes
30 are in the primary gaze position. The push-up test is a gentle digital push of
the lens upwards using the lower lid. The resistance of the lens to upward
movement is judged and graded according to the following scale: 1
(excessive, unacceptable movement), 2 (moderate, but acceptable
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Etafilcon | enses give a neasurenment of 20 to 25 barrer. (1 barrer = 10"10
(cnB 25 of gas x cnm2)/(cnB of polynmer x sec x cmHg)). Gel tine is neasured
usi ng t hewbaBlzaeng net hod. The phot o- pol yneri zati on rea®Cirarsod/gendni t or ed
with an ATS StressTech rheoneter equipped with a photo-curing accessory,
whi ch consinsdventént)a3 {(epteRal ahoveenentpat nathitedl e btceptitle taveaich, 5 ovwer pl ate

and an al uni num upper plate, and a 30 radi ation delivery system equi pped
with a ban?@ﬁ%@'?ﬁff’@?&eﬂ?@?QBV%H‘FB , which originates at a Novacure

nercury arc | anphé@hises efltheli gréseni invehforbdiSplag &ivauli ©f aeadtrapbliesb shutter, is
delivered to the quartz plate in the rheoneter via a liquid |ight guide.

The filter PSk pgefgrgglyrpﬁt\gm AbeutiINdibREL2R BSi M9 BYore pigfgrablysi mul at es t he
light egit tadyddnodBomit 46 8Ad RBbl: 70T, MydanSiis M\egéurteh%e,?t%m\é%e?»/ 022321

PCT/ US02/ 28613 radiation, neasured at the surface of the quartz w ndow
with an | LEMShead gl sonstant ralgaf mpvemerHlypa densie e machitent rol I ed to

0.02 m,NC”%qu}lJBd Mhid lbdd cdiMfhat RTBRERHYS the iﬁitiﬁ%’ﬁdg‘é'ﬂe@&t.a%\s‘hﬁablg- 1 C After
approximately 1 nL of the de-?assed reactive ni xture 1s placed on the

| ower pl at éestingmrachne iRelydes an Instra mwilehi] 28. afvdpgbonp sbares sareples | ower ed
to 0.500 T ok aloe, Iot 21i S\ " \w after the
reaction rgggﬁé(?%%@g‘gﬁ%%nthgws%ﬁp gﬂ?gﬁcg?lzg\?\é@:ht @Eg(eg@%tht her mal

equi | i BPi uns lpadedrintaithesgrips @adeaiorigatat #ya eanstantvaie ohgtrain fof dfin/mire st eady

h [ bt 1 t | ti b .
Shea S heHRLOFe Ry AR 1 e BB A chBACt | o1 Deaun
sanpl e chambbreak{Lpargmeasiret. Niveivegpecineas oieach camposifiord®® sccm During
th ti t t ' I | t trai | ti f
e oreL W I RELEL BT OS] fond R Rles K Yiedi el Bpesus L e, o
| ess than anitiafipéatporigredfdhastessgschin curveal cul ate the strain at the applied

progra bl e stﬁ.ﬁss conput er al cul ates. the dﬁg% ) ¢ _shear nodul us
(G), 1I'8ss modul A

& Sonie b Ead By [eflihedd b BRI AR of “exposur e
time. As t ibetwesmcitionh4pand @bdst 300ebasieeadeterminked by thenmigragephicr om <1 Pa to
0L WP HndToRed e MmO e ol o Pk b ek ed oLy £
1. (the crosdb\vemesoboppor ETheFeréSs)expbied focart atspRefeldhufidifieiches 100 Pa
o o e Bk Bk e S L SR Lot e
the reagti yolhEdrapme oy gerSsdnsBKeoréistihg 8f & 4rBm diameter gold cathode and

a silver ring anode. The reference values are those measured on

commercially available contact lenses using this method. Balafilcon A lenses

available from Bausch & Lomb give a measurement of approx. 79 barrer.

Etafilcon lenses give a measurement of 20 to 25 barrer. (1 barrer = 107 (cm®
25 of gas x cm?)/(cm® of polymer x sec x cm Hg)).

Gel time is measured using the following method. The photo-
polymerization reaction is monitored with an ATS StressTech rheometer
equipped with a photo-curing accessory, which consists of a temperature-
controlled cell with a quartz lower plate and an aluminum upper plate, and a

30 radiation delivery system equipped with a bandpass filter. The radiation,
which originates at a Novacure mercury arc lamp equipped with an iris and
computer-controlled shutter, is delivered to the quartz plate in the rheometer
via a liquid light guide. The filter is a 420 nm (20 nm FWHM) bandpass filter,

which simulates the light emitted from a TLO3 bulb. The intensity of the
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It wll be appreciated that all of the tests specified above have a certain
anmount of inherent test error. Accordingly, results reported herein are not
to 25 bewbnalmm3as absol ute nunbers, but nunerical ranges Poaged2/ogsen t he

precision of the particular test. In order to illustrate the invention the

fol | owi ng %tﬂ@nﬁneme@@erédrmIth?gmacemmmrmh@@%dgh@tmAcm'/st t he )

i nvention. Th are neant_an 0 suggest a thod o acticing the

i nvention. " Etekd&?ﬂgeﬂbégbﬂéo'& Re 135?”?%"1‘?53% +6950%36‘V%P1% g‘ ot her
speci al ti egnfiy fARnPrslrdBIcbARSIcalat BERCY.H T NBftéM proviBieyoNmL However,
t hose rrethods are deened to be within the scope of thls i nventi on.

EXAVPLES 39f the desgassed saaglivg mikyre isipesd onrBe fQyyaratd §f W8br evi ati ons are

used i nst hen&rRdTer, &% @@hﬁﬁvdlaﬁhé@%p%epb@&,e@%wm@e it610.500 + 0. 001 mm
2-net hyl -, 2- hydr oxy- 3-[ 3- 3-tetranet hy 1-[ (trimet hyl

si 1yl ) oxy] @baye thedayer @Jat@pwlaﬂep# Seld e éﬁerﬁmrwq{maurﬂﬁhﬁwﬂe&g% amide 5
HEMA 2- hydi,g fﬁYeﬁ'Hé(EarﬂﬁfehQ%ﬁé% A@E%eﬁﬂg é]c{elQ{BnW MPminutes,

mononet hacP yl oxypropyl term nated nono- term nate
pol ydi met hyetsrinmedriy tNe tdyveting-off of the steady shear VISCOSIty) before the lamp

2-(2'-hyd -5- | : 850 1-
2,2 DY G RS M BB BRaRy DAt eRi g sl 1050 1.3
bi s(2, 60di ﬁmrtehomybmml ¢qmub¢+um tﬂne mﬁquhembgzr isphuogeshwitte nitrogemle  PVP

Roattive oos oo e FARR oot BECHT e heBhatfil Titorheler bERELARALD °0 0T
5,944, 853 h‘fonllt% therstramp'pbularhg:fndmlanmhéd dycamietsirgbs FastaisaitiationmPDVS- OH
T i R ECBY) RS8P B L o Bt
di net hacr y lcakcalaBdthershai\dt the bpplied pogahyeatie diress HEthdn&mﬂerTRl S
S ey BLEL LSt L ) L AT, an viscosy
3- net hacr yI &%, ya¥ PRINkdr o $xpaBliratingd. | Axiherrehitionsirbésis the shear
modulus increases from <1 Pa to >0.1 MPa, and tan ¢ (=G"/G’) drops from
near infinity to less than 1. For measurements made herein the gel time is the
time at which tan & equals 1 (the crossover point when G’=G”). At the time
20 that G’ reaches 100 Pa (shortly after the gel point), the restriction on the upper
plate is removed so that the gap between the upper and lower plates can
change as the reactive monomer mix shrinks during cure.
It will be appreciated that all of the tests specified above have a certain
amount of inherent test error. Accordingly, results reported herein are not to
25 be taken as absolute numbers, but numerical ranges based upon the
precision of the particular test.
In order to illustrate the invention the following examples are included.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as
30 well as other specialties may find other methods of practicing the invention.

However, those methods are deemed to be within the scope of this invention.

EXAMPLES
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AcPDMS bi s- 3- net hacryl oxy- 2- hydr oxypr opyl oxypropyl 25 pol ydi nmet hyl si | oxane
Triglide tripropyl eneglycol nethyl ether C3 819
bi s( 2, 4, eworasez3dy| benzoyl ) - phenyl phosphi neoxi de PVP | owPEAIVUS02/28613
pol y( N- Vi nyl pyrrolidone) (K value 12) 30 Throughout the Exanples intensity
Erampl o5 1410 34 00 08/ 055351 B UepD 206Ls e L eAchLgn components and

anpl es cLion copponents an
di | Hgnt ( DSIFPMA st e PWPPQB'F@CE’% )%1[2 %'Eoéé-e[*fwﬁe[ %\?%{’*ﬁet&m? Y'hg or
rolling for at | eastq_ghphdthylsiiPekadislioxabPiBrops3§lpropytesieral | conponents were

di ssol ved. The reactive conmponents are reported as weight percent of all
reacti ve céMdnent s MAHdimethyrarylamids s wei ght percent 5 of final reaction

m xtureg Thgepgacti %h?@lr&%tﬁyl‘ﬁ?e‘ihﬂrﬁﬁ@d into thernoplastic contact |ens

nol ds (made from Topas mers” of ethylene and norbornene obtained

from Ti conanRidMp rrer 800 h()?QP Q&)m@@mﬁha@ylwm%temmmm f1 uor escent
bul bs at 45C for qpb%%p%%?g{ iMéth %-En@)(alﬁgl ds were opened and | enses
were extracted into uti | PA and 10 H2O, and soaked in

| PA at anbiNsmplog enpe?-62 ydroxys5- labtbﬁﬁrywwgtmvlph?@w)-3%9’3@20"1”@%(?'@uaI di | uent

and nononer, ce , then

equi | i brat e |fr§5gorglw\g§9$§rng erﬂl ne gﬁ?&ihe@?fbﬂ ?ﬂ(eboutyrh hours and
aut ocl d0ed at 122C fhis(23Bdimethaxybenznyb-2#-dgemethyipeotyl phesphinsul ti ng | enses
areshovvn|nTabIe1%J§Tablel78910 EX. #12345600rrp Si GVA
28 30 28.6 28 31 32 9.4 20 68 PVP (K9O) 7 10 7.1 7 7 7 6 6.7 3 7 DMVA

23.5 17 24P/R3.5 20pdN2vinyl @yrrotBion2P(K wad/B0B81 32 0 31 31 34 31 29.8 15 0
TRIS 0 0 0 Oprfh OndPeQetiohMut 8f Redetife Biv £and REMA, & Rscribed
in Example 4 of U.S. Pat. no. 5,944,853
15 IPA isopropyl alcohol
D30 3,7-dimethyl-3-octanol
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated,
mono-butyl terminated polydimethylsiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
20 TreGDMA triethyleneglycol dimethacrylate

TRIS 3-methacryloxypropyltris(trimethylsiloxy)silane
MPD 3-methacryloxypropyl(pentamethyldisiloxane)
MBM 3-methacryloxypropylbis(trimethylsiloxy)methyisilane

AcPDMS bis-3-methacryloxy-2-hydroxypropyloxypropyl
25 polydimethylsiloxane
Triglide tripropyleneglycol methyl ether
CGl1 819 bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide
PVP low MW poly(N-vinylpyrrolidone) (K value 12)

30 Throughout the Examples intensity is measured using an IL 1400A
radiometer, using an XRL 140A sensor.

Examples 1-10

34



Norbloc 2 2 0202221900 CG118500.9811.021111110

TEGDMA 1.5 2 1.02 1.51.511.51.902 TrEGDMA OO OOOOO0OO0O1O0 Blue
HEVA 0. 02w0 03/022301 0 O 0 O O nPDMS-OH 0 0 31.6 0 0 O O O ®cO/Uspeessecur O O O
0000001 1173 D30 %23 26 17 23 23 29 32 28 17 27 Properties %Wl

36 33 39 40 36 3ie Ahchon é&nﬁ&néﬁs&ﬂiﬁiﬂl@ﬂml@@'ﬂhwwlk%@é@ Modul us 68 78
112 61 67 50 66 92 43 173 (psi) E% gatlon 301 250 147 294 281 308 245
258 364 285nixgsHiegethsr wih stirigg 0720'@3'& lgagf-abpyt 3 haufs Al @PAYH23%k: 103 111 101

131 110 13gn#04 c%f‘r?boﬁént@@;veré%ﬁ&@lv@@r 'Tﬁétr@éi:tlvécorﬁ%hédt@éf@r’éﬁﬁﬁé&r content 2.

Dynam ¢ contact angle, nmeasured with si ol ogl cal borate-buffered saline

usi ng a W [@saveaightparegnt ef a'UeanR%‘Pﬁ@aﬁﬂdlt ¢ diluery reweight Rred, i n
Barrerss Ry t%&ﬁu%fnﬁxﬁ)?e Waeﬁor;lmwu%fm B8R .stqhéﬁﬁ&pﬁasﬂae m xture

conponents an el r anount be varied substantially, while still
provi di ng ¢aolestleas rr@i@e(maﬁi&\frqmTana@@@nqlmrswépﬁw@eﬁndnecham cal

properties F%r?{@{e]tcﬂﬁélhé YromT‘H‘é @)E&%Er ngH ré@@@d g@‘ﬁ:ﬁﬂi’éﬂg may be too

10 high to orma ens t e’ clinica yvvett nd t he nodul us
may be IO\BQW/O&'&ﬂumtescterﬁbullbe ap#ﬁ?ﬂﬁbeaaoute’aﬂmmumhhydzr d'lhasnolditens Exanple 9

been r educdifre PESEAR BEST B HalleuSend Pl paErahoaRE et I provi de
a conpddi b0, aad soakedin XPA Beamblens tempeestarecioa apd e sl 5Hoave tohremove

residual diluent and monomers, placed into deionized H2O for about 30

minutes, then equilibrated in borate buffered saline for at least about 24 hours

and autoclaved at 122°C for 30 minutes. The properties of the resulting

lenses are shown in Table 1.

15
Table 1

7 8 9 10
EX. # 1 2 3 4 5 6
Comp.
SiGMA 28 30 28.6 | 28 31 |32 |29 [394 |20 |68
PVP (K90) 7 10 71 |7 7 7 6 6.7 |3 7
DMA 235 [ 17 245 1235 (20 |20 |24 [16.4 |37 |22
MPDMS 31 32 0 31 31 |34 [31 [298 (15 |0
TRIS 0 0 0 0 0 0 0 0 15 |0
HEMA 6 6 61 |6 6.5 |3 55129 |8 0
Norbloc 2 2 0 20 |2 2 2 1.9 |0 0
CGIl 1850 0.98 | 1 1.02 |1 1 1 1 1 1 0
TEGDMA 1.5 |2 1.02 {15 [15 |1 1.5 (19 |0 2
TrEGDMA 0 0 0 0 0 0 0 0 1 0
Blue HEMA |0.02 |0 0 0 0 0 0 0 0 0
mPDMS-OH |0 0 316 |0 0 0 0 0 0 0
Darocur 0 0 0 0 0 0 0 0 0 1
1173
D30 % 23 26 17 23 23 |29 |32 |28 17 |27

Properties

%EWC' 36 33 39 40 36 |37 |39 |25 (48 |29
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15 SSIGVA is effective in conpatibilizing PVP and that when sufficient Si GVA

and PVP are present

| enses with desirable wettability and ot her

mechani cal

properti esoman2izer nade without any form of surface nodifi eariusn22d6xanpl e 11
20 Lenses having the formul ation of Exanple 1 were renmade, w thout
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20

25

lower than desired to provide a mechanically robust lens. Example 9
contained the lowest concentration of SIGMA (20%). Because the SIGMA
had been reduced, less PVP could be added to the formulation and still
provide a compatible reaction mixture. Thus, these examples show that
SiGMA is effective in compatibilizing PVP and that when sufficient SIGMA and
PVP are present lenses with desirable wettability and other mechanical

properties can be made without any form of surface modification.

Example 11
Lenses having the formulation of Example 1 were remade, without

controlling cure intensity. The mechanical properties are reported in Table 2,
below. These lenses were clinically evaluated using ACUVUE® 2 lenses as
controls. The lenses were worn by 6 patients in a daily wear mode (nightly
removal) for a period of one week. At one week the PLTF-NIBUT was 3.6
(£3.0) seconds compared to 5.8 (+2.5) seconds for ACUVUE® 2 lenses. The
front surface deposition was graded none to slight for 50% of the test lenses
and 100% for the control lenses. The movement was acceptable for both test

and control lenses.
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results for Exanples 11 (uncontrolled cure intensity) and 12 (| ow,
controlled cure intensity) are substantially different. The on eye

wet t abi | iwg oafeselr one week of wear for Exanple 11 (neasuiP€a/usy2/B6T#- NI BUT)
was worse that the ACUVUE(r) 2 lenses (3.6 v. 5.8) and half the | enses had
nore than gkh@ble 0 surface depositions. The Exanple 12 |enses (controlled,

|l ow intensity cu di spl ayed si gni fi cant | npr.oved on-eye ttability,
whi ch was neasuf ’(‘ﬂ%‘@)e 1Bér{a[serpp@ahtgﬂ%A@N@t,tljggurpém%gty(\@aszrwucg9) and no
surface deppsotrh@ism?. TméSmecw.dwpﬁ;pbqwfs aG@PéﬁdPﬂeHWTﬁbléQ BéI@WI des an

uncoated | ens having on-eye wettab s as good and in sone
Cases bet t SNesERSRONOBAINEAL evail@tﬂ%?'agécu\é%%@@ lensesygs @aloE2321

PCT/ US0g/ 2%&%&@#@5@%& warnlty ﬁ?ﬁ&ﬁérﬁé‘mrﬂ S r\ﬁ‘éar(i'ﬁ‘o"‘d‘er('n%ﬂ in Table 3 and
containing low or no hydroxyl-functionalized silicone containing nononer
(in these oyl geReNn)aperied af craiverk andandCAMUES 2 lensm@sat room

t enper at ur n (#1€Action

m Xt ures rglr?wg'?ﬁetﬁ@ P Aéteral gygo'ror\ggﬁég?)vﬁtélglt nce@'ﬁ:r g@h}— ?’fgtSteB? A??or di ngly,

t hese reacseeandsicempaessl oM (it nitsesendsfoe b ®6d%qseﬁ§é§r0nﬁ'abl e 3 Ex. #

13 14 15 1 10 8.0 8.0
DVA 10 10 %gcfgé%gm%%@ﬁid%%% tg g%ﬂtg%gglrﬂﬁggﬁﬁﬁ%{%mﬂ 14 HEMA 25
25 37. $08. (es8a0d caREDIdmses 0The MayeB@NPWES aceeptate farbothite$Band 0 1.0 0. 83 1.0
1.0 D30 ?:ér"ftroﬂen%%sy 27 10 Exanples 13 through 15 show that reaction

W

m xt ur es any’ hydroxyl -functionalized silicone containing nononer
(Si GVA or nPDMS-OH) are inconpati lable 2nd not suitable for naking contact

| enses. ar‘.'pIEeXs_‘# 16 7 17 12
%EWC 36 36 36

Modulus (psi) 68 74 87

Elongation 301 315 223

DCA 62 ' 77 56

Dk 103 127 102

Generally the mechanical properties for Examples 1, 11 and 12 are

15 consistent results for multiple runs of the same material. However, the clinical
results for Examples 11 (uncontrolled cure intensity) and 12 (low, controlled
cure intensity) are substantially different. The on eye wettability after one
week of wear for Example 11 (measured by PLTF-NIBUT) was worse that the
ACUVUE® 2 lenses (3.6 v. 5.8) and half the lenses had more than slight

20 surface depositions. The Example 12 lenses (controlled, low intensity cure)
displayed significantly improved on-eye wettability, which was measurably
better than ACUVUE® 2 lenses (8.2 v. 6.9) and no surface depositions. Thus,
using a low, controlled cure provides an uncoated lens having on-eye
wettability which is as good as, and in some cases better than conventional

25 hydrogel lenses.
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and 17 show that concentrations of hydroxyl-functionalized silicone

contai ning 15 nononer |ess than about 20 weight% are insufficient to
conpat i biwoag/2segni fi cant amounts of hi gh nol ecul ar wei giCTRSS2/28dosvever ,
conparing Exanple 17 to Exanple 9, |esser amounts of high nol ecul ar wei ght
PVP (3 weight 9% can be included and still forma conpatible reaction

m xture. 20 38 WO 03/022321 PCT/ US02/ 28613 Exanples 18-25 A sol ution of
1.00 gram Examples 18-B0 gram of nPDVB and 1.00 gram of TRI'S was placed in a
glass vial (Ex.Rrd&dtionAWixiuhes MRABeRSTAL8 @hY cdhiaiiffllodfor bout 20 to 23 C
with a magnetic stir bar, a _solution of 12 parts é] PVP 5 (K90) and 60
parts DMVA Moéﬂﬂ%t@%‘ﬁﬁﬂﬁw@h@ P‘P”tﬁﬁé‘gs'BPrﬂRm%rn("} Q8¢ FEampleSoudy after 3

mi nut ess of s?éMJZ\? g mhled vilhcorSfant E&ﬁr.ﬁgﬁﬁfao%nP\éPatm@rem%@rsdet ermned in
grans and reported as the "nmononmer conpati bi I|ty I ndex’ his test was
repeat ed uEvegatpraheurs eagipf thepragtior mizigyes WPB"(GEB@'OLEV)and SEPDVS, wher e
n=10 (Ex. R s € ey 24) and

TRI S2- HOE @t?\%%fa p%ib B, AQtsRdingifthoseeadtion f mré%’%%%@ nofbe 2HL 00 e 4
Ex. # Test use¢d toqurpducslensgsni ng Mononmer Si: OH nonomer conpatibility index
18 SSGVA 1.8 3:1 19 TRIS 0.07 4: OTa%(i’ MO0.09 3:0 21 MPD 0.05 2:0 22

1.9 11:2 acPDMS (n=10)* 23 1 21:2 (n=20)* 24 0.15 4:0 | Si MAA-3Me

25 0.11 3:|Ex. #RI S2- HOEOP2 |13 14 15 16 17
Composition
SiGMA 0 0 0 10 20
PVP (K90) 12 12 10 8.0 8.0
DMA 10 10 8.3 19 19
MPDMS 37 37 30.8 35 28
TRIS 14 14 11.7 17 14
HEMA 25 25 375 8.0 8.0
TEGDMA 1.0 1.0 0.83 2.0 2.0
Darocur 1173 1.0 1.0 0.83 1.0 1.0
D30 % 23 31 31 27 27

10

Examples 13 through 15 show that reaction mixtures without any
hydroxyl-functionalized silicone containing monomer (SiGMA or mPDMS-OH)
are incompatible, and not suitable for making contact lenses. Examples 16
and 17 show that concentrations of hydroxyl-functionalized silicone containing
15 monomer less than about 20 weight% are insufficient to compatibilize
significant amounts of high molecular weight PVP. However, comparing
Example 17 to Example 9, lesser amounts of high molecular weight PVP (3

weight %) can be included and still form a compatible reaction mixture.

20
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26 0.64 -11:1 MPDM5-OH 15 Structures for acPDMS, i Si GVA-We and

TRI S2- HOEOP2 are shown bel ow. acPDVS (n averages 10 or 20): 39 WO

03/ 022321wWB@3h322/ 28613 OO0 O"'*'~ 0 SI(O'SI ~~~ O ""' PCOUSIIRS60OH

TRI S2- HOEOP2 O O~~\Si~ OSI ~\O~OH| /2 5 iSIMAA3-Me e OO OMO

ff,Si (OSMeBkdmp? 1Bags results, shown in Table 4, show that Si GVA, acPDMVS

(where n= an ) and nPDMS- OH nore readily incorporate into a bl end of
a diluent, anofselutiep of é@ﬁ@r%rﬁg?’ﬁ)ﬂgoorﬂfﬁmﬁ" QM%/‘%POO RP9rE nonomer, and

an high ma#?mé #hs PRIcERn BEla%8%Ial EBN% t)ﬂ@fheadlérﬂi wab ra/;ﬁ'dl stirred at

si licone-containin 15 nonomers. Thus npat i bi | FP%[’?@ { “cone cont ai ni ng
mononer s habpw?luto LBoiepuith pinagnptic ﬁ%!!'e@@roﬁ‘ S@HE’%R ‘éfr1% @AbEYP0. 5 are useful
for cor@at'd@g g'a%\ldr&b par@DMARY R4 i HEHGIBE uhmqﬁ@e&uhércrem.b{éaers l'i ke PVP.

Exanpl e 20 Lenses were made using the reaction m xture fornul ation
of Exarrpl e cloydy Bfter %mmtes:ofcsilmrw:ﬂheamésmi the a@ﬁa@i@MNBMﬁta@r&b( r)

copol y”ersm&fs%w}m.r%n g?émsaﬂgbgf %Osqn%arpaﬁanéwm;ﬁusﬁ {i’@l ymers) were

stored overni ght ni tr ogen ore use was dosed
with 75 | Mhisdestomas rrepgat@delsmb?plaiéﬂ%mmcb@\d (BeR0)dMBEPSExhdt)locur ed usi ng

the times %BBDM@; \“mfrﬁrr’e hDAE (8L Dbf SadPBME At hD20 Y. 937 isiERESRiener € formed

by irradiation
10 (Ex. 24) and TRIS2-HOEOP?2 (Ex. 25) as test silicone monomers in place of

TRIS.
Table 4
Ex. # Test silicone-containing | Monomer Si:OH
monomer compatibility
index
18 SiGMA 1.8 3:1
19 TRIS 0.07 4.0
20 MBM 0.09 3.0
21 MPD 0.05 2.0
22 1.9 11:2
acPDMS (n=10)*
23 1 21:2
acPDMS (n=20)*
24 0.15 4:0
ISIMAA-3Me
25 0.11 3:2
TRIS2-HOEOP2
26 0.64 ~11:1
MPDMS-OH
15
Structures for acPDMS, iSiGMA-3Me and TRIS2-HOEOPZ2 are shown
below.

acPDMS (n averages 10 or 20):
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nmononmer m x using visible Iight fluorescent bul bs, curing at 45C. The
intensity was varied by using a variable balast or light filters, in two
st eps of weoamioezb2i ntensity and cure tine. The step 2 tinme poasiSezbssesed to
provide the sanme total irradiation energy (about 830 mJ/cnR) for each
sanple. 40 WD 0@/ 022321 PCT/ US02/ 28613 The finished | enses @ere denvol ded

using a 60: 40 xture of | PA/ water. fThe lenses were transf?m;zgé}o ajar
cont ai ni ng %p@@&ks@pr §H€+$€?F%}(“¢Be’$Ef(mn§ ted every
2 hours for 10 hours. At the end \abpw" 10 hours, 50% of the |PA was
renoved and replaced wwHh DI water ‘5 and the jar was @l ed for 20 minutes
After 20 mnutes, 50% of the I PA was renoved and replaced with DI water
and the jar was rolled for another 20 mnutes. The | enses were transferred
t o packi ng TRI$2HH@EQP2o0l Il ed for 20 minutes and then tested. 10 Table 5
Ex.# Step 1 Step 1 Step 2 Step 2 Advancing intensity tine intensity tine
Contact nWcnmmn:sec mMVWcnZ (mn:sec) Angle 27 1.1 6:55 5.5 1:28 51 1
28 1.1 2:46 5.5(2:21 55 2 9 1.1 11: 03 5.5 Ob 5561 30 1.7 6:30 5.5
0:35 50 1 .(34‘.\’?\7/5\.§i€):\%1/5‘5\/1\§f2’\1v? P4 5.5 1:28 54 2 33 2.4
2: 52 5.? 1:28 62 6 34 2./4 4:86\5.5 0:35 76 9 735 2.4 1:09550:3578 6
The contact angles for Exanples 27 through 32 are not significantly
different,i}ﬂgbﬁﬁﬂgng that step 1 cure intensities of |ess than about about
2 15 mNc provide inproved wettability for this lens fornmulation

regardl ess of the stepgj.,cure tinme. However, those of skill in the art wll
appreci ate thato s:g;ii: step 1 cure tines (such as those used in Exanples
28 and 31) all fqr shorter ovel cure cycles. Mreover, it should be
not ed t hat @ evzﬁhkaég%%hﬂ? for Exanples 33 through 35 are
measur ably hiljgher than 20 those of Exanples 27-32, the | enses of Exanples
33-35 ggy still provide

The results, shown in Table 4, show that SiIGMA, acPDMS (where n= 10 and
20) and mPDMS-OH more readily incorporate into a blend of a diluent,
another silicone containing monomer, a hydrophilic monomer, and an high
molecular weight polymer (PVP) than alternative silicone-containing

15 monomers. Thus, compatibilizing silicone containing monomers having a
compatibility index of greater than about 0.5 are useful for compatibilizing high

molecular weight hydrophilic polymers like PVP.

Example 27 -35
20 Lenses were made using the reaction mixture formulation of Example

1. The plastic contact lens molds (made from Topas® copolymers of ethylene
and norbornene obtained from Ticona Polymers) were stored overnight in
nitrogen (<0.5% O,) before use. Each mold was dosed with 75 ul reaction
mixture. Molds were closed and lenses photocured using the times and cure
25 intensities indicated in Table 5. Lenses were formed by irradiation of the
monomer mix using visible light fluorescent bulbs, curing at 45°C. The
intensity was varied by using a variable balast or light filters, in two steps of
varied intensity and cure time. The step 2 time was selected to provide the

same total irradiation energy (about 830 mJ/cm?) for each sample.
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desirable on eye wettability. Exanples 36 - 41 The reaction conponents of
Exanple 1, were blended with either 25% 25 or 40% D30 as diluent in
accor dancwowsiesehe procedure of Exanple 1. The result antPCrasot/2eoms
m xtures were charged into plastic contact |lens nolds (nmade from Topas(r)

copol yners of eﬂ?é/hﬁ@ﬁe@l&ﬂsé‘@ﬁvb@rd@ﬁ@d@@hﬁh@@cbofdmmﬁdre\éﬂm/ 022321
PCT/ US02/ 28613 _Ti cona Poly mers?erand cured gégve hox under a nitrogen

at nospher e Waigr- JheUensessverptEns rﬁtjé(?@ﬁrfonéﬁ%ﬁ@ 9#09¢k 188P™RRY t he

tenper at ur ggoRBABA dy nrheTml @a&seph&le@\yve&@hétﬂawa OWIues.r RMERAdT rom t he
nol ds, hydrated an aut ocl aved as describe in Exanple 1. After hydration

the haze ve§2f akeutdO hawes, 50 enklEg |%|’V‘@Sd@?‘8¥?ﬁ ﬁ%repﬁ?@dr"@@‘@k\ﬁatghom in Table
6 show Bhatanﬁlﬁ?e fé?wag%uéaffoh@@ hiifies r DEMIAGEs 0% BEtHai IPRSHast enper at ur es.

The results al so he concentration of diluent decreases the

haze al so d@ve%@m reptacvdm@@@erand)/mgoa%aﬁproll@d brigagthep@d 36 25 25
30(6) 99 37 5 2% 40 25 50(10) 68
20 2 so0- 5SSy Togerpee ghre BanatSisth pate i bied 39 45 25 eoul th i

Tabl e 6 shovingteaandshen teatedbe reduced by about 20% (Exanple 41 v. Exanple
39) and up to as nmuch as about 65% (Exanple 37 v. 15 Exanple 36) by

I ncreasing the cure tenperature. Decreasing diluent concentration from 40
to 25%10ecrease haze by between abolabld® and 75% Exanpl es 42-47 Lenses
were made fromthe fornulations shown in Table 7 using the 20 procedure of

Exanpl e 1, WEkH# g§ S9pm nut|Steude t|iStepat 25CStepd an | Adwansingy| of about 2.5
mWV cnR. Per ¢ent hajztenssz meiaseur ed |amensity reptimeed i n| Gaidhet 8| Table 7 25
(mW/cm?) | (min:sec) | (mW/cm?) | (min:sec) | Angle
27 1.1 6:55 5.5 1:28 51+1
28 1.1 2:46 55 2:21 55+2
29 1.1 11:03 55 0:35 55+1
30 1.7 6:30 55 0:35 50+1
31 1.7 1:37 55 2:21 55+ 1
32 1.7 4:04 5.5 1:28 54 + 2
33 24 2:52 5.5 1:28 62+6
34 24 4:36 55 0:35 76+ 9
35 24 1:09 55 0:35 78+ 6

The contact angles for Examples 27 through 32 are not significantly

different, indicating that step 1 cure intensities of less than about about 2

15  mW/cm? provide improved wettability for this lens formulation regardless of
the step 1 cure time. However, those of skill in the art will appreciate that
shorter step 1 cure times (such as those used in Examples 28 and 31) allow
for shorter overall cure cycles. Moreover, it should be noted that eventhough
the contact angles for Examples 33 through 35 are measurably higher than

20 those of Examples 27-32, the lenses of Examples 33-35 may still provide
desirable on eye wettability.

Examples 36 - 41
The reaction components of Example 1, were blended with either 25%

25 or 40% D30 as diluent in accordance with the procedure of Example 1. The
resultant reaction mixtures were charged into plastic contact lens molds

(made from Topas® copolymers of ethylene and norbornene obtained from
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Ex.# 42 43 44 45 46 47 SiGVA 28.0 28.0 28.0 28.0 28.0 28.0 nPDVs 31.0
31.0 28.0 28.0 28.0 28.0 acPDVs5 0.0 0.0 4.0 4.0 4.0 4.0 (n=10) DWA 23.5
23.5 23.5WD33623410 24.0 HEMA 6.0 6.0 5.0 5.0 6.0 6.0 TERCDWAZ2%13L.5 1.5
1.5 0.0 0.0 Norbloc 2.0 2.0 2.0 2.0 2.0 . 2.0 42 W 03/022321

PCT/ US02/ Za‘ﬁibaa FB%érK ar?d &Jr@dﬁh 5 gQ)VZ Hox tnQer’a ﬁm@@én afpbosph8p)atl. 0 1.0 1.0
1.0 41.0 1. D30 25. Properties Haze 30 50 7.3
14 26 25 ﬁBaEﬂ%é "*)/X/OQ‘B "1‘&85'5}’03"‘?% %QF“'"(’I?éu%"déh%ﬁfda?é}awr%szﬁ‘%ﬂ"ws 251 312
NT EWC % 3@brels, p3io%e e BAsés weﬁm@m&é@ﬂoﬁi‘théhﬂ)m@wbﬁaﬁed gnd fornul ations
havi ng the sanme anount of diluent and either TECDVA or acPDMS ( Exanpl es 42

and 46 and auioelayst @s descritedn FxpmpiRyhs Afteihydsatispiie ingze Malues eidheve

crossli Bkerler%@Q v@ré’&@t\éhﬁﬁ%d' ﬁ’ﬂé‘?ésmstshoWﬁ@rp‘PétSlé%%hWW tﬁBt tﬁé%eg:%@par abl eto
t hose where TEGMVA is used as a crosslinker. Exa 45 contai n

both cr os®f hazieess wagredusest atthe highex tamnesatuease rTé@sreaulmm sWal |y

conpar ed tg:attatﬁhé EORERtrIRS o dilfBhEddch&dses tSsaZ éﬁéﬁf‘d E@%r@&%e However,

nmodul us and el ongation were negatively I npacte ecause the amount
of crosslinker 10 was too great). Exarrpl es 48-54 Reactlon m xtures were
made using the fornul ations shown in Table 8 wth the diluents indicated.
The redBtion mxtures were placed iFakde 65 t her nopl astic contact |ens nolds,

and irradi ated using Philips TL 20WO03T fluorescent bulbs at 45C, 0.8
MmN cn2 for about |ER. #i nHR30 Thempo(°€3 | e haze DCA(°)

36 25 25 30 (6) 99

37 25 50-55 12 (2) 100

38 25 60-65 14 (0.2) |59

39 40 25 50 (10) 68

40 40 50-55 40 (9) 72

41 40 60-65 32 (1) 66

"Haze (std. dev.)
The results in Table 6 show that haze may be reduced by about 20%

(Example 41 v. Example 39) and up to as much as about 65% (Example 37 v.
15 Example 36) by increasing the cure temperature. Decreasing diluent

concentration from 40 to 25% decrease haze by between about 40 and 75%.

Examples 42-47

Lenses were made from the formulations shown in Table 7 using the

20 procedure of Example 1, with a 30 minute cure time at 25°C and an intensity

of about 2.5 mW/cm?. Percent haze was measured and is reported in Table

8.
Table 7

25
Ex.# 42 43 44 45 46 47
SiGMA 28.0 28.0 28.0 28.0 28.0 28.0
mPDMS 31.0 31.0 28.0 28.0 28.0 28.0
acPDMS | 0.0 0.0 4.0 4.0 4.0 4.0
(n=10)
DMA 23.5 23.5 23.5 23.5 24.0 24.0
HEMA 6.0 6.0 5.0 5.0 6.0 6.0
TEGDMA [ 1.5 1.5 1.5 1.5 0.0 0.0
Norbloc 2.0 2.0 2.0 2.0 20 . |20
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opened and | enses were rel eased into deionized water at 95C over a period
of 20 mnutes. The | enses were then placed into borate buffered saline
sol uti on Wworo3®8®23i nut es and autocl aved at 122C and 30 m n®CediSo¥ss13 20
properties of the resulting |Ienses are shown in Table 9. Table 8 Ex. # 48

49 50 51 $PVE3Kad [Fenponénip s 43790 037082321 | REI7 U02628613 Si GVA 30 30
30 33 34 2pop0 PVP|6 6 6 6 7 6 6 DVA 31 31 3130 30 31 31| MPDMS 19 22
23.5 16.5 128588 1ACPDVME14 0 0 800 U [0 o(n=10) FEMA Pp85 8.5 6.95 9 6
10.5 12. 5 Norbfoc[I.5 1.5 I.5 2 1.5 1.5 1.5 €O 819 0.2310.23 0.25 0.48 0
0.23 0.23 0024 O OO L & O- (359 8 [O4dp 07|75 0. 7S TECGDVA
00001506 —=S gg‘oHEu‘v-\A'g.GZ 62000 0.u4—u§'%62 45/(?)jcul_)u fjuent' 40 40 27.3
39.4 25.9(40 40 Diluent AAB obe é conp Properties EWC % 45 45 47 49
47 49 50 %852(4 36.1(7) "é{lu) 750 (14) _47(:“ "”(1 gadvanci ng)
Modul us 91 69—-55-20-63 & — 014/ Eenggtion 232 475 254 110 124
Dk(barrer%gSI)H’SGO 78 44 87°59 60'*%Di | ehts (vvméh Ms)'
Elongation | 326 395 188 251 312 NT
(%)
EWC(%) |38 41 33 35 38 39
A comparision of the results for formulations having the same amount
of diluent and either TEGDMA or acPDMS (Examples 42 and 46 and
Examples 43 and 47) shows that acPDMS is an effective crosslinker and
5 provides lenses with properties which are comparable to those where
TEGDMA is used as a crosslinker. Examples 44 and 45 contain both
crosslinkers. Haze for these Examples decreased substantially compared to
the lenses made from either crosslinker alone. However, modulus and
elongation were negatively impacted (likely because the amount of crosslinker
10  was too great).
Examples 48-54
Reaction mixtures were made using the formulations shown in Table 8
with the diluents indicated. The reaction mixtures were placed into
15 thermoplastic contact lens molds, and irradiated using Philips TL 20W/03T
fluorescent bulbs at 45°C, 0.8 mW/cm? for about 32 minutes. The molds were
opened and lenses were released into deionized water at 95°C over a period
of 20 minutes. The lenses were then placed into borate buffered saline
solution for 60 minutes and autoclaved at 122°C and 30 minutes. The
20 properties of the resulting lenses are shown in Table 9.

Table 8
Ex. # 48 49 50 51 52 53 54
Component
s
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A=72.5%t-anyl alcohol and 27.5 PVP (Mv = 2500) B = t-anyl alcohol C =
15/ 38/ 38% TMP/ 2M2P/ PVP (Mv = 2500) 5 D= 57/43 2M2P/ TMP NT - not tested
Thus, Exawploe®22581 and 51 show t hat formul ati ons conpri si ngchhatsa2/ 28603
hydrophilic (EGDVA or TEGDMA) and hydrophobi ¢ crosslinkers (acPDV5)

provi de sil[igena Nydrjogel 3U’YDO>B©I ong 3ghi cja4li sppay amoexcel | ent bal ance
of propertfiggpi NCI udigng g Wager cqrg ent| 7z nodegate|lgk, Wettabiltiy,
modul us anthRRongat gy 1 1:xa ye 59 3phe Tapsepspl Bgqnpiel 48 were
clinically ENE msteu 1gTE 3FTSTS BT [ EE T {y Igopatiegts 1jn a daily wear

node (ni ghtft val) fot petRod offpne Taeek At ope week t he
PLTF- NI BUT %Csﬁ .29) seq;lond;bcorrparééd tod7. 0 044 03/ 022321
PCT/ US02/ 2 ’1 ’1 ) 93""0#"‘“ 0 t+rr2+te $EE TI'" friont surface
di screte db on Wes - gt-@a lgd RO E—t-gstHghf=fo (i'.S%“?q‘ith“ patients with
t he test I\,.\IQ*r co.’;r)5,,d ~5*h Y i. 2;, 'ﬂ.tr[*.5 e ;5,35_‘1 “e Apovenent was
accept abl e f%Grs%fh 4 % aji1‘3 250' !C‘%ee({ 5 ag’abﬁpl ‘Q 55—The | enses of

| | ehsestWere “worn by 18 patients

Exanp| e 49 y@;"lﬂ&ﬁQ nild 1 Vi Q\\/nl lg“_ch '_ﬁ_n
in a daily pME@PMode (it ght9-¢5refifual ) G o

week the PUTHEGPMAT wedk 8 40 (2 09 secqils cohpareB tolP 10 (]1.3) seconds
for ACUVUE(|rBlug HEMA €D.0rhe0.P20hP surfldte diGcretB08ep®82ion was graded
none to slijght for 95%of fthe patientg withi the test lienses.| conpared wth
89% i n cont|{r%IDiluenses.40The| 4bvenBnB was3%ak ce?fi.abl é0f o 40bot h t est and
control | endgituenl5 Exakpl e A7 ThB | enged of | BExanpAe 51Awere [clinically

eval uat ed. [ldoend ensesg were| worpn by 13 patigents {n a daily wear node
(nightly regnoval) for a period of one week. At one week the PLTF-N BUT was
4.3 (1.9) seconds conpared to 9.Froperties) seconds for ACUVUE([r) 2 | enses.
The front sEWaqe)di Szt €] 4posuri on | L0 was7 gr agded nagoe to slight for 70%
of the patijgpéa W Th {52l esf(7] €ns@9) | 108 | 75(6) [ 47(2) | 56(11)
(advancing)

r =0 periB8dSof 0n7r5:- week. At one

Modulus 91 77 69 55 49 63 67
(psi)

Elongation | NT 232 | 167 275 |254 |110 |124
(%)

Dk (barrers) | 54 60 78 44 87 59 60

Diluents (weight parts):
A =72.5% t-amyl alcohol and 27.5 PVP (Myw = 2500)
B = t-amyl alcohol
C = 15/38/38% TMP/2M2P/ PVP (My = 2500)
5 D=57/43 2M2P/TMP

NT — not tested

Thus, Examples 48 and 51 show that formulations comprising both
10  hydrophilic (EGDMA or TEGDMA) and hydrophobic crosslinkers (acPDMS)
provide silicone hydrogel compositions which display an excellent balance of
properties including good water content, moderate Dk, wettabiltiy, modulus

and elongation.

15 Example 55
The lenses of Example 48 were clinically evaluated. The lenses were

worn by 18 patients in a daily wear mode (nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 8.4 (+2.9) seconds compared to 7.0
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compared with 92%in control |enses. The novenent was acceptable for both
test and control |enses. Thus, there is sonme correl ati on between cont act
angl e neaworgne23es (108 for Exanpl e 51 versus 52 for ExanpiCe/u$g)/2samnd
clinical wettability as neasure by PLTF-NI BUT (4.3 seconds for Exanple 51

I25 versus §z+. 329&%@5 fdrothBxam@I Zlefisgs. (ﬁ:@mﬂt&agw% g@cr‘é'té aepzﬁmohydr o)gel
enses were nade U co nt ex in weight parts

listed in 'I“éﬂﬁ@%eiﬂ ?W ?'961 FE&?%@P@F%E@E’GF%W' Rrihe teshBRfsnt s were ni xed

t oget her i comnpgaréd With B9% if cbREGIEMRsNTTRE Widkemeh Wab abcémabiaifet ng t he
reaction m xture was placed on a jar mll roller and rolled overnight. The

reaction niBethtest %Ccﬁﬂt%lﬁﬂs?ﬁ a vacuum desi ccator and the 35 oxygen
renovedsby appl yi ng vacuum for 40 mi nutes. The desiccator was 45 WO

03/ 022321 Fg;g/@ 628613 back filled with nitrogen. Contact |enses were
formed by a approximately 0.10 g of the degassed lens material to the

concave front c he densep geExamirietfsyere qlinispliy sialiadechThetlengesierand
nor bor nene vPé?E%‘yﬁ%chtléﬁ@un E‘o&ﬂ?@vegph%%rr%h g})r'e%o‘éél‘f'fér'aeéerlo@ doflkove box

wi th nitrogen puarge. wer e cl oSe opyl ene convex base
curve nold W%kve% Onelvtﬁeyﬁ’%@ PrAEiNIBUladascif (+2:8) %ﬁmndm@mpareﬁut@ fogen purge

and wasjg ph%f:sgh%dg%ymg‘f’% A’élﬁ\%ﬁ%ﬂ%ﬁ&@s therr |t Rald Sngéreﬁgfdo%gi%ﬂ using 20W

fl uorescent osphor. ter curing m nut es at
45C, the noVaisgradednopeioslight foh@S%cniélaa/eatfeunthItrctmevtestpi@mseison of the lens

ol 0 s AR SRS EAbICAL MR AT OBk Selfghe D) contal i no

dei oni zed e conditron enperature and anount of Tween)
shown i n TdtetesDandbentioklensdebl ock tinme is shown in Table 10. The | enses
were clear and of the proper shape to be contact |enses. Table 9 Ex. 58
Ex. 59 053.23.23.0 SSGWA nPDVS 1.7 1.7 1.7 1.7 DMA
5 5.0% Bonplests 5% 20 808

The lenses of Example 51 were clinically evaluated. The lenses were

worn by 13 patients in a daily wear mode (nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 4.3 (+1.9) seconds compared to 9.6
(£2.1) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
20 was graded none to slight for 70% of the patients with the test lenses,
compared with 92% in control lenses. The movement was acceptable for
both test and control lenses. Thus, there is some correlation between contact
angle measurements (108° for Example 51 versus 52° for Example 48) and
clinical wettability as measure by PLTF-NIBUT (4.3 seconds for Example 51
25 versus 8.4 seconds for Example 48).

Examples 58-60

Silicone hydrogel lenses were made using the components (expressed

30 in weight parts) listed in Table 9 and the following procedure:
The components were mixed together in a jar to for a reaction mixture.
The jar containing the reaction mixture was placed on a jar mill roller and
rolled overnight.
The reaction mixture was placed in a vacuum desiccator and the

35 oxygen removed by applying vacuum for 40 minutes. The desiccator was

45



HEMA 1.0 0.8 0.8 1.0 TEGDVA 0.2 0.4 0.3 0.2 Norblock 0.15 0.2 0.2 0.2
Cd 1850 0.1 0.1 0.3 0.3 Tri lide 1.5 1.51.5 2MP 2.5 2.5 2.5 2.5 PVP
low 0.5 Wb 03023015 MV 15 Table 10 Ex. # Form [Tween] (ppmusizegsiy C)
Deblock Ex. # time mn. 62 58 850 75 10 63 58 10,000 70 10-15 64 58 0
75 20-22  @ack@istbRit? Aitrb eﬂ5Coﬁ@c5I%n8&9w8@ form&d bPad$iR§ 85 6 68 61 850 75
18 46 WO 03/022321 PCT/ US02/ 28613 npl e 69 The | enses of Exanple 59

whi ch wer e aPPEPHBRIEY 9-10 8,04 A @Q?ése@\%"é m"-ﬁﬁ'i@'ﬁ%f“herﬁp(ﬁ'f:é‘{eeﬁo"tr?uﬁ‘@ oni zed

wat er at G%QJMT@A%Q%wme@%fbﬂwﬁa M rocmémeapthineflofi red into
borate buffered saline solution and allowed to equilibrate for at |east

about 24 hdigena Fglemees) gwid gavitiesdn agloverRpxovith nilogempeiges TAgENQIES pe
contact sl engga c|o£ES m}.mrlb%g@rmr% afemsk bSéH‘&?rOé nffid AaVes. @ nodul us of 87

psi, an elon lon O 1 barriers. The | enses were found
to have arPCS‘ﬂO%FF?@T'ﬁ@“@@@H@d wﬁgnéeroa n'wgﬂég\d@és?ndmssph%r‘@aleés the | ens

10 surface terial.
Exanpl e 70%1%? @(\)/?]ggﬁtg? I%'gﬁét ﬁ%ﬁapé@é'sgﬂrdtqs%ﬂgcﬂfw ﬁer%ég%@qﬁofgd Hr%m Exanpl e 61
was pl acedi-03 phesphoni Béer auning far2y minuiesati4d° Gote ImatdDyversoepeanedi ng about

5% 15 DOE- ]’I%% é{@c%@éﬁﬂ%gcﬁq/e%r%n @ftth@l?é?\létmgléQrasTJfgcéqut%eass&ﬁngtBﬁked from

the frame in
10 bath (Aquasonic model 75D) containing deionized water under the conditions

(temperature and amount of Tween) shown in Table 10. The lens deblock
time is shown in Table 10. The lenses were clear and of the proper shape to

be contact lenses.

Table 9
Ex. 58 Ex. 59 Ex. 60 Ex. 61
3.05 3.2 3.2 3.0
SiGMA
mPDMS 1.7 1.7 1.7 1.7
DMA 3.2 3.0 3.1 3.2
PVP 0.6 0.6 0.6 0.6
HEMA 1.0 0.8 0.8 1.0
TEGDMA 0.2 04 0.3 0.2
Norblock 0.15 0.2 0.2 0.2
CGl 1850 0.1 0.1 0.3 0.3
Triglide 1.5 1.5 1.5
2M2P 25 25 25 2.5
PVP low 0.5 1.5 1.5 0.5
MW
15
Table 10
Ex.# | Form. | [Tween] (ppm) Temp (°C) Deblock
Ex. # time (min.)
62 58 850 75 10
63 58 10,000 70 10-15
64 58 0 75 20-22
65 58 850 22 10-15
66 59 850 85 3
67 60 850 85 6
68 61 850 75 18
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Exanple 71 (use of an organic solvent) The concave front curve portion of
the lens nold fromexanple 61 was 20 placed into a sonication bath
(Aquasoni woMBDr23eoNt ai ni ng about 10% of 2- propanol in deipamiusezi2seat er at
75C. The | enses debl ocked formthe frame in 15 m nutes. Wen Tween was
used as the additive (Exanple 68) the deblock tine was 18 m nutes. Thus,
the presentp,@di®bg shows that organic solvents may also be used to

debl ock | enses conpri si n? | ow nol ecul ar wei ght 25 hydrophilic pol yners.
EXAMPLE 72 ( contl@pienses of Biamplecivhieh werefeblesksy inioxaaplecbhwaregel | enses

vee made US,ARertHYBrdtd mﬁ&ém% @a@r aPEeaEHDE nihutEX amRé Rn28s wakg W t hout

any | ow nol ecul ar vveq‘% P. 30 follow ng procedure was used to
debl ock 5 heheretfgesferr é\t%b@r@éﬁ/@fqu%ﬁal@@ﬁ?@tlﬁﬂraﬂﬂ@HO‘Uﬁd fhequiiatenol d was

bl aced i nt Goflet 1864 1b@h! AR N ThARIRSOWefo HBSIANTGhe RINERERAAGaDOU!
en

850ppm of Tween I n el oni zed wat er at a out 65C ses not
rel ease frdieeantaaiignges. The lensps bad atwater gamtent I¢é43°ér Brunllfatuilttﬂpfml ch

cont ai ned t p

For mil ot 1 orfr GRS B ohPra anips DKER ok drs P ipsgs RSB u 25

PCT/ US02/ 2868 an(ﬁvangn@cmactaz@tecpfpﬁﬁm affds ingCptasetbe 1@smi nut es.  Thus,
t he pregent ﬁ[ﬂg : Eﬁﬂﬂ npl i shed in water
only, ?‘? thlusrfléé%n\R 'eﬁ %gﬁt'%mt %‘%@q Q&{é‘b%% %rbnchlérﬁecu gr wei ght
hydrophilic polynmer in the formulation. 5 Exarrpl e 73 The concave front
curve portianufle 76e | ens nmold from exanple 72 was pl aced into a

soni cati on bat h{ Aquasoni tal i,yng, about 0% anol an
or gani ¢ sol vent i “der i fgoé’g%b\éf &}é'&g e?ﬁ@ql%ﬁg@s %%@ﬁfa?ed formthe
frame in 2@laceddbtord mmm|on15bu$(,AqbemmﬁetTﬁD pmammhg abmvtei%l on whi ch do

i ng. o aceuleSan RN BRe KA ePRG AR Corpe Pk AR BSfRl co 7. 76 15

For mul at i orfeaneanith 18mseitesver e made accordi ng to Exanpl e 49, but W th
varyi ng anmounts of photoinitiator (0.23, 0.38 or 0.5 w.%, curing at 45C

with Philips TLr QWOST fl uorescent bul bs (which closely match the
e 71 (use of an organic solvent
spectral o
The concave front curve portion of the lens mold from example 61 was
20 placed into a sonication bath (Aquasonic 75D) containing about 10% of 2-
propanol in deionized water at 75°C. The lenses deblocked form the frame in
15 minutes. When Tween was used as the additive (Example 68) the deblock
time was 18 minutes. Thus, the present example shows that organic solvents
may also be used to deblock lenses comprising low molecular weight
25 hydrophilic polymers.

EXAMPLE 72 (contains no low molecular weight PVP)
Silicone hydrogel lenses wee made using the formulation and

procedure of Example 58, but without any low molecular weight PVP. The
30 following procedure was used to deblock the lenses.

The concave front curve portion of the lens mold was placed into a
sonication bath (Aquasonic model 75D) containing about 850ppm of Tween in
deionized water at about 65°C. The lenses did not release from the mold.
The deblock time for the formulation which contained low molecular weight

35  hydrophilic polymer (Example 58 formulation) under similar deblock conditions
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of the visible light used to nmeasure gel tine) irradiating the nolds at 2.0
mWV cn2. The advanci ng contact angles of the resulting | enses are shown in
20 Tabl e wo.03M2ad3ke 11 Ex. # W % Advanci ng DCA Gel tinme (seCr/usiz24123 59(4)
65 75 0.38 62(6) 57 76 0.5 80(7) 51 25 Exanples 77-79 Gel tinmes were
measur ed f qExamplel 62 M8BEREHRATWRenRAMBPE) Wadt 0 #Sikutes. Thud) theplesamd 5. 0
mMVcn2. The_ results are shown in Table 12. 30 Table 12 Ex. # Intensity gel
time (sec) Expmriephowsthal dehlogking)gannst be ageamplishedigspwatesenly. inthiso> 5 38 79 5
34 The reswbhma%#m%m%g@w&@d&@aghmydrr&armml)(rﬁemm@r ed with
Exanpl es 27-35, show that as del tines increase, wettability inproves. 5
Thus, gel deimdlatiatan be used, in coordination with contact angle
measurerents, to determne suitable cure conditions for a given polyner
formul ati on and photoinitiator system Exanples 79-83 10 Reaction m xtures
were nade Usxample é3ctive conponents shown in Table 14 and 29% (based upon
all reactive co I (B I t and 11 %
PVP 2, 500 (basegﬂgggﬁaaﬁ/eemt\%wémoﬁeﬁﬁg!ensi!l‘ncgg%b ‘%%g?pég?gg%gre based
upon 100% rpdaaediinte asonicationtbath (Aauaseric ¥bBhcontairingrabouttd% ofRaced i nt o

t her nopl ast j n . : ' [ 1 [ Philips TL

20W 03T f ijcgér}%gsh%é%ﬁ%&%nﬁég I%ﬂfdﬂgggﬁ/&v%% afzs%ab%?%@g& m nut es under

ni trogel. Tdeblavked formethe frapenie@0an@5Ineinstes. ibus, lerdesaxf ditk piesert dei oni zed

wat er at 95C over ic%e&; ﬁq of .15 m nut es,, t hen placed into
S

o ot e bu fveRBh 4 Bt P iar heGot ERRSET AT mbiRay

be deblocked using an aqueous solution comprising an organic solvent.

Examples 74-76

15 Formulations and lenses were made according to Example 49, but with

varying amounts of photoinitiator (0.23, 0.38 or 0.5 wt.%), curing at 45°C with
Philips TL 20W/03T fluorescent bulbs (which closely match the spectral output
of the visible light used to measure gel time) irradiating the molds at 2.0

mW/cm?2. The advancing contact angles of the resulting lenses are shown in

20 Table 11.
Table 11
Ex. # Wit% Advancing DCA Gel time (sec)
74 0.23 59 (4) 65
75 0.38 62 (6) 57
76 0.5 80 (7) 51
25
Examples 77-79
Gel times were measured for the formulation of Example 1 at 45°C at
1.0, 2.5 and 5.0 mW/cm?. The results are shown in Table 12.
30 Table 12
Ex. # Intensity gel time (sec)
(mW/cm?
77 1 52
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at 122 C for 30 mn. The properties of the resulting | enses are shown in 20
Table 13. Table 13 Ex. # 79 80 81 82 83 Conponents Si GVA 30 30 30 30 30
PVP 0 1 3w603/0230MA 37 36 34 31 29 MPDVS 22 22 22 22 22 HENVAIS82/3683 5 8.5
8.58.5 Norbloc 1.5 1.5 1.51.51.5 Cd 819 0.25 0.25 0.25 0.25 0.25
EGCDVA 0.75 0.75 0.75 0.75 0.75 Properties DCA 122(8) 112(6) 66(13) 58(8)
54(3) (advanci ng) HaZe T&g4d) TI(1 psl3(IT]) I4(ZRgIZ(T) | 49 WO 03/022321

PCT/ US02/ 28613 Tabl e [TZ 3gows [Thatgthe [additigy of PVP dramatically
decreases contact angle. Astittte as I % aecreases the dynam c cont act

angl e by about ct angle by
abgut 50% 5 Exg#%l%glm% &Znggb%s?oﬁ@r égr oge eﬁé@ysdhﬁgorﬁg%%@um ng the
conponent s WithisExamples 2T=35, shaw that asigirktimes Inswiasg, weltalildyiinaproT@/e reacti ve
componery s I, BLI SN cATEE IbASH chBRRNER it RO dfiL emperature 10 & jar.
The jar contain he reaction ar mll roller
and rol | ed weasurenknts, Dhaetersdne saitabie mrarcenmaanoﬁoae@ilenrpqtymercuum

desi ccat or : appl yi ng vacuum for 40 mi nutes. The
desi ccat or @Qﬂu'g gnﬁ&ﬁﬁ%ﬁg@ﬁ@m@ﬁ%faﬁ/ogen. Contact |enses were fornmed by
addi ng 15 approximately 0.10 g of the degassed |ens material to the concave
front curv siqgr? OPAS(r) nold cavities in a glove box with nitrogen
pur ge. jghe T g eatliby ks bt hibdB Uy BB SIS 3SR Furve mld

hal ves. g reactive components shown i

Table 14 and 29% (based upon all reactive components and diluent) t-amy!
alcohol as a diluent and 11% PVP 2,500 (based upon reactive components).
Amounts indicated are based upon 100% reactive components. The reaction
mixtures were placed into thermoplastic contact lens molds, and irradiated

15  using Philips TL 20W/03T fluorescent bulb at 60°C, 0.8 mW/cm? for about 30
minutes under nitrogen. The molds were opened and lenses were released
into deionized water at 95°C over a period of 15 minutes. The lenses were
then placed into borate buffered saline solution for 60 minutes and autoclaved

at 122° C for 30 min. The properties of the resulting lenses are shown in

20 Table 13.
Table 13
Ex. # 79 80 81 82 83
Components
SiGMA 30 30 30 30 30
PVP 0 1 3 6 8
DMA 37 36 34 31 29
MPDMS 22 22 22 22 22
HEMA 8.5 8.5 8.5 8.5 8.5
Norbloc 1.5 1.5 1.5 1.5 1.5
CGl 819 0.25 0.25 0.25 0.25 0.25
EGDMA 0.75 0.75 0.75 0.75 0.75
Properties
DCA 122(8) | 112(6) 66(13) | 58(8) 54(3)
(advancing)
Haze 18(4) 11(1) 13(1) 14(2) 12(1)
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Pol ynmeri zation was carried out under a nitrogen purge and was
photoinitiated wth 1.0 nWcnR of visible |ight generated using 20W

fl uor escew0 oBjoggses with a 20 TL-03 phosphor. After curingPCorusts28sihut es at
45C, the nol ds were opened. The concave front curve portion of the |ens
nmol d was placed into de-ionized water at 95-100 C. The | ens debl ock tine

i's shown in Tablbkd2 JHesvd tﬂasma adﬂﬂlbﬁ ocbvardramdn@‘uytdbere@s@@er shape to be
contact |enses. 25 Table 14 onents Si GVA 30 30 30 PVP

6 6 6 DwvA %®ptagt angle. fsrilie %“é’ldeﬂeasﬁﬁm\@'@"wc ntact ahgleRwelPYs 9 25 9. 25

Nor bl oc 1. 3¢k and a8 IlﬁI@@s @A%e@re%@e@%?rﬁan@c 35nta§ﬁn§?@@y Bb&ut&08) WO 03/ 022321
PCT/ US02/ 28613 EGDMVA 1 lue HEMA O 0 O % Di | uent

40.0 400 40.0 Diluent comp E F G DCA 53(3) 55(3) 56(9) (advancing) Haze

15(3) 22(2)E,ga§,g6@gsgpg@| ock Time 3 58 mn Diluents (weight parts of
diluent): E 5% t-anyl al cohol and 37.5% PVP (Mv = 2500) F = 62.5%
t-anyl al cohol &iigoRe hss%ogetdemeﬁewwm@mueﬁngsheaomwems lisfed ipy) - 5

pyri m di NONEyple 14 and the following procedure:
The reactive components and diluent were mixed together at room
10 temperature in a jar. The jar containing the reaction mixture was placed on a
jar mill roller and rolled overnight.

The reaction mixture was placed in a vacuum desiccator and the
oxygen removed by applying vacuum for 40 minutes. The desiccator was
back filled with nitrogen. Contact lenses were formed by adding

15 approximately 0.10 g of the degassed lens material to the concave front curve
side of TOPAS® mold cavities in a glove box with nitrogen purge. The molds
were closed with polypropylene convex base curve mold halves.
Polymerization was carried out under a nitrogen purge and was photoinitiated
with 1.0 mW cm? of visible light generated using 20W fluorescent lights with a

20 TL-03 phosphor. After curing for 15 minutes at 45°C, the molds were opened.
The concave front curve portion of the lens mold was placed into de-ionized
water at 95-100 °C. The lens deblock time is shown in Table 14. The lenses

were clear and of the proper shape to be contact lenses.

25 Table 14
Ex. # 84 85 86
Components
SiGMA 30 30 30
PVP 6 6 6
DMA 31 31 31
MPDMS 21 21 21
AcPDMS 0 0 0
(n=10)

HEMA 9.25 |9.25 |9.25
Norbloc 1.5 1.5 1.5
CGI 819 0.25 |0.25 |0.25
CGI 1850 0 0 0
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G=62.5%t-

Thus,

anyl al coho

| and 37.5% et hyl
Exanpl es 84-86 show that a variety of

- 4- 0x0- 1- pi peri di necar boxyl ate

rel ease agents are useful for

i mpr ovi ngwoablozaski ng. 10 Exanple 87 A reaction m xture wa®Crabe2/2851hg
reacti ve conponents shown in

Tabl e 15 and 42% (based upon al |

reactive

conponent s pAGDMA uent)[ foamyl1 g allcppol &s a diluent. The reaction m xtures
were placed TEEpMAIET Moy asti|g copjact Tens nolds, and irradiated using
Philips TL PE{EGEMAI UdTESCeNfy buljp IS al 50C, 0.8 nWcnk for about 30

m nut es under—mi Lrugen The s re pened and | enses were rel eased
into deionip r—at M LRRoeEr over a period of 15 mnutes. The
| enses were %‘@Y}%&gﬁﬁ 40?9)\; L%J(altztcgbg ered saline solution for 60

m nut es and att at—122—€c+for—30—mn. The properties of the

resul ting s—are—shewp ke 2——20 Table 12 Ex. # 87 Conponents
SiGVA 0 P\/Pﬁ¢ DVA 25 %/55 .6 G,Zg 5 HEMA 12.25 51 WD 03/022321
PCT/ US02/ 28 (135“’3"\@\’»’9% og—1 5 dG 810, TEGDMA 0.4 Exanple 88

Pr eparati on B#z8o00s. O 1;5@)9 [ 3242)E, 16 )Jav 3) 5 96 g of Gelest MCR E11l
(mono- (2, 3-k ? '?ﬁ? &8 ) -Propy|i® et ¥t ef i nated pol ydi met hyl si | oxane( 1000
MN), 11.6 hacrylilc acid 0_10 g t#iethylamne and 0.02 g

hydr oqui nor&lueptsdimeidhy partsef diluert: conbi ned and heated to 140C with an air

bubbl er andE Fi62H% tiapiv algoheland 33.550 V. (M

2508Huct was extracted with

sat urat e5d duti 85 kamyteicalirl agd3Ei5%e 1:/hdimethyl-3,4,5,6-tetrahydro-2(1H)-

pyrimidinone

G=

62.5% t-amyl alcohol and 37.5% ethyl-4-oxo-1-piperidinecarboxylate

Thus, Examples 84-86 show that a variety of release agents are useful

for improving deblocking.

10

Example 87

A reaction mixture was made using reactive components shown in

Table 15 and 42% (based upon all reactive components and diluent) t-amyl

alcohol as a diluent .

The reaction mixtures were placed into thermoplastic

contact lens molds, and irradiated using Philips TL 20W/03T fluorescent bulb

15

at 50°C, 0.8 mW/cm? for about 30 minutes under nitrogen. The molds were

opened and lenses were released into deionized water at room temperature

over a period of 15 minutes. The lenses were then placed into borate

buffered saline solution for 60 minutes and autoclaved at 122° C for 30 min.

The properties of the resulting lenses are shown in Table 12.

20

Table 12

Ex. # 87
Components

SiGMA 0
PVP 7
DMA 25
MPDMS 48.6
AcPDMS 5
HEMA 12.25
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10 CH2ClI 2 | ayer was dried over Nat SO4 and evaporated to give 94 g of
product. HPLC M5 was consistent with desired structure: O OO-~Si ~

O Si ~CAHWODRA212321 OH 15 52 WD 03/ 022321 PCT/ US02/ 28613 \Wkam/tise2/2d6a3 med i s
1. A bionedical device formed froma reaction m xture conprising a high
nmol ecul ar weNgMlodhydr oghi.si c pol yner and an effective anmount of an 5

hydr oxyl - f uhctgignal 1 zed 251 cone- cont ai ni ng nononer. 2. The bi onedi cal
devi ce of c[pegDMAWErgigythé|effecti ve amount of said

hydr oxyl - f unctional i zed SiTicone-containing nononmer is about 5% to about
90% 3. The bionedi cal device of claim1l wherein the device is a silicone
10 hydrogel contact lens. 4. The bionedi cal device of claim1l conprising
about 1 % tExammmeB815% hi gh nol ecul ar wei ght hydrophilic polyner. 5. The
bi omedi cal i ctive amount of

hydr oxyl - fuﬁgp?%ﬁ%r??fz@dbmﬁ?lco eégcl)mntE%%}ﬁ ng‘irtmomer is about 10%to 15
about 86% 6. TI96 dfdselestddCReMI (Cronof(28- eponymrqm&mwl sthied

hydr oxyl - f C und of
Formil & 1 oerihaRg of Eine s ang 68 WM e T RRREE N 280 BB B) "2 e
|  R7- R6- C-trgthgian(iresand0.88-glhRitedqRiindre rRdndrdetRlethier ivere combined and

heated to 140°C with an air bubbler and with stirring for 2.5 hours. The

product was extracted with saturated aqueous NaHCO3; and CH,Cl,. The

10  CHCl; layer was dried over Na, SO, and evaporated to give 94 g of product.

HPLC/MS was consistent with desired structure:

15
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wherein: 25 n is an integer between 3 and 35 Rl is hydrogen, Cl_sal kyl,
R2, R3, and R4, are independently, Cl_6al kyl, triCl_sal kyl sil oxy, phenyl,
napht hyl , weubstiseut ed Cl_6al kyl , substitut ed phenyl, or swogtisoeseds

napht hyl 53 WO 03/ 022321 PCT/ US02/ 28613 where the al kyl substitutents are
sel ect ed fngALQERIafhed R € nMenbers of the group consisting of

Cl. 6al koxycar bonyl, C1.6al kyl, Cl_6al koxy, am de, hal ogen, hydroxyl,
carboxyl, Cl1.6al kyl carbonyl and fornyl, and 5 where the aromati c
substitutenfs a%ebléﬁleﬁi%éﬁ‘éévfdeqmn‘i’é@fr&h d?%é@tlommé%ompnglhé ati

consi sting of Cl_6al koxycar bony 6al kyl , CL. 6al koxy, am de, haI ogen
hydroxyl , car bok’]ﬂ'ecumﬂv%@?tWﬂ@&hﬁ'ﬁlenﬁﬁénfj@ﬁﬂﬂec“%amgmﬁ dhglroxyl , an

al kyl gisoup conpohishdcuntt %nerzelavguﬁohg%%)H.ngmoaarﬂaps or

(CH2( CROR10 yO)X wher el n IS to 5, preferably 1 to 3, x is an

i nteger of 4 e@lorm@ﬁérd&buc?otcla@ dovherrin the effeqlive pmount of se¥l to 25: R9 -
R11 are |ndepen _ f 1, carbon atons
and al kyl s havi ﬂg%%yltfgﬁé%%%@%rd b%%?gﬁg@lﬂﬁ%dsrppgﬂ%@gglsﬁ% to hpa?}q? east one

pol ar functi onalkbo® ¥%up, R6 is a divalent group conprising up to 20
carbon ator: Rink%idndMBR LRl ERL! RAP vaMin AP SildaRE T ad) cal of
cationic polyneriza risrn arbon a and RB is is a
di val ert0 or tri ‘h&dr@gel@nmmlmnprl sing up to 20 carbon atons. 20 7. The

bi di | d

ot T eone cdhicni iiediorfedtdlabyvigBBE Sially 3 2omaR¥HE ABXe (RIS bR o0
Lt “'ghzmzmmxvgfhmmﬂ'&wrgé e T vl oxy- 2 25
et ooy ol ox TR S ElhEdicat S REBROTEHHBISR Y Sfickls ahpuffda sl ] oY

hydr oxypr opy! oxyydrospyflhdtivhtlieasdiRphsicbmtainingenbybmel BradoantD®itat ur es

thereofys about 80%.
6. The biomedical device of claim 1 wherein said hydroxyl-functionalized
silicone-containing monomer is a compound of Formula | or I
R’ R
| |
R'—R%-C—R®—Si-R®
R RS
I
20
R’ R Ry R®
R'—R®-C—R®—Si—[0Si],-R®-C—R®-R’
R’ R* R R’
Il
wherein:
25 n is an integer between 3 and 35

R is hydrogen, Cisalkyl,

R?R®, and R*, are independently, C1.salkyl, triC1.salkylsiloxy, phenyl,
naphthyl, substituted C1.salkyl, substituted phenyl, or substituted
naphthyl
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8. The bionedi cal device of claim7 wherein the effective anount of said
hydr oxyl - functi onal i zed silicone-containing nononer is about 20%to 30
about 50%093/0713e1 bi onedi cal device of claim7 further compmitsonggéabout 10%
to about 40% additional silicone containing nonomer, about 10%to about
50% hydr ophi | i c wereotierastkyl sunsktithents atdsélectat iain didohngie membesul ar wei ght
hydr ophilic polymer. 54 WO 03/022321 PgT/aﬁ(SOZI 2§6r21ﬁ 10I The bi onedi cal
device of claim9, wAEPeOFPYPRONGEING QT Cusalkoxyeqroanyl Gradlvhns.  11. The

bi omedi cal device of Cglamdxylamideehglbgert, Modiokgr exmpbxyl UOLSalg kb oHeH
si licone-containing nononer has a nononer conpatibility index of 5 greater
than about 0.5. 12. &MEfOFM¥k@B¥ cal device of claim 1, wherein the high

ol ecul gr wei ghiyhehy fheQREibti€ sBRRABILS bfe fdtedNirdm e helel done. 13. A
met hod of preparing a bi onmedi cal device conprising mxing a high nolecular

wei ght hydrophilic pmem%_rs ‘_afntﬂe QFpL@fqogéﬁi%ofa(ﬁmﬂhoxmargonyi,o
hydr oxyl - funct i onal | eeghi| ¢ GARBxeiae HaSheROAMIBLyI! Garbiyn a cl ear
solution, and curing said solution. 14. A silicone ¥1ydrogel formed froma
reaction m xture conprédfviggareony grd famgylecul ar wei ght hydrophilic pol yrer
and an effecti VRSsaiHU0arod1 &0 akOVSHo X ¥dnthiniet driRGH héehvaidxycone- cont ai ni ng
nmononer. 15 15. The swrioc)(/)'ne ﬁ r% g‘f o'} cl@i m 14 V\ﬂgré@n xgai d hydrophilic
. 10 11 P . ]
pol ynerl0i s  sel ect edgmorpshar & Rt @RIR ChBxI-& | wherein yisl \ierh, deferabbl yI act ones,
pol yi m des, polyl act UNCt: 1 I 1 , | j zed
pol yl act ones, functi 3@?1Jz%%%o%@?n?ﬁi%j@ﬂﬁ%ﬁ%ﬁ%l% t&é@@%ﬂcﬂoﬁ flct ans, and
nmi xt ures thereof. 20pre@ratipnd04o RbcBheRHyate ingteipendertlysietectet! e tki n sai d
hydr ophi l i c pol yner |j fr I I S f.pol y- N-vi nyl
pyrrolidone, poly- Nél\ﬁ/){l#}%ﬂngﬁ}pgﬂr}grci 3%36‘2&%8%38@%@%@]@%& 1ocPact am
pol y- N- vi nyl - 3- net hytarb@n atvap sulbstituted wihohliedshoneydols-fumdtiopdél- 2- pi peri done,
pol y- N-1\24i nyl -4- et h%J 8 pi peri done, poly-N-vinyl-4-mnethyl-2-caprol actam
pol y-N 25 vi nyl - 3- et ﬂ"-?- pyrrolidone, and poly-Nvinyl-4,5-di net hyl - 2-
pyrrolidone, polRjvismdivaiendtazolpcommising\ip\tcd20redrbyh atonyd; ari de, pol yvi nyl
R’ is a monovalent group that can undergo free radical or cationic
polymerization, comprising up to 20 carbon atoms; and
R8 is is a divalent or trivalent group comprising up to 20 carbon atoms.
20
7. The biomedical device of claim 1 wherein said hydroxyl-functionalized
silicone-containing monomer is selected from the group consisting of
2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-
[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester, (3-methacryloxy-2-
25 hydroxypropyloxy)propyltris(trimethylsiloxy)silane, (2-methacryloxy-3-
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane and mixtures
thereof.
8. The biomedical device of claim 7 wherein the effective amount of said
hydroxyl-functionalized silicone-containing monomer is about 20% to
30 about 50%.
9. The biomedical device of claim 7 further comprising about 10% to
about 40% additional silicone containing monomer, about 10% to about
50% hydrophilic monomers, and about 3% to about 15% high

molecular weight hydrophilic polymer.
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al cohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl oxazoline,
hepari n pol ysacchari des, pol ysaccharides, m xtures and copol yners thereof.
30 17. Thwossloesene hydrogel of claim 14 wherein sai d hydreghisoz/esepdl yrer
conprises poly-N-vinylpyrrolidone. 18. The silicone hydrogel of claim14

conpri si ng AHOUIThd bismédealidelice ohElaih BYvheih theldevitas a vBit gbitabty dr ophi | i c
pol ymer 55 WO 03/022321 PCT/US02/ 28613 19. The silicone hydrogel of claim

14 conpri sing a3 to about 15 wei ght % hi gh nol ecul ar wei ght hydrophilic

pol ymer. 2041 Therhgitidriédigalliedice @ebiafh 1ClvAEEinlihe HYERIXYSURStiGRAR G 5 to about
12 ~wei ght % hi gh_nol ecul ar . wei ght hydrophilic polymer. 5 21. The silicone

hydrogel of cl aiStcae-Gprapeing @Q"WWWV‘PDP'HHE?QTB%HW'E)ét!l‘dex of

si | i cong- cont akgyémemg@ggéutlc%a corrpound of Formula | or Il R1 R2 1| |
R7- R6- G- R8-Si - RS |

R7- R6- C- R8-H. - [ (bepiamgical deving oielam1R4hﬂ@lrnmedmmr@pt¢culﬁrwglgah i nt eger

between 3 and 3@ hitd rch EOGSLN- didbne R2: R3, and R4, are
i ndependent | %ng kylrﬁ t"ﬁ% %g kyﬁslrl ?ﬁlr %enyl napht hyl,

substi t ut ed! %1 @aﬂf\EWOd %nmrlnﬂaéuprph@ﬁgudevm COIPSBING tMisiAg artngiht hyl where

th | kyl bst 20 of the

aroup. consi sti g rler aHR B po R AR A eI REINES o de.

hal ogeri0 hydrox}"h/{’f%ﬂffbm@olnallzeﬂ ﬂmonwcoataimg/nnonamer fodorrgla,cleand where t he

aromatic substl%ggjﬁ{)}g San?i%‘?:nﬁ@'sﬁﬁ&ﬂﬁtgﬁom one or nore nenbers of the group
K nyl, ]

consi sting of oxycar Cl_6al kyl, C1. 6al koxy, am de,
hal ogen, hytr.oxW slllaoaelb‘tydgdggl formed from a reaction mixture comprising a high

molecular weight hydrophilic polymer and an effective amount of an
hydroxyl-functionalized silicone-containing monomer.

15 15. The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of polyamides, polylactones,
polyimides, polylactams, functionalized polyamides, functionalized
polylactones, functionalized polyimides, functionalized polylactams,
and mixtures thereof.

20 16. The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of poly-N-vinyl pyrrolidone, poly-N-
vinyl-2- piperidone, poly-N-vinyl-2-caprolactam, poly-N-vinyi-3-methyl-
2- caprolactam, poly-N-vinyl-3-methyl-2-piperidone, poly-N-vinyl-4-
methyl-2- piperidone, poly-N-vinyl-4-methyl-2-caprolactam, poly-N-

25 vinyl-3-ethyl-2- pyrrolidone, and poly-N-vinyl-4,5-dimethyl-2-
pyrrolidone, polyvinylimidazole, poly-N-N-dimethylacrylamide, polyvinyl
alcohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl oxazoline,
heparin polysaccharides, polysaccharides, mixtures and copolymers
thereof.

30 17. The silicone hydrogel of claim 14 wherein said hydrophilic polymer
comprises poly-N-vinylpyrrolidone.

18.  The silicone hydrogel of claim 14 comprising about 1 to about 15
weight% high molecular weight hydrophilic polymer
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Cl. 6al kyl carbonyl and fornyl; R5 is a hydroxyl, an al kyl group containing
one or nore hydroxyl groups, or (CH2(CROR10)yO X)-R11l whereiny is | to 5,
pref erablwo odoe328, x is an integer of 1 to 100, preferablPgTAISOD2803 and
nore 56 WO 03/022321 PCT/ US02/ 28613 preferably 10 to 25; RO - R 1 are

i ndependentigy sdaheailigtné hpdrogkl ddlcleirh 1aavmigising dbdul® tecasdiansat oms and

al kyl s havi ng up t%%)o_ car bon ator,@“?‘ué}sth,,ut ed with at | east one pol ar
functional grodfgignt% high molecular yeight hydrophilic PERIErsi ng up to 20 carbon

atoms; R7 izp a MpeRYRbAEhydbEHIRbfthath 19aompidmgdbolt & awslitaal or cationic
pol yneri zation, conprising up t carbon atons, and R8is a divalent or

) p to 20 a
trival ent group Welahtve kigh Brolgsutas weight Bydrerhilie galymer22. The sili cone

hydr ogels ofycl aitie kftic¥he hdrBgdi crirh aatvineid RIH Ky dPdxyl-finctionalized
hydr oxyl -functi onal i zed siliCone-containing mononer i's about 20%to about

50% 23. The si Isilicorrecontainfigenorame igiarsompoyfd oéFarmya dor Il

hydr oxyl - functi onal i zed silicone-cqgtainhgg nononmer i s selected fromthe
group consisting of 2-propenoic acid, |

2- et hyl - 2- hydr oxy- 3- [ 3-[ 1, 3, R'3-R&tG aRBt8irRI 15
[trinethylsiIyI)oxy]disionanyl]proq@xy]pqgmyl ester, (3-nethacryl oxy-2-
hydr oxypr opyl oxy) propyl tris(trinmethylsiloxy)silane, (2-nethacryl oxy-3-

hydr oxypr opyl oxy) propyl bi s(tri net hyl sill oxy) met hyl si | ane and m xtures

t hereof. 24. The silicone hydrogel of claim 14 further conprising at |east
one 20 additional silicone containing nononer. 25. The silicone hydrogel
of claim 24 wherein said addi gl onalR8i | iggone gontai ning mononers are

sel ected fromthe group _gongi $ting of am de_ganhal @gs; of

3- met hacryl oxypropyl t riB(TR nerfiyrsPrddPlsr Rarfer RsiiRoxane  vinyl carbamate
anal ogs, si | oxane vi nyl carborat e arél o, andk®5 sil oxane contai ni ng
nmononers, conbi nations and oligoners thereof. 26. The silicone hydrogel of
claim 24 wherein said additional silidlone containing nmononers are sel ected
fromthe group consisting of

3-net hacryl oxypropyl tris(trinmethylsiloxy)silane, nonomet hacryl oxypropyl

t ermi nat ed pol yovhesginyl si | oxanes,

n is an integer between 3 and 35
15 R is hydrogen, Cy.¢alkyl,

R%R?, and R*, are independently, C1.salkyl, triC1_salkylsiloxy, phenyl,
naphthyl, substituted C4.salkyl, substituted phenyl, or substituted
naphthyl

where the alkyl substitutents are selected from one or more members

20 of the group consisting of C1_salkoxycarbonyl, Cq.salkyl,
Ci.salkoxy, amide, halogen, hydroxyl, carboxyl, C4.salkylcarbonyl
and formyl, and

where the aromatic substitutents are selected from one or more
members of the group consisting of Cq.galkoxycarbonyl,

25 C1-salkyl, Cq.salkoxy, amide, halogen, hydroxyl, carboxyl,
C1.salkylcarbonyl and formyl;

R®is a hydroxyl, an alkyl group containing one or more hydroxyl
groups, or (CH2(CR°R'?),0),)-R"! wherein y s 1 to 5, preferably
1 to 3, x is an integer of 1 to 100, preferably 2 to 90 and more
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30 pol ydi net hyl si | oxanes,

3-nmet hacryl oxypropyl bi s(trinmet hyl sil oxy) nmet hyl si | ane,

met hacr yl woypnesgl pent amet hyl di si |l oxane and conbi nati ons prarseo£se13 57 WO
03/ 022321 PCT/ US02/ 28613 27. The silicone hydrogel of claim 24 wherein

sai d additional siligRfga6i9ndab angg hkurerme@@ﬁd@ﬁgseg[gctemfr@ﬁ Hamount of 0
to about 80 weight 9% 28. The silicone hydrogel of claim 24 erein said

addi tional silicone 8kKARVEOHAG 19PN toFis raé"s)’&'t‘a\f"?g 4R %5Hbunt of about

5 to about 60% 29.cden sidmEanrtiive Rmeht IBhstdn@l pola#fuvdtishal n sai d
additional silicone containing nononers are present in an amount of about

10 to about 40% 109%9P.»The silicone hydrogel of claim 14 further

conprisisng at | easis M@aleﬁ})ﬁé@&&&bﬁélﬂyﬂﬁfﬂeﬁe c&bon Bignsi | 1 cone hydrogel of
claim30 wherein_said at |east one lic nononmer conprises at |east

one acrylic grof,is @aimsnovalestgroyp that caaﬁﬁﬂwspuf@ﬁ regiealsfcatiac 32, The

silicone hydrogel of Wash as the fornula
CH2=CRCOX, where R |s&kﬁgi%a§'§ﬂ or Eﬂ%@%ﬁi% BEEfLOR arfiiBnb 11 100

silicone hydr og&8ina dtyra nheovalael gronp §@m§n%mg L &3 20 sadonyaieraphi | i c
mononer is f}z;' eGhediithe %J}SQ&ro‘?H%lrﬁ%%ﬁetr HQhé’%ﬁ%ﬁ’lvy?h‘i?ghpgft hyl'acryl am de,

2- hydr oxyet nethacry cerol acr r oxyet hyl

met hacr@l ami de, hpmoyyeltfhmt@netgaeﬁaulconmnommgampybrae@s abeuhaﬂ%wu c acid,
acrylic acid, Nyinvdspyrrolidone, N-vinyl-Nnmethyl acetamn de,

N-vi nyl - N- et hyI 232t am ‘de, N-vinyl-Nethyl formam de, N-vinyl formam de,
hydr ophi | i Qi nyhe(sdlcbwhycb'ogeirubmalra 212hereinshiddadoanyhfunctionatined s,

O oPt | ARk ARG Farer R SR R BRI, o v i
| east one hydr oalﬂp'rbpmomrmmrﬁemed:io/rmlchysie:s(yai-[a-[aaass 3detearpethybkyet hyl ene
POl Yo! B2 79 OBl T TR o iRy b 2o v e @
hydroxypropyloxy)propyltris(trimethylsiloxy)silane, (2-methacryloxy-3-
hydroxypropyloxy)propylbis(trimethyisiloxy)methyisilane and mixtures
thereof.
24.  The silicone hydrogel of claim 14 further comprising at least one
20 additional silicone containing monomer.
25. The silicone hydrogel of claim 24 wherein said additional silicone
containing monomers are selected from the group consisting of amide
analogs of 3-methacryloxypropyltris(trimethylsiloxy)silane; siloxane
vinyl carbamate analogs, siloxane vinyl carbonate analogs, and
25 siloxane containing monomers, combinations and oligomers thereof.
26. The silicone hydrogel of claim 24 wherein said additional silicone
containing monomers are selected from the group consisting of
3-methacryloxypropyltris(trimethylsiloxy)silane,
monomethacryloxypropyl terminated polydimethylsiloxanes,
30 polydimethylsiloxanes,
3-methacryloxypropylbis(trimethylsiloxy)methyisilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof.
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35. The silicone hydrogel of claim34 wherein said at | east one hydrophilic
nononer i s selected fromthe group consisting of polyethylene glycol,

et hoxyl atwo oalokask1 gl ucosi de, and pol yet hyl ene pol yol s haviPeg/usnz28s13 58 WO
03/ 022321 PCT/ US02/ 28613 nore term nal polynerizable ol efinic groups

bonded to tidre pcrhys%inbuh@madrog@loyalaum36 whEhéin $ald aidtenbysiicopel of claim 30
wherein said at | east one drophilic  nononer el ected, fromthe group

consi sting of NCRPtS“”éﬁgrr'é‘Pﬂ 8SrEre R 5At '”?W?W?@ﬁﬁ??bﬂ@t weightyi o
gl ycerol nethaegyl ate, 2-hydroxyethyl nethacrylam de, N-vinylpyrrolidone,

pol yet hyl e | ycol nononet hacryl ate, nethacrylic acid, acrylic acid and
conbi nat i or%agt hdPestliconehydrage! Sf claip R4 "ﬁ!ﬁﬁ‘?’ﬂ@éld asidittona| sioshewner ei n sai d at

| east ome hydroebmlahﬁq rhBnEMRBRMRE prEYERE inSdParhbiitdf BBSIMS B@slL.eM de. 38. The
silicone hydrogel of aim 30 wherein said at | east one hydrophilic

nononer is pres&A¥.in ampunts of about O to about 70 weight% 39. The

si | cone_hygl 09¢he aficshéthyRragel dhefafth D4sicfeif saleRRbnoRBRaiR¥AEOPNL | | C

nononer is present in anmounts of about 5 to about ight% 15 40. The
silicone hydr ogépntgining MpRerBersyiie PEIsensiaian %{T‘Olllfée%?b@ﬁe’loﬁ?@b@phl lic

nononer is presgpé, i n amounts of about 10 to 50 weight% 41. The silicone
hydrogel of claim 14 conprising about 1 to about 15 wei ght % hi gh nol ecul ar

wei ght 1Ry dr@phi [The spiebyeraydragel of blain 13 furdher gbowrisiog alisiagheney,

hydr oxyl - functi ne-cont ai ning 20 nononer. 42. The silicone
hydrogel of claﬁggkhﬁﬂgnﬁbkgﬁﬁ about 3 to about 15 weight % hi gh nol ecul ar

wei ght hydrdphi [The sploblyfn’eydragej oéblaun 300vheoein sbiolLat 183t aré hydrophilic

hydr oxyl - functi I n r 43. The silicone
hydrogel of cl al?r%{?1 E-Fe(?(éor?\b .gg éﬁe Pég@}ﬂg%&}b 9?2' gr&é?%rh%% hi gh nol ecul ar
wei ght hydr ophi k:ombmahgmherenfd about 20 to about 50 wei ght %

hydrox% nonons silicone

ctl al lzed n n
hydr ogel5 CI a| Y ﬂ'c'f" 6%‘%?9%8%% Sﬂd‘n’@ 'TQB SQ'SOW §(9r°"§bh?ﬁe5?'§ % at | east
one additi onal forhriutz00H,xORCOXNwhgrenRohgdrogen or Cqealkyl and X is O or

N.

33. The silicone hydrogel of claim 30 wherein said at least one hydrophilic

monomer is selected from the group consisting of

20 N,N-dimethylacrylamide, 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, polyethyleneglycol
monomethacrylate, methacrylic acid, acrylic acid, N-vinyl pyrrolidone,
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl
formamide, N-vinyl formamide, hydrophilic vinyl carbonate monomers,

25 vinyl carbamate monomers, hydrophilic oxazolone monomers,
polydextran and copolymers and combinations thereof.

34. The silicone hydrogel of claim 30 wherein said at least one hydrophilic
monomer comprises at least one polyoxyethylene polyol having one or
more of the terminal hydroxyl groups replaced with a functional group

30 containing a polymerizable double bond.

35. The silicone hydrogel of claim 34 wherein said at least one hydrophilic
monomer is selected from the group consisting of polyethylene glycol,
ethoxylated alkyl glucoside, and polyethylene polyols having one or
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45. The silicone hydrogel of claim14 further conprising about 0 to about
70 weight % at | east one hydrophilic nononmer. 46. The silicone hydrogel of
cl ai m 44 wormpeseng about 5 to about 60 wei ght % of sai dpratr/usezastcidne
addi tional silicone containing nmononmer. 59 WD 03/022321 PCT/ US02/ 28613

47. The siliconendwy @il pelynferi2hiie HefitRBIbUSd BehdBay thelfbiydthpbrait 40

wei ght % of said at |east one additional silicone containing nmononer. 48.
The silicone hy@W8kl of claim45 conprising about 5 to about 60 weight %

of said at deeanrh@%ﬁncBb(&'hw}Bgél'dfc%ﬂﬁ@Wher@in%%rd Jhé‘eﬁbhéﬁ%@?m@” ogel of
claim 45 conprising about” 10"to about (F] % of said | east one

hydr ophi | i ¢ nondsomes s 39!?@‘*@"9“‘66%@9%%‘@@ INgPf WINgi M 4 conpri si ng about

1% to alBout 15%y &?%tggr oxlﬁ%thb%&hwwmlétbc p&dryer; about 5 to

about 90 wei ght nctional i Ze cone ontai ning nononer; 5 to
10 about 60 wei gmﬂtl%qﬂater, Rawdroxyethylopetbaenlamide Mryinsipsoatidonend 5 to  about

60 wei ght % hydr o] claim 14
conpri si ng abou BQ@/II'Iter?leg@ mﬁ%ﬁ I g%plsﬁs'reﬂcélg Iar I\/(\:BI S‘I‘.ggﬁh%rg{%'gm lic

pol yner; about BOdtcorT‘@b‘@tlonis eregdi ght % hydr oxyl - functional i zed silicone

cont ai ni ng no ; containing
nononer oﬁg Iﬁé Sb SE[IQE%&\AQQQ%EH@Q 3% %l I ?%dé%%a%ﬂgne ﬁg@’oﬁﬁﬁﬂe silicone
hydrogéIO of cl almnnbm<azroomprlsemlg Nacbmftth)ﬂ%rylanm:mut 12% hi gh nol ecul ar

wei ght hyd phl 2 t..50 h

hydr oxyl - I}%Ctl on I i zéqum@%gﬁ%‘@o tsg(evr{]%gng%% ané%ltg é'{%@Bpg'B%ut 60

wei ght % addl ti omdnomelrus:meeemionnbmonntsg:ﬂabomrﬁaro aaIdetMMe@ht%bout 60 wei ght %

hydr ophi | The §i L f 4 b
5% 1 0" about™%L 256 RISYRSTMEL o o B M B st o B BRRG L 207 o

about 50 wei ghh%dmyit&rﬁs(yrlesémmhmuaisldedosu5tocamotsow@tghlt%ng nononer; 10
to 25 out 40 %ﬂ t % aﬂfﬁ si I ioc ne .cont ai ni ng Homer @nd 10 to

about 'GPEpHY ’P%e 8 30 Wiiereipsaidat|eashaae AYAPBIYES of claim
14 wher el n sal drﬁof@hm@m bﬂe@erﬂ@h?ﬁﬁ‘fbﬁnfs&ﬁab@um I@IHO\ﬁMﬁhta@e nol ecul ar wei ght

of at | east, abo 000, dal t on 55. The sjlicone dro of claim 14
wher ei n saidd- hy&&‘@ﬁﬂ'ﬁp?% claim 14 compr|3||ng|a out 1 toyabo ??5 !

weight% high molecular weight hydrophilic polymer and about 5 to
about 90 weight % hydroxyl-functionalized silicone-containing

20 monomer.

42.  The silicone hydrogel of claim 14 comprising about 3 to about 15
weight% high molecular weight hydrophilic polymer and about 10 to
about 80 weight % hydroxyl-functionalized silicone-containing
monomer.

25 43. The silicone hydrogel of claim 15 comprising about 5 to about 12
weight% high molecular weight hydrophilic ponfner and about 20 to
about 50 weight % hydroxyl-functionalized silicone-containing
monomer.

44, The silicone hydrogel of claim 14 further comprising 0 to about 80

30 weight % at least one additional silicone containing monomer.

45. The silicone hydroge! of claim 14 further comprising about O to about
70 weight % at least one hydrophilic monomer.

46. The silicone hydrogel of claim 44 comprising about 5 to about 60

weight % of said at least one additional silicone containing monomer.
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30 conprises at |east one cyclic noiety along a backbone portion of said
hydr ophilic polynmer. 56. The silicone hydrogel of claim 14 wherein said
hydr ophi IWOo opotaerer is selected fromthe group consi sti ng@Cafuspwbssner s
conprising cyclic amdes, cyclic imdes and conbi nations thereof. 60 WO

03/ 022321 P47/ usn@saaﬁa;a hy&ﬂagemmﬂhmaddmmsd@vémt ¢ORPabSULA0 the silicone
hydrogel of cl ai m&ﬁt The o g n%fﬁ ﬂe vice of claimb57 further
conpri sing an adtRiolti%Rg Sﬂ?ﬁé}ﬁa t?ﬁﬂf’[’ fonahgjliconsrcontaining MAROMBELL 700, 59.

The opht hal 48.c ITh@esmc@ﬁecth@bandncfa?mfw us NaYous 5 A@aBsutddvanci ng 5
dynam c contact angle of [ess than about 0. The ophthal m ¢ devi ce of

cl ai m 57 furt herV&igiHpe o5 53ig at !@@ﬁ%@nedwpfwwome@f wear, a tear film

break ups tige ofmtsulc%aéwaf%gautofaasﬂ%wnﬁ@ﬁmg AUPYY EPMARBEEabI ity of at
| east about 50 barrers he opht hal m c device of claimb58 further

conpri sing a nodtaight %pf said af least Qﬂ?awdé%UtC MONYBEr. 62. The ophthal mic
device of ch@i mBR Jn%h@ﬁpdr%@%f'c%uﬂ%?o?ﬁ?ﬁ&ﬁ?%B&?telr% to RS ¥a8H, about 10 and

about 60% 63. The o device o urther conprising a water
content bet vveerh'gib'@eleCQl@rWﬁtﬂhbbmjppf!ﬂ!@/@o'}lfﬂeﬁ@bomtooqhﬂuhaom c device of

clainms 58 furthgjei h%ﬁ%yd% fﬁcﬁ?ﬁaﬁ’?e&?ﬂ%@@% anﬁEMG P&HIS %5 and about

40% 65. The opht erein sal tear film breakup
time iPat | eaﬁboab‘iﬁ,uwelght%@ddlﬂgn%ifslleon%lb@ualnmgdawmramieﬁto 66. A net hod

conprising the sf ﬁB?Gq)wei(gﬁ %rﬁ})al"%g‘drcqﬁ‘%ﬁ‘%ﬁ{& conponents 20 conpri sing at

| east one high no ar “wei rophiTic polynmer and an effective
amount of &%1.] edde aﬂmnthmggxlloffclmmﬂmeipnsm atiout 8%rte-aboott&%h ni ng nononer

o e o % P PR n O od BB BE Bl LGB 2o 8"
opht hal m ¢ devi oeiga®. hyﬁlrmy#&mbtnmahteatblawneﬁi)anngmr@med Heht hal mi ¢
et oo 465 Bl ILARRABHoB0RH Bkl iai MOrE b 8 <1 m e7
about 60 weight % hydrophilic monomer.
52.  The silicone hydrogel of claim 14 comprising about 5% to about 12%
high molecular weight hydrophilic polymer; about 20 to about 50
weight% hydroxyl-functionalized silicone containing monomer; 5 to
20 about 60 weight% additional silicone containing monomer and 50 to
about 60 weight % hydrophilic monomer.
53.  The silicone hydrogel of claim 14 comprising about 5% to about 12%
high molecular weight hydrophilic polymer; about 20 to about 50
weight% hydroxyl-functionalized silicone containing monomer; 10 to
25 about 40 weight% additional silicone containing monomer and 10 to
about 50 weight % hydrophilic monomer.
54.  The silicone hydrogel of claim 14 wherein said hydrophilic polymer has
a weight average molecular weight of at least about 10,000 daltons.
55.  The silicone hydrogel of claim 14 wherein said hydrophilic polymer
30 comprises at least one cyclic moiety along a backbone portion of said
hydrophilic polymer.
56.  The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of polymers comprising cyclic
amides, cyclic imides and combinations thereof.
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the presence of a diluent to forma reaction mxture. 30 70. The net hod of
claim69 wherein said diluent is selected fromthe group consisting of
et hers, e’DeB®223al kanes, al kyl halides, silanes, am des, Parashoi®1and
m xtures thereof. 61 WD 03/022321 PCT/ US02/ 28613 71. The nethod of claim

69 wher ei n s@ai d AN dpHNIMREI L4 prRINGHAE sTIEHEPhRRBGE| BF tialn agi des, al cohol s
and m xtures thereof. 72. The nethod of claim 69 wherein said dil uent

sel ecting t¥fe gr@ﬁ;?p"&ﬁm!sq | devicg %F'a%égﬁlﬂﬁ}eﬁCSWB”?‘@Q@%?@/VQ@F'@%OI s and

m xtures thereofyynamic/dntact@ndlof s Marcaiuty6® wherein said dil uent
selecting the g g consisting of tetrahydrofuran, ethyl acetate, nethyl

| act ate, i-9%- opWhe qpamaémg | deving bEelgine AT &irthge comprising an advancing

oct anet %yl cycl ot gh-%@ﬁéé‘ﬁ‘(%@?ﬂg@ ogge)t?g)rfo |£@iﬁ1%6& de, dinethyl acetan de,

di met hyl™ propi o one ‘'m xtures thereof and
m xt ures ofeGany Tok dphéhdimicedevicegofvaldim S0fuethet emspristny aétbcatioat ong4. The

nmet hod of claim.71 er ei d diluent. ¢ east pne , al cohol

havi ng at | east day oL Whah arkﬁgr?lr\lgm bygak %Ll ﬁé’?%i)l?a ab&“&%rﬁeﬂ ein said

di [ uent corrprl se® cadygé;epsrtmmny ofl at (et aboutiS0banters.east 6 carbons atons. 15
76. The net hod im69 wherein said . diluents are inert angd easily

di spl aceablé1 qjll? \H@?'Hla'm'? V*Fﬁé)fﬁj@f’ﬂég frther icomprigigg i B10gUINS S d di | uent
conprisgs at | easds tﬁmab@htcgml"py| selected fromthe group consi sting of
tert-butanol, tert-a 2-but anol ent anol ,

2, 3- di met hy#2 2- bm%ﬂ%ha'ﬁ“‘?@e\f@%fﬁ'a'@ fotQﬁb‘Fom@'Sé{gn?/Wa rsaneshol |

3, 7-di met hyl - 3- pehddtd atifl 10 Bhdbyb@ssdoher eof . 78. The method of claim69
wherein said diluent is selected fromthe group consisting of hexanol,

hept anol , &% andihe aRbhaiBic dea@@;%eha'mﬁéﬁwdmwmpr@ne@mter content

3- et hyl - 3- pent %@%eedm%%ﬂ@aboﬁtm' al cohol, ethyl lactate, 25 nethyl
Iactate i- %_@Iactate 3, 7-di net hyl - 3- octanol di nethyl formam de,
€

di met hy1S omimwﬂevw@ép@mﬁﬁ@@ﬂw ﬁ@mnwng pyYaten Gamtefne and

m xt ures ther eOfbetv?egen Jt Q?tahe‘ébeut £Jepil M 69 wherein said diluent is
sel ected fromthe group consisting of 1-ethoxy-2-propanol,

1- et hyl - 2-§r. opdhelophthadmigl dexiceih glaim 60 wherein said tear film breakup time
is at least about 7 seconds after about 7 days of wear.
66. A method comprising the steps of (a) mixing reactive components
20 comprising at least one high molecular weight hydrophilic polymer and
an effective amount of at least one hydroxyl-functionalized silicone-
containing monomer and (b) curing the product of step (a) to form a
biomedical device.
67. The method of claim 66 wherein said biomedical device comprises an
25 ophthalmic device.
68. The method of claim 67 wherein said ophthalmic device is a silicone
hydrogel contact lens.
69. The method of claim 67 wherein said reactive components are mixed in
the presence of a diluent to form a reaction mixture.
30 70. The method of claim 69 wherein said diluent is selected from the group
consisting of ethers, esters, alkanes, alkyl halides, silanes, amides,
alcohols and mixtures thereof.
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30 tripropylene glycol nethyl ether, isopropanol, 1-nethyl-2-pyrrolidone,
ethyl lactate, N, N-di nethyl propi onam de, dipropylene glycol nethyl ether
and m xt uwesbserof. 80. The nmet hod of cl aim 69 wherein ardsdr/bssent is
present in an anmount |ess than about 50 weight % based upon the reaction

m xture. 62740 OPelrdBdd oPERAINME Whebdd Said@llueriitelottid oshm de gloapm 69 wher ein

said diluent is present in an anount cs)ess t han about 40 wei ght % based upon

the reaction m FPOfaliNGaMidegaleliaipand,mixtyres theseofnherein sai d diluent is

present in zn ampéthethbgone@im e@qmteré@saadma&%tele%ﬂng\m@j}w based upon the
reaction 5 m xture. 83. The nethod of claim69 wherein said dlluent is

wat er sol ubl e atcongptiGefsasgneasnand testiary Arehels andgpixiues thei@afher conpri ses

(c) remuyving saind rhstnadt;relmnaeg%@ré.ﬁlswaloqmerﬁ%eiéchﬁ@ﬁqevg%u&ured and (d)
hydrating said Iens, wherein both steps ( % are perforned in

aqueous 10 sol utcPBsistingeidatraiydsfiuess, ﬁfé‘b’bﬁceé\%teamgth‘lyls atats, aPrayhponent . 84.
The met hod of clyguReSQuYRRE ehibrigdl dlrdifa ik Mol Xlidsend Wiy conpr i ses at

| east one initiator ereln sald curing is
conduct ed vi a héanmamidgpimethyl acetamigieadimaihyd prepienamidedy mathy her eof . 15 86.

The et hod of C' gmécﬁ@?a/mfﬁares ﬁ@rgo G ddSs @‘th%gttﬁéjfo & M\kﬁ’ﬁ“ ation

conpri ses ioni zi actrnic ra atl on an i ni t| conpri ses
at | east0 one phat tsast onexalephol87. The rret hod of claim 86 wherein said

radiati on. CAPT iESnkhGb OB P9 yBeraRLaLEAGLR BloYt: B0Y &g about S00nm
R, PP yhrerelfi

and said initiator 1S se group consrs of aromatic
al pha- hydr oxy kalamhebhamgabdyastﬁhmnlzm atsmsacet ophenones acyl phosphi ne

o e It neha BB, PTRS B F rsE Bher e
gr oup con5| sti ngilanihollhd\mg agast € cansonsl atpineny| ket one, 2- hydr oxy-2- 25
(T et A perttyl TDRaBaRPhar BRimyfo Sypiein SuEh IR 3R BBt aho 3pe7
phenyl phOSphI nemmt&:,ealleMlﬁrWaterret hyl benzyl di phenyl phosphi ne oxi de and
6-tri maH?yI q%gzrxgt}/\gd (cj* ggﬁ}?gé Wr‘fe’? rﬁ] '35}8 dquen %om%%gég !a\ﬂegcgtto%l
alcohol selected from the group consisting of tert-butanol, tert-amyl
alcohol, 2-butanol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-
20 methyl-3-pentanol, 3-ethyl-3-pentanol, 3,7-dimethyl-3-octanol and
mixtures thereof.
78.  The method of claim 69 wherein said diluent is selected from the group
consisting of hexanol, heptanol, octanol, nonanol, decanol, tert-butyl
alcohol, 3-methyl-3-pentanol, isopropanol, t amyl alcohol, ethyl lactate,
25 methyl lactate, i-propyl lactate, 3,7-dimethyl-3-octanol, dimethyl
formamide, dimethyl acetamide, dimethyl propionamide, N methyl
pyrrolidinone and mixtures thereof.
79.  The method of claim 69 wherein said diluent is selected from the group
consisting of 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol,
30 tripropylene glycol methyl ether, isopropanol, 1-methyl-2-pyrrolidone,
ethyl lactate, N,N-dimethylpropionamide, dipropylene glycol methyl
ether and mixtures thereof.
80. The method of claim 69 wherein said diluent is present in an amount

less than about 50 weight %, based upon the reaction mixture.
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ester, conbinations of canphorquinone and ethyl 4-(N, N 30

di met hyl am no) benzoate and m xtures thereof. 89. The nethod of claim 84
wher ei n swiod3sjomi3ei at or i s present in the reaction m xtur@dTrusawesens s
effective to initiate polynerization of the reaction mxture. 63 WO

03/ 022321 RET/ UPAS/miatRddof A8m Sdhwheminmasid afludht & preSéntwhan @hibupei d i ni ti ator

Is present in the reaction mxture in anounts fromabout 0.1 to about 2

wei ght per cent Igss dbpn G%H4Qé{ﬁ!9'}té‘at2ﬂﬁe9é’p€8r§'?ﬁ)??é‘ﬁf'%“ myqureThe net hod of

claim 86 wher ei rrhéa«hé{h@dibf A8l 60 WRGHTEAE diicht W &eQérﬁ in 8n alaht | rradi ation.
92. The nethod of claim93 wherein said initiator ngrlses 1-

hydr oxycycl ohex9etWsaeaapouk i@ éﬁ@ab%tﬁﬂ%grﬁf’/‘r@@w ®ygaction 4. 4-

trimet hygl pentyl yphigePhi ne oxi de and m xtures thereof. 93. The nethod of
claim93 wherein said initiator conprises bis(2,4,6- 10

tri met hyl bé8zoyiThe prrthgd phalaiprfhwbsiedesaiddiluertiés watenselulle atl ai ns 93 wherein

sai d reactive compaugng eofdifidiitng LRATBIOCEEST Ahet &b MR DI NG

conmpound. 95. T e met alm erel n sail uring step IS conducted
at a cure intesdidtgnsicem@enoldiimwhich saiciaas was guresl and (cirbydrain®6. The

met hod of cl ai ﬂﬂ#'t cure
I ntensity of b&%é%ﬁ@ﬁ'ﬂ?’ﬁgb@ S(r%ﬁécﬁgat t%%f)g@ |ﬁ%qﬁgo'@s The net hod of
cl ai ms 195 wher esolutiensiwiiahn icnglpsiméwafemas Iaeaubstanpah(memoaenbure time of at

| east about841 mfﬂé'tn“?et'a%ggfﬂ@ﬁ}ﬁm '?'« i& eaéc t\&%efénhn said curing step

further conprises a ween fabout 60 mi nut es.
99. The net hod obmptisesatdéasibee gitiaterali d curing step further conprises a

Cur e L1 I %, S THERRABEM PO AER P ol SRl L Ral o0 O St
25C. 25 101. Thexpesuhetb ratiatibabma @émbimatien theseadfd curing step i s conduct at
et STIBLSH S R MRS RSRYh RG AR % o s SR S BT Foc and
70C. comprises ionizing and/or actinic radiation and said initiator comprises
at least one photoinitiator.
87. The method of claim 86 wherein said radiation comprises light having a
wavelength of about 200 to about 500nm and said initiator is selected
20 from the group consisting of aromatic alpha-hydroxy ketones,
alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, mixtures
of tertiary amines and diketones, and mixtures thereof.
88. The method of claim 86 wherein said initiator is selected from the
group consisting of 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-
25 methyl-1-phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-
trimethylpentyl phosphine oxide, bis(2,4,6-trimethylbenzoyl)-
phenylphosphineoxide, 2,4,6-trimethylbenzyldiphenyl phosphine oxide
and 2,4,6-trimethylbenzyoyl diphenylphosphine oxide, benzoin methyl
ester, combinations of camphorquinone and ethyl 4-(N,N-
30 dimethylamino)benzoate and mixtures thereof.
89. The method of claim 84 wherein said initiator is present in the reaction
mixture in amounts effective to initiate polymerization of the reaction

mixture.
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103. The nethod of claim 69 wherein said reaction mxture is cured in a 30
nol d and said nmethod further conprises the step debl ocking said ophthalmc
devi ce frwmomsakz2rol d. 104. The net hod of cl ai m 103 wher eipcTaE02I286@RCt | ON
m xture further conprises at |east one | ow nol ecul ar wei ght hydrophilic

\m' ymer. @(ﬁ).y@mé/rﬁéi%i@éf €16 %Wﬂﬁﬁégﬁééiﬂ iridtor iE:’;beeé@t ﬂ%e@éacﬁ%i m 104
erein sai ow ol ecul ar wej ght phi|ic polymer has a nunber average
mol ecul ar wei ghtM¥Hrg BAMeuNsra RO tég,t@éboﬁaqo‘fvﬁ'ﬂm ReseentHagetret hod of

cl ai m 104 wher eiypos 8bid rkadtiveRbApehahtswei ght hydrophilic 5 polymer has a
nunber aver age nol ecul ar wei ght of |ess than about 20,000 Dalton. 107. The

met hod of lai mMe4nethed ef ¢lai@6 whereib$aie GUERY iRcogructpd Vigndsibles  sel ect ed

fromtheg group ggRSkadiatigh.of water sol uble polyam des, lactams and

pol yet hyl ene gl yrcol s, and m xtures thereof. 10 108. The nethod of claim 104
wher ei n t hé®2. ow Thsineethed pf glaimy®? wpereimesid initiatergasepris@sfir om t he gr oup

consi sting pol ynyhiowl & ohekiIGRRRy keRInkebiay 6 Pk 2

et hyl - 2- oxazol i RZH ang%[xt u*g@ thereof. Ilgigéaa%%tg#é&%hgoyogcl aim 104

wher ei n t he | owtriraetagiopatyl PRasghinepxigiestswdi mixtureptiieyesfr i s present in anounts

up to aboutg20 ' L LD 1 ' ) 110. The net hod
of claim 109 .mgﬁg?ﬁétﬁ/ﬁi’eﬁgg&nﬁ%ﬁf@géféﬁ} Sélv{gi"gﬁat%%/ogﬂgp[%ﬁbl}%fﬂgol ymer is
pr esent!0i n anoutrretbyiberzayl)aieoylpbospiinesisisiet 20 wei ght % based upon t he

LoD o gl B OS] A B DY) S0 1
wherein said aquempsiseg)aujeas:mnédu’\t QMOrbipgnpmpsem.at | east one sur fact ant .
L1 The oo 1 ik dbdbrdaniYELRLRT 26 (TN AEL AR A, 275
surfact ant conpiritersty DAEEMT dbout Or1 dXEEALRWE 6 \W/cnihe net hod of claim 112
wher el q5sai£%_ S“‘rk%%é%ﬂéd Iois clganeé‘F \%eli'eri]n gal %H;Llnsg stléB ist c(:)ona ug%é% ajfg’c%(r)g ppm
intensity of between about. 0.2 mW/cm? to about 3 mW/cm?.
97. The method of claims 95 wherein said curing step further comprises a
cure time of at least about 1 minute.
98. The method of claims 95 wherein said curing step further comprises a
20 cure time of between about 1 and about 60 minutes.
99. The method of claim 95 wherein said curing step further comprises a
cure time of between about 1 and about 30 minutes.
100. The method of claim 97 wherein said curing step is conduct at a
temperature greater than about 25°C.
25 101. The method of claim 97 wherein said curing step is conduct at a
temperature between about 25°C and 70°C.
102. The method of claim 97 wherein said curing step is conduct at a
temperature between about 40°C and 70°C.
103. The method of claim 69 wherein said reaction mixture is cured in a
30 mold and said method further comprises the step deblocking said
ophthaimic device from said mold.
104. The method of claim 103 wherein said reaction mixture further
comprises at least one low molecular weight hydrophilic polymer.
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116. The nethod of claim 112 wherein said surfactant is present in anounts
30 between about 500 ppm and about 1500 ppm 117. The nethod of claim 112
wher ei n sapd3mea3tact ant is present in anounts between abeat/ub0D2semsl about
1200 ppm 118. The nethod of claim 103 wherein said aqueous sol ution

conprises atos. | Em@tmétﬁ@d of gaifi t0swheein san@&v&lﬁo%%%ﬂﬁt Redrbpliz/ 28613
119. The net hod o& im103 wherein said debl ockin |s conducted at a

tenperature bet ROYMEIHSE NuFheE AVeraga malecHiarwright of 18ss thenabthod of cl ai m

103 wherein sai domlm{@hng is conducted at a tenperature between about
70C and about_ 95C. 21. The nethod of c¢laim 103 wherein said debl ocking
i s conduct €®usiThg m%i@?‘i’ gt ¢laim 1dbwhereiesaid jaypanolecular weight bydraphiliei n sai d

agi tatign conpripgfenet PRk GaHuntier avdrdge n%l@&ﬂé}%lﬁmrmrésé'tﬁ% bbgutsteps of (a)
m Xi ng reactive corrponents conprising a high nbl ecul ar wei ght hydrophilic

pol ymer and an 20.090llionve anount of "a hydroxyl -functional i zed silicone

contal ni ng 107N ARBmARG bRt 104dnb M A Fol bRt BhiHer . aDOVE @

m nimum gel tine rma wetta e met hod of
cl ai m 123 wher elsﬁle§@iddf%mecﬂ!’0mC@niﬁﬂﬁ\gtﬁw\fﬁt@f soluble polyagideshe net hod of

claim 123 wher EIé‘btéﬂé n%gygﬁﬂeﬁeyﬁgg 854 ﬂl)&ﬁ'r%st &,26 The net hod of

claim 125 V\/nerel n sal rises an vanci ng dyani nt cont act
angl e 40 alil®§t Tbeaonethed of clalav10¢rWlaenemmedommcdecaulanmtwbb«mrns sai d

wettability co out 60 or

| ess. 128. Themgrré EE% ch?nc gqéaﬂqgg%mﬂm??&ﬁfwﬁ E)T"\a&fe{df)ag’?do e&gyc%%prl ses a
tear film 20 bglakisupoly 2rathyb2-exazblirsesandamodiired treeeafnds. 129. The net hod of
claim 125 re Y e ki { | east one
it ator 196 The Hefled §Pan: ol BRBER RkIok Mol YR BORbucc ea i a
irradiati on an@ol&ymem icpnedertiimasoaotspup teabant 20Wweight% basedapoert that i on and
cure 25|nten5|t%a£§ffect|veto provide said mnimmgel tine. 131. The

met hod gf claim 8[‘?1 said initiator is present in an amount up to
about 1 % biged Thponethdd of elaint 104ewherarothe év8 molecular weight hydrophilic

polymer is present in amounts between about 5 and about 20 weight%
based upon the reaction mixture.
111. The method of claim 103 wherein said deblocking is conducted using
20 an aqueous solution.
112. The method of claim 103 wherein said aqueous solution further
comprises at least one surfactant.
113. The method of claim 112 wherein said surfactant comprises at least
one non-ionic surfactant.
25 114, The method of claim 112 wherein said surfactant comprises TWEEN®,
or DOE120.
115. The method of claim 112 wherein said surfactant is present in amounts
up to about 10,000 ppm.
116. The method of claim 112 wherein said surfactant is present in amounts
30 between about 500 ppm and about 1500 ppm.
117. The method of claim 112 wherein said surfactant is present in amounts
between about 100 and about 1200 ppm.
118. The method of claim 103 wherein said aqueous solution comprises at

least one organic solvent.
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132. The nethod of claim 129 wherein said initiator is present in an anount
| ess than about 0.5% based upon all reactive conponents. 30 133. The net hod
of cl ai mwB®3mkseri n said cure is conducted via irradiati @OT/U502/28613

intensity of |ess than about 5 mWcnR. 134. The nethod of claim 130 wherein

said gel tifm®, i ThalmétR3Sbf @BRY10BRher@fCsid 8ebl66kiIstdhBdasa it £CT/ US02/ 28613

135. The nethod of claim 123 wherein said gel tine is at |east about 35

seconds. 136 Ateroperaiiae hptwegsAbest @BRisRt aidepant 1P@%st one _
hydroxyl - T upgl | ofQd hwéﬁg;rd o?'cia f1 908 Péiﬁ‘%gfd][l%bméﬂﬂ c@ﬁ%c@&dﬁ%‘)unt of hi gh

nDIecuIar melght oph| IC po mer su cient to provide said device,
without a surfa(t@mperemrerbatweewabhuta?ﬂ Mmgawam c contact angle of

| ess t han 800.. 1 v, east one

v oxy Pt et 1 JRaeage oA, REMSER.fad AEbREH IR ERCRAE BnBtn: of "hi oh
nol ecul ar wei ghtagutéﬂ)nhydr ophilic polyner sufficient to provide said device,
W t hout a s me n _advanci dynam.c cont.act angl e which
' ot easti22andie mbed Bl Ha AR eoion R oS ST angl o for an
opht hal m ¢ 1avi asama&maftod@asmgme steps af@ s:axudg keaiﬂn@@bmm@nmé ynmer. 138. An
ophthal m ¢ device con ﬁggr}g E? east FQJ% F ﬁ -functionalized 15

si | i cone- cont ai GPHE" ey r?ﬁ’ﬁ‘&ﬁ yUPPRiiiGROINBFERYT 8P wei ght

hydr ophigl i ¢ pol xerf@émta‘rﬁcmteﬂé hwowlcfumaa@named silR¥hE eontdinidyout a surface
treatment, with tear filmb after about one day, of wear of at

| east about 7 s&B0Mmer apddb) %‘QQ%PWSP%@SEF&/@&@ tQnapoye eIBNIREPei n sai d

device is a sil igepiife, tg%mgmﬁgble%é’&éaﬂd%%e 140. The ophthal m c device
of claim 136 vvherel n sai d hydroxyl- functionalized silicone containing

nonomer i s #esdhe methed 0&@%12 WhereinRpi@ Aeves isaoriMBRINC leag1. The

ophthal m ¢ gayi qfehetib@biRIdiAf1 99 FhEleih Shd elYE [sX¥ntact drgnct i onal i zed
silicone containing nonomer is present in an anmount between about 5% to

about 989 1488. The restbestaf daim ybereisy said wiettahility ceBwpsesahg about 1 % to
about 15% advancing dyanimc contact angle of about 70° or less.

127. The method of claim 125 wherein said wettability comprises an
advancing dynamic contact angle of about 60° or less.
128. The method of claim 125 wherein said wettability comprises a tear film
20 break up time of at least about 7 seconds.
129. The method of claim 125 wherein said reactive components further
comprises at least one initiator
130. The method of claim 129 wherein said cure is conducted via irradiation
and said conditions comprise an initiator concentration and cure
25 intensity effective to provide said minimum gel time.
131. The method of claim 129 wherein said initiator is present in an amount
up to about 1% based upon all reactive components.
132. The method of claim 129 wherein said initiator is present in an amount
less than about 0.5% based upon all reactive components.
30 133. The method of claim 130 wherein said cure is conducted via irradiation
at an intensity of less than about 5 mW/cm?.
134. The method of claim 130 wherein said gel time is at least about 30
seconds.
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hi gh nol ecul ar wei ght hydrophilic polymer. 143. The bi onedi cal device of
claim 136 further conprising O to about 80 30 weight % at |east one

addi t i onawogBlozasene cont ai ni ng nonomer. 144. The bi onedi c&CTdse/zss1Df ¢l ai m
136 further conprising 0 to about 70 weight % at | east one hydrophilic

nononer. 67380 GReGraRed ofSidin PR vR8@I3said 461 tinla'R Nilsysedbedlasdevi ce of
claim 136 conprising about 1 %to about 15% hi gh nol ecul ar wei ght

hydr ophi | i ¢ pol $8EPNdSabout 5 to about 90 wei ght % hydroxyl - functi onal i zed

silicone cofygai N EpHIRIMRIRIevIcE dopnpridPRut I3t BRé BYddxadehdibraredsi | i cone
contai ning nononer and O to 5 about 70 wei ght % hydrophilic nononmer. 146.

The bi omedi cal &ligPrRascontaiping meneaerrand: Heamewkef hightaolscHayweighl ue of | ess

than abgit 100 njdboniibBohiieredineht B9tbide Shiatedio] wilout disuitgée compri sing
a haze val ue of ess than about 50. 10 148. The silicone hydrogel of claim
50 wherei n sai d lieatment\vith amadyaieiig dwamieeontaes gaglemidessthatab@itoner

conpri ses 2- prog poi c acid, 2-nethyl-

, 2- hydr oxy- 3-[ 3- Pl’, 3,3,3-tetranet hyl - 1-

[ (trimet hyl&37. ylAncophtithimid deviceydoprisingrat Jeasbpyé hedroryl-fursdiodallzedr ophi | i ¢

pol ynmer conprises. pol yvi.nvl pyrrolidone;  sai dditiaonal sili 15

Cont i ni ng monosdPoaGHN LB RETIEA o AbbyR bl P arrRabbE8RE

nono- n-tut yl t ehydrophitid pplymed soffitient toi jfrovide said mevisa) withoutl asatfate ¢ nononer s
conprise 2-hydroxyet hyl thacryate and N, N- dinethyl acryl am de. 149. The
ST cone fyd oodeagpent wifhed Aaariing Armk PnusotdRe wREh AR o % Abou
28 wei gh';] ;%i-FBDQQW‘iﬁ Ic?@rfﬁn?&amﬂ\zqﬂcmﬁmyhﬁdfmﬁctbﬁglblfoBarF, 3- )
tetranmet hyl - 1-[ (t t hyl si xy] di si | oxanyl ] pr opo ropyl ester, about
51 el ght” 96 mon SREIRERE Febis W AOSE it PR B PGS BTV %, i nat e

pol ydi net hy{38. | gxadphttaemiet detibeedintttsinypdiiddst dhérﬁgd‘rlék)ﬂﬂlﬁr}dtiaﬁizlii@d about 6

wei ght % 2- hydr oxyet hyl net hacryate, 25 about 1.

X, _welight %
t et r aet| enegl PlEPRE-RRARREIG)TGRMErANG AN qmwt@ﬁhlgh%‘(gswﬁ W&OBY 1 r ol i done,

and up to about niduphliBbofimehelfitieht odfréVide sdid@evitBowitidut a@faby dr ogel of
claim 148 conprising the reaction product of about 30 wei ght % 2-propenoic
acid, 2-methyl - reakietowith tear flm bregk yipdime after about one day of wear of at

least about 7 seconds.
139. The ophthalmic device claim 136 wherein said device is a silicone
20 hydrogel contact lens.

140. The ophthalmic device of claim 136 wherein said hydroxyl-
functionalized silicone containing monomer is presentin a
compatibilizing effective amount.

141. The ophthalmic device of claim 136 wherein said hydroxyl-

25 functionalized silicone containing monomer is present in an amount
between about 5% to about 90%

142. The biomedical device of claim 136 comprising about 1% to about 15%
high molecular weight hydrophilic polymer.

143. The biomedical device of claim 136 further comprising 0 to about 80

30 weight % at least one additional silicone containing monomer.
144. The biomedical device of claim 136 further comprising 0 to about 70

weight % at least one hydrophilic monomer.
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tetramethyl - 1-[(trinmethyl silyl)oxy]disiloxanyl]propoxy]propyl ester,
about 30 23 wei ght % nononet hacryl oxypropyl term nated nono-n-butyl

t er m nat edlopalogdenet hyl si | oxane about 31 wei ght % N, N- di meTrushzzssys am de,
about 7.5 weight % 2-hydroxyethyl nethacryate, about 0.75 weight %

et hyl enegl yiagl drABbiAsEdNERHBVic@BP&IhInD13EEABridhg BIdLE MR but 954 done, and
up to about 1 weight % photoinitiator., 68 WO 03/022321 PCT/ US02/ 28613 151.
The silicone hybighgerleslacyeight ydsoridignaleneigabed Srte @bl product of about
30 wei ght % 2- PLARRRRIHGdRKYMunidiRli siicdnBXEh@Ningmoromerd B 3-
tetramethyl - 1-[(trinmethyl “silyl)oxy]disiloxanyl]propoxy]propyl ester,
about 18 wei gheboytBdrweiahtizadditional priepna cantainma manemas@odf-taut yl 5

term nated pol yd tﬂ@ﬁj, ' M ight % N, N di et hyl acryl am de,
about 9 wei ght 9}omgqqhy r%%@%%&?ro@ethacﬁﬁ} about 0.8 weight %

et hyl enegl yid6! diTheblemedjcahtevice\bbelaing13efugther comprising/a haepyalvebf done, and
| ess than about | Q otoinitiator. 152. A nethod for inproving the
wettability of !aer%s\({)ﬁr?%ﬁurﬁg&devi ce formed 10 froma reaction m xture
conpri si ng 1dddi pe atonmestictl deviee bf gaimb3@&tunther compisisig a hgaze vhée bf ¢ pol yner
and an effectiv t |l east one conpatibilizing nononer to said
reacti on m xt ur%.sgwébﬁ%fésﬁbt hod of claim 152 wherein said conpati bilizing
nononerlOhasi48. dbepditorne hydrggel of elaino 50 grheatie saidydrexigbiunciioralizédb 154. The

met hod of claim, rei.n 1 d ¢ I.bilLzi ng nononer, h
Compati b 11ty | RISl BtniR BRbliste > BrdRr SRR 2B Er ol ai m 152
wher ei n sai d coBhydroxy-843-{1g3,6133teramettodipri ses at | east one sil oxane

group. 156. A hod, for i MRr.oyin he wettabili of , an, opht hal m ¢ devi ce
Pormed 20 f roninaadE ORI IGAEY Iesfat AR ey entebr it ATIRGTIR | cast one
hi gh ol ecul ar pugimghtomprisesvlyvirgpelojigdie; 8aid aitehhlesiidone amount of at

| east e hydroxyl-functionalized silicone containing npnoper o said
reacti OR m xt ur EOMBEIG TARPTHET GARPTISES SFRPRETSRFRUPETRY| AT AShpat i bi | i zi ng
nononer has a Afoneapayl tBirhinhtedi ppdleiméethylgilcaherant kar MesphilR- 5. 158. The
met hod of claim 156 wherein said conpatibilizing nonoper has a

conpati bility i MPARMEFS eRBRIfser<-PyiRxyatiayimethacryate and N,N-

dimethylacrylamide.
149. The silicone hydrogel of claim 148 comprising the reaction product of

20 about 28 weight % 2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-[1,3,3,3-
tetramethyl-1-[(trimethyisilyl)oxy]disiloxanyl]propoxy]propyl ester, about
31 weight % monomethacryloxypropy! terminated mono-n-butyl
terminated polydimethylsiloxane about 24 weight % N,N-
dimethylacrylamide, about 6 weight % 2-hydroxyethyl methacryate,

25 about 1.5 weight % tetraethyleneglycoldimethacrylate, about 7 weight
% polyvinylpyrrolidone, and up to about 1 weight % photoinitiator.

150. .The silicone hydrogel of claim 148 comprising the reaction product of
about 30 weight % 2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-[1,3,3,3-
tetramethyl-1-[(trimethylsilyl)oxy]disiloxanyl]propoxy]propy! ester, about

30 23 weight % monomethacryloxypropyl! terminated mono-n-butyl
terminated polydimethylsiloxane about 31 weight % N,N-
dimethylacrylamide, about 7.5 weight % 2-hydroxyethyl methacryate,
about 0.75 weight % ethyleneglycoldimethacrylate, about 6 weight %
polyvinylpyrrolidone, and up to about 1 weight % photoinitiator.
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159. The nethod of cl aim 156 wherein said conpatibilizing nononer has a Si
to OHratio of |less than about 15:1. 30 160. The nethod of claim 156

wher ei n swod3oeespat i bilizing nmononer has a Si to OH rati ecafusomsseen about
1:1 to about 10:1 161. The nethod of claim 125 wherein said wettability

conpri ses a5q¢0NTAGkilicamghRirédeldb olaim 348 eombasiAg tHEre ¥ lidH3pradda Dt
Wi ch 15 subst aAPPA GBS B BRPEIRE 468 AERURI T BIGHTON Sortace
nodi fication. Betréhethyl-1-[(trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester, about
18 weight % monomethacryloxypropyl terminated mono-n-butyl
5 terminated polydimethylsiloxane about 31 weight % N,N-
dimethylacrylamide, about 9 weight % 2-hydroxyethyl methacryate,
about 0.8 weight % ethyleneglycoldimethacrylate, about 6 weight %
polyvinylpyrrolidone, and less than about 1 weight % photoinitiator.
152. A method for improving the wettability of an ophthalmic device formed
10 from a reaction mixture comprising adding at least one high molecular
weight hydrophilic polymer and an effective amount of at least one
compatibilizing monomer to said reaction mixture.
153. The method of claim 152 wherein said compatibilizing monomer has a
compatibility index of greater than about 0.5.
15 154. The method of claim 152 wherein said compatibilizing monomer has a
compatibility index of greater than about 1.
155. The method of claim 152 wherein said compatibilizing monomer
comprises at least one siloxane group.
156. A method for improving the wettability of an ophthalmic device formed
20 from a reaction mixture comprising incorporating at least one high
molecular weight hydrophilic polymer and an effective amount of at
least one hydroxyl-functionalized silicone containing monomer to said
reaction mixture.
157. The method of claim 156 wherein said compatibilizing monomer has a
25 compatibility index of greater than about 0.5.
158. The method of claim 156 wherein said compatibilizing monomer has a
compatibility index of greater than about 1.
159. The method of claim 156 wherein said compatibilizing monomer has a
Si to OH ratio of less than about 15:1.
30 160. The method of claim 156 wherein said compatibilizing monomer has a
Si to OH ratio of between about 1:1 to about 10:1
161. The method of claim 125 wherein said wettability comprises a contact

angle of about 80° or less.

69



WO 03/022321 PCT/US02/28613

162. A device comprising a silicone hydrogel contact lens which is

substantially free from surface deposition without surface modification.
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