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| NTERNAL WETTI NG AGENTS RELATED PATENT APPLI CATI ONS Thi s patent application
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which was filed on Septenber 10, 2001. FIELD OF THE I NVENTI ON Thi s invention
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as nethods for their production and use. 10 BACKGROUND OF THE | NVENTI ON
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particularly silicone hydrogels Silicone hydrogels are water-swollen polymer
networks that have high oxygen permeability and surfaces that are more
hydrophobic than hydrophilic. These lenses pros)ide 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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Therefore it would be advantageous to find a lens formulation that does
not require the use of silicone macromers or other prepolymers and is suitable
20 for extended wear without a surface treatment.

SUMMARY OF THE INVENTION
The present inventioh 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
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20 consisting essentially of and consisting of adding at least one high molecular
weight hydrophilic polymer and an effective amount of at least one hydroxyi-
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 ophthaimic 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
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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 “opthaimic 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 ienses, 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 stifl
between about 300,000 to about 1,800,000 Daltons, most preferably about
500,000 to about 1,500,000 Daitons.

30 Altematively, 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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20 hydroxyl-functional monomer such as HEMA, and then reacting the hydroxyl
groups of the resulting copolymer with materials containing radical
polymerizable groups, such as isocyanatbethylmethacrylate or methacryloyl
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 potymer, 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-

6
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i ncor por at i on ©¥polymergighbalse b?@s?ﬁbﬂi%ﬁ*@ﬁ QT?ﬂPCP%"M"@é%Pﬁ%VP .m xture. Aside from

15 the specificall lymers, it Is
expected that. any #%ﬁ’gﬁ% ecur; \ﬂ@f%ﬂ@%j@éﬂéﬁﬁ{&@%lﬂg@y% in this

i nventi on prowvetadiiityhand pariculalyiiniprooky meviva wettabilitottioe medicali degines hydr ogel
formul ati g t hydrophi lic p a), does not ,substanti.al |

separ at e orﬁr}s}f"r’e&?%@ﬂvw % E“PE{ 3%'63 te%\jndsqmy t"%eq%ftt'%é?qel? to t he
resul ting curefatdfe mghwmvéculakm'@ﬁmymmmﬁww@s afe Hy8rogeebend ed that the
hi gh nol ecul ar wei gh hydr ophi I'i ¢ 'pol yner be soluble in the diluent at

processi ng t enfgedivarswhish in W@P%@@Upﬂﬂ‘gnﬁrm@%lQ:‘Natﬁééh%ater or water
solubl e di | Ueneoy eBotvelyihdie hidrophific ﬂhégﬁsbgcéamtém&.m f8¢he educed cost.

In these enbo nent hi' g ecu rophilic po ynmers which are
wat er sol ubl e intorporatiopsaf |th9d\yd219ht||e@pb!m mtbe reactaorpmeqltee r Aside from

oy R ARG DB TRRGHRE pmp 1 11

hydr oxyl - func arn I's'a conpound
contai ni ng at éxpectéd thatamahighmmolezalbt welghmqurher\wnlhge aseﬂawethwge 30 nol ecul ar
0, Dal t. er meat i on

ht of about th 0
\(lz\ﬁlrgmat 89r2pﬁ3"@"§$’?%’8¥59@% ﬂﬁ@?@%?é 88'1““85'5 %rae?'lécroﬁgﬁydpg s than about
3000 Dal tons, mmmlohahéag&bbmn@éomﬁma{ d&és'ddéd&tdnh@llﬁhbb@@éb%rat@ont ai ni ng

mononers i ncluded in the hydrogel formulation with the hydrophilic polymer.

Hydr oxyl functffesniheirescties "\P@\“’? 3@9 P)imeaits wettabilty WhﬂéeSHU‘BQ Swﬁﬂl ic 7

20 polymer. In some embodiments it is preferred that the high molecular weight
hydrophilic polymer be solubie 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. '

Hydroxvi-functionalized silicone containing monomer

As used herein a “hydroxyl-functionalized silicone containing monomer”
is a compound containing at ieast 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 Daitons, which is capable of compatibilizing the silicone
containing monomers included in the hydrogel formulation with the hydrophilic
polymer. Hydroxyl functionality is very efficient atimproving hydrophilic



10 March 2006 WD 03/022321 PCT/ US02/ 28613 conpatibility. Thus,1 [ ?{@h
preferred enbodi nent hydroxyl -functionalized silicone containi rqg ngﬂ%?s
of the presasoemeenti on conprise at | east one hydroxyl REFTARG2/A863 at | east
one "-Si-OSi-"group. It is preferred that silicone and its attached oxygen

account for saptibigN TRHEO K a brefdrddDéhbgaimernt hydrokyiSusdibralized

hydroxyl -functional i zed silicone containing npnoner, nore preferably nore
t han about 2slicRae gentaipiag Mmanomersef tF'%P'ieélef'%SPt"?'chﬂ]Prlsﬁ #ﬁ‘@s‘ one

hydr oxyl - f ungiq | Lil)d of i Agrodp. TS H$hatkficordenportant to
providing a @@E@Q%’F@ﬂ%ﬁ%ﬁpﬁ%e ﬂgﬁl{'%rgg% contmaéfrﬁi ngaqrmﬁborrer which w ||
provi de t he anskitsratiachireaypygernaccbonifornpane;than abowt it @ weight pengentiohit i o of

hydr ophobic portipn iLs. 1.0Q. hj . - i.anal i zed silicone
hylr 0Pob o B bl gl HicBbf Rpebhiio AR RGLER! 220,511 con
in i nconpat i fAbf themabduPR0 WelghtipersentAccor dingly, in sone enbodi nents, the Si
to OHratio is |less than _about 15: Jﬁ*aanq refer agla( bet ween_about 1:1 to
about 10:1. In sgﬁﬁ'%tﬁﬁgé?w&“ e WY'IWPCQP ized sticpnecoptaingied i npr oved
conpati bil tﬁﬁoﬁ&ﬁﬁﬁ% QIS%Fnﬁbo?@ﬁ%%\){din@é ipdekyE funthiesdz&d sifidong! 1n the art

wi Il appreciate tha e ‘amount ‘and sel ecti on of hydroxyl-functionalized
si | i cone concantaiing meneroerwhioh will pievidethe desiredvdegresel hydr ophilic pol yner is

e L oS b B WO SRR et T
Exanpl es of hyddoxykfuhetionalized siisbnezmdnamérimayrtse poun tah compadibiiivingther s i ncl ude
RS 11 12 1RRSPIE PelvRER cpsuingty cpmpestie sasioas ey FAYPRINGM \er ch 2006
in some embodiments, the Si to OH ratio is less than about 15:1, and
preferably 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 I '

R' R?

| ]
R'—R®-C-R*—§i-R®

R R

25 I

v PR E
R'—R®-C ~R®—Si—[08i},-R®-C —R®-R’
Ile &4 L4 ,'?1
I



WO 03/ 022321 PCT/ US02/ 28613 wherein: n is an integer between %%”%cr%gooé‘”d
preferably between 4 and 25; R is hydrogen, Cl.6alkyl; R2, R3, "an , are
i ndependentW§93/21326al kyl , triC,.6al kyl siloxy, phenyl, 5 rEgHY}y/Rs613
substituted Cl.6al kyl, substituted phenyl, or substituted naphthyl where

t he al kyl suRrérehutents are selected fromone or nore nenbers of the group

consi sting of  Cl.6al koxycar bon Cl. 6al kyl ,. Cl. 6al ko _am de, hal ogen,
hydr oxyl , caf E@WN?Q@PQ&’W‘I %Q{Jo%ﬁnﬂ‘d HW@’%UYH? ,eeﬁﬁc?"é\yhgﬁere the aromatic
substitutentg! %rh?dr% t,g@_ggk%r omone or nore 10 nenbers of the group

consi sting of ~eal koxycar b&l , Cl. 6al k?/_l , Cl. 6al koxy, am de, hal ogen,
hydr oxyl , caRhB%and R&1ars independentl nGisalkiatriGrealiysiloxrpheRylny dr oxyl , an al ky!

group congai pj e A ; : 9)yOx)-R

her oi n yS; shaptiy 3ioudE Cecyh Sl ghegi offubshbtel sy LY D) 1" T
preferably 2 to ¥emntte alylsupstititenizlare/seléctedfrdh on&ar mofR' mambeisndependent | y
selected fromH, alkyl having. up. .to 10 carpon 0 and al kyls having up to
10 carbon at ons wgm‘{etceaélgmgfpf&vsg'@%afgwy"%rﬁgﬁ‘y'f@h@ﬁj%%m group, 20 Re
is a dival ent grQyiide: AABErS 'h?&‘ok‘ff. dafbok{, CR{aNgItarionYEandfdrmhyi, angnonoval ent

group that can under free radical and/or cationic polynerization and
conpri sing up to wherecthe pmaticsuistikdents arg sglectaddram ene oMo ent gr oup

conpri si up to : St '%w, he present
i nventi oﬁé’may [ ngfe&n&%ﬂﬁ@?@e gﬁ%ﬁ%’ﬁ@'"ﬁ%@&aﬁa}ﬁunc g?é’?;llé);el'd silicone
cont ai ni ng nonoméh.salkaxy, aridef hatagenpyaroxyly darbaxyl, Gwuelkylcarbahylzed si | i cone

containing nononer the preferred R is hydrogen, and the preferred R2, R3,
and R4, are  C .864MY1 and tricC, .6al kyl si |l oxy, nost preferred nethyl and

tr ijrret hxdll Si :R%ts-hym!kyl, a'iﬂallaylllbtdubld:bﬁtlhinmgaine(dﬂh‘fdvmnﬁdro)lfyabroops;mg?her) R -R4 4
i ndependent hse. et ni cal | y unsatuyrate ner I, zabl e_groups an
more prefer aé"&?‘g%%ﬁi@sﬂ gwﬁa@m Igi1do 5ap’§re\ﬁ%¥ ?“gg'e,y'ieaw?ge&ef yl at e,
acryl am ge, ' VA ¥l pyl a41 de, ,

G2, T2l ki1 F o i B B Ry

C2. 6al kenyl pindegandentlylsglected from Niealkyh hadmmsup a0 do@riarcedons rad alkgs 2128613

having up to 10 carbon atoms substituted with at least one polar functional
group,

20 R®is a divalent 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
hydroxyi-functionalized silicone containing monomer.

For monofunctional hydroxyl functionalized silicone containing
monomer the preferred R’ is hydrogen, and the preferred R%R3, and R*, are
C1.salky! and triCq.salky!siloxy, most preferred methyl and trimethyisiloxy. For

30 muiltifunctional (difunctional or higher) R'-R* independently comprise
ethylenically unsaturated polymerizable groups and more preferably comprise
an acrylate, a styryl, a C,¢alkylacrylate, acrylamide, C.salkylacrylamide, N-
vinyllactam, N-vinylamide, , C,.12alkenyl, C2.12alkenylphenyl,
C2.12alkenyinaphthyl, or C,.¢alkenylphenylC.galkyl.



The preferred R5 is hydroxyl, -CH20H or CH2CHOHCH2OH, with hy I gl ?Sbé‘ug
nost preferred. The preferred R6 is a divalent Cl.6alkyl, Cl_6al % rSQ )

Cl. 6al kyl oxwalo3@2d3xyl , phenyl ene, napht hal ene, Cl. 12Cycl o&CRAB02/28613

Cl. 5al koxycar bonyl , am de, carboxy, C1.6al kyl carbonyl, carbonyl, Cl.6al koxy,

substituted Cl_5a1rtlfé/¢)refemaﬂ5i i§ ydeskyC1CI820H gt OMYCHOMOHLOM Ukigd

Cl. 6al kyl oxyd _6al kyl , substituted phenyl ene, substituted naphthal ene,
substitut ed ®ydmxypeinganasjpreferider e t he substituents are sel ected from one
or nore nenbers o ; st nauof cC oxycar bonyl, d _6al kyl,
Cl. 6al koxy, ami de?h%glggeg%ﬁtﬁlﬁsE%’Pgi%fs,glk@é?b%ai%xy’m. sal kyl carbonyl and
fomyl. The [Gusblkylokydkalkysphieaylers] n@ohthalenes Cdiscytlealkyl,net hyl (et hyl ene). The

preferred R7 conprises a.free radical.reactjve gr SkC s, an acrylate,
B tyryt . 1 deaRonagpois e BtoRf GrasBitiemd By kiR 0, o

acryl am de, Qubstaktly Cagiky,Bubstituted\Eyialkyloxpsudstitutdd G patkyioryGesalkyl,

C2. 12al kenyl, 15 C2.12al kenyl henél , C2 12al keggal napht hyl , or .

C2. 6al keny! pisuhstitded ghgnylanepsubstituedinaphthalene su t‘&‘ﬁe‘gpbﬂ clodl as vinyl et her
or epoxi de groHsRs | ol f Slal ' e. The
preferred R6 IS |g‘e-agngsl%r%én?gé%%tg?E&ﬁ,&{gﬁg‘é’l?gkﬂe g‘ﬁ J?%?édrb@ﬁ

Cl. 6al kyl oxy @ongstingydf C+.glkaxytarbenyl, Gapaikyl. 0 ealsoxyCamidec palogen, kyl , 20

. 6al k |, ' - I ] . 6al k ,
Subst t ot OB AEOEE g bR e IR T PRfklaryblirent e - O3l ko
Cl. 6al kyl oxy G§ a Gvhieni methgibethylenepd phenyl ene, substituted napht hal ene,
substituted Cl1. 12ct¥cl oal k stituents are Eel ected from one

yl where the syb ,
o 6 hener s oG HelegeHE, coRpHeaa 58, S0Pa CEadNF EHP SHBSREN <1 bal kol

Cl. 6al koxy, aEhyiifle, @iyl iRyl RIAF, MddnateGole B/t . cafifiagrglate/ | car bonyl and
fornyl. The partiqudlg* y p¥ef§¥(ed R6 is %El)p%al k1fl. g)%y%?_Gal kyl . Exanpl es of
hydr oxyl - f un@caeife. Ledalkylperylamidec Nrviryllantarg, NrvinglaBideof Co-zalkeAa | that are

articul afl r 2- ' ' ;
ot byl -, 3y o pher, o tenRaity 3 ClqiienyhenyiCicalkylor
[ (trinethyl sidatidniorepttiiegroupxsuch lap pingiadhxeriop eppyde grotps. Thetpaditulagn al so be
naned 7.
(3- net hacryl &?jgré@q@d'%@&’w%?%xy) propyl bi s(trimethyl sil oxy) nmet hyl sil ane)
10 10 March 2006 ThprefreaR¥adis RANVaER021.2H61, T salkyloxy, |

C1.salkyloxyCs.¢alkyl, phenylene, naphthalene, Cy.12cycloalkyl,

20 Cyealkoxycarbonyl, amide, carboxy, Cs.salkylcarbonyl, carbonyl, Cy.galkoxy,
substituted C,.galkyl, substituted Cq.galkyloxy, substituted C1.salkyloxyCi.salkyl,
substituted phenylene, substituted naphthalene, substituted C1.1zcycloalkyl,
where the substituents are selected from one or more members of the group
consisting of Cyalkoxycarbonyl, Cqgalkyl, Cs.galkoxy, amide, halogen,

25  hydroxyl, carboxyl, Cy.¢alkylcarbony! and formyl. The particularly preferred R®
is C1.galkyloxyCy.calkyl. |

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]disiloxanyllpropoxylpropy! ester (which can also be named
(3-methacryloxy-2-hydroxypropyloxy)propyibis(trimethylsiloxy)methylsilane)

10



The above conpound, (3-nethacryl oxy-2-
hydroxypropyl oxy) propyl bi s(trinet hyl sil oxy)nethyl silane is forfemMafsh@pogn 5

epoxi de, duces an 80:20 mi xture of the conpound ve and
(2- et hac\r,\%oxg/%-?lhydr oxypr opyl oxy) propyl bi s (t rimet hyl S|Pl%lgxy r’%}? yl si | ane.
In sone enbodi nents of the present invention é iis preferred to have sone
anmount of the primary hydroxyl present, pre;j(§|( i) ¥y greater than about 10 wt %
and nore preferably at le Mgl et her suitable

hydr oxyl -functi onal i zed sil] cone nt ai nin ¢ Mononer s i ncl ude

( 3- net hacr yl oxy- 2- hydr oxypr opyl oxyﬁpr opyl tr 'S?(.'Jiz-i hrret hyl si | oxy) si | ane
Si-OSi(CH3)3 Il OHO0 15 bis-3-nethacryl ox y( ydr oxypr opyl oxypropy |

pol ydi met hyl siloxane 0 0 OH OH 20 3-nethacryl oxy-2-(2-

hydr oxyet hoxy) pr opyI oxy) propyl bi s(tri met hyl sil oxy) nmet hyl silane 11 WO

03/ 022321 0 s. therabayesompaing, (3-methacyloxy-20 March 2006 PCT[ US02128613 5

N,N N, N -1 g I am nopr opyl -
pol ydi met hyI Il o@é@% Wa{%ﬂﬂﬁ%n p%@é%?lgw ! Oﬁglga;jn?ﬁnét hacrylate with
am no- f ulct iepoxitie, whithymtodaecek ph 80120 mixtaee ofmwccmhpmmtbshmdbays and
hydr oxyl -fungti gnal siljcope talnln mnoner,.. Cther L table
hydr oxyl - f uR@m%w@wﬁ*@d@ywmBrﬁPwaﬁb'%?m%¥'§"°?‘¥?8?%HHZSL‘?%se di scl osed in
col uims 6, 7 |R86mé efbodinehtsP thedi8sent illention it is preferred to have some

amount of the primary hydroxyl present, preferably greater than about 10 wt%

and more preferably at least about 20 wt%.

10 Other suitable hydroxyl-functionalized silicone containing monomers

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

0 O,Si(CH3)3
\")LO/\'/\O/\/\S;i-O-Si(CH;;)a
OH 0,
Si(CHa)3
15
bis-3-methacryloxy-2-hydroxypropyioxypropyi polydimethyisifoxane
(0] 0]
0. /U\/
\)Lox\l/\o/\/\&( Sii\/\o/\/\o Z
- /\ /\ oH
20

3-methacryloxy-2-(2-
hydroxyethoxy)propyloxy)propyibis(trimethylsiloxy)methyisilane

1



— N

15 nononers 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, 692.10Waek 20aéd
any ot her r applications cited herein are incor

reference. R@W‘}ﬁﬁgdi tional structures which may be sui tgﬁﬁbﬁﬂ/zms

hydr oxyl -functionalized 20 silicone cgptaining mononers include those
simlar to the conpounds disclosed :Pro. ACS Div. Polym WMat. Sci. Eng.,
April 13-17, 1999, p. 42, and havin he following structure: OR OR 0 RO OR
12 10 March 2006 MO 03/ 022321 P 2/ 28613 where n = 1-50 and R

i ndependent |y ()off}méjﬁsrlzable unsaturated group, wth at

| east one R ¢ risingla po ynerlz Ie group, and at |east one R and
preferably 3-8 R, COW§thyﬂ§; itional suitable hydroxyl-functionalized
silicone containing noNOrer's af&-drsclosed in US. Patent 4,235, 985.
These conponents may be renoved fr n1the hydr oxyl - fucntionalized mononer
via known nethods such as |iquid phase chromatography, distillation,
recrystallization or extraction, or their formation may be avoi ded by
careful selection of reaction conditions and reactant ratios. 10 Suitable
nmonof uncti onal hydroxyl -functionalized silicone nononmers are comrercially
available from CGelest, Inc. Mrrisville, PA Suitable multifunctional

hydr oxyl - fungt,i l,i lcone vai |l abl e from
Coi'cat 1o, RobRI AR ool B Rae iy B e Podsltr es di ccl osed
in 5, 994 488pgwﬂm5mﬂ§ﬁm548 Sui tabl e PEG type 15 hydroxyl functionalized
silicone nononers may be nade using the procedures disclosed in

PCT/ JP02/ 02231. Wil e hydroxyl-f inctionalized silicone containing nononers
have been found to be particularly suitable for providing conpatible
polymers for bionedical devices, and particulalrly ophthal mc devices, any
functionalized 20 silicone containing nononmer which, when polynerized and/ or
formed intko a final article is conpatible with the sel ected hydrophilic
conmponents may be wused. Suitable functionalized silicone containing
nononmer s may be Sakeeedatidn products of glycidyl methacrylate with amino-functional

polydimethylsiloxanes may also be used as a hydroxyl-functional silicone
containing monomer. Oth-er 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

RO l \ / \/ l
\)\,/k(lL N\/\/S' {O/Slé/\/NM/\ OR
OR OR

12



using the foll ow ng nonomer conpatibility test. In this test one gram of
each of nono-3-nethacryl oxypropyl term nated, nono-butyl terniiQddardh 2606
pol ydi met hyl§hdpsppe (nmPDMS MV 800-1000) and a nononer top@fyuéRnsdas are
m xed together 1 n one gramof 3,7-dinethyl-3-octanol at about 20C. A

m xture of 12 wei bt arts K-90 PVP h is added drop-
wise to hydrwﬂﬁfﬁﬁ? Mﬁ%wﬁ eRgRIgP 1)?‘%%@%9&?@% Wf‘ﬁ%[zgﬁ til the solution
remai ns cl oughsaffrated gﬁdﬁPeﬁltHTétﬂws@Bn@R cotriprising @ .polyheerinatie gruptdrel added bl end
30 of PVP and DMA i erm ned mq{gr ans and recorded as the nononer

conpati bi | i t?'??ﬁﬁl@&e RA‘W’ Rogderably B-4 Iy ROMRSI§RBI2 ed si | i cone- cont ai ni ng nonomner

having a conpat i gy ?’éb?fe drékyERh&onbli/d slicdndécHi@ningor e preferably 13
10 March 2006 Wg ' N 21 P /rU 02/ 28613§ggeater t han gtt;out 0.7 grans and

most pref®r amngorgerearesdlsclmd imbutPatent 4,236 will be suitable for use in

this invention. "eff i " ' fective
anmount" of the ﬁ@&f’%éﬁ&qtnﬁﬁfg%q{k?ggé%ﬁ?mg@%%& gjcﬁ{f&nghzer%jnoner s of the
i nvention i Smbl‘lﬁneﬁnmtmahmmchesmwm@h'aid dhrarmatograghg,sol ve t he high

nol ecul ar wei _ght drophili¢ I mer,. and t he, ot her conponen of the pol yner
fornul ation. 'SWH(R’Y reqrystaliizstion orAxtrRGAN.QLINEY forRaton ERY B¢ F‘YQ& Ycont ai ni ng

mononer Wi | 'car@(épﬁr&ubmon@aénoﬁl&oﬁal@o@rmrr&aaémM%OphI lic polymer which is
used, with nore dr ox functionalized silicone containing nononer being

needed t 8 10 corr&\utatnie moﬂ@fuﬁ‘Ft@ﬁé‘rhYdeHWf@Da'@ﬁd swconwrapm;mrs At pol ynmer.
Effective a%ém\aﬁ){ ?%gélﬁﬁ?ghﬁa%bﬁ?q@%%ﬁﬂ Pial |sqmga cont ai ni ng nononer in

t he pol yner percent based on the
wei ght  per ceoltifupetiomél myumxybiand:homahzedIsrhoummer)omersate)cnmrﬁérciﬁily preferably

i i on o PRISAR BRI eI MBI PR ORI HBBS and the

hydr oxyl - f ungrot&durés disslosed|in 6992,48612h8 15196205480 SQNEH6 PEG type | nventi on ot her.
hydrophilic and hydrop hObIC nononers, crosslinkers, additives, diluents,

pol yneri ¥t i BHrRy @QF'&@ 'Wf"'%’%ﬁﬂpmﬂsmaé@&r’ﬁﬂ%@'% Hfedi cal devices of

the inventi Q’Bcedu'i’esa&iéﬁldkerh peThpodyop®isecul ar wei ght hydrophilic polymer and
20 hydroxyl -functional i zed | i cone containing nmononer, the hydrogel

fornul ati ons may Wmlelhyd@xxeldunctwr@ﬁi«aed silicaneseatamning raonﬂrmgs haveobaens
D O - JRURGIR RS S O Sl St e ool devices o
biomedical devices, and particulalrly ophthaimic devices, any functionalized
20 silicone containing monomer which, when polymerized and/or formed into a
final article is compatible with the selected hydrophilic components may be
i:sed. Suitable functionalized silicone containing monomers may be selected
using'thé 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

13



25 Wth respect to the additional silicone containing rmnorrerswm%&{az 06
anal ogs of TRI S described in U S. 4,711,943, vinylcarbamate or car ona(%e
anal ogs dewddseestn U.S. Pat. 5,070,215, and sil oxane coG@VR0HBoONoNer s
contained in U S. Pat. 6,020,445 are useful and these aforenenti oned patents

as well as ?Pé’atéﬁth@ri abilt 017t frarfiE Bihd Mosichreferdbly gresteethahiabedtiioh are hereby 30
I ncor porated by reference. re specifically,

3- net hacr y| Gps WhResuitale fariyge i '§i"PV(99_%"si lane (TRI'S),

mononet hacryl oxygp @&be'cﬁ&ge%m L d "eahyéisbmahg;éhéédvemﬁr of the |

pol ydi met hyl si | oxanes, 3-nmet hacryl oxypropyl bi s(tri nmet hyi si| oxy) met hyl si | ane,
net hacr yl oxyhydwosylfprstiopatized giicateontainingamenamers whthednveptien iskeg eof are 14 10

March 20 VO 0 / 8 Loyl as additional

sili cone%orﬂ"&%ﬁﬂ&%@&%@lﬂgﬁ% ﬁreoe?%sg)\l/vggﬁ %'ﬁ” "%Ea%’f#%@:l silicone

cont ai ni ng rAyaRKRIG poiyiebendthe sthet companentsitf theqfolyrherdormulation. about 75 wt %
nore preferaply of about gxﬁnd bou&@gq,and nost . referabl\% of about 10 and
40 wei ght % U_FMB‘PBBWPMQE ﬁlﬁlr’gf’@t' F'P‘?‘Wﬁ&PF'ﬂ”'_ eRereel Whponent s of t he
present i nvebbMlina% oN thE ambiit ot Adrashiict bosntd? WhidhGis D86 Withsndéged to prepare

conventional hydrogels. For exanpl e nononeérs containing acrylic groups
( CH2=CRCOX, hydtoxg-fanctionaliged siticangsantginingimenamear bgingoeededtaor N) or vi nyl

groups (4= ] It pa |, LdcC nmononers
oo R n e e e B6hoenftRHR oPRoni pobirth  Erelie aBidbis” |

monomnet hacr ydf &ydroxy3-fimctionalizext dilicone oerithiaing ylomomeein the lpglgimey | enegl ycol

mononet hacryl ate,. methacrylig acid acryl L c_aci N-vinyl pyrrolidone,

N-vi nyl - N prﬁw?étlge&%épu&@fmﬁ;mﬂe@pﬁ{yba onLBeMHIEL N Vi nyl - N- et hyl
for mam de, NerdeidgefdP iHEBBAEHRe B3O pErRI) RPAHORNSO %, prsteably absidme he additi onal
hydr ophi I i ¢ nononers nenti oned abov | yoxyet hyl ene pol yol s having one or

e, po
nore of the ' aboxt§aPe, RpstRreierably: ahoit 207edgiahed POkt h a functional group
cont ai ni a pol bt q@ﬁ% Qfstdves i s include
pol yet hyJI[Egne gl y@ﬁﬁtggﬁﬁgc_ ose el n U@P%ﬁ%%jﬁa&%%@%egd al kyl
gl ucosi de, dydwxydunclienalized sticanesootapbg, mawmess ghthe yentiordotherhoxy| at ed

o1 Sphenol  SonyBogie She Afodo i fiRes dbsshkef! Gdinvds! fighe, o more ol ar
equi val ent s n end- cappi ng group such as
polymerization initators may be used to prepare the biomedical devices of the
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 polydimethylisiloxanes,
polydimethylsiloxanes, 3-methacryloxypropylbis(trimethyisiloxy)methyisilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof are
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| socyanat oet hyl nethacryl ate, nmethacrylic anhydride, nethacryl q I crh}[‘ Qﬁé{ge’
25 vinyl benzoyl chloride, and the |ike, produce a pol yethyl ene écM?/S I ng
one or norwoteennsnal pol yneri zabl e ol efinic groups bonde®CT@So12s8613

pol yet hyl ene polyol through |inking noieties such as carbanmate, urea or

ester groups pamlisdy ddfih B8 baGHGHEP iRk REhtHfg :h&mdwéﬂf\bﬂhb'.mntfémyl car bonat e

or vinyl nnnoners ose 070,215, the
hydr ophi | i c AﬁﬁntlonahsMamae:ontamgaanQmmmy@G present i anfants of@bout 910, 277, t he

di scl osures qf, _whi c I and pol ydextran.
The preferr eg ‘%8%?‘{’959@"% &@rﬁ?{bﬂé’f%ﬁ&i&@ %arbé"{ﬁi ﬁﬁoeﬁ'l%gset hyl acryl am de
(DVA) ,  2- hydpeefarabippt atioet Dgany 4aweight=MA) , gl ycerol et hacryl ate,

2- hydroxygt hyl nethacryl am de, N-vinyl pyrrolidone (NVP), 15

pol yet hyl €negl ycol nononet hacryl ate, nmethacrylic acid, acrylic acid and
conbi nat i ons W, RREARE Mobhérshydr ophi lic nmonomers conpri sing DVA bei ng
particul arly I tional hydrOPhI|IC nononmers nmay be present in
amounts of about Auiditionallyoteaction eamgonamis e me@r@eabnyerwpnmmscs and about 60

5 and nost pr Sui t abl e
crosslinkers rﬁ:ﬁu@ Bﬁﬁ%ﬁ{ﬂﬁlw{’rﬁ&?mguger&gg\r‘@ po oj?r\r’teaﬁozéﬁwd?@n%t I onal groups.
TPTE 3 rossli nPFfer e)rﬁimpldﬂlmrhmﬂérembhtblnhgmcry!ﬂygrmpﬁcmﬂﬁmx rr:m;eicé)Rs:s)rne

enbodi nent s t he prese m xtures o ilic

hydr ophog'to gV‘HQS‘F'l ‘?fk%ﬁ%‘p}‘lﬁy ﬁrea:ﬂ”ﬂ Y g;ow%{,paé% 1YRFUSey dr ogel s wi t h
i nproved opt iggapies afédcmlo(\élﬂ%?d%ﬁlhb%h&ﬂél% 26 NINUdRsethyPactylamidehi n Lens) .
Exanpl es of SU|tabIe hydrophi'l i ¢ crosslinkers include- conpounds havi ng two

or nore poyr’ﬂgrh)’ﬂ%}’%h)ﬂ m%hacaﬂ%ie. glyesrab rongmethacylates 2rhydraxye®yli ¢ f uncti onal 15

groups such exanpl es
Ol e Tl R E oy ShoRled N SRR b B
(triethyl enegblytmwdj |Nmn)ﬂwlrrglidame)N-vmyl{rw-h‘eﬂwgagatamdd.i MrvinybNaettat e ( EGDMVR) ,
et hyl enedi.am_ne_di ne 0] | et hacryl ate _and conbi nati ons
Chereof - Eoamgraamsp. g CuerRleamist g olbiR 34 EpRbRalitt, o
mul tifuncti omt@dredfydr oxyI functionalized silicone containing nononer,
mul tifunctional poI_ her q){ﬂlyégetr@ | si | oxane bt'ﬂ%‘%g Bopol yners,
conmbi nations ther £ @ddlifien op %&?W%WP #P@V&r ossl i nkers incl ude
acryi oxypr Op}sblefoiy@mmeﬂébéﬁolﬁ%v% BRé Bithérel dPRNErmiiRaT h{&roRyl gfélps( acPDIVE)
hydr oxyl acryl ate "functi onal i zed Sil oxane macroner, nethacryloxypropyl
replaced with a functional group containing a polymerizable 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
isocyanatoethy! methacrylate, methacrylic anhydride, methacryloyl chloride,
25 vinylbenzoyl chioride, 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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25 term nated PDVS, butanedi ol dinethacrylate, divinyl benzqu,er @28665(3'
nmet hacryl oxypropyl )tetraki s(trinethylsiloxy) disiloxane and m tﬁg
thereof. MebyeRsd crosslinkers include TEGDVA, EGDMVA, aRFINAS2/3%6d3

conbi nations thereof. The amount of hydrophilic crosslinker used is

gener al | 'y abgsljetRyléseglygbPmbnomeatiacpyidtéomethaqrylifasidabtrylid acidraebout 0.5 to about
2 wei ght % and the 30 anount of d%ﬂr.o hobi ¢ cross] i nwmhs. about 0 to about
5 wei ght % Gameinations theseqfewithhydeahiic BonpmEts OMPrispg; P89 of about 0.01 to

about 0.2 HV Ad§i86HP ilic Pichofterd &i®2 to about 0.1
and nore ppg?éer?g‘gﬂy ’S'g’.%g%“'t g\dg‘boutﬁ&g.mgﬁmml e/ 16@%9?\%&5 2006 WD

m
03/ 022321 PCIMuBBe pbawuB0 toabast 20 wg/o.tmelpéefenagtyfofeb@wanma@putifw the final
pol ymer has be r of haze. However, as
crossli nkgr %%qi@g%t?p?@?{agﬁfofiaﬁ é{ggsaégggm%bout 0.15 mmol e/ gm reactive

conponent s nodul us i ncreases above generally desired | evels (greater than
about 90 psig. Thgs, in 5 the present invention the crosslinker conposition
and anount il d to provide a crosslinker concentration in the

reaction mxture QiitaBelcysiSinik@RaE copdihds With 8O 6t mErelporyddrigatigm crossl i nker .

Addi tional conponents or additives, which are general Ip%pk_nom. in the art
may al so be fupetiangbgroups dThe cresslinkes may ge hydrophilic erdtydraphpkieand ® ul tra- vi ol et

10 absor by “%@@gﬁ%&&lﬁxeﬁ& f @iﬁg@%\te mfégﬁ‘iﬁﬁ ir)t“nguFeE o ﬁ)hdr illcngr obi al conpounds,

pi gments, p romec, re I nat1 ons ereof and the I|ike.
Addi ti onal chydrophebiccrosstinkedishavetbeen foupd énprpeidesiicdne hydrogelsaviths such as

bon- carbon triple.baond containing. d i t ai ni
rononer o wh B1poyed gl Parlodd fekihes BafEbatal s sl b Leasicont ai ni ng
(met h) acr yl aggsmplegof diasle hpaopiiiliciddslinkercintid@e corapounds aiag two

fl uorine-containing C2-C12 al k}{l a(Esters of &rreth acrﬁl)fl c aclid such as 2,2, 2-
trifl uor oet h9 Meredclymerizablg funcionabaroups, as wej as Rydraphilicfupetions)r opy |

(meth) ackyl s , i r I ate,

22 3.3, 1;54%@%956:”"6%7%{%6@eg’-é'gge\ﬁt&ta@g}c%ﬂ oLy 'spetift ﬁ%f“%’éfcr yl ate,

2,2, 3,3, 4, 4, Bclade TEGPDMA Getmethyieneglyenb dimedhacrylate). ayr&GéMA( net h) acryl ate and

Lt o e ool AR LEREMARARL L MR ad IRSBURL, 7o o111 cone
conponent s) ethgenéthargiae airaéthyacrjlandide, glydemobdictetidhcryhateé bed absence of water and
optionally, ci:o%tgir?aetions thereof Examples of suitable hydrophobic crosslinkers include
20 multifunctional hydroxyl-functionalized silicone containing monomer,

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-

methacryloxypropyl)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 mo!% 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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presence of at |east one diluent to forma reaction m xture. ﬂf %{
anmount of diluent used also effects the properties of the resu % g%@gner
and articwe.o3ia2thaze and wettability of the final arti @CEUS28HE i nproved
by selecting relatively hydrophobic diluents and/or decreasing the

concentration 30|nefea§mbImévéIsﬁ&ossﬁﬁkanrsmuﬁaacbowaas beerfeasd ng t he
hydr ophobi city of the “diluent may al so all OW@IP é conpati bl e conponent s

(as neasur edo Fgduce the areauphef haze Howevalt 3s gressy baiPn o form a
conpati bl e RolYIERE 286%% Mot 616 mm r@éctw@éo%&ﬂ\aeggs' d{lﬁ&ﬁ dpecorres mor e

hydr ophobi c, processing steps ceSs tore | uent with water
will requi rmdrmessabom‘generaﬂyédesreﬂemel tmoum ps). O,

PCT1US02 28 13 oth . th e the

conpl exi PRIPESER |%vpneqmtﬁﬁﬁ§>ﬁﬂpgg i %"'ﬁ]g@"zﬁ'@g‘?ﬁ%@&ft aat?’s i nportant to
sel ect a dl Ipp6vide abBrosslinkércontehtatiomin themiatkunh raivtipadf tetwedryatoat t he conponent s
with the necessar | evel of processM}%bconvenl ence. Diluents useful in

preparing t 9D ghout Qff mmoles/gMicrras n include ethers, esters, alkanes,
al kyl ‘halides, spha R cﬁ‘l(‘-}}d?lgﬁﬁs or BHGPRR! Whigh Grefenbiallp khm,nqﬂpreof Am des

and al cohols are prefte uents, and secondary and tertiary al cohols
are nost pr @tonakasebe included. quIdneIesywcltmémbare@omeladﬁemBracwmm as diluents

for th| in r ol nethyl

et her, Ppré&%@ﬁg cgﬁﬁ%@fﬁ@bﬁ@c{n%%g rg%&{.(/é‘ﬂntte, J'Ilt'ene 'ychpgw utyl ether,

di et hyl ene gpIgmaIts Iphbiotlyromi, MasedgentbydouMIatlghg/tbeIeoﬁmdﬁtyib lieg.her., et hyl ene
gl ycol phenyl eth | ene net h et her ropyl epe egcoI nmet hyl
ether acetate, I\§<I Bﬂf}?%‘%p %I")(‘f’?@tcﬁ%' oé{qpré’rpe"ﬁ%ﬁ% ‘?%Ieﬁ | ene gl ycol
n-propyl et kgen aﬁbﬂb@uﬁl&érﬁe@u@leymh can@rn@@fhorﬁiﬁwg and fudriRgopy| ene gl ycol

n- butyl ether, propy ene gl - but et her, dlpro yl ene 15 gl ycol n-butyl

ether, tri piCOptANNgMENaRess W le@f%/'FnOéI("I‘I@ﬁhe astaeyindlude fyiogise  phenyl et her

di l4 , I I I

gl Yoor 3 1S coteo GheFRbdfyaRL e milR steLelF REuge HoRuamalS. YD1 P Ment i on

: ncIt usle et hfIIJomeadl;caﬁa;mn@Gb-@u aIIQéeatens offmgth)aatyln amvdasucmasﬁglflz 2t act ag eI et thyI f
actate as diluents for

this invent It@iy%%th;}ﬁ?{ﬁ%}@)%@%ﬁ?@%g% % %e?%@éron%%&%f@é@a |alteo1nes useful as

di l uents for,248y| $4 4|4me¢atdﬂuonmbutquh1w6acrylbmnﬁ.2m/3 435.58,617/%8,8/soxane. Exanpl es

?Lr ﬁ{ﬁ:ghggs p%%&decaﬂ%orooctyluen hﬁacr)ctiatet 9 253 é?%%’?é 89 ') gﬁ QLbde those having the

20 hexadecafiuorononyl (meth)acrylate and the like

Diluents
The reaction compo'nents (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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t RL- - OHR' wherein RR R and R' are independently sel ect eq %
| i near, branched or cyclic nonoval ent alkyl having | to 10 cargons

may opti onaWPWs/8321substituted with one or nore groups i nRETHPRESHA ogens
ethers, esters, aryls, 18 10 March 2006 WO 03/022321 PCTI US02 /28613

am nes, am demer thaks ovates, Talsk'yayemdeswamomgrlease tbeicoimpleanlyc@dcdost ofal dehydes,
ket ones or t I|k or an can toget her

bond to for Ct‘l'ﬁﬂgeprg%ﬁ ERE‘i %L&W&'ﬁ‘%aﬁ'ﬁ“&d“ﬁP Wh'waw ng 1 to 10
carbons whi Cfprovméx tridl feire@ cémgatw%%% @cﬁnpoﬁ&ﬁtsdmﬁctﬁé b@éssﬂwvet he proviso

that no nore than 5 one ofR ll"‘E’éeferred at R, R and R’
are |ndepend@ﬁbmw%@lé@ﬂ&ﬂWﬂC@mmuws UWM@P@ Be Aevieesrof ti$ anched or

cyclic allyl erred that R, R,
and R ar§ |nr8'epen§n y seeﬁgb%{?%%' @ga{n?hgﬁk gb'delss';t'}te @ﬁggr branched or
cyclic al kyl a@ob@sanmeommigaﬁbnsmeTleaAbndes antl alcobols are: Meferredbodl ments, the
preferred d| isrha 4 or ferabl more total carbons,

because the Feep&r}pgry i’tgﬂ?r&%,cﬁh@agrg ng%j@refFr&%? W atility, and

| oner fl ammlandenw Exdhphesuiethers a&w Bs dli'\":ent%rfdr tRs m\fenhbn tnblade structure forns
a secondary al cohol en none of th the structure

forms a tert M@V@P@%FF'PFWWP&'XWHP@BW@F@'aﬁ'@o%?’@ Qi)‘@’ @PWH 15 t han
secondar ypal %gﬁple&yneﬂeml Petﬁéreanfh er% nlbR®)i bthep di

di spl aceabl e ‘wat'er t ot al carbons 1's fi v or | ess.
Exanpl es of g&e@IMetlsséetbndaaﬂwlma:gile menmlcﬂtnﬂﬂ.eprapmeegimol methyt opanol ,

ot ool <4 ROt lene RUELARSRY A acB, SHRBIRACENES meu] RERH aSOLct anol
et Q?t” Sttt Lo e ilelitna st g g it o
e o byl 5. dirtortisne SBcal ik iber. BOREIAED bl s ptseNeaRal  1-

met hyl CYQBOhQPyéélQJ-butﬁeﬂﬁ?hbibroB |éﬁé<gwtsbhnb§tyl7etﬂéﬂFf_ogylbn§g|9@dlaﬁ&hl 1- chl or o- 2-

met hyl - 2- pr opanol - ept anol , 2- - oct anol 2-met hyl -2 25

nonanol , 2- nﬁMﬂ'P@PMé&%ﬂ&Fm dBT‘W'tQWQT mmmmgiycglsmlmwmept anol , 4-
et 4 PSR and RS ERftes S ARt 6 R 1
3- neht y| mclude ethyl acetate, butyl acetate, amy! acetate, methyl lactate, ethyl lactate,

i-propyl lactate. Examples of alkyl halides useful as diluents for this invention

20 include methylene chioride. 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——0H
Rll
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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3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 4-i soprop){bmla-rpegéofglol ,

2, 4-di met hyl - 2- pent anol, 1-nethyl cycl opentanol, 1-ethylcyclopentanol, 1 30

et hyl cycl oyeM32a2] 3- hydr oxy- 3- net hyl -1 - but ene, 4- hydr oxXBCTAUSHRE6YA - | -

cycl opentanol, 2-phenyl -2-propanol, 2-nethoxy-2-nethyl-2-propanol 2,3, 4-

2 ot hy - 1 e e st byl Sepot Aol - anot ho. Li ke. 10 A
-met hyl - 1- phenyl - 2- propanol an -et hyl - 3-pentanol ., a e, like.

singl e al cotkstonss opthetlike.cs agy twa,pr alithiegiof RoR aPH@ &BBW[}\%&"@H’ 9l cohol s or

two or more | siictlifest SfcnSds A HavinPPRME cadndRhighed as the

diluent to ﬁf&{(ﬁ%ﬁéﬁg%&ﬁ@%%@ctﬁ% ] nven%tﬁi%n. Ig'; certcai n enbodi ments, the

preferred al mayalso bié ubstitutedasgustgieserihed, witintie proviserthatanoymenediaiol s havi ng at

| east 4 rbons.. ~TRe .e. preferred al cohol diluents include tert-butanol,

tent - anylcgjlalmlR} RZQ{E[%HO , 2-nmet hyl -2-pentanol, 2, 3-di net hyl - 2- but anol ,

3- net hyl - 3- penft@ypeferréd thabR| R3andeRM are tidepéndéntly seidted frorf-+bart anol .

Presently, the ppst preferred, diluents are hexanal, L heptanol ctanol, 10

nonanol , dedePS,f'tttt@F'mesutbpa"ca?iewic @Eﬂﬁf"r\‘?ﬁ- QY'BQ;M%ﬂﬁﬁfbof'go'gr opanol , t

anmyl al coh ' laré \ | fofpiCt at e,
3, 7- di net hqu%?ﬁﬁgt\e{)ﬁe,&%aﬁﬁgf@ngfémrané%ée@eﬁqyﬁﬁéﬁw fo ami de. di et hyl
0

propi onani deynshbstitited/lineap pranshedipreyelic alkyl graups hawag 1 k¥ eabonsiddi t i onal
di | uent s,ise . f | Sied ; [.8Gl [ 6, 020, 445,
Whi oni 14’ csttai<Hiosiiebis, e oteftBy AgntHasd ¥ iste, dord prelgrefls ° 020

present i nvesrtmaere tétdieadiohsidetause thehighersnbletllar weight dilwenssisaveg condi ti ons and
readi | y washed out ,.of t | ens wi th. r in short J.0 f tine.

Surt abl o aadavecallyandiows RemanlingdhRen ofk fins ROR' aRfRLiR s e

1- et hyl - 2- pt@eRROformd a 8660ndadyGRJoRbl. WhérPhchR)Hf &Heer 0’ \wma IR s Ry| 20 et her,

| sopropanol , 1-nethyl-2-pyrrolidone, N N-dinethyl propi onam de, et hyl
lactate, di gheplucisg fgmsadertiapalganob Testiary aichqls ae moremedierrethd the |ike. The

use of & c?"ﬁttﬁén SEQoHEr? af%*zi;/di& hePdiluehes éré‘ﬁre?é?éﬁlg r%;é’ugﬁgggr cess to be

conduct e sing water”o or aqueous solution A rise water as a
subst anti al dispianeablaby water wheo the totah ownbendf carbhns isfiveiotless. di | uent is

Dreferably | ecExdiHss st HolEHE lonliheinghaf 2GRl BN whout 10 and
?2?)2; S20% Trhenthbbl) cyelohexanygl, eyclopentampl artleexanctbbineolad-peatameln®nt s such as

pentanol, 2-hexanol, 3-hexanol, 3-methyl-2-butanol, 2-heptanol, 2-octanol, 2-

20 nonanol, 2-decanol, 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-
methyicyclohexanol, 2-methyl~2-hexénol, 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-methyl-3-
nonanol, 4-methyl-4-nonanol, 3-methyl-3-octanol, 3-ethyl-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-propanol 2,3,4-
trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-
phenyl-2-propanol and 3-ethyl-3-pentanol, and the like.
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agents. Suitable rel ease agents are water soluble and aid in | ens
debl ocking. 30 The polynerization initiators includes conpound§ March28g6

| auryl per nzoyl peroxide, isopropyl percarbonatepcriusez2seis
azobi si sob(t}??/ﬁgon%}?i le, and the like, that generate free radlscal s at

noderately el evated te ratu and_ phot |n|t|a [.S uch as
aromatic gl pha? %??%PB’HB‘ fés %MXBQQ&'Q ‘8&%??\% e &Q%%‘i?ﬁgﬁ&i acyl
phosphi ne oxiygesr, méva%lc%h&ls @&mm? 20ihd Btrllnire b0 Ean MLSY RARS2 1

PCT/ US02128613 am ne plus a di ketone, m xtures thereof and the |ike.

Il lustrative Mhﬁ@lwedhe pelyroenfithis Ie@ios. ar e 1- hydr oxycycl ohexyl phenyl
ket one, 2-h dr
y r?auﬁ‘@rhﬁd}m%ntiﬂﬁgPﬁﬁrl%ﬁ%%ﬂgqulrugﬁﬁ are seconda

bi s(2, 6-di et hox enzo lne o |a8e ( DMBAPO)
bi s(2, 4, 65trtenﬂrmllcbm&hguu)gailqasemwrpmsﬁlfhemmelmefe(red glaolmle 819)

2,4,6-thneth benzyl di phen o) 4 6- benzyoyl
di phenyl phosé#ﬂ & ﬁ%"ﬁf&eﬁ %EHQP P‘Ws &Pﬁgsf E\"taaﬂﬁd%g’%w

canphor qui nop@. cﬁmdthyr-zluutaﬂol(s\knuthydwembudl Bvethe)- Dpemandie3, 7-emmnylm al ly
avail able visible | Tght initiator systens include Irgacure 819, Irgacure

1700, |rgacuP®c®80b, |rgacure 819, 10 Irgacure 1850 (all from Ciba Specialty
Cheri cal s) and Lusibideily WCiof drb@iad cifehiért ABk ol HRBtaRRSGandrormer ci al | y

avai l abl e WV photornitiators incl u rocu rocur 2959 (G ba
Speci al t y0Cheonanal, gpcandh éeri-hityliaicoboel, 3-sethyb-dgentanph isopropendldramyil xt ure in

effective ampunts to.initia opal l,zathon.of, t [ tion m xture,
e.g., from aa%&gcﬁdatﬁ)yl a(;}{ag éﬁ?hyﬁ%?%ttepi'ﬁf%gﬁéﬂéﬁ %zﬁ’ 'ﬁ%ﬂhyl%ﬁc‘%@'t s of reactive
nononer . Pol Mmrh)aftirmemndetdltnbmyl amm@mlmwm@pnmlb@Nmemyat ed using the
appropriate choi ce of ﬁ@fat OI‘%%I Si ] travi ol ht or other neans

dependi ng onPYFRIdigENe ARg Mxiresthereq Adgl"B’Pa'HUé"éEG “%ﬁﬁéﬁ" gﬂ'!)’@f"ip” initiation

can be condugietslsiidsed HUS PafdhOs, 0201445, Ahith |§J|ﬁb6190ratédjﬁer6iﬁ%9p a- beam
However, when a photoinitiator is used, the preferred 20 initiator is a

conbi nat "8n tefereneg,dr oxycycl ohexyl phenyl ketone and bis(2, 6-

di met hoxybenzoy! }lﬁpﬂ%gﬁn%&u‘ﬁ@ﬁt*}%fltr%%}héféntim édm&hﬂglvg@‘%ﬁ ,_and the

preferred nethod o nerirzation rnitra s VI'SI The nost
preferred i saitpren:ésst@omdmomtahqIrémiﬂzwakl)edpﬂuéo@mpﬂmsphmm mle (Irgacure

o)) £ SR bR R, SRS BRI BB 312 vt co
and contact prpassl, BinethyhE-pfopanal teemys BizeNol xtprapylene glycol methyl
20 ether, isopropanol, 1-methyl-2-pyrrolidone, N,N-dimethylpropionamide, ethyl
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
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W % conponent s HFSCMHWWHPSCVHM 5- 901- 15, 3-15 or 5-1200 10- 801'1%)3%&?5 %goé)r
5-1200 20-501-15, 3-15 or 5-1200 5-901-15, 3-15 or 5-120-80, 5- o) -

0- 70, 5-60 WO 01®@234050 10-801-15, 3-15 or 5-120-80, 5-60 RETU238628) 5-60 or
10- 21 10 March 2006 WD 03/022321 PCT/ US02/ 28613 4050 20-501-15, 3-15 or 5
120- 80, 5- 60aminelfius Hdikétone niktures thidveof4fd LHeSke HERGstivesexamples of

hydr oxyl - f i onal i zed sili i ni HVAHP i s _hi gh nol ecul
wit gt hyclr oBRRIPTGE Jaary G HicEr Y Baana e T S ERRRER- LM T8
hydrophilic Bﬁ’élﬂﬂ'&eréw-TJ?oﬁe,"tﬁé(Q!@diﬂ@hé@b@ﬁz@b@{ﬁﬁrﬁethﬂﬁ@ﬁwupO“ all reactive

conponents. " Thuds, the present invention includes silicone hydrogel,
bi omedi cal dphespbine oxige {BMBAPE)dus(2 4 S-temathybarzayt- | enses havi ng each of the

i . Y . . c Bl
comhost t 1 SnaPhéfiflotdhindabfle (e 810) 2 SRRHMMERIUBRERIPOSS D 21 by the
wor d "about " phddphiné oxidg and 8,4, G triyettylbearydyl diphenyipbosphinepxidesnt ed with the

' that the, li d t d ddi ti t dd t
D00 wer ght a6 DETROI BRbF este’ LA LOBBIna R o GBI O AR BN Ni g monone! o
(hydroxyl - f ugigdetmind)BénBhlel. CumméeRalpavailatle #sibleaigri intigwn
si |l i cone-cont ai ni'ng rmnorrers%\bé s fromabout 5 to 99 wei ghtgﬂgercent, nor e

preferably aByilemsisciude rgaoyte §A9, dmacure 1 €@ lrgacurel 18A0s Irognuse 81%bl y about 25 to
about 80 qyei g cuPz?fé?:%Qéll fr@hdit?@Sﬁ ICRBmIcARP ARG Dickin TR®irfior €d range of

hydr oxyl -tunctional | ze | cone-contal ni ng" nononer 1's arﬁtf)ué 5 to about 90
wei ght per ce(availgblecfram BASK). Goomercially available iV @iptoinitiatorsoseiuge ef er abl y about

20 to about BQ.Wel Bt oo BerSilh 208 (L% Sty ERBARAR). THihBIls © monomer s

used in the reaction mixture in effective amounts to initiate
photopolymerization of the reaction mixture, e.g., from about 0.1 to about 2

15  parts 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-
dimethoxybenzoy!)-2,4-4-trimethyipentyl phosphine oxide (DMBAPO), and
the preferred method of polymerization initiation is visible light. The most
preferred is bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure
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 | 0 0

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

20-50 1-15,3-150r512 |1 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-

21
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ht percent,

nore preferably about 5 to about 60 wei thM &X

and nost preferably about 10 to about 50 weight percent of the reacglve1
conponent o0 #8/qaz2f erred range of high nol ecul ar wei ght REFESEHI861 pol yrer

is about 1 to about 15 weight percent,

nore preferably about 3 to about 15
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conbi ned mnone@'ﬁf?ﬂeéraﬂgér‘?f thsrcemérreé sificenengantainiogmeeemas! di | uent .
bigiRbPsifiddRed 'E:@rﬂﬁlbinéeane%Gafﬂﬁﬁdﬂsﬁccgﬁ%houtg t hose shown in

ot her pref
t he Tabl e

Yt
ingigpg are. © PPYRP
Ny aaﬁmaﬂstlcbrrmeﬁerﬂ@sddarrptbqoo Wit S

rably conducted in the presence of about 23% (wei ght

tetraet %)Id i met

Siae

be

Oyl

anpunts are pre

Conponent WW@W@Q@WMEI@ MBP&&GHEWE pr@ferably about 15 to

15

20

25

30

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
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
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 O to about 40 weight percent and in some embodiments,
most preferably between about 10 and about 30 weight percent, based upon
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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EGDVAO. 750. 8 PVP66 The pol yneri zations for the above fornmul ati %3\1!:?5??2 06
preferably conducted in the presence of tert-anyl-al cohql as I uen?
conpri si ng YuB2232%9 wei ght percent of the uncured reactip&xwg?{slﬂ:’e. 20
Processing The bionedical devices of the invention are prepared by m xing
t he hi gh nol ecul va weferred emtndipent, the reaslivergomponerts RO@PESE/| - f unct i onal i zed

silicone-co | ni r I follow ng: the

addi ti onal rﬁZé}ogFﬁﬁggﬁg%ﬁ{hﬁ%ﬁgwﬁr?g%{r@é’%ttﬁga'h%ylé‘%hl lic grgmnomar s, the
addi tives ("[(tﬁmeth'zlsﬁyl)wﬂv'mmahﬂ]b)opoaﬂdrdpﬂeestérI“S'EQMA" (~28e@mtt%h oh mi xture"),
wth a 23 10 March 2006 V\Dgié&fﬁiolm / US02128613 pol yneri zation initator
and curing BYe FBASHHEIBRQNeRts - e hW@WBF°PY¥hat can be
subsequery | ytefnihad mdAbM-BuUt terRTNaY paydimeRpBiRxave, "/APDME, cutting and the
like. Alternatively, the reaction mXxture ma)/ be placed in a nold and

subsequent | y(~31fewt); N\N-dimethylaspyiaroide.i "BMA” &r2d%ovte;. 2-Bydraxyethys processes are

k f i . iQn. _m in th I » t act
enses, i nolTeagvaR: HEIE ARt ebpdhafea o aa Al CTERPM ot nods. ar e
di scl osed i W~H5%wtf.’%3}yyih9ﬁyrrso’ﬁdégat8,%ag swd 51~71i%1v§ﬁ9vitﬁ4ﬁe balafkest ati ¢ casting

met hods are disclosed’in . 13,224 and 4, 197, 266. The
pref erred necompdisingmiperamasintscof additives andaheteinitiators.orher polyimejizatiod pol yner of

this invepti. i j j Ld o .00Q ichis
econom cal , @ﬁwia@@%@g@@?"g g%c@%tp?%%ngév%f‘ragp ﬁ?‘*f’?ﬁ'g‘{'&gs)hgﬁ%&gf t he

hydr at ed | ercombhied hbnaimere b dijuentislend)ed;t-dimethyl-3-botanoli dlugitaced in  a nol d
havi ng t he shape of  the {i ngl %eaii re Ei i cone h drolgel, i.e., water-

swol | en pol yner, Impther preferred embgaiments e KraclveGoRIPOReE CPMPEENdi t i ons wher eby
15 the nononRése SHOWAE tHeZRabid Belbvi AR Biotnte BieGiefacdtPby (B wodd | uent nixture in
the shape of the final desired product. Then, this ‘polynmer/diluent m xture

is treated @P®W-a solvent to renove the diluent and ultinatel y replace it
with wafgr, producing a silicone hydrogel having a final size and shape

whi ch are ite simlar to the size and shape of the original nol ded
pol yner/ di | (Ueorop@®@nbrti cle. ThW%ret hod| can be used to form contact |enses
:Rg %So;SrZ'%@Mf"%eﬁb F i QO U F PS%L > S. 4,495, 313; 4,680, 336; 4, 889, 664;
mPDMS 23 18
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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I ncorporated herein by reference. Curing 25 Yet another feat Uﬁ@w@fvcﬁftﬁ)e
present invention is a process for curing silicone hydrogel formulations to
provi de enNéhBORRkettability. It has been found that thg’%@fs"ww for a
silicone hydrogel nmay be used to select cure conditions which provide a
wet t abl e ophpdiymherizatiandnitater, andrairing by pppropriate cenditiona taform iagiieductrhe gel tine

Is the tine at, which crosslJj . L. £.0 resul ting
in the vi sco@?ttcs?"(?? Syﬁ%quﬁﬁﬂ?ynfaﬂﬁg@@ ﬁh%gﬁérgp ﬁértggg%pe%%e{é@n QEJ%i nity and
the reacti onand thé IKec Anemitivelg, the redction mhixtuFe enaydle plavedin @moldandat a  specific

degree of conversion, |nde?endent of, reaction conditions, and therefore can
be used as afHbsequentiy gredintq e gpRrapriale ‘reaction. It has been found

that, forga giygfs %g‘%g ' % for bisteSha the TBactiBY mip8ureSefet © 24 10 March
2006 V\0503/ 02¥§r5bltfs I%J%&Z%g%% doer{perﬁi neg cure conditions \ﬁ/hi ch inpart

desi r abl e weprodusition ofconteistilenses, ingludingspineasting and stalic 6asting. i nventi on, the

reacti on m x e I Iy L r ovi des i nproved
wettability, é‘ﬁﬁc%r?%&gt?'g&es}aebﬁéc@%?wg;%e'rllagﬁ Nv?étﬁ%él’liﬁilﬁf or the resulting
devi ce to be3,o6E845)ahdistatic easting matindsiace disclbsedgn bkS.Pat.Ndsace t r eat ment

(" m ni rum ge | oe") . | nproyed wettability is a  decrease in
advanci ng dy%éﬁ'gmnggﬁﬁ%&'géf'e%{5}9&\%%%’%'8 . FORtACHENSESy ul at i on

Wi th no ho ghcdimpridng e poNRhENdf theinveRtion id-By@Rmddihg bf thesiiésre preferred as

t hey provide inproved wettabil I'ti/ and increased processi ngr flexibility. 10
Gel “times wiMydragelsywhigh isgeconemicat, agg enakiesepredise epiol ever thel el ons. cure

condi tions aér%ﬁf of {hg?\gdr?fe'd IFﬁéT?For'ﬁ% reldaPihe réél‘ﬁoﬁﬂfﬂ&@rg"ig pbinof
crosslinker - I T'nmpact gel tine, increasing crosslinker concentrations
decr eases ged moldiaving thecshapeiaf thetfinal desired siliconediydrogel, i.ecwatei-on (f or

G 1 o ency o Bl ahd SRR @i s sBEIRY W SorfBle B8R L i ¢t or
el ot od 11l Bt Lo ey el Ll Bl S decr e e T Tanber at ir €. and
Ziel uent types Hﬁ°t®ﬁ@Bﬂtd%é%‘?‘ﬁnﬂr°gﬁ“go?8?’?§'yfp ¥’F‘e§‘§itﬁ’€mi’ﬂi%- ?snﬁnderstood by
those of skifdatddwit@savent td @nd%ﬂhé@ilﬁeﬁﬁéndtdlﬁmatél?kdl&edﬂkiﬂf m ned by
selecting a given 20 formul ation, varying one of fhe above factors and

nmeasuri ng t hwatgepradugipg a sticorehydsege! havinga finafsize and shane which aene i s t he
poi nt above yWieGihilaRf the SizkbhBShape of the original molded polymer/diluent
20 article. This method can be used to form 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.

LCuring

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 s 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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lens is generally wettable. Below the mninmumgel tinme the |engjs.senpeally
not wettable. For a contact lens "generally wettable" is 8%(5‘?}? $| ch
di spl ays WP O¥M?¥ci ng dynanic contact angle of |ess thah 8
preferably less 25 than 70 and nore preferably | ess than about 60 or a

cont act | endetstmiot curdicopditigns whichimpartidesirablewrttablity. i Thusetfleal to or better

t han an ACUV I . 1 h . Ski. I 1. LI, appreciate

t hat m ni wmtégég%&'?%?'e%%"m‘&? Ptﬁote"de\%ﬁggépﬁ N&ngreﬁgcgrgraaagg}e?wtvgl?i ng into

consi der at i gel thiethatirovidds improved wettability, oramorelprdférably sefficient cert ai n

enmbodi nents usin isible lLight irradiation mnimm gel tines of at |east
about 30 sel’f’@ﬁ?@[ﬂyé’ Pé"ﬂﬁ'@g%ﬁv'cﬁé%& ug W&%agﬁrgﬁ@ggcoaélﬁgo re preferably
great er 5haauﬁéz@ufeaﬂ&rﬁgmﬂa@vmez.epréfé}uw irhgrobed waghbany ggeous. 25 10
March 2006 WO 03/022321 PCT/ US02/ 28613 The nold containing the reaction

mxture i s Be@easedn edvansing Ayngmisicontastanglecofadieask 105 compareditanpl e el ect ron

beans, Xray . | Si | ' I f b j ation or
particle raﬁrg‘WSﬁ{%fé@ﬁ%@k‘g%%Féng@R‘ ?cﬁyrﬁﬁrte L%E@%&? g'&% rsgelm about 150 to
about 800 nprefétresiasrthdy provitdeimprdvest wettability anddndreasedprbaessing si bl e | i ght

havi ng a wa?{el.eﬂ%t/h of about 250 to about 700 nm Suitable radiation
sources inc ?fﬂ@' | anps, fluorescent |anps, incandescent |anps, nercury

vapor | agps, andza tifes Wil vary for gifereat sidone hybrbel fermidiationdsauRi ng conmpound i s
included in the conposition (for_exanple, as a UV blaock) curing is
conduct i ng BONditoan alsgeffest aehtime. Lkoriexagpleahe spnceatiationpf cigsshinker,i si bl e | ght
or heat). 1g; f ; | ; L4 ' b tmael ected from
WA (about g"l'gm%gt?gﬁt?ﬁgd'gdiénﬁ]‘,ﬁﬁﬁl'?ﬁgg%géqﬁggggﬁ%%géf)"r"a'vi sible Iight
(about 400 IngeasingAmnintengily ciithe wdiation Horphotopolymesirationger preferred

enbodi nent, i ) i / - D . ound, is cured
usi ng vi si bfe%réﬁ@igﬁ%@é&)ﬁom%ﬁg%]@y l)lqﬁés e@glggc f}c&ﬁrﬁ@%ﬂoﬁ g%'th%g erm"| ow

i ntensi t1§" selactingtamere elfficientmitiatt ovirradiafiomturee; ot en iitiatdr whichmV cn?2 and
preferably between about 0.2 mMN¥NcnR and. 3 nWcnR. . The cure ti is |long,
General Ly’ mBPeoIERERCAISNN 1 P Seaed Tepdislion Srnce) Yt disreesa g8l 1 and about
60 m nutes g, Tembéralteé Bnddiffent thive BndednoertratidRalso efedtyél timb@it 30 m nutes
This slow, lowintensity cure is critical to providing 20 conpatible

opht hal ni c Weys erdersipadcly thesapfyillinteiady resi stance to protein deposition
L0 VIVO. The minimum gel time may be determined by selecting a given

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 i$ generally
not wettable. For a contact lens “generally wettable” is a iens 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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The tenperature at which the reaction mxture is cured is al sqgpMdrRPSEE! -
As the tenperature is increased above anbient the haze of the 6e ul t1ng
pol ymer de¥QRMIRB1 Tenperatures effective to reduce hazepqua@él
tenperatures at which the haze for the resulting lens is decreased by at

| east about 20%hasnadopriaisidg the reattionsmiture in expesed te AEHGI®Ti on nade at 25C.

Thus, suitabl.ge. cur.e.tepgperat t about 25C,

pr ef er abl y F%Ecé'aﬂé?% € %@?%%gk&g%gﬁ%g? %’%du%oﬁg}s@riee#@?q%l y those

bet ween aboukctﬂd}ﬁégmtﬂc réldifation b@@ﬂ@@raﬂm%mhaﬂtﬁg awaeeleogtu it fhens 30
(tenperature, ensi | me e Co onents of |ens
mat eri al sefaé‘é?é f’%méi’g%@a %"?%& @m@mt ﬁ'@ {ygg iop §p are within the
skill of songyQf viibW mfb{aﬁr\gdhawdledglfr%fadbbuttzsoc{stasbmm anJre may be
conducted in one or Ta nmuptiplici ty of cure zones. 26 WD 03/ 022321 10 March

2006 PCTI USuitabiesmdiatiaeoureasdnausiedi'y jagips, fupsesceat lamps.iacandescedt f or m a
pol ymer net Wpﬁe%g&p{ye\}ﬁp&l tdnﬂ%yﬁleqh; Yhemb, }',Bﬁnérﬁé%%b%%@"' ynmer network is

swol l en wit has orm o he o cavi t 5 Debl ocki n-q
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Unfortunately, .the sjli t f | at d
Che 11 i ehebibpeicdaad s cor it B REARS otfetifen by radidiondSen s Bhe | ens ol ds. |
Lenses ggn h&bféﬂ@hﬂﬁlﬁédt)(rrﬁé@wdreare@moamnmbdamahan $urdeds! supporting the

10 Il ens) using a solvent, such_as ani ¢ sol vent. However, in one

enbodi nent é?'eqt%ff@ﬂéﬁ@n(abpﬁ\ﬁéﬁﬁaﬂﬁ’“h‘tool'E%)SUVBr(émPLB\Z’S%P@é@ﬂé} wei ght
hydr ophi || coPluEREn EnRdas. dtbul IS0 RS ATEhShU Randils, Teact i on m xture.

is forned Int esired article cure bl'ocked in water or an
aqueous soprefarted emhodinent,ibg reaotmnsmumgmelgém UM abgotbingand consi sting of a

o b oy Cartiyfl, R ULGATSRG Visiold fignt 438 Y/ SERLRL fsPRhemIRET L1 O POt YT
vei gm gsgym “llowbntbnsn'yt heanswtawbﬁtweemcmho 13Wcm2hathﬁblhes | ow md)I ecul ar
L P 8l o B e e B SR L PO R T
nol ecul ar Wﬁmsmnsng ehetdfy ﬁ\bl‘é&ﬁan?Qodtﬁ$ﬁuﬁdlélan@ fifradl b@%eﬁal tons,

- preferably between less than about ons. Those of skill in the
art will apppaéilangd abwatﬁotmieutﬁ%ae@&tl"rfgorﬁ@reéerablarbetween about 1 and

about 30 minutes This slow, low intensity cure is critical to providing
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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wei ghts are averages, and that sone anount of material having a nol ecul ar
wei ght hi gher than the gi ven averages may be suitable, so | ong 18Margl 2006

average nolyes ¥\EI ght is within the specified range. Ri&igdabsesthe | ow
25 nol ecul ar WEI 911 poI ymer is selected fromwater soluble polyam des,
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conponents. Fa’ﬂ?ﬁn'%?df i ngg“ P@%@C“ﬁ“g rqlqﬁpé 0\ tpe dﬂ?‘% ‘i ncl udi ng

bet ai nes, SLmee%aﬁbed@aock@emﬂemaédmtﬁdmbmblfan%om?pbnh g theexanpl es  of
suitable surfactants include TWEEN(r) (1Cl), DOE 120 ( Anerchol / Uni on

Car bi de) 9nd|en§}1§'ﬂg|a<§°'veﬂhéu%?$ Ao awssmwbsiowgw NPN8rount s up to about
10, 000, prefg nore preferably
bet ween about ég‘g}%’p‘)ﬁgg %E?H%t%ﬁ ag%%s%%%ﬁt%a Iugpgg Qgse agents are | ow
mol ecul ar vvehmo;)hnla;rptlyma:naaﬂ@egio e readtiont mixtyres the eeastion mixture is

3- hol i . H Dvir an- 4- | | f |

5 ot Pl ot A8y L B BB s 8o ol 0L o1

H} pyri mi di noaﬂumohp(namgmngsmgtdsyér)naw efhand consisting. ofhenfaﬁiammdel from )
ecu ic polynmer may be

oo oeradb] notiiraciant ey Beleanat st sl poypaLEndREAY: can 't ool vent

Sui tabl e orgﬁayﬁeﬁmvﬁ@m&ruaruee 8y 6ufinBd e lahigiviblecllarswdight polnieh wat er .
Al cohol s, ers and the like are suitable, nore speci |caIIy primary

al cohol s andbuoyith apelecylarugight SP%‘ﬁPstﬂOV\h'I“@@ﬁ‘HW WWMV“’PM‘W DPM et hanol
et hanol , prop ﬂgﬂhr S clior edERs fFJPf?fh@Qéns%Hngd&chlﬁglcsndltt%QISGfefa”pl es. Suitable

debl ocki ng tenperatures range from about anbi ent
assist in lens release from the mold. Suitable molecular weights include those
20 Jess 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 polyémides, 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 diof,

30 polyvinyl alcohol, poly(2-hydroxyethyl methacrylate), poly(acrylic acid), poly(1-
glycerol methacrylate), poly(2-ethyl-2-oxazoline), poly(2-hydroxypropyl
methacrylate), poly(2-vinylpyndine N-oxide), polyacrylamide,
polymethacrylamide mixtures there of and the like.
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100C, preferably between about 70C and 95C, with higher tenpergafMaRs 2006
provi di ng qui cker debl ocking tines. Agitation, such as by sonication, nmay
al so be usaglpbtzp202¢r ease debl ocki ng tines. CIher neans kneowiuso/28die art, 25
such as vacuum nozzles may al so be used to renove the | enses fromthe
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solubility cﬁﬁwﬁgﬁaﬁ@{ﬁéﬁ%@’g%ﬂ@?@ g e Jo%h%@%\t s, the sol vent
initially used c®uitbtsle surfavtamsinclude mn nnmsurfaaants etclmdmglbetam&shanol

|sopropanol TPM DPM PEGs, PPGs 28 10 March 2006 WO
03/ 0223215 PCAMnEYIdes &P IE!’WQ?’&}FG'% a’éé(igﬁﬁlf%rg SB'? re such organi c

l'i quids vv'th ﬁhts .ﬁmd&mﬁsw@mmrU@E:uzmmmr&ﬁbvguroﬂ Oubige

physi ol ogi cal I ne) he organic |iqui al so be used) as a "pre-soak"

After denol dthe(jker'émmsuriagtanﬁenaydmaedﬂn/ampuraiﬁ#ptm@bq%ﬂ.gpoo| enses may be
briefly SoakSFéfegéwﬁéthé’n S@Bﬁ%ﬁgﬁ%dﬁ@bﬁﬁﬁm ﬁd Hord Sfe?é?bm between about 5

and about 30 LENRY e or rquird or a i xture of organi c
i quid and whéteeen abhdautn0@ ppm@and abadl20Q ppml ens rmay be further hydrated
[ sol vent s preferred

t { h
by ooase H0ea” an Shiteble fledse AEMs arm oM A0S et AHatds el er o of er abl y
great er thanm%&w\?ip@ﬁdodéoesnorw.m-qefze;rreé&medmr  eaiaAydrotrpRaRawaL er . Ot her

I NC

conponents na udes salts such as sodium chl ori de, sodium borate boric

acid, DPM T f@tfwmﬂbIet’M""quﬂrﬁ'R?ﬂQWGI“'@éHQ@s1%@"@fbﬂé’rﬁﬁl rel eased from
t he rml ds '”fe‘?raﬁ 52“%?5’%“&%5% y_g?j% W"ﬂ Mok, stirring or a

continuous flow© traction enses. This process can
be conducted at thnwraacterfe@nfeaQMnlmlxmemwutmm bwab@eﬂ:ula_m&mhtpreferabl y from

about 20.to0 ted pressures,
parti cal 29 1y PR delymet iy BB o duelR BN etho Bt 01 7l oo
typi cal |y coledstaineargdnic Mnemuatablessgmomehtsare hydrephdbic, bot debl ock t he
| enses into one, on_ ( a|n|n nme rel ease aid) and then
transfer t hem'qcfpfeow'ﬁhﬂ?tﬁ'érj"f?ws @npmg %eﬁgﬁif € B i ng sol ution),
al though it gpatifiehiypridfarpaieehdi amdrﬁorecéﬁbéuw@ny isbgropfatcdhol, DPMA, he sane
solution in which they are packaged
TPM, DPM, methanol, ethanol, propanol and mixtures thereof being suitable
20 examples. .
Suitable deblocking temperatures range 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 hydrogel'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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treatment of lenses with this extraction solvent may be conduc{qeg'af.ctp]rzo%
period of fromabout 30 seconds to about 3 days, preferably between about 5
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reference. THRhGAY KAivAPEHIGHYeNidHIEBbaR: ttric b, DPRSTPM, biRkRd bk On di spl ays
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bi onedi cal disoprepandl. Lersesarecganerslly fieleased irrmdhe meldsdptadlis t o bi of oul i ng may
be measured | : - ' ens during
t he wear per %@fm&g#l{é&nﬂ'r&gp tgi}a?ggk{{?%tlrgég ﬁ'Iuél %ﬁﬁﬁgﬁg@ ?{c&ih@{&éﬁgﬁg{ur face

deposi t's ar esotvend overdhetenses. | Thissprotass cas be cenduated @b tenpenatares from and

eval uat ed_ af t.er ) Kk r i a-sLit 15 | anp.

ori o £ cug 2o BROU 2 oA Préustbly ST SpBl A8 apaRadcs ThaptaceiRs ang ¢ he
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differentiated from
example containing some release aid) and then transfer them into another (for

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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20 back surface trapped debris during a blink or a push-up tesigmbhé 2006

deposits will nove while the back surface trapped debris will remain still.
The deposi w0 ea/e232gr aded into five categories based upon REHEUYRREHAt age of
the lens surface which is effected: none (< about 1%, slight (about 1 to

about 5%, nild (mg%%onéiﬂ@dr ehPsfter hydrafion ofaskepaeiyrmers preferably6% t o about 25%
and severe (greater 25 than out 25% . A 10% dlffere?ce bet ween t he

cat egori es i €orpRfisgiadeutcld tO@PPHtlQQ&’I’Q'S’“QF@ﬁP‘fW@SH"qu@ Ay BBRYH ¢ devi ces of
the present by ?!{?bpﬁ?@&?ﬁg’érééﬂt%t&%d% preféraBigl ab&Utio81 hbdyt and nodul us.

Haze i s neasure test enses in saline’in a clear cell above 30
a bl ack back@@ weight percennmatmwmngt@tabm@élot)tbe\mltcnn%lhydr@@l owthet | anp at an

angle 66 ) I TRAS the lens from
above wTh é&%,sa%’qhégﬁér&oe&g o{'ﬁ%dg E@%ﬁ%@%dwkb? gcé)@[éc{d scaﬁ%er ed |ight inmge
is quanti taﬂcsmoée,d ines. \ehts By195,01 :ak, 680336, 4,889,6641@and&039485910 nm of t he
| ens, and March 2006 WD g)e?aim%%f?é21 PCTI US02/ 28613 t hen conpared to a

-1.00 di opt eW '@EP"eT'Pﬁ'FPM_'BF&‘PP')a réCCarbitrarily set at a haze value of

100, with no len tHHA 8f 1é pfés M‘iﬁ\?@%ﬂd% sSexgBfenr ed by
measuring the dy?\rgr%hq{l:"egzor@act lgd\‘é‘r’u{ééjor E’)CAe pi cal Iymg): 3C, with borate

buf f ered sal fesistangs tfgulingin vivel wijhoyha geatiag. V@enﬁbe w@meﬂﬁgl deatcees bet ween t he
| ens Surwcea@g&pgaﬂ’qcte&ggﬁf {e%fs?a‘ﬁc%fﬂ Bagﬁullnﬁm éJFnS JSdpp @ Wi hel ny

m cr obal ance o0 or’ pulled out of the
saline. The fnelai;ww'gtﬂgp a!qumtlobmrfacedepmbltﬁon-t@lpnwdﬁhngrthé)wearmmibdﬂ 2yp) 10

where F is th | forcC the surface tension of the probe liquid,
pis the per? (‘}Bq?ﬁsé' éﬂﬁﬁ\é’gs'gt the nmeniscus and 0 is the contact angle.

Typically, two CQ@h@ﬁ@wfa%BQie@ﬁsu&ra@e Meh&iret ds follows: a.eds@"saafeguwtl ng experinent
- advanci ng cont act angl e and recedi ng cont act Advanmmalécont act

angl e i s obt B¥mayey eyalugtedaften3Gminutes %W?M@gb?b\%?’r\’ém re the
sanpl e 1%s5i S|k ’Iﬂxru‘nﬁ"ﬁ?er iBh Fhlet e’ eﬁ't b‘lirfﬂ’se@é}gltﬁﬁ&%%‘?\ ahe the values

reported herern. | east four nses o eac nposition are neasured and
the aver agelensesmrpmaneally ‘Hoshede in, ordwrAo ﬂ@‘emtlatalb@mnaieg@aﬁa apdedi ct or of

VL 20N b SRl Rl Bphe Joh 7 bk BT A BRI P L e
The PLTF- NI Bbfing disoretes(ue.gelly bumps) or filmy. Front surface deposits give a bright
reflection while back surface deposits do 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 a black 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 imége is
quantitatively analyzed, by integrating over the central 10 mm of the lens, and
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using a slit lanp and a circular fluorescent tearscope for nonpnyash %606
viewing of the tearfilm (Keeler Tearscope Plus). The tine el apsed between
the eye opewsmg3after a blink and the appearance of thePCTUS82/86Bk spot
within the tear filmon the front surface of a contact lens is recorded as

PLTF- NI BUT. thenecorfpafddthalh Botidpter 051 THindkns®; whiohiisesbitéiigsettdte | enses were
pl aced on e and after one week. Three neasurenents are taken at each tine

e
i nterval an az%@%fv@aﬂ%"‘?@és%tr?éar%%ﬁflvﬁ €offle PLTF-NIBUT is neasured on
both eyes, begi %trheés%drayghéasﬂnﬁg%chyhbﬂadoh@c{af eéye. Mverent is
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upwar ds SI tance,of .th s,.to. upward novenent
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unaccept abl Qne%@éh@ﬂ%@hg,a WuKélmyiﬁﬁ@ét%larh@twrﬁémm»@ns%nnbO March 2006 WO
03/ 022321 PCT/ U502/ 28613 novenent) Btl mal nmovenent), 4 (mniml, but

accept abl e rBpersedinto OBPU"@ﬂﬁymfﬁhQﬁ@ﬁ? The folewing #avaliondy Bsagnt ) . The | enses
of the present invention display noduli of at |east about 30 psi,

preferably between about 30 and about 90 psi, and nore preferably 5 between
about 40 and aboki& 2¥fcgs8i . Mool ush ?SOSTJE(E/QW)ed by using the crosshead of a

constant _rate of novenent t ensile tes nmac hi equi ed with a | oad
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machi ne i ncl |l e having a
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conposi tion ad |e is E&ined fomanelpdrtien Ghtee aeting %x;!ié?Wnt wﬁereilwgaduﬁe modul us is
rreasured at .t initial |inear ﬁrtlon o he stress/strain curve. 15 The

cont act I5ené%ge'ﬂﬂ'€b'%ﬁ"§ﬁi’ hip the peobe Q'éﬁ't?"@rf meme 834ERR®d pet ween about
40 and abouthegfl) Aagdsefour AES &F Akl cvip 6%n@éﬁeﬁﬂfr@@9h@theﬁm hod. Lenses are

positioned on the sensor then covered on the upper sid with a nmesh
support. Thaveregeisireperigdosed to an at nosphere of hum dlfled 2.1% 02. The

oxygen that di {1 ysse WK ot Hial 43003 pUBREHLEetBoReR0 POI 200" aphi c

oXygen sensor consisti'ng o
The pre-lens tear film non-invasive break-up time (PLTF NIBUT) 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 mo{/ement), 2 (moderate, but acceptable
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a silver ring anode. The reference values are those nmeasured on 2006
commercially avail abl e contact | enses using this nethod. Bal afi Pcon rA ?
avai | abl e fWOM/B23sch & Lonb gi ve a neasurement of appr oxPCT/GS082$61%,
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with a bandpasispreferably between abgut %Q ?WbOW\P@ B$i, ¥1d yPreRre Y a Novacure
mercury agc i | ed shutter, is
del i ver edgt olbgtﬁ'gequarl{msgpa\%B&t?atph' eorre ﬁ%ﬁ%&&%g%ﬁrﬂ%@d | i ght gui de
The filter i sroashead ohmc()lmamatEWHMpvdnmnﬂmsﬁerfsnetesmng machiod si nul ates the

031022321 porRUSI raiARar Sl s el italbnd et £8UBbR e quar 2

Wi ndow wi th adatid é&%melasiescﬁmhgron msdemmzm ABbd-40he skapedrsampie control | ed
tot 0.02 nWc enperature Is controlled at 45.t 0.1C

After appr oxﬁ?r‘ﬂ'!&aﬂ 0. 522 |'ﬁ9h 'Qﬂgﬁ‘t H@@é’lcﬁa?,%"ét‘ﬂdlﬂbﬂ?ﬁ P-¢3 IAch(RAck” Widtp| aced on the
| over pl g e %floédlaﬁ Mo Eﬂbﬁ‘ﬁ@@faﬁ& eloh fie@gt ratARItE bt &!ﬁagrfgf ;Pilnﬁ'ﬁnﬁ is |overed to

0. 500 0 abov ate ere It Is unt after the
reaction reauﬂéd bteaks g&he mpkal gaugeﬁmths@fl’dlﬂ gsample {ld)@nd samplerlengtth t her mal

equi librium (4 mautes e off of the steady shear
Vi scosity) bé}tg?é?(?_ﬂear? ‘ﬁuﬂ@?{g?&%g&gﬁ °<§83ﬁ#‘?'ﬂ% ’@93@{? on begun. During
this time \Ahideesaréwaﬁ@mlaaerh@e isyepertadhiTegsilemodails i medsukdiatthe t he sanpl e
chanber is pur | s. at arate of 400 sccm During the

ed Wt itro
reaction the"\'t%b'@ﬁéf %9“'%?&‘“‘%35% aiNCUWBt ors the strain resulting from an

appl i ed ggnanic- %e%ﬁtaﬁlaﬁéeswakéﬁytﬁ@mx/éﬁtﬂ@)ham{skwm& segments of |ess
than a conplete cycle are used calculate the strain at the applied

pr ogr annmabl e betweersabout4g aﬂ@ﬁb@t‘épo brreradetenminedsby the polafeg@rhiGhear nodul us
(G), loss muitodS driged area@gm%e%c&ﬂhﬁ\égnsfouihen%véreﬁ%'ﬂqqaé éheg%nd xposure tine.

As the reaction proceeds shear S | ncreases a to >0.1
MPa, and tanwih g m@sh@uppait. ol lénsasrexpased td arf atriasphere of bemidifiedn 1. For

T e < o Gy bl Febludes Fiplh b8 sl FRaRlrafUbhfal an © eaval s
20 polarographic oxygen sensor consisting of a 4 mm 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)). V
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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20 that G reaches 100 Pa (shortly after the gel point), the reﬁ)td,(n%%hizgaeson
the upper plate is renoved so that the gap between the upper an ower

pl at es can W@pH#3R1as the reactive nononer mix shrinks dub¢HBS@EBE3 1t will
be appreciated that all of the tests specified above have a certain anount
of inherent tfagidtior miezsuredathedurfgte of thequartzwindgwowittedn H4480A are not to 25

be taken as absol ute nunbers, t nunerical range a on the precision

of the parti@ggENre4INg qu'glfﬁ@% §65591 'F&Qﬁ'(?ﬂ@a f?ﬁ@‘ﬁrws@?ﬁ’?%wmf he fol | owi ng

exanpl es ar ey g/ Wﬁ@f&ma{)eﬂl@rt%ﬁs %d fﬁl?éd?& 450 94C | Aftértapplogimaigntmion. They are
met hod o

meant only to suggest > C practicing the invention. Those
know edgeabl & thexde-gassedireactyssmixture ispjaced an the lowerplates¢fdhe al ti es nay fi nd

ot her nmethfod he€] : ' LO0; hods are
Geened 1o beMaPiafth 6,25 kifalmier R oleils o EHEYE S0 PBIRITRRCOL 21,006
WO 03/ 02232 1alfeve théSo@emste Jwfidre itfio héld until @ftetthe essiction washed thegekd in t he
I bel ow. GVA 2- ' ' . .
gf‘ﬁe”f’hﬁf_ , g_;ﬁé’y@r ?Qg_sgmplgﬁ% @?I,%gl,n 'té _rqaagb ﬂg@plﬁguﬂnbﬁum (~4 minutes,
-1 (trinmet hyl gdehoyds b R ]
N, N- di net hyl géct%w%érg(%]etﬂé EJ'IVEHEE% Zéfﬁ%?g%%rﬁgfﬂ%gtsﬁ@?fﬂr% '%%BIVB 800- 1000 MW
(M) nonormet Shattesis openedandithe eaastiorbegynBung thisdins whiethaisampled |

ol ydi me | Si S . e
Do i o et R s Abgiumn e SRR Pombets RUSEP MDIS9 Ry 1850 1. 1
E) ng)Z lél S_nd géhs a’l*a[)mtéroﬂ?@)tyczdnzf@w}'ﬂg_ tb@m}iod«bédrwnmwh cﬁ@tinuously_ e PUP

i s(2, 6-di met hoxybenz -2.4-4A-trinet hyl penty. osphj ne.. oxi de
pol y(N-vi nyl mBW‘%%ﬁ\e(fﬁé@)ref%"\gif%"éa'%?pn'ép @gnq:émﬁg%épqsgmqa N product of
Reactive Bl UgodeawHerdiie segfmeARTE IdsBGthn d confpidteByde dreQised/ts. Pat. no.
5,944,853 15 | PA isopropyl al cohol D30 3, 7-di nethyl -3-octanol nPDMVS- OH

mono- ( 3- net healeyate the sitakial theanpiied programmatip siresse Mie RaMBELET nono- but vl
ook o) ECMASHEE b9 ML) el SR () o0 v ol
(v*), as a function of exposure time. As the reaction proceeds the shear
| modulus increases from <1 Pa to >0.1 MPa, and tan d (=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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| RIS 3-nethacryl oxypropyltris(trinethylsiloxy)silane MPD

L 10 March 2006
3- net hacryl oxypr opyl ( pent anet hyl di si | oxane) MM
3- net hacryl WW%%;I bi s(trimet hyl sil oxy) net hyl silane AcPB/EUS02/28613
bi s- 3- met hacr yl oxy- 2- hydr oxypr opyl oxypropyl 25 pol ydi net hyl si | oxane
Triglide tri propyTrefelidwingabbretiatdns ateesed @Cthe@kxamples below:

oty (N vi myl (EVAY | coRdyoreclAcit 2A b RERMERE IS 1 vt ensi ¢y

s measured using an Hq(tﬂ,ﬂ@mgqsuy])aﬁl}]@mk@ﬁ (jptopoxydoropyl ¥&ter 140A sensor.
Exampl es 1-10 34 10 March 2006 WO 03/ 022321 PCIT/ US02128613 The reaction

cormponent s arfMAi | uentN.Ndifosthylaeyla@iden Table 1 were nixed together with
stirring @ r,_@m&dng f?fhggFoxgaﬁﬂﬁtméiﬁ’é&Waté hours at about 23C, until all
ved.

conponents were di sso e reacti've conponents are reported as weight
percent of almPBMSct i 860-d066H Ve Ms monamethacrioxyprepy! tesmingteghmonser cent 5 of

final reaction mxture._Th ti ] . s placed into thernoplastic
contact |ens nolds (nﬁbbél&ﬁ%{ﬁﬁ%gﬁgla@&dﬁ%@g‘%ﬁ§%rs of ethylene and

nor bor nene olNomioed f RqE-RydesxyS-methscrpiidxyeti®yishenyl-adibehestriamleng Philips TL
20WL03T fluorescent bul bs at 45C for a nutes . in N2. The nolds were

b 20
opened and I&@é§59\eré51e(>\‘lgﬁ)atl!‘i’\9c?fi1ﬁ’(ygroé)?‘gtélp%“ypﬂﬁ%“y%t%Qﬂq of 1PA and 10

H2O, and goaked in | PRispd 6 e 1RoKybéRONRD Aldlfrifhetiipen osbRinBOUrs to renove
resi dual diluent and m)géo'rrer s, pl acegﬂ?n'to dei or‘r?i‘pzegpﬂgébflor about 30

m nutes, then equilibo¥ded in borate buffered saline for at |east about 24
T A o SRy ol R apT e B gper (o= of the resulting
Si GVA283028. @hEHBMA B rédCtdd prydRckefReaoivelBiue € @nd BIEMA, as described
DVA23. 51724. 523. 52020|2n4 )?a'nlllag %f UE%E%&ZQ&&Q&43129. 8150
15 IPA isopropy! alcohol
D30 3,7-dimethyl-3-octanol
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propy! terminated,
mono-butyl terminated polydimethylisiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
20 TrEGDMA ftriethyleneglycol dimethacrylate

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

AcPDMS  bis-3-methacryloxy-2-hydroxypropyloxypropyl
25 polydimethylsiloxane
Triglide tripropyleneglycol methyl ether
CGl 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



TRI S00000000150 HEMAG66. 166. 535. 52. 980 Nor bl 0¢2202. 02221. 900 C1§ 0
118500, 9811. 021111110 TEGDMAL, 521. 021. 51, 511. 51, 902 TEEGDMA000. BOGBT1E°H ue
HEMAO. 0200080 08¢3324PDVS- OH0031. 60000000 Dar ocur 000000000BCHY$03/28¢380
0R3261723232932281727 Pro erties YEWC 36333940363739254829 35 10 March 2006
WO 03/ 022321 PCTITH8GEARBA tL3mpbuknts meBdiBedt]pie)iseedeTale 13veresi ) %

El ongati on30125014729428130824525836428 25 64726561 /2 (advanci ng)
DklOSlll_lOll@‘ﬂ?‘fﬂé‘i@%i%&é@ﬁWﬁSm@@@@%ﬁ'ﬁr’%ﬁ%ﬁ’”ﬁ? _ﬁ@aaia B8R ot e cont ent
2. Dynami c cgpt af borpSHehts WEB HilseidedV THE feBitive GbMBbReHts BrarradsieBuf fered saline
using a WIhelny balance. 3. Oxygen perneability, edge corrected, in

Barrers. 5 Tasweigbtpereeniof akr@npnvwompmgrgmw fhﬁéﬂuqf]ﬁ!,s weight pRRNtT xt ur e
oS LGBk, PRl e e pha phamlBlle L1
contact lens molds (made from Topas® copolymers of ethylene and

norbornene obtained from Ticona Polymers), and irradiated using Philips TL
20W/03T fluorescent bulbs at 45°C for about 20 minutes in N2. The molds
were opened and lenses were extracted into a 50:50 (wt) solution of IPA and

10  H20, and soaked in IPA at ambient temperature for about 15 hours to remove
residual diluent and monomers, placed into deionized H,O 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 resuiting
lenses are shown in Table 1.

15
Table 1

7 8 9 (10
EX.# 1 2 3 4 5 |6
Comp.
SiGMA 28 130 (286 (28 |31 |32 (29 [394 (|20 |68
PVP (K90) 7 10 (71 |7 7 |7 1|6 6.7 |3 |7
DMA 235 (17 12451235120 |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 65 (3 55 (29 (8 |0
Norbloc 2 2 0 20 (2 (2 (2 19 (0 |0
CGl 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 10.02 {0 0 0 0 |0 0 0 0 |0
mPDMS-OH |0 0 316 |0 0 |0 |O 0 0 |0
Darocur 0 0 0 0 0 0 0 0 0 1
1173
D30 % 23 |26 |17 123 |23 |29 |32 |28 |17 |27

Properties

%EWC' 36 |33 (39 [40 [36 [37 [39 [25 [48 |29
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properties and wettability. The contact angle (DCA) of Exanpl e4§ i Sspel 0O
10 high to forma lens that would be clinically wettable, and t e nodul us
may be | oWé@0¥0aiidesired to provide a mechanically roblﬂéﬁT/WSé’ﬁ/é%lExanpl e 9
contai ned the | owest concentration of SIGVA (20% . Because the SIGVA had
been reducefModgiss PVPsgoyl7g be1taided t p6T hps0 of éaul 992 op431n3|12§3 |1 provi de
a conpati bl ;jﬁf}ﬁﬁ Il on| m xtjure. | Thug, these pxanpl es{ shoyw t hat 119 SIGWA is

effective i fio 1380 PV AT ok NBpg 308 5245 | 25 nB6H| 23dh| and PVP are
present |en l/ Hﬁ%bl‘i’ﬂggf %s;g y\gg?d@?l ‘3219 0 g?’“gﬁi‘ii‘ﬁ‘ properties

can be made‘ H{g)aw fdrm of ~sur/face| nod |cat|on anp 11 20 Lenses
o0 rolling cure

havi ng t he Foattr-of-af—toarpl = c} T

intensity. 14 mechan @,ﬁ B‘ﬁgpamﬁi eg@?r wipmehdglrnmp; Pdé . bel ow. These
| enses were BRi cal | / evgl uat pd ugi ng ACUMUE(r) 2 | enseés ap cpntrols. The
| enses wer el G@MtEStd) 6lpatilentslin 4 daily w nodel (nightly renoval) for a
period of oné Eewlbrumwalercontedk t he PLTF- NI BUT was 3.6 25 (3.0) seconds
conpared to B. Bynamicrodad angle. measured WRiERhysiologicahiesate- bpﬁéredfsﬁkﬂﬂ sur f ace
deposi ti on wdsingya Wilbeimydalence sl i ght for 50% of the test lenses and 100%
for the cont38.0Dxygengesneability, edgenvractegain Bartespt abl e for both test and
control I|®nses. 36 10 March 2006 WO 03/022321 PCT/ U502/ 28613 Exanple 12

Exanpl e 11 was r eate ept th t.he nS| was reduced to 1.0
mV cn2. The mech pégquﬂ?)p%l‘%@mqleess‘ﬁiq ah%ﬁ‘a ﬁ@de? €2, below. These

| enses were &mwnemslaﬁdmmemsy mVa&réd\éUEétahnaay,lvﬂﬂeesu as controls. 5 The
test | enses were worn 15 patients in a daily wear node (nightly

renoval ), i nPfGM'é'"SyEC‘?a&d 'anﬁﬁﬂa&ﬂg@f‘ %?@'eﬂfe@@%ﬁd’ BRChENI%UE(r) 2 1ens was

worn in the t W( 2 (1.7)
seconds conpg@g%{%og%oe\gé{{afﬁ%ﬁ g%ccgﬁ%? dgﬁuf %Pﬁfé@q éhe front
surface tepobigh t@nrmﬁr@ﬁmwumllnﬁawwwleﬁ end theimagulusimayd i ents for

Do 10 et ohhnghRkdal 558 o JASoBRIETRR I B ESATReED o Tor Dorh s

contained the lowest concentration of SIGMA (20%). Because the SIGMA
had been reduced Iess PVP could be added to the formulation and still

! (¢

U 1O

provide a compatible reaction mixture. Thus, these examples show that

15 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
20 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

25 (+3.0) seconds compared to 5.8 (12.5) 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 {enses.
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Modul us (psi) 687487 El ongation301315223 DCA627756 Dk103127102 enekd 2006t he
mechani cal properties for Exanples 1, 11 and 12 are 15 consistent results
for mul ti plwonso®Rinif the sane nmaterial. However, the clinipPCRIUSOrB613l ts for
Exanpl es 11 (uncontrolled cure intensity) and 12 (low, controlled cure
intensity) agga,ﬁﬂpqgant ially different. The on eye wettability after one
week of wear l e asured by PLTF-N BUT) was worse that the
ACUVUE(r) 2 |ensefs<a(r@ e611wasae9¢ata¢laxmt%atth@ weeng@gs'tyauawﬂ@chhan slight 20
surface depo Th ( ntensity cure)
di spl ayed si S‘)m ﬁgvg/ tl yﬁl'égmrggsée aiLﬁr é§ﬂ§§§rtetrg§5ﬁe{dﬁbﬁﬁ wgs measur abl y
better than AﬁéﬁéUE(sei werd dinically évaluated ushPACHNUESR leasésaasenodtzplsm tions.

Th trolled /i d t ed h
et tabi 1 By The it baseavere warro Gyt o 8B Med TR QBPIE han convent | onal
35 Lo oce! tamont 3 o6t b5 @AY AR PATANCUV TS FH,38613 Exar es

13-17 Reaction m xtures describ Tabl e cont ai ni ng | ow or
hydr oxyl - f un¥ormdahe costralateral @uﬁeAt:Qfmweh the P%EMEUT Wwas 8thigdd) Exarrpl es

Si GWA) ""erelg&ﬁ)ogs %rﬁ&rﬁ@féﬁé@ﬂe ﬁ%b&?d&%@ﬁcy%ﬁ@tﬂm&aggéﬁpﬁpr 16 hours.

Even after rs eac reaction m xtures renmaln oudy and sone
cont ai ned pr sarfasetdapesition Aasgradedgiope to Hightfor athot the patients for bethcoul d not be

k301212188 o SFerdimnbiue 3o Toe melamendisrtasasns 1 %t‘ia%d?'l?f‘ioo‘”ozo ™

control lenses.

Table 2
Ex.# 1 11 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
resuits 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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HEMA252537. 58. 08. 0 TEGDVAL. 01. 00. 832. 02. 0 Darocur 11731.01. 00. §3#10% %OGDBO
92331312727 10 Exanples 13 through 15 show that reaction m xtures w thout
any hydr o0 e3mzrseti onal i zed silicone containing nonomer FCH/EMA/28613 NnPDIVE- OH)
are inconpatible, and not suitable for maki ng contact |enses. Exanples 16
and 17 show that concentrations of hydroxyl-functionalized silicone

contai ning 15 nononer |ess than about 20 weight% are insufficient to

conpati bi | i zzxa 31T ant anounts of high nol ecul ar wei ght PVP. However,
conparing Exanp : Q4 - of i nol ecul ar wei ght
PVP (3 weight O%Q g%%'%"h@“ﬁr%%[géégggghdd?@?? Fﬁ?gﬁgg""g’c!?rg?? F%I e reaction

m xture. 20 hyBrok@-futkstiohalz@0 GilivkDe@dHdEARAhoRETEr IBOReESBdnfesanpl es 18- 25 A

sol uti on of r am of , 1.0 ram of nPDMS and 1.0 ram of TR S was
ol aced 11 o SPNA e in cajsant sHRg oFjoaRtiepe BB B U cd at - about
20 to 23 C VEveR aReMBIRGUrS BadH dfthéX@betion mMigutdsi refaed tbuBRbBhGsdmé) PVP 5 (K90)
and 60 parts DVA was added dropwi se until the solution remained cloudy

after 3 ni nioataingd peeqipitatasg Actordinglysthess reppliongnxkueTaMIdNab b8l end  was

determ ned i SprB orted as the "nmononer conpatibility index". This
test was rep%g??ad ugll?ér%e (Ex. 18), MBM (Ex. 20). MPD (Ex. 21), acPDVB,
where n=10 (Ex. 22), acPDM5 where nkdhde 8 Ex. 23), 1S GWA-3Me 10 (Ex. 24) and

TRI S2- HOEOPZ-Ex—25r—as—tegt——Sst+H-cone .ﬁ‘..o er.a—+A—plpce—pof |IRS. Table 4
Ex. #Test s e- ARG M nopEr-SHHOR—RDN “*cg at :Lb]i lity index
18Si GVAL. 83140MResiicRN 074 0l 20MBMD. 093:10

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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21MPDO. 052: 0 221.911: 2 acPDV5 (n=10)"' 23121:2 acPDM5 (n=20)* 246’M]a5c4r§606
| Si MAA- 3Me 250. 113: 2 TRI S2- HOEOP2 260. 64-11:1 MPDVS-OH 15 Structures for
acPDVB, i Siwews/@d21and TRI S2- HOEOP2 are shown bel ow. acRENIBRUS02/28618r ages 10
or 20): 39 10 March 2006 WO 03/022321 PCT/ US02/ 28613 0' ~~Si O Si ~v~0~0" OH
\' \ OH5 10 g8 g—l@EQ?ZO~O 0~1Si Nsi"~0~OH )2 2 iSiMA3-M OV 0 O
O ~~SKOSr 1Ne results, shown in Table 4, show that SI GVA, acPDVS
(where n= 10 andA@mtloanm ﬁ@m@ojﬁ%r@%@mqfwﬁwsrap@ﬁ&@mmo a bl end of

AL it L T AR
15 nononer s. abbiati20 tocZBﬁﬁmeba miagnetig sir barca selutimmfaerpartg (witpPMPer s havi ng a
5 (K90) and 60 parts DMA was added dropwise until the solution remained
cloudy after 3 minutes of stirring. The mass of the added DMA/PVP blend
was determined in grams and reported as the “monomer compatibility index".
This test was repeated using SiGMA (Ex. 18), MBM (Ex. 20), MPD (Ex. 21),
acPDMS, where n=10 (Ex. 22), acPDMS where n=20 (Ex. 23), iSIGMA-3Me
10  (Ex. 24) and TRIS2-HOEOP2 (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 31

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 (32
TRIS2-HOEOP2

26 0.64 ~11:1
MPDMS-OH

15
Structures for acPDMS, iSiGMA-3Me and TRIS2-HOEOP2 are shown

below.
acPDMS (n averages 10 or 20):
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SR

conpatibility index of greater than about 0.5 are useful for q%@&%g%ém ng
hi gh nol ecul ar wei ght hydrophilic polyners |Iike PVP. Exanple -
Lenses wer gyg@dgsbsi Ng the reaction mxture formul ati on gicTlsar®sss 1. The
pl astic contact |ens nolds (nmade from Topas(r) copol yners of ethylene and
nor bor nene obt ai ped from Ti cona Pol yners) were stored overn'bght in nitrogen
(<0.5% 02) befor use Each nol d was dosed with 75 | reacti m xture.
Mol ds were chkQse W@W dﬂc\/ZS
intensities in |ca9ed | Ta@le fQ f re fomﬂadl ation of the
nmononer m x using visikye light fl \nt bul bs, cuyygng at 45C. The
Intensity was varied by using a variable balast or light filters, in two
steps of wvaried intensity and cure tine. The step 2 time was selected to
provi de the T@SW i rradi ati on energy (about 830 mJ/cnR) for each
sanpl e. 40 006 WD 03/022321 PCTI US02/ 28613 The finished | enses
wer e dem)l ded using a 60:40 m xture of I PAl water. The | enses were
transferred to d/jar containing 300 g 100% i sopropyl alcohol (IPA). The |IPA
was repl acedsevelly 2. houts f 10 . hours t hggénd of about 10 hours, 50%
of the |IPA wasyTe MSI&TS&M@ Di te?SandtheJar was roIIed
for 20 mgwtes| After 20 ni putey, \50% of the | PA Was renoved and repl aced
with DI water and the jar was rolled for another 20 mnutes. The | enses
wer e transf qgihsige Packi ng solution, rolled for 20 mnutes and then
tested. 10 Table 5 Step 1 Step 1 Step 2 Step 2 Advanci ng Ex. #i nten5|ty tinme
intensity time Contactgpme

0

YL OL 0\/\/ Si(OSiMe;);

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 -

10

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 pl 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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MWV cn2(m n:sec) MV cn2(m n: sec) Angl e 271. 16: 555. 51: 2851 1 281. 13 mbeénh 23062155
2 291.111:035.50: 3555 1 301.76:305.50:3550 1 311.71:375.52:2155 1
321. 74: 045 %@ 03@8R1 2 332.42:525.51: 2862 6 342. 44: 365. 50PEEY#2/28613
352.41:095.50: 3578 6 The contact angles for Exanples 27 through 32 are not
significantly difhedinfshbd ldnees Wéﬁeidtmddwtusmgapﬁmosmrxmré of PASi ti es of |ess
t han about about 2 15 mWcn? gow d(? |rrpror&d vveg{l@ égy, for this |lens
formul ation Welgar Ehelegses wereian gfered tp 2igr eontaining 3pRAd0RY ISORRRYE of skill in
the art wll gm t { t s those used
I n Exanpl es 3 ngﬂﬁ‘i1 ?hﬂﬁwaf%?fab&%?\ﬁ;f?gé%@ﬁrqocﬁlﬁ? é/tg’la%ghoawbreover It
shoul d be nopkabouh# h@v&rﬁQ"/@g@the IRAwag temayed apgheaplased withBlawigres 33 t hrough
35 are measu S f , | enses of
Exanpl es 33- é@nb{pggps%%"%ﬂ@?nzgdg“ Eb%sgfrt%b Ogﬁ'g{r}lieg'@ﬁéf{tﬁg 'PAQES Exanpl es 36
- 41 The r eargmoved andpeplaset withfDikwatenand tie janwasrobédfod adothert 20 elther 25% 25
or 40% D30 as.dilu I n accor th the cedu anple 1. The
resul t ant re%%e'%e%?’ﬂﬁeéé”e\ﬁ% @%ﬁé@ﬂa?mﬁoﬂﬁﬁgtr&e%@ﬁga | ens nol ds
(made from TaaRsdd andapertest@ar s of et hyl ene and norbornene obtained from4l
10 March 2006 WO 03/ 022321 PCT/ US02128613 Ti cona Polynmers) and cured in a
gl ove box under a nitrogen atnosphere, at about 2.5 mWcnR intensity, about
30 mi nut ?é and the tenperatures shoggbien_,[ Table 6, below. The | enses were
ro 0

renoved m t he nol ds hydrat ed an cl aved as descrl be in Exanple 1.
Af ter hydrati pa—theshaze—valgies the— ed. The results
shown i% Tabl =% 318 ?}gt Sﬁ hegrg%ép ?FR@SS vﬁi_\? éin cgd at the higher
t enperatures.| The a8l show on tign of diluent
de(r:nr)eases thewﬁmm&—@%ﬁn ﬂ“'" seé)

27 1.1 6:55 5.5 1.28 51 11

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 2:21 551

32 1.7 4:04 55 1:28 5412

33 (24 2:52 55 (128 162+6

34 24 4:36 55 0:35 769

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 or40% 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. #%©30Tenp. C% hazeDCA 36252530(6)99 372550-5512(2) 100 10 March 2006
382560- 6514( 0. 2) 59 39402550(10) 68 404050-5540(9) 72 414060- 6532(1) 66 Haze
(std. dev.wolBdmmesults in Table 6 show that haze nmay be roIdisomeBény about
20% (Exanple 41 v. Exanple 39) and up to as nmuch as about 65% (Exanmple 37
v. 15 Exanpl | " Govelt A8RLhiBb&erEatm @@t ng di | uent
concentratloﬁcoﬁ?)gn%é@;éng@;%ggrease r?Zzug gf/@be%gv%en gﬁ'{éut 40 and 75%
Exanpl es 42-abpul 25 s8W/cmé indengitycabioubsl mindtesanhibetenpesatyrs showminTabl e 7 usi ng

th 20 , t 25C and
intGensi tsrocﬁa%%b%?? ﬁ%@sré.we\lgéekécﬁén ﬁometnalah?&nsgﬁ tﬂ%tggggﬁd i's rggorﬁgd in
Tabl e 8. 25 altdulaved abdesotidé it Exdmtid 1. AftE\RIBatioR 3héBBze02RIe82B8th628. 0

mMPDVS31. 1..028. 028. 8.028, 0 P 00.0 4 04.0 =10

DVA23| 52%3523"5353’95% etganined. HE%%\@DQE %%8‘”6@ g%bﬁésbm'f nld%QT%l 51.50. 00. 0
Nor bl 0c2. 02 i RafifeRAvdd reau&ddaztw.wr@ma@%reeoma/rmga&om US02/ 28613 PVP

(K- 7.07.07.07.07. 07
that as the concentratnon of diluent decreases the haze also decreases.

10 Table 6

Ex.# |%D30 mp. (°C) { % haze DCA(°)
36 25 25 30 (6) 99

37 25 50-565 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 4247

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 28.0 280 128.0
mPDMS | 31.0 31.0 28.0 28.0 280 1280
acPDMS | 0.0 0.0 4.0 4.0 4.0 4.0
(n=10)
DMA 23.5 23.5 23.5 23.5 240 1240
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 . 120
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shown in Table 9.

# Conponent s 48 49 50 51
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

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 ™~~~ "
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
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
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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52 53 54 43 10 March 2006 WD 03/022321 PCT/ US02/ 28613 Si %303%?9%%@%%?80
PVP6666766 DVA31313130303131 MPDMS192223. 516. 5192528 AcPDMS 200 . n=10)
HEMA9. 858. $i® Bp56410. 512. 5 Nor bl ocl1. 51. 51. 521. 51. 51. 5 CG PCT/US02/28613

8190. 230. 230. 250. 4800. 230. 23 CAE 18500000100 EGDMAO. 40. 750. 8000. 750. 75

TEGDMAOOO0O. SE Al T HElyrOT9g 0. 035000 G40 744 o[BI Ugilg 24U4027. 339. 425. 94040
Di | uent AAB Cpyp CONp PEOPET ETES 17’6‘)_%'5474 ¥ 749

VAL e AN W a Yo twd = 2 4.7 AN mlfad a4\ £ § 1. \ [\, 1 o4 H
Elzf)ﬁ)ggg.l( Z)I)q7f]- UMAr?UUééz .\;é gi)éz 3 zlgtﬂrc lédaln,Bdg} |3|.fuw Lﬂ 9+7A76955496367 (pSI )

MPDMS 1 27 235 16.5 |19 25 28

AcPDMS 2 0 0 13 0 0 0

(n=10)

HEMA 985 |85 |6.95 9 6 10.5 1125

Norbloc 1.5 |15 1.5 2 1.5 1.5 1.5

CGI 819 0.23 10.23 |0.25 048 {0 0.23 |0.23

CGl1850 |0 0 0 0 1 0 0

EGDMA 04 1075 |08 0 0 0.75 |0.75

TEGDMA |0 0 0 0 15 |0 0

Blue HEMA {0.02 [0.02 |0 0 0 0.02 [0.02

% Diluent |40 |40 27.3 394 1259 (40 40

Diluent A A B C D A A
comp

Properties
EWC (%) 45 45 47 49 47 49 50
DCA 52(2) | 51(7) | 74(10) | 108 | 75(6) [ 47(2) | 56(11)
(advancing)
Modulus 91 77 69 55 49 63 |67
(psi)

Elongation--| NT -|232 | 167 2715 2564 (110 |124 -
(%)
Dk (barrers) | 54 60 78 44 87 59 60
Diluents (weight parts):
A =72.5% t-amyl alcohol and 27.5 PVP (Mw = 2500)
B = t-amyl alcohol
C = 15/38/38% TMP/2M2P/ PVP (Mw = 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. Atone week the PLTF-NIBUT was 8.4 (+2.9) seconds compared to 7.0
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M Dk (barrers)54607844875960 Di l uents (wei ght parts): A = 72. 504 taioo0s

al cohol and 27.5 PVP (Mv = 2500) B = t-anyl alcohol C = 15/38/38% TMP/ 2M2P/
PVP (Mv = 28D03%02281D= 57/43 2M2P/ TMP NT - not tested ThuRCIAN22864% 48 and
51 show that formulations conmprising both 10 hydrophilic (EGDVA or TEGDVA)

and hydr ophof¥13)ceesk foraisv/ B PIivisks.pTie/reht serfdceadisveetd Yidposgitdn conposi ti ons
whi ch di splay an excel | ent _bal angce o roperties including good water

cont ent, mdé’?ég@dﬁ,ﬂo%'@tsﬁ%tlf?ﬁ%%%%Bﬁ?ﬁtsdﬂﬁ' tE?Eﬁ%@EPF%. 15 Exanpl e 55
The | enses ofobxERWan 889 WRESNIF ieRs&s2 The nfdiRinaAt Wak actBptabRiTees were worn by
18 patients |E% a dalwf?y wear rmﬁie (nightly renoval) forsta period of one

week. At onebolbdést andcontrpHenseSUT was 8.4 (2.9) seconds conpared to 7.0 44 10
Mar ch 200§ (1.3) seconds for ACUVUE(r) 2 lenses. The front surface discrete
deposi tion s graded none to slight for 97% of the patients with the test

| enses, cow&ﬂ@&-&gth 89% in control |enses. The novenent was acceptable

for both test armheqenzes of Examnpiess wereiiniosllyeevaliattdeTheleases wéreExanpl e 49
were clinicall Kkeval uated. The.l enses re . worn ﬁ%f 18 g(atc{)gwts in a daily
wear rode (nWgFbX18 Ratstsin a faily weas gadg dnightly sermovalifarka pefodefOngeck t he
PLTF- NI BUT V‘?gﬁlgélgtén%-v@e IRCONFISNEUMRELE 4 (12.9) sbEords: BmpaksBds for

ACUVUE(r) 2 The #(ront surface discrete deposition was graded none
to slighflOf ott1g)Eecdnds for ACAIVUER 2 lenisesy Thedfrard surfacerdissrete depositioned wi th 89%

in control | Vi | euf est and control
| enses. 15 Eﬁ’gﬁgf"gegggﬁ% sﬁéﬂégérséggfo@%%{eggﬁth\}gé (taesgﬁlh%séal | y eval uat ed.
The | enses wesrapare® with B9% Icqrittal lenses. i The mavement wessaccepidble(for ght |y renoval )

for a period of  OR%nd control lenses.

15 Example 57
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
rolied overnight.
The reaction mixture was placed in a vacuum desiccator and the
35 oxygen removed by applying vacuum for 40 minutes. The desiccator was
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week. At one-week the PLTF NIBUT was 4.3 (1.9) seconds conpar eg, M%rc?rﬁ)oe
(2.1) seconds for ACUVUE(r) 2 lenses. The front surface discrete deposition
20 was gr ad03@281t o slight for 70% of the patients w t PGTHESREEHS | enses,
conpared with 92%in control |enses. The novenent was acceptable for both
test and conbacK fillke With itrogBn.s Cohtactienses weeadrined byeaddingon bet ween cont act
angl e neasurenents ipJ[OS for Exa qugggh.n ver sus S%Qfor Exgrnme 48) and
clinical wet 8RpyeXMatehn 1090 thedegas isNaieftel 10 the copeayR #ont GHvVexanpl e 51
25 versus 8. giag 3¢ POPASEQEopelfEts 6f ARlencaRMirGmar dlindd wmne hydr ogel

| enses were nmade usi ng conponent’s (expressed 30 in weight parts) listed

in Tabl e 9 amigonaBolymiers)maldicayities ivrigleve iewitoniregennusgescthe mpided t oget her
inajar go i ] | Ining the reaction m xture
was pl ace%l o{rllvgée Ja%sie%%ﬁfhl &E&&%ﬂéﬁeﬂgﬁéanve}gb% Féegﬁrg\glgr%%ﬂeg. The reaction m xture
was pl aced i Rolymeszatiomwhsarriedtont urded a nitegen puge\and was photoinitiated appl yi ng
vacuum for 40, m_nutes., The desiccator s 4 Mar ch 6 .back filled with
ni t r ogen. CoW{tg‘étm éﬁ%zé’l- v@feehgpggqp‘g@t@ﬁ%{%?ﬁl}é(?lugl'ﬁaqq.p}(ﬁg%gﬁ ¥ithao. 10 g of the
degassed | engLipatpghbsgHor.t nﬂémriﬁ%m 28 fhinutéyat 459C MiRe midlddSvePé opéARaS( 1)

(copol yners of ethylene and norbornene obtained from Ticona Polyners) nold

cavities in Ahgrentavefiantgurve reriangd &he lens meld wasdlaes indo 8 spRicatiadl osed with

pol ypr opyhen : P ' Lon. was carried out
Cnder a H0 ¢ CaREsoRR Mode 1319 i eldrizeg vialort Bl rEboRiclR®, 20 2

| i ght gener a(temhperatung atdd@thbuntaf Eween)tshow it Fable 1t Ehe léns deblqokosphor. After
curing for 25 m.nytes .at._45 e, molds were opengd. The concgave front
curve porti oﬁrnSf's %h?@'m'%kgblﬁgpdﬁﬁéenﬁ?%WEF& ql"r?LrERg{@ﬁPEPQFT 1P bat h
(Aquasoni ¢ npgebntdétBnseent ai ni ng dei oni zed wat er under the conditions

(tenperature and anount of Tween) shown in Table 10. The | ens deblock tine
I's shown in Table 10. The I enses were clear and of the proper shape to be

contact lenses__Tahle 9 Ex 538Fx dable%s0rx 61 Sl GwA’ 053 23.23.0 nPDVB
1.71.71.71. 7 Ex. 58 Ex. 59 Ex. 60 Ex. 61
3.05 3.2 3.2 3.0
SiGMA ‘
mPDMS. - - |- A7 o AT e 1T 1.7 o =
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
16
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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DVA3. 23. 03. 13. 2 PVPO. 60. 60. 60. 6 HEMAL. 00. 80. 81. 0 TEGDMAO. 20. 40.13Q42:ch 2006
Nor bl ock0. 150. 20. 20. 2 CE 18500. 10. 10.30.3 Triglidel.51.51.5
2MRP2. 52. 5WE03/B2RVP | ow 0. 51.51.50.5 MV 15 Table 10 Ex. BEHURZ263een]
(ppm Tenp (C) Debl ock Ex. #tine min. 62588507510 635810, 0007010- 15
645807520- 22 65588502210- 15 6659850853 6760850856 68618507518 46 10 March

2006  Exanplerafifle Boe | enses of Exanple 59 which were debl ocked in Exanple
66, were further hydrated_in deionized water at 65C for 20 m nutes. The

lenses were 5 thEnelensesof Exarapie58whighovere deplaeked in Example b, weleut i on and
al l oved to eqiynbt H&gﬁét‘éd frPéei@rﬁzéd%&r Alp8e( fogﬁol?ﬁ?hlﬁés. THEleh ewere clear
ape to The |

and of the proper e contact | enses. enses had a water
content of 48%n transfedet into béraibufiprdd saline sdldtionaand altowéd to7aBp4libeatel a Dk of 61

doqr cos.  Thi ©ohARecaRtt ARSI lon e erl BBt E R R b B o 1
| eachabl e hyde epftabtilenses! Fhé RInsesadhpater Gontent of 43%, a modulus of 87
psi, an elongation of 175%, and a Dk of 61 barriers. The lenses were found to
have an advancing contact angle of 57 degrees. This indicates the lens
10  surfaces were substantially free of leachable hydrophobic material.

Example 70
The concave front curve portion of the lens mold from Example 61 was

placed into a sonication bath (Aquasonic model 75D) containing about 5%
15 DOE-120 in deionized water at about 75°C. The lenses deblocked from the

framve in 18 minutes.

Example 71 (use of an organic solvent) v

The concave front curve portion of tﬁe lehs mold from example 61 was

20 placed into a sonication bath (Aquasonic 75D) containing about 10% of 2-
propano! 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 debiock |
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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The concave front curve portion of the |lens nold from Exanpl e § g%@@ced
into a soni‘gg&g@n l?ath (Aquasoni ¢ nodel 750) contai ning agﬁﬂi} '\;{g -120
&2 fr ﬁ

at about 75C. The | enses debl ocked ane in 18

m nut es. Exange 71 éTgse of an organic solvent) The concave front curve
portion of t Hexamaleb2oe prrafwesnapd £5%) Wass!0 mipules.adBus, thariese™¥ oni cat i on

bath (Aquasory Lo 0g, 0% i i oni zed wat er
at 75C. The Eé%’gé@%%@?%ﬁggﬂ” %}f&bﬁgoﬁaﬁncgaﬁnﬁﬁsh%%@ﬁ%k %’g?'%vﬁggn Tween was
used as the danhulatiorewitiiout imolugingdow niodecdizo weight hydroghilicolyb@r in that es. Thus,

t he present exa k.e shows that organic solvents may al so be used to debl ock
| enses conpri F‘ﬂ@ WYYHw ol ecul ar wei ght 25 hydrophilic polynmers. EXAMPLE 72
(containssno | ow nol ecul ar wei ght PVP) Silicone hydrogel |enses wee nade
using the formul ation and procedure of Exanple 58, but w thout any | ow

nol ecul ar weiE3aMPRJB The 30 fol | owi ng procedure was used to debl ock the

| enses. The conc éJnQé\}eMé@w@?@%&o%ﬂ%léﬂ%ﬁn&lﬂ%n{@a wagiced into a
soni cati on bath (Aquasonic nodel cont al ni ng about ppm of Tween in
dei oni zed watplacediintad sorica8i6Q batfi{Aquasopies’ 51) domteiningabeatt% ofdn t he nol d. The

debl ock tine for the fornul ation whi ch ,contai | ow nol ecul ar wei ght 35
hydr ophi lic B‘ﬂpﬁﬁ@ra"(%‘f:p?‘g"%@'"f%’]‘?ﬁfﬁegtwagﬂ)atgﬁﬂ%rﬂ%ﬁ %ﬁ?ezfr debl ock
condi ti ong 4debifckedrferm e Hame ih Bo201RE mirfides. TS, IpAses bitRyprégedit 75C) was 10
m nutes. Thus, the present Ex e shows that debl ocking cannot be

) anpl : 2
acconpl i shed NVENYRRwHich,R Hot GoRtainpw m?'?ﬁ‘#ﬁﬁmghéhy%’@mm&%ﬂlﬂi ng | ow
mol ecul ar We'bg'&EblB&KUdQBThb'dn%c@@b%é‘&ﬂuﬂoﬂ cbh?risiﬁgawg%wc%weﬁt. Exanpl e 73 The
concave front curve portion of the lens nold ffom exanple 72 was pl aced
into a sonication bath (Aquasonic 75D) containing about 10% of 2- propanol

an organic sg! %E@s';gqgei oni zed water at 75C. The | enses 10 debl ocked form,
the franme in i nutes. Thus, |lenses of the present invention which

do not cdstain | diermolations and lersegiwere ydide pcdrding twEyaraple #8\but With debl ocked
using an aquegus SOl ihlsat pRSRitatar 1625D. 5 S0 %1.95! SLFRG at 45°C with

Philips TL 20W/03T fluorescent bulbs (which closely match the spectral output

in deionize

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# | W% | Advancing DCA | Gel fime (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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Exanpl es 74-76 15 Fornul ations and | enses were nmade accordi ng 56’ o8 49,
but with var anmounts of photoinitiator (0.23, 0.38 or 0. curing
at 45C wit WO %/’/ﬂz%zbs TL 20W 03T fluorescent bul bs (which }Eﬁ%@?‘}sﬂﬁtch t he
spectral output of the visible |ight used to neasure gel tine) irradiating
the nmolds at 2.0 nmWcnR. The advancing contact angles of the resulting

| enses are shown in 20 Tab8e 1. Rl e [11 Ex. 3&W %Adyanci ng DCAGel tine
(sec) 740.2359(4)65 750.388&(6)p/ 760.580(7)51385 Exam pies 77-79 Cel tines
were neasured for the fornulratron of Exanple T af-45C at 1.0, 2.5 and 5.0
MV cn. The resulfygy @é@ts%‘ﬂEX‘éh\%lé’s Taﬁfh'r&lglazm%Wf&gﬁ%'coﬁﬁareﬂ' ntensity) gel
time (sec) nWcnRl 77152 48 34 Theresults of Exanples 74
t hrough 76 amﬁhEXamhlﬂaabﬁW@Owh@ta&Swl tlrwas h\CEaéﬁpfiQi@bmW ipprovesow t hat as gel

times incgea ra , jghts can be used, in
coor di nat?on%&ﬁ‘? m%}cé??f?%(é%ﬁ%e {fﬁga rregéﬁjr'e ;r{l-twéiﬁ CP%éteEﬁ’grm ne suitable cure
condi tions f afeasurgments, palelemaine stitabieltareiconditions fohagivempolymeor system

Exanpl es 79- % 10 Reacti.on tures wer e made usi ng reactive conponents
shown in rmulation,ang phedginit gre'ﬁsﬁ Abn all reactive conponents and dil uent)
t-anyl al cohol as a dil uent and 11 % PVP 2,500 (based upon reactive
conmponents). _ Amounts indicated are based upon 100%reactive conmponents. The

reacti on ni kxemplesd8B3 pl aced into thernopl astic contact |ens nolds, and
i rradi at 4@ Reaction mixtures were made using reactive components shown in

Table 14 and 29% (based upon all reactive components and diluent) t-amyl
‘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 85°C over a period of 15 minutes. The lenseswere ... .. . .
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 15 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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15 using Philips TL 20WO03T fl uorescent bulb at 60C, 0.8 mNcq%,\?,QEhgggélt 30
m nut es under nitrogen. The nol ds were opened and | enses_were rel ease into
dei oni zed WR#¥R233t 95C over a period of 15 minutes. The TERU¥Z2¥dl e then

pl aced into borate buffered saline solution for 60 m nutes and autocl aved

at 122 C for 30 mn. The properties of the resulting | enses are shown in 20
Tabl e 13. Tabl e ThBleER shoas Rt additimmpd RYRtdsargatiteiyp de0ea®830 PVP01368

DVA3736343129 MPDVR2222222222 HEMAS, 58,58, 58, 58 51 51.51.51.5
O 5150, 250 CopE B 555 106 28 %'%?WWBB‘P%@S‘F%E&%%P%%‘S DCA
122( 8) 112( 6)16%(ahd a8 $iftid)dsH0s e creases ey Rarhio zoAt8étanie(By dtdlt 50%( 2) 12(T) - 49

Tabl e 12 _shows that the addition of PVP dramatically decreases contact

angl e. AS little as |% decreases the dynam ¢ contact angle by about 10% and
as little a@xgg{wgéagg_gases dynam ¢ contact angle by about 50% 5 Exanples
84-86 Silicone hydrogel |enses were nade using the conmponents listed in

Tabl e 14 and t hebilioohé bydmgelienses wareomadeusing:the comporentp listetiins and di | uent

T e T80BR Bhe e SR RBEIE, 1 F 0 Bl e 2 ot et ng the
reaction m xtur eTheagadlive eosipoments araicdilentavise md@dasgether dt icom
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
SiIGMA 30 30 30
PVP 6 6 6
DMA 31 31 31
MPDMS 21 21 21
AcPDMS 0 0 0
(n=10)

HEMA 925 1925 |9.25
Norbioc 1.5 1.5 1.5
CGl 819 025 |0.25 |0.25
CGl 1850 0 0 0
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oxygen renoved by applying vacuum for 40 minutes. The desi ccat ¢§ MaRs 20RCK
filled wth nitrogen. Contact |enses were fornmed by adding 15 apgroxi mat el y
0.10 g of tWeo¥R3Rdsed I ens material to the concave frontlh'm@’é"2 YPde of
TOPAS(r) nold cavities in a glove box with nitrogen purge. The nolds were
cl osed with gEoDMApPY! enet.@onyéX badd curive nol d hal ves. Pol yneri zati on was
carried out UnugeIpmAN! triq@en pgrgej{dnd wgs photoinitiated with 1.0 mWcnR
of visible |iHiePEMN aT[AY US|90 20@/ TTugrescent lights with a 20 TL-03
phosphor. Aftfer—currng fior I5(ninuotes at |45C, the nol ds were opened. The
concave front SYEDOT R TR | d was pl aced into de-ionized
wat er at 95- 1 ‘B&J&?hﬁ e tqsbd} 1[9\,' 4.?’5”:: I's shown in Table 14. The | enses
were clear a Jg?%??cm%repef rape-to—be-contact | enses. 25 Table 14 EX.
#848586 Conp j 303030 .- DVPEE6, \313131 MPDMS212121 AcPDMS 000 n=10
HEMAQ. 259, 25%.%‘\No.rbl SClS. 1550) (BB 100, 250, 250. 5 CA 1850000 50 VO
03/ 022321 E vaneging) . 0| TE 000!Rl ue HFMAOOO % Di |l uent 40. 040. 040.0
Di | uent conpHHBEZBCAS3( 3) 5B(3) 58 (&@)arjci ng) Hazel5(3)22 216 2
Deblock Time |3 5 8
(min)

Diluents (weight parts of diluent):

E = 62.5% t-amyl alcohol and 37.5% PVP (Mw = 2500)

F = 62.5% t-amyl alcohol and 37.5% 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
5 pyrimidinone

G = 62.5% t-amyl aicohol and 37.5% ethyl-4-oxo-1-piperidinecarboxylate

T (.

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  at50°C, 0.8 mWicm? 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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Debl ock Ti me358 mn 10 March 2006 PCT/US02/28613 Diluents (""‘?b%crg@@ of
diluent): E = 62.5%t-anyl al cohol and 37.5% PVP (Mv = 2500) F . 9%
t-anyl al comob3/et137. 5% 1, 3-di net hyl - 3, 4, 5, 6-t et r ahydr o- PCT/US2/28@3
pyrimdinone G = 62.5%t-anyl al cohol and 37.5%

et hyl - 4- oxo- 1Nmrpie¢ | di nelcrsboxyl ate Thus, Exanpl es 84-86 show that a

vari ety of refl@@sggagent|9.26 e pseful for inproving debl ocking. 10 Exanple
87 A reactio WAE Wasp Jrade| using reactive conponents shown in Table 15
and 42% ( based—upom.attt Teactl ve conponents and diluent) t-anyl alcohol as
a diluent. The reaction m xtures were placed into thernoplastic contact

| ens nolds, and irradiated using Philips TL 20WL03T fl uorescent bulb 15 at
50C, 0.8 nW @E&x8mblerg8about 30 mi nutes under nitrogen. The nolds were opened

and | enses e rel ea onj zed t at roomtenperature over a
period of 15 rWF?ﬂJ? ?’ﬂ%éMéﬁ)gg@ 9@1"?"?“’\1\% é&aced into borate buffered
sal ine solsution fgyg gpgg[bgtLMQR E1{mohd-ec3-8 fooyl étRér 30 mn.  The
properties of the resultl n Ienseg are@C M&@pr’ﬁp¥l§% P912 20 Table 12 Ex.

#87 Conponentie/mBiadwlydipethpsiexane(tef0d ) 1 A6 monetbacndigracid, #5103 10 Mar ch
2006 VO 03/ Qraritdmihe 2hd502/ AR AroquiNBhe mBfidmatntetheP el combined and

heated to 140°C with an air bubbler and with stirring for 2.5 hours. The
product was extracted with saturated aqueous NaHCO; and CH;Cl,. The

10  CHCi; layer was dried over Na, SO, and evaporated to give 94 g of product.
HPLC/MS was consistent with desired structure:

e SRR ¥

15
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TEGDMAO. 4 Exanpl e 88 Preparation of nmPDV5-CH (used in Exanplesﬂfhan%gog of
Gel est MCR-E11 (nono- (2, 3-epoxypropyl)-propyl ether term nated

pol ydi net hyl si | oxane (1000 MN), 11.6 g nethacrylic acid, 0.10 g
triethylamne and 0.02 g hydroqui none nononet hyl et her were conbi ned and
heated to 140C with an air bubbler and with stirring for 2.5 hours. The
product was extracted with saturated aqueous NaHCO3 and CH2Cl 2. The 10
CH2Cl 2 | ayer was dried over Nat SO4 and evaporated to give 94 g of product.
HPLC/ M5 was consistent with desired structure: SiyC4H9 OH 10-15 15 52 10
March 2006 What is Clained is 1 An ophthal m c device conprising at | east one
hydr oxyl -hWwWhatisi @amhédRd silicone-containing nonomer and an anount of high
nol ecul ar wei ght hydrophilic polynmer sufficient to provide said device,

wi thout a surface treatnent, with an advanci ng dynam c contact angle of

| ess thang about ARQphthalfit AEBbMbASIHE Bt RRASESR® hiGloRgl-fihcliGgizedne
hydr oxyl -functi onal i zed silicone-contal ni ng nononer and an anount of high

nol ecul ar wei ght siliegne-ephaining pengmer asdfan ameynt of igh vejeselarayaigitevi ce,

wi t hout a surfac j, fed ) el 1 G, | e which
is at |east aboﬁyd@bﬁ)ﬂ:%?r#mé%ﬂéggg%énggg%g%@t&ggﬁ{}{a%%&g%gﬁge for an
opht hal m ¢ devi ceatmerit, @itk @anraalvancing alynamiéd coritgctrangle of lespthamatsout3. An
opht hal m ¢ devi cg gconprising at |east one hydroxyl-functionalized
silicone-contain ﬁg nononer and an anmount of high nol ecul ar wei ght
hydrophilic polyner sufficient to provide said device, wthout a surface
treatnment, with tear filmbreak up tinme after about one day of wear of at

| east about 7 seconds. 4. The ophthal m c device claim1 wherein said device

is a siligone hysy ggthafrfiBidevicel sprising dtleddtighz HRRPExyI-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 dynamic contact angle which is at least
about 10% lower than an advancing dynamic contact angle for an

ophthalmic device which does not contain said hydrophilic polymer.

3. An ophthalmic device comprising 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 tear film break up time after about one day of wear of

at least about 7 seconds.

4, The ophthalmic device claim 1 wherein said device is a silicone

hydrogel contact lens.
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5. The ophthalmc device of claim1l wherein said hydroxyl- fungdjanadoegd
silicone containing nononer is present in a conpatibilizing effective
anount. 6. The ophthal m c device of claim 1l wherein said hydroxyl
functionalized silicone containing nononmer is present in an anount between
about 5% to about 90% 7. The bi onedi cal device of claim1 conprising about
1 %to about 15% hi gh nol ecul ar wei ght hydrophilic polynmer. 8. The

bi onedi cal device of claiml further conprising O to about 80 weight % at

| east one additional silicone containing nononer. 9. The bionedi cal device
of clai m furthethecorpihalMisgdevies chAIM TovheleingRaidoh¥drokdast one

hydrophi || ¢ monogetcklis b SBbATRANGRlIn SR schgheRiinoger <ing about 1

%to about 15% hi no ecu ar wei I'i'c polymer; about 5 to about
90 wei ght % hydr omdmnmhdhir@mfedlgdamduntone cont ai ni ng nononer; O to about
80 wei ght % addi tional silicone containing nononer and O to about 70 weight
% hydrophi lic nononmer. 11. The bionedical device of claim1l further

conpri sing, a hazerhedpiehalédic desise lof drirabiomkeréfsaid Aydidxgl funetidtiizel devi ce
of claim1 further _conprising a haze value of |ess than about 50. 54
silicone containing monomer is present in an amount between about

5% to about 90%

7. The biomedical device of claim 1 comprising about 1 % to about 15%

high molecular weight hydrophilic polymer.

8. The biomedical device of claim 1 further comprising 0 to about 80

weight % at least one additional silicone containing monomer.

9. The biomedical device of claim 1 further comprising 0 to about 70

weight % at least one hydrophilic monomer.

10. The biomedical device of claim 1 comprising about 1 % to about
15% high molecular weight hydrophilic polymer; about 5 to about
90 weight% hydroxyl-functionalized silicone containing monomer;
0 to about 80 weight% additional silicone containing monomer

and 0 to about 70 weight % hydrophilic monomer.

11. The biomedical device of claim 1 further comprising a haze value
of less than about 100.

12. The biomedical device of claim 1 further comprising a haze value
of less than about 50.
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