Bl OVEDI CAL DEVI CES CONTAI NI NG | NTERNAL VETTI NG AGENTS RELATED PATENT

APPLI CATI ONS This patent application clains priority of a
provi sional application, US. 5 Ser. No. 60/318,536 which was filed
on Septenber 10, 2001. FIELD OF THE | NVENTI ON This i nvention

relates to sil BEIMEDIOADIGCES CONTANNGANTERNAR WEITING AGENT Sagent s,
as well as nmethods for their production and use. 10 BACKGROUND OF THE
| NVENTI ON Cont act | enses have been used comercially to inprove
vi sion since at |east theREQADED PATENTIAPPLICONONSt | enses were made

of hard material s ,and,as such were sone t unconfort . users.
Modern | enses hajg'sﬁi?éerﬂ’?i@ﬂﬂag'\‘?'éF%Wr{OH%?QP?VWEQPWﬁ%W?’teUIBS'

mat eri al sg t Bt flal 80y31Ry586 aghwasfitbdarSeptambar I, 2001.i cone hydr ogel s.
Silicone hydrogels are water-swollen polynmer networks that have high
oxygen perneability and surfaces that are nore hydrophobic than

Ihydr ophilic. TBese Ihenses prp;zi_g@m'm@q;\/h&wel\[ of conf g_rt to many g
ens wearers, but_there are sone ser?l o.experience disconfort an
| Pk DBtFopiL ez P

20 excessive oculTals iepti relstes &oygificoge f1gdrp tPanfain gfer U8 when

using these bﬁaﬁfﬁsw’émia§meih§@mméipaﬁdct@ﬁmem@ has been attributed
to the hydrophobic character of the surfaces of |enses and the

interacti!®8n of those surfaces with the protein, |ipids and nucin and

t he hydrophilic surface ofatkeroysD & PTEESNVENBCONied to alleviate
this problem by coating the surf dr.ogel contact

aceﬁcgf 25 'sj Lbi%cone h%/

| enses with hydr &sRtact lenses fayeRpen usee FPramersiahkindmeigie VIRGE S oat ed
| enses havi ng |LaWMHeNGEOE RN borftidtienees Werasdef AsE nidriatl shgl osed.
| ncor porating 1 nternal

hydr ophi |l i c ents (or t{ing agents) into a
nmacroner conBafYEnere %&WWHEWPWWS'%H%E‘S%éeMﬂ‘ﬁ%Enﬁgsenf?’eIQB%{%ver, not
al | 30si li5copeveffed ﬁiaﬂhr@%d@i@fb\‘éﬁﬂéfﬁxa@iél@.'té\pﬁcal!?mb@é& bidy with
hydrophil'ic polyners. Mdifying ghe syrface of a MI’ICI article by
addi ng pol yneaitiguaslysiisenerydiogale-sStiePng NydivgRs arewateizqed BOYB¥m t he
article has abH@rksefMnalleidrasgshn ddaveatiity aldgirfadiss that avé Mmore

improvenments in wettability and_reduyctions:jn surface deposits are
not |ikely. hydrophobtp@y%yﬂ%:pta(}r ﬂ'é?qea%qﬁgs ng)e adgjood fevel o? cngorttto

pol y- 2- et hyl p@npkag Rbis, bavRrdaresomedrerstwhoaxpatibhegeiscoptompasi tion to
forman interpenetratin ree of surface

, net wor ich shows a | ow de
friction20a PW%@WP&S?W“%?‘E"%&G%CW ﬁ'ﬁ“ﬂ@ﬁ?‘@@’h&f’%ﬁ'f‘gwﬁﬁsi t
resistance. (dpd&y Ghis distBmyiing @eposits hasibeni aaributed tithe hyasahobic e
ncor por at 6. FRFUOLRC RS Hetes nd et ShRE iR
i ncor porate , ,
wi t hout | osi fHa fidEiRRids@RBAAth B tHeyhydrophilic Wifakeof the By be possi bl e
agents T hto sili Coes Ao 3 S bifSalm Y comed o Be 11 cul
to so: ubizlb! ZQili&dheh?@f@éélQ&\iﬂ&tl@nﬁésﬁﬁitWWdfdphmOOcﬁalihgs,si.zd:h' spiesna |h n order
brepol yer s RRINGD6 Ultted HeS B0 PR deRE L AT P RS B8 her s
nmust be prepgiBdsddn a separate step and then subsequently m xed with
the remaining ingredients of the silicone drogel for ation. This
addi ti onal step g’éﬁm%"t@ﬁgj“tefﬁalihH@P@réltce@ePﬁggrgﬁ?gﬁ‘gaﬁgﬁmﬁﬂggoﬁ me it
o produch o e o cre s el T oo ont Ly v AbLe to .
al | ow i t $0us éiligane gopigintng Facromess %ﬁ%%ﬁmpég?é[%wt%ﬁ?éfgph% p?ﬁ@le@f ore it
woul d be adV%deéls&ﬁacfabﬂﬂp@ymmrﬁdﬁt@}%ﬁdgqmlytﬂwtau@es not

require the use of silicone macroners or ot he%é.lpre olymers and is
suitabl e 20 PufaciapisdnA@dPIRBgF MGUSAGIR omn Ygaticedas ASaTREMt . SUMVARY OF

THE | NVENTI Ojisclosed. HIB\GevRF, RE8RY in vid¥ Gfigrb@indrd inhvegalliy wel t abl e
silicone hydroge?s formed froma reaction m xture conpri sing,

consi sting essnlianain surigee dapogitsase 8etlikgy-of 25 at | east one high
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The present invention further relates to a nethod of preparing a

bi onedi cal device conprising, consisting essentially of or consisting
of mxing a high nmolecular weight hydrophilic polymer and an
effective anmount of a hydroxyl-functionalized si I i cone- cont ai ni ng
nononer to form aPQIHVéWIPYEQJﬁGm& GYF) airrelycrethvig-exazalingdiaye pesn "The -

present | Ve b Ulyofolichbod b ffm o ierBAdiath ¢ Mo Sk

consi sting essenti al or consistin of (a) mxing a

high 5 nol e@hwsamq?gteeww@pﬁfﬂcw. pgﬂwdféﬁ@ @i afdialdgh ve anount

f hyd d (b
gur ?zg %/h:aog)ré%@JéQSFBl?d@bé'%% t?h o or m%ﬂga}b@ac&pﬂ%gﬁscgn (0) The
present i ventsciosedase conventioaal hydiogele and thew isrpe Hisdoswepn hew hy,

i gh 10 ot SRR Aol e ARRERs e sl BRind. il L0, o

of a hydr oxylldsmgondnomari:czmmsi!t}'l cone contai ni ng nononer and (b)

orma wet t abl o oVBRTRER fypRL RlBIRkRidh B NeRRtptiis 7

further rel atemtdmel vetting hgshts ioto si&lnmaiwdmgek[émewe&whbolymegs aof an

T5conai stiPng tteEEimPuPRge bredth ARG AaEPobltAieREE h 3B one

hi gh nol ecul aslubilidedidselwetting gbents, (s:hmeeymomsl oaolhe‘fp‘rqnﬂynm amount of

I
e brosent SO Lok RAdRIRERmAP o B aS BB BT e ovi ng
tI?e wet t abi | ity sepbratenstepatdiatmsubsetpientyerniked witidihk remaiaing eact i on

i ng at | eReteais o T RR RS GRRGR O af R GOR B ana "an

ef f ect i vd5animareasef thaitodt edsthe time ithakes toprbducedhésereriseg. eldorebtercone

cont ai ni ng . X . pr.esent

i nvention s%?&éﬁé%gg%%ﬁﬁggh‘%&wg oﬁéﬁﬁm?d%’é%%é&' rmed froma
reacti on m xsufiidentipwpttalds togllow ds8sestsiagpntastlend wiltlduya odatisgd consi sti ng
of 25 at |east I g
monomer and an anBiRCrer M ke HBbiePas G5 T e SAGRAATHE Bef e,
suf fici ent t ootpequire the mmﬂs@t@me cacrometdwotheapepolimes and écduitade , Wit h
an advan?hngfog E%@@%ﬂp 09{ glﬁ'ﬁaﬁ rQeﬁRleffIbOUt 80, less than about 70
or |ess an a resen rmvention still further relates
to an ophthal m c device 30 forrred froma reaction m xture conpri sing,
consi sting essentially of ?.DWW@F'TI]@ IﬁVEm‘IdI@aSt one

hydr oxyl - functi onal i zed sil1cone-containing nonomer and an anmount of
hi gh nol ecul ar w8hghtesaytdventionirelatep bl wetiabie siliténediydrogels dorpedvi de sai d
device, with t L up tinme
after about @ﬁ{e‘ aﬁg@tﬂé@ ﬁ}&@é% &%@%F'BI ngé‘%ﬁn Bags%n%%l Jégogf:?&g&g@%efqual to
ot great @b tﬁtdeast aer high natetiiarateighbhydrophilit polyaiar MO BEETINecont act

| ens. rogel contact |ens
which is sub 5{5’ F(ITBR%]BEA %‘Ir&g%g%rﬁé'b'hg%ﬁmﬁ%rgl tion wthout surface
modi fication 5 DE‘EAD[&E&IEDES@I@hFﬂIHI'@\Ie@FesIHEIonNUEN‘ﬂeQMS formed ftom has
been surpris I ' i.Gularly
opht hal m c dée\F/l?qa ggos g{\'}?en&’h@ & %t% ?Fg)n F%S%\ﬁ/t\{é'@%gp ' gcﬂgisﬁ@c%fa%ﬂh
wettability, mmietthianﬂetgmhymmmtlmdliymmﬂdmmffem abwuntedien bydréxyk| udi ng

ff j f..a hi . i ght hydrophili I
and-an”of} ectR kel s el BRF ket 1 onat i zed” T O
silicone- clont ait trliThgplmanmmger;:{aogrf]m;mgIeimnea imyadhronignd breperingd at i on. By

t we
cont act - ang! oGRS oplid RSl Brtiith RRA DBl RS PR BB ce 2006
in sonme enboalhighmictecakar weigle thydrbphilic fal#heasndcamgftecthé dnwuat ofiam | ar

formul ati on without 15 any hydrophilic polyner. Prior to the present
i nvention ophthal mc devices fornmed fromsilicone hydrogels either
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30includes but is not limted to soft contact |enses, hard contact

| enses, intraocul ar | enses, overlay |enses, ocular inserts, and
optical inserts. As used herein the term"nononer" is a '
conmpound contai ning at | east one polynerizabl e group and an aver age
mol ecul ar vvelI-gbrbxybfunatmahzeﬁesﬂlsortelmntaMOm[D@rrtebttvsfoma% clesesaltienvi a “gel -

perneation chr [ ef ractive index detection. Thus,
nmononers, ind" galérnggﬁ@%m&é]d in sonme cases oligoners, incl udi ng

ol i gomers nade frﬁmpmeatmwmnomymmrharmbtasdo arethod comprising used

ot or o sur AR ER Bl A BHSnREBr e SRbEE) rAFRRAE, < ot

separatel ¥ 5 ridieakaedeiyia hydphiiepdimerasd treffdcliteyarodunt bisandeiroxg:
Treatments ne because_o h ? ion
i ncl ude, pl \ggwpqqg%dr?@ﬁ?@'c %{P'ﬂq 'H‘@w"be{)g?c{ ﬂ‘i’é; Lﬁrl;lg tﬁ%% lilalggys%}i)v\ever,
coatings whi q&) i§fopviadioniydapbddvices ot her than inproved wettability,
such as, but not Jimted.to nt| obi oat i applied to
devi ces of the pré@@ﬁﬁseptrﬂ‘éﬁﬁ‘? %{Fr’ilﬁg g@ﬁlcgﬁ¥ﬂﬁﬁ% ranges
are discl Ose@oﬂiﬁhﬁ%} ste{ﬁfiﬁily opomﬁuﬂstmg bftie eg;:shfs(a)mkmg@i@cul ar

ecu

based updh  HORFHRERENAYAShHOR POV ShRbr Tl QR VR pol yrr s

mol ecul ar V\Blf@ﬁﬁcﬁwaﬁiw%m@dneaodﬂfa&g@)m@fomeﬁmm adingitte mreducpefistarat i on
chr omat ogr aph

refractive . index, detection a n Dal tons 15
or are rreasur(é@tﬂ?raémk‘? A BVRIHE o] tgg%gqfhm ﬁﬁ"&g%?%ﬁj@ﬁ?émgé%‘”a%scrl bed in
Ecycl opedi a of Polyf@entFoiepioestifethEngiarsas b rEthdd-faf umwowﬁgmbe
Pol ymers, Second edition, Vol Joh CO[I% & Sons

Inc. and repdfeliahiity of go.ophihglouc &yﬁeﬁﬁﬁﬁd %/Bﬁ"é’crﬁf’%{'ron\%’f YRR EY Sphi 1 c
PO: ymer 15 f cop%ﬁstnﬂ@@ﬁehl%ﬂl?bfhndhdahﬂﬁmgbf adtlingart leasi cgbmlgmwgc:)lmjﬁrl ic

ol ymer" refers ces havin e ecul ar
a/el éht of novﬁeggéh nperl ge%é? P’Bﬁ@tmaﬂi P?\ %ai d substances
Upon 'bnfor pok?rhpammteﬁg ﬁ:bhcbrﬁiérﬁeséwwaogﬂm&torerml gt |Tons i ncrease t_heh
wettability of t silj.co ro erred wei ght
aver age erI>/ecuI aPﬁWegfﬁ'ﬂ "?)‘fen' @[ﬁfqﬁ%arhre%gelsz%a ‘\Iﬁg‘i’fpwﬁf%%?’bepm I igc

pol yners is Weﬂﬁdllwoﬂéﬁaiphtablaﬁrtdé.&ﬁfﬁﬁﬁﬁframraeeaﬂleheﬂyadn‘lepomtlsmn about

Lhout 30800065 A SR AT Y SEA SO EAID gl EioMlect R Bk Ll e e

500,000 to ab.@lght Hyd&@nﬁm@ﬂﬂyrﬁai dndras eff@diné braomtt of/at!igast omaehw!njxgleul ar

wei ght of hy of the inyvention can al so expressed
by the K- vaI nga @ﬁor%lcr%%ﬁwﬂqun%og@otsolstasg rﬁ%%' é@%ﬁts as
described in Encyrmb@mdntm\mhtlcﬁoétUIMeﬁeiamm@a hiotheHiogli degiee i‘cmrggad N- Vi nyl

Am de Pol . &
Sons 1 nc. wndReEraeg aith PR Al 50 AP D ng
Kival ues 26 gfleastene hymxyafﬁocttonél&eaaﬁbope-ebrﬁalalhgwdnemaemﬂ about 46 and

about 150. The hi ul ar h| I| I [ pr esent
in the fornuIaQPF'B%Eh'glFmP 82‘8”8%5‘?*?’&@"’? I'C é?ech ¥n§8?%%§a?q

provi de cont @eticd, afisms a sudfaorehrea&nﬁdmoumhsnuaﬂmemgmdltéutaemgleohlesenal n
substantially free 5frqm surface posi t dyring use. Typical Use
peri ods i ncl )L(H?QEEPMI @ag?ssaiﬁﬁrﬁ? %’tﬂ@lﬂr S8 t:{'ﬁa aB‘?"giﬁgrabl y worn sever al
days in a row, anGelpRisent iVeRlioT akHEORIaRA HhavEshtsmiTiesicsi t hout
renoval . Substantially free from surface deposi t'?ﬂl@@f&&? t hat, when

vi eved widh #rEpd iromarfﬁactla@ MY COBPIING: 9SS y at |east

about 80% a@&ﬁ%ﬁ@oﬁﬁ@a@ﬁcﬂﬁ' HydrRRARINCHNUIRY slibehelddnRiri®Pmbsiteri n t he
patient popul ation” di spl ay dGEOSItI ons rated as, none g niL) ght, over

the wear per Bodan 3m°“"t°ﬂl‘ﬁﬁﬂ"8 Fidlarayriaih bydrophiligipgmens wei ght

hydrophi lic vab&E%éld'dBﬁéé’%hBﬁt@@uﬁ%qfeainﬁém a}aﬁlatteéﬁm«i\@reanhr pesCent
nore pref era y about to about 15 percent, nost preferably about 5

to about 12 percent, all based upon the total 15of all reactive
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i mde. Hi gh nolecular weight hydrophilic polyners include but are not
limted to poly-Nvinyl pyrrolidone, poly-Nvinyl-2- piperidone,

pol y-N-vi nyl-2- caprolactam poly-Nvinyl-3-nethyl-2- caprol actam

pol y-N-vinyl-3-nmet hyl-2- piperidone, poly-Nvinyl-4-nmnethyl-2-

pi peri done, paileyabdutone/daydf wearnof &t Igast abeu 7 skeanta af equal to or greater

B T e kS e SR AR s bl v 5
pol y- N N-di et hyl Aﬁe\gibel’imn;b:isgﬁca:sjﬁucbrre)ﬂyldjmlgelémﬁlaptI@J_tslwlml‘lr' ELig'I c acid,
pol yet hyl ene oxi e [0 'Q@o Sﬁ%?éh%dﬁg t?()ﬁacc ari des,
pol ysacchari & §tazﬁ,‘aﬂf€?%f§orgﬁ %885?‘%@{]?" Y PTEB AP HPBck or
random brganched, nultichain, conb-shaped or star shaped) thereof
where pol y-N-vi nyl pyrrgLli i i,cul referred.
Copol yners m ght al so @EH’&EE@ iﬁ%@‘%@a@ﬁ”@ﬁﬁ@m@s of PVP. The
B i e e
medi cal devi é@gﬁ!‘ﬁ i%ﬁae‘ﬂ%éﬁﬁ\’%%@%Eptloﬁeléwi?’%ﬂr. éf’W%'ﬁf?ﬁ]%"%l .lémgound by
any theory, igdurfade Bedificu@d mayak niade bhireluding e efiéaive wabgidf Alyigh ophi | i c
pol ymers are hydrogen, bond I‘%@EI vers i ch IQ. agueﬁﬁs envj ronments,
hydr ogen Hbndelesulgaweiaht ivgraphilie polymerpnd o sEeqtiye POyl OB mghi lic.
The absence Gfingiehdited fdohé-taii@sing Menorera 8 eicdne Gindrogel fdreulagat ophi | i ¢
polymer in the reaction m xture. ide from 15t he Sgem fi cageltc\‘ naned
a

. (L As . )
hi gh nol ecul &Y S¥ePRyRR2IMPHRLIEYK Ve iMeap 81 deRERSE Injapv4NEIng JyRNG & t any
hir{-gh, gvljefﬁl fern\%hré@f gﬂéagg@bmo%\&lb brdaﬁgmggt{[edstmult 0% iri swgrmdt i onI
pr-ovi ae a en sai ol ymer_ is adde a silicon r
f or mul ati on, qrqp@dm}s@pﬁpapq %’C’Hbﬁ(vsh%srco(%a'@ggé sfler UB@?tﬁ’ﬁt“f'tﬁﬁ%y phase
Sepalr ate {g Orﬁngilgdrb;ﬂﬁlfdﬂo%welﬁj Riidt ttha pebséRinventurrdphtheriit ddvidesty to the
resulting cure

Q pol yner n sor dinentfs it is preferred that
the high nol dermegiroResilsape PXFJ&?Q?Erﬁr'EF?@gBS? Waggmggh%tﬁgrqv ® he
diluent at prGes sefsbility oty faimbddom Migust ared dilicbmocoptantresaasoméri ch use
wat er or watﬁtr?_sohﬁle iluents may be preferred due to their
sinplicity an@vipgaydres! Mgehonality  hese enbodi ments hi gh nol ecul ar
wei ght hydr ophi | i gs edyersirs atbiombdied devies” & anyalticlel ikatad designedtesi ng 25
e ot A8 e WSSl S B BT e
si : i cone cglntofmihnhﬂg tisBURQITAGds. | sxamptusrqﬁmawld@ml Elaictm'delguta!rr]ehtﬂ?s_t bone
pol yneri zabl e group hayin n_average 30 ecul ar wei,ght of about
| ess -t han 508’@%5gf°t %{iﬂfﬁﬁ‘a%fa-rsz%‘?%Paga%*lq'?ﬁ&’w#&‘é{?ﬁ%sﬁf“@ﬁ? omat ogr aphy,
refractive i ngiexcdatietsesand comastt phedse mablpefdragdidrraivabdevises 8600
Dal i ons, which,js capable of.c atibilizing the,sili ont ai ni ng
NDNONErs i ncl%abalni'ﬁg‘ﬁ‘@s*ﬂ?@% g})cqn&%pgetsr %RS\RFW“'?W@C%%& ophilic
Ebljym?L- l.’!&/dﬁém)éé n‘fadﬁﬂlbhtsni&briethrwdiogel‘s.ery ef ;i ci egt ﬁ}; i nprovi ng
ydrophilic compatibility. Thus, in a preferre odi nent
hydr oxyl - f unct i orfg? ?sfgd‘eg‘%{rf'itrbeoiﬁréﬁsckﬁ?aqrﬁi ?@ﬁ%}?gﬁg?% r%l?%he pr esent
i nvention comeyiceethat rebig@mtorontheluydr Thase dprioescaamebvie dpicest one
"-Si-0OSi -ngroug., It is prefgrrg%. t ha&. Si | 'hcfoncz. a&ﬂri ts Etached
oxygen accourfPregioniudcaten I8 GeiveRp iggioght UpEPRERE: ©F sai d
hydr oxyl - f uncinhémabieAest eXidtios 8 aemisinationionihege propatiest Thetera lgnsef er abl y
nore than abqut 20 wei 0o OHin the

ht percent. The ratioQ of S t
Pydr oxy! - HundRiksiea PR AOTHER Gren Sariec et TR P55 so0 1 npor t ant
to providi ng igrdew@aagNdes] suaay lefak) ctakr Biérst emboptios irakns.ng mononer
which will provide the desired degree of. 10 conpa i b{li.zatli on, l'ithe
rati o of hydr ophoft ksgddiefgininedymomoPamells afogoundrontaining at leas
hydr o?ylb_- }‘ _U”%E%Pﬁhbﬁﬂdbléérhﬁplﬁ%n@?@ﬁﬁﬁgfno@hﬂaf).t@efigm@f atiut less thar; .
conpatibilizin e rophilic polyner, resulting in jnconpatible
reggti on m xt@%@ﬁlm@géﬁfagﬁﬁjﬁ/‘!ia S‘ﬂ PéB?F@thﬂF#BQ{g@]Y rﬁéﬁ@%é‘?npt o OH
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76 1813 R-R-CR-Si--Si44 25 Rl-.2 KRRRE Rl R5R 144, Il RR
wherein: nis an integer between 3 and 35, and preferably between 4
and 25; Rl is hydrogen, G .6alkyi; R2,R3, and R4, are independently,
C .eal kyl, tri G .ealkylsiloxy, phenyl, 5naphthyl, substituted

Cl. 6al kyl, suR&dx detschsh. PiHBYhenofifers; ifehide timepdandan by tassber e t he

al kyl substltutents are sel ected fr one or nore nenbers of the
group consi st3iEgMese: paludng ligemers fom ppredhaniane marpmets Wiy ani de,

hal ogen, hydroxyl as Gsedraih ,thecahré@l Wﬁ&ﬁéb@rﬁ&tr@ﬁ%eﬁﬂﬁéﬁhsth@ﬂd wher e
the aromatic substitutents are selected fromone or nore 10nme tgrbers of

the group corf® 8xiprigy suffaces okthe Aewicrs &Y g myasentdnvestionasg ot sered
hal ogen, wdrt@%d to FASIORE wekdbiliBpdrihd &@Ic@o'?bé'atrﬁé}ﬁb ey b0 i S

hydroxyl, an al kyl group containi'ng one or nore hydroxyl groups or
( CH2( CRORny - Xforegare trepauisarb theipresgnt Igveim%mgudqaP@ﬁ@?é{ﬁﬁtmer'ﬁo 3, x is an

i nteger of 1§Jr£fﬁn%39atm8%ﬁc§ Pladild. Yngé\lér %Qatﬁq@gwﬁ@ﬁ Fr&tﬁ@kﬂp@ﬁiby 10 to
25; R9- R11 dare i'ndependently sel ect ed fromH aving up to 10

carbon at ons Qiiad thanlippeverhwetiagiliypsuych aﬁ(ﬁ%a@ttbmietémﬂﬁmm?ﬁu tuted with
at | east one pgf (l)ﬁde& a‘gﬁl@'togé\}?éé 10f@1@ p%%ehﬁn\%nﬁén"a' ent group
conprising up to at ons nonoval ent group that can
under freW radi caVarmameCdaW@@hfdafm@FWI?eCI"sCﬁJéFd bereian HocempouRdsng up
to 20 carbon

o 50 eotpen I’%}é@ﬁ@usﬁ%&é R@)I it YRbBHes Qe ﬁ&llﬁ&’@%{%I he rBhdteR MR ST NG up

action m xtures esent’ invention may

‘i ncl ude nor e arhealcubzied b@ﬁ@ﬁwgn the mmcubﬁ@rmtﬂ@mdsmpewn@g@&ml aF el ng
noner . Wé?“ I SN\ bged silicone

rTgnt ai ni ng m?n nnl,:eﬁr)g?-l ﬂ&hbé}?égéﬁ ra(r)é |g’ﬁggl’{'!md t%ﬂZl preferred

R21R3, and Rmerrae@omhre@atogIapbmfraiatwaI@ax R@ta@pn@wrepﬁfﬁ%c{ '"@ﬁ@@@r red

met hyl ang tr, i onal or

hi ghgr) - r%ﬁ%&ﬁfgﬁ&é{y{n@%??ﬁ%&%ﬁﬁ%ﬁégg@%s Ggéﬁfgg%lﬁipat ed

pol yrreri zabl &ngymmglaaaﬁaolmeresmﬁ@ﬂ@ﬁﬂgﬂ%ﬁ@ﬂ-&'@y!&m%Pglvra@réI a

styryl, a G I r I

Nvi nyl I act amé%kl-gé//dl %f/t[oém@tgq? pé% Iﬁggﬁﬁ@ﬁo q’ﬂ@%%ﬂﬁgﬁﬁ %iﬁﬂ%ﬁ?m "

C2. 12al kenyl faysitasyl , or C2. 6al kenyl phenyl G . sal kyl .

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 Dailtons, wherein said substances upon incorporatian to silicone
hydrogel formulations, increase the wettability of the cured sificone hydrogels.

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

30 Alternatively, the molecular weight of hydrophilic polymers of the
invention can be also expressed by the K-value, based on kinematic viscosity
measurements, as described in Encyclopedia of Polymer Science and
Engineering, N-Vinyl Amide Polymers, Second edition, Vol 17, pgs. 198-257,
John Wiley & Sons Inc. When expressed in this manner, hydrophilic



The preferred R5 is hydroxyl, -CH201-1 or CH2CHOFI CH2COH, with

hydr oxyl being nost preferred. The preferred R6 is a dival ent
C _sal kyl, G -sal kyl oxy, C1.6al kyl oxyGi . 6al kyl, phenyl ene,

napht hal ene, Cl.42cycl oal kyl, 5Ci . eal koxycarbonyl, am de, carboxy,

G . sal kyl car eampmerscavipgriiyyaluasef grpientosn abaub 46 pee pretprably tedvsan |
bstituted bst ] i i i ,
subst i tut ed ShRSpatl St S0P The M Rk R h ik DB ikl are
Cl. . 12cycl oalpkagent intherfermuiationsibisbdsedevices iaap agourisuiidett topiovide or
g b ol =
G Gl Kyl - 0r S el WGBSR Rt K AL HIEN ee
Cal kyl car BonyromasudadecdappbitionEiuripgauge. dypiealluge pergfdeinchide Boeds a
di val ent t hyl f i f
adi cal  roacebou Bgp AR fteraty vor A RS Th 8 Ry g R | OFS T P
et her, itacopedferalgy fonp@4 haur€ior satdwithactrginatad, Selestantiallyifde from
Cl. 6al kyl | ami d N- Vi nyl | ' i_gfle" 4 |,
T5o. 1251 KenyPiAvE daposiias e B e Ml i g o Tams- 2 6281 SBEK
02.h6al kenyl prle‘b(;bydnﬁipr&erhhlylat leastabmatsml’zbnhrcd mm}gréfmglglamm%%dhtm vi nyl
t her or i r . T rti [ [ rr 7]
et hacr y 1t o enses er 1 G ol PRt Bl Ry BEs P es el 1
G _eal kyl oxy slight, obex they WearydarioBal kyl , phenyl ene, napht hal ene,
G.12 | oal kyl , 6al k bonyl I .
Q" sal kyl car bonyiSUtgdr BT SEROL Rk VR v BeMB er g 1
Slg'bst i tuted Gomsdbityl toxpoutsilvedight péreeht, Gloré prefyrafy yidut 8 &l dbobit 15
CL. 120yol oal REFSM R araHaty ahdlt B AREL IS PueaR A B PP IORE o wore
g:nbelri ab tb%lg&mﬁﬁecwﬁpdmhizsgg of Gi I_sal koxycalr bonyl , ICl. 6al kﬁl »
-sal koxy, ami al o r 0x car . ar bon
and fornny, The f%?rtnf’ al%gﬁp@/"EF%&E?W%@tMP@?‘@%@&?@?@%@GM kny,
Formul a | thar ar e part Lot ar Ly, prel ol ror are 2o prenena s acld, 2-
et byl - 2- hy BPOE AR sy SIS AR, PR, FoMAAS Bl &°1 ¢
3|0[ (t lr3 i met hy DA fuhdtionslizdd by bapolymekitipg Digdowithpr legeel melat anounibi £h can
al so be pane . ,
(5 et hally ! DromHyeloBR RO SIS BB MR RS YL et byl s
Ihage) 00. . Sl?lﬁblﬁsé&ﬂ@-relsgl_(i@-&)(t @Iyﬁ;egwfﬂbg%terimzuwdm%g%ifg _rj(d&aimejt hag ryl ogy- 2-
ydr oxypropyl gxy) br opyl bi s(& vls L&l dr aoRdPr e
f 5. opBR bl sl dE eosePap A et i d
S Lg\Tnagbovgpdmmde. Hydll'ophilif pr?epolym:rs made from DMA )ér n-:iiﬁyl(;))yrrolidgn: Wig]poun
2-nmet h I - 3- h ' j i t hyl si
ane: 1 sontban BRI BRTERE SE VAL TSk P IR T & 5
have son@sanbenpenet td Giee pdicirevhigh mag beusdd ip cergention withedtiearabl y gr eat er
th bout 1 % I ; W98 10Ct h
R 0 T T T R o
( 3- et hacr y| bigh wididoyidr waighirhydsopbilie ) ghynaepytiyd raxglfumdtionstibed silichox y) si | ane

bi - 5- ot hacPTRe BOhoTE YT Db Ty TR P sommahs Toxane
preferred high motecular 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, poty-N-vinyl-3-methyl-2- caprolactam, poly-N-vinyt-3-methyl-2-
piperidone, poly-N-vinyl-4-methyl-2- piperidone, poly-N-vinyl-4-methyl-2-
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?38 [ | OHOH 3-net hacryl oxy-2-(2-

ydr oxyet hoxy) pr opyl oxy) propyl bi s(tri nmet hyl sil oxy) met hyl si | an /

NN. 79%h os (0.,,AOH ? in -Si- ( Y Y) e © °
SN, N, N1, N -t et r aki s(3- met hacryl oxy- 2- hydr oxypr oPl%;l - ap- bi s- 3-am noPro
Pyl - pol ydi neaprelastamopaipti-viryl-Tatbye2ayrdlsiongreod gely$-dryl 415y ci dy|

met hacrylate w th am no-functi : | S : I
. used as a hy&f"&%&%‘"ﬁwﬁ@t"f’%@b’%ﬁb&%ﬁé%ﬁﬁgﬁﬁ'ﬁék%@@@é ﬁe?o e
tSlHIIO t abld_e h%/drpepérwhy] huallsct[,i pmn;agrylki dcicﬁpulgetbﬂmaamiﬂengolwﬁﬁthwgquin%l ude
se disclosed jn colums, 6,7 an . Of , d1
di scl osed i n?‘EPE'Z@é’f’ﬁ’é”)‘foﬂ%}df%’d’,o}?’f%@hg?%é1'&4@9@?59%?&8@3@%? 4, ?330 g(ige "
gi ﬁg? nggnyﬁnam g@aml . ?@dom. Hr%@ct&ﬁﬁma]ﬁdaaﬂ‘;. t30h-694ped Thetse and any
S or pli I on Ite - el N

et or ence. | sshptedhiaiee! GHF POy FoUBIESIRAP SRV rhis PGy Blsitheb
Qm IOQ/I EL U[‘?ob@l%éﬂsbﬂ%ﬁ‘ut%%p%b :uismmergtaai aupolgmenswbReéPs i ncl ude t hose

e canpaounds di scl os in Pro. ' P Mat. Sci.
Eng., April 13- 17T,hefg§'7'?°l%‘.’”f?2 WegﬁghWé%hﬂ'ﬁ pf"ﬁ%ﬁsgrc}%{ﬁ'ﬁé%g%dr uc:E ur e?l
Compri s H on e P e Ft o arouT wi (1 ot Lepet one. R

. ' r Wi t. .
conpri si n@ a?bﬁ?ﬁ?@ﬁ?tﬁ%‘ﬁ’ﬂ@"g?%ﬁ‘ﬁ?%w ng gggwtgﬁ%wfé}s E%hc?b%f:} e?ggl 5
ﬁygr Sg(ylco ]ETEL gffdtg% h:i‘@h mcéiecu_lair weighglglidrapaiia bolgmetsalod leydrogen bond
- i onal1zed silicone, t 5 [
T e sovesce ruEE Sk R aB ot o
:) Egsgyg[] (r)é?/r; ;bfggtsr}]g% @ﬁgtgw}te@?rlarm?mpmiliwiﬁnelememlmlerméwmadfaciﬁtatehtras l'i quid
- i y, disti lon t ' ' [

or their for HETGIpIHAgT b HEobyeE i trcionr st A% B on
condi ti ong anmgk dRafkAPhamed highs mokOSe weliHtdydropraicpotymeds ilis

¥ om Gol est . HPRESANBHATEDEN MEFSRA VRN EaBrE” HUILE PEHEE fohal
P)r/g:n og : efs gnﬁuﬁgﬁ@:\g{ﬁ\?@dma}t mgm?gﬁpdgmis adder to arsilieoreigtiogelavai | abl e
di scl osed in f@]’f’@@ﬁ?%@%‘; %\f‘{llE?p iﬁ@%"i’f@%&@%??ﬁ‘oﬁ%ﬁgﬁéﬁ* @%é"g depafigoeaur es

from the reaction mixture and (b) imparts wettability to the resulting cured

20 polymer. In some embodiments it is preferred that the high molecular weight

hydrophilic polymer be soluble in the diluent at processing temperatures.

Manufacturing processes which use water or water soluble diluents may be

preferred due to their simplicity and reduced cost. In these embodiments high

molecular weight hydrophilic polymers which are water soluble at processing

25 temperatures are preferred.

Hydroxyl-functionalized silicone containing monomer,
As used herein a “hydroxyl-functionalized silicone containing monomer”

is a compound containing at least one polymerizable group having an average
30 molecular weight of about less than 5000 Daltons as measured via ge!
permeation chromatography, refractive index detection, and preferably less
than about 3000 Dalions, 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



15 hydroxyl -functionalized silicone nononers may be made using the
procedures disclosed in PCT/JP02/02231. VWi | e

hydr oxyl -functi onal i zed silicone containing nononers have been found
to be particularly suitable for providing conpatible polyners for

bi omedi cal dempethilihanthupan gipcefeed eybodjmmant w%wl-a@vﬁmé&ed any

functionalizeg 20 sili Wl - \Whi : merized
andl or formed |Fmeocogk%nﬁ@ﬁo®?ﬁgbﬁh€greg%ﬁpmgﬁfgwgov&ﬁm P%él\%lﬁ%sge egct ed
hydr ophi | i ¢ dydgylgraus amd gt lbastose 8Si-Gbi{grbipe Ifis poféraddhatsdicdonsi | | cone
cont ai ni ng nmon

Ters na ele j t i mer
conpati bilit ”? gg ?&aqhﬁé{f)ﬁrﬁgﬁ?(écso@hﬁﬁ%ﬂgﬂp gﬂ%no%ﬁ%gf;@n\!v%wt%mm?
nmono- 3- metShacaid hganryidmetioratized sizbesicontaining mutgrhert mone prefertly 25
pol ydi et hyl si | oxane . 800-,1000) and a nononer to be tested
are nixed tod&® "@H&gﬁgmgﬁgx%%?e@;7-dinethy1-3-octanol at about
20C. A mixture ofTheZatieof@ito QErin thekySOxyRidAcliond|ifd sileorgghtonfemings DVA i s

added drop-wi se to hydrophopic co nen olutign, Wwth.stirring,
until the solMAPEAF ﬁ@ﬂsgilrﬁgor%pﬁtgﬂorv)ﬁqgeq 't'¥ci‘?xggf[“ﬂqq'r‘?ﬂ?15§& SHC%Bi r ri ng.
The mass of tchetaikgesbnbinenehid®wifprdvide therdeddbiidegreeet er mi ned in gramns

d d t he, tibility ipdex.. A .
hydr oxyl - Ran@PPERRRIE2EE- 418 AT BERPIPRT PIToR R aniandhe,
conpati bi | i t wydreggfurefiorai@atsiitondmondher ngy depoomaticempatibilieing they

greater than about  O. rans and nost preferably . greater thapn about
s i OB b d Sl B R St dGa tiyRs Rloordhafy,

'r']%'l‘j f ectiv%e amé'?mmodgné@miit@dﬁirammﬁfmtabmet mmp?m; of the

y roxyl - uncti on Zzed Sl 1 ne-con i nononer of the I nvention
12t he’ 5 anoBATATBENCEDRE D BRI 3t o BT GRS BN

ol ecul ar{aneiagbholé ksveqidiidedGmpralydesmpatibllity bempdrbe to oomiznent s of t he

Cont ai ni ng. roleaRRLE Taaee SLAyRIne L koS gt et MmN R BB 1 c

pol ymer whi chf hysirakgrfinctiohdliRedrsiliconb yditaning nfonomei wil @bpeneandioli cone

cont ai ni ng nonoyrer . bei.n eeded t 0 ca i Qi l.ize higher
concentrati of&€ YﬂQ@WE%WHFP&55@#@%@P?°@g&§%??@%méﬁﬁﬂﬂﬂgysvjme

hydr oxyl - f ungegrea & wiiettths isiitaerantamiigandriongr somompeatibiawithtiepol ymer
formul ati,gn in¢clude about 5% (wei ght percent, based on the wei ght
percentaé@ 0 Wﬁﬂ@“Fé& M%e conponents) to about 90 % preferably
about 10% t o aboutxaBf¥s ohigiroxy!-fhetivakizyd sikdoaaco@ing malbmats 50% 151 n
addition to the high nolecul ar [ hydrophilic polynmers and the
hydroxyl-fungFﬁgﬁ n?@8m§§F?UBﬁ%ﬁégﬁmaining mononers of the invention
ot her hydrophilic and hydrophobi c nononers, crosslinkers, additives,
di luents, polynerization initators ngy be jsed to prepare the
bi.omedi cal devices of the invention'’In agdition to high nolecul ar
wei ght hydrophilic pol ymer andR20rhyrrmiysi-Rancti onalized silicone
cont ai ni ng nononer, the hydrogel for! Iat&pns may i nclude additional
silicone containing nononers, hydrophilic nonorriers, and cross

| i nkers txg gi ve the bi onedical deviceg of the invention. Additional
Silicone Containing Mononers 25Wth respect to the additional
silicone containing nononers, am de anal ogs of TRI S described in U S
4,711,943, vinylcarbamate or garbong e gnal ogg decribed in U S. Pat.
5,070, 215, and sil oxane contaiini ng qonod%rsBCDntgiqed in US. Pat.

6, 020, 445 are usef ul and?tH%s§"d?GT lhoﬁed?pﬁ&é%ts as wel |l as any
other patents nentioned in thig8 sp figati omglare hereby

30i ncorporated by reference. Mre specifically,

3-net hacryl oxypropyl tris(trinethylsillbxy)silane (IR'S),
nononet hacryl oxypropyl term nated pol ydi net hyl si | oxanes,

pol ydi net hyl si | oxanes,

3-nmet hacryl oxypropyl bi s(trinmet hyl sil oxy) nmet hyl si | ane,
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5,484,863, ethoxylated al kyl glucoside, as disclosed in US 5, 690, 953,
US 5, 304, 584, and et hoxyl ated bi sphenol A, as disclosed in

U85, 565, 539, reacted with one or nore nolar equivalents of an

end- cappi ng group such as isocyanatoethyl methacrylate, nethacrylic
anhydri de, nethesgnyl oyl chloride, 25 vinyl benzoyl chloride, and the

| i ke, produce_a, pol hyl ene | t erm nal
pol yneri zabl d fgPﬁﬂt%.gib%ﬁi‘%%%9&%%@%@@%&%@#@??& pol yol
t hrough | i nkiRids hlregien 63.c8liigh as car bamate, urea- or ester groups.

ol Lo o R R, LA I
hydr ophi | isc ﬁ@pgmﬁ,ze{nbamﬂemonmn suuﬁtiteteupsaql,ionsaulsautdeeﬁuaphw.

4,910, 277, the discl osures, o i are,._incorporate er ei

ref erence and poIWFé?(ﬁ"Fé'ﬁ‘Y' SF{%%@?@? grlersgl&ctggﬁ'p i OREl '“HEFd’PS‘Bﬁ?f iyc
mononers are N, N-ofghengédpdonsisyrgatCdaaticiidabonyd; Ciysaikpix@ edatikpky,

ot hacr o1 am de. - a0PRPPBGRTH SH ORI ORMBL el BT AT ans

mr)]norre]E hac_rylhatheawﬁaﬁéhl_hlafél‘dtﬂaéti@ sagstititen®cary belectedirsh algnipmﬂ‘ei nat i Olns I

t her eof t rophi li ¢ nononers, conpri si.n n rticular
preferre 1\.8| Addi %/i ’B?TEtPe’?&fdP%BWPP F@sﬁ@%%‘ﬁai%‘%%féﬁﬁﬁi n am)untg
of about 0 to abogisaikékyWrde Ricgeni9irekaRasbofl, @Rekyicarbamtambout 60 5

and nost pref erabll}égf about 10 and 50 wei ght% Crosslinkers
Suitabl e crossli fREWE are conmpounds with two or nore pol ynerizable

functional grEyPsydrokitearcaliag ghoup kertainby ofteorivate apdiodyl groops;lay dr ophobi c
and in 10 sone emnbodi 3?1 og t he ,gr&)zfnt i nvegii &rn I XtUres tOf
hydr ophi 1§ ¢ ARGARGAR JRHOET - WBPEESt it hiocs S9ETRY Ader HOARITEST B ovi de
sili cong 1{5ydr1qggllj(§_i;#fér5bljfmr§9waﬁ m@ébmﬁr?mywiotagl; RP eﬂgcﬁd hazi ness
conpared to a n Le : anpl.es. of sujtabl e rophilic
crosslinkers "?dﬁewts’a@f‘vé@hﬁ@ﬁ@f%%%wwpfﬂJ‘%ﬁ%"“&ﬁ%"%@’?@% e
functi onal gmewagaép RSI0Watbon atontyysdbstinhed with 4ttewst orenmlar iilmctisralips  such
as polyether, amde or hydroxyl groups. Specific exanples include
TEGDMA (tetr &YWyl enegl ycol di met hacryl ate), Tr EGDVA
E'I[EEE:DE/}A;M e?ﬁg: ycol di et hg_cry![ ﬁt e), Iet h_yldeneg: ycol Fi gpt h?ﬁyl atle t
: enedi am ne di net hyacry cerol dinethacryl ate

and conbizﬁat FoiR? &F@?@SP”E&B’H&%@ (e 2@}’?@% %Oﬁfi’dr ophobi ¢
crosslinkers include 20 nultifunctional hydroxyl-functionalized
silicone contgaini ng nonomner, | tifunctional T
pol yet her - pol éﬁW?WF@F‘I%Q%fggtbﬁa%ﬂ&%hﬁ%@ﬁﬂ?df’°55?${%nf?ati ons t her eof
I o e e e
(acPDVS), hy 863&/‘7”5%‘?@%‘{' Q?ﬂﬁ&%”?&ﬂ'ge{ﬁi%d]%ﬁ??‘@Qérﬁgn #ggjlgbner,
(rjr_'et _haclr ylgaxypr opyeragﬁTog_trﬂfktgremaﬁ&ﬂ PRI inventicamesl) intiudl mereHbarronieat e,

i vinyl benzen -bis(3- .. o
thereof Exyfgy%?ﬁ%ﬁaﬁ%fgﬁﬁﬁ?wﬁg AN

ereor. rFrererr aonsiandtio roxyClunctien on ningc an
conmbi nati ons ther e(; . T?ﬁe{ ngngﬁr% of hydr,gphi Ifi C ‘ﬁ{p AN nﬁer used is
general | y ab8"OHet 8e B2 i Y&Fﬂg%"éﬂﬁﬂﬁrpé? &Y PBATRaEEt 0.5 to
R § A e

, Q .

in nol % of afBiiinstige! @ng OffgeR e NP ERRYY PR3 Rponent s,
8r gf er albl }/ alémytenféalgfblnkﬂur@@dyﬁo[yﬁ;eﬁzmlmgrﬁ}ps%?@hﬁieepr.aﬁetablyocc{aﬁ)rifah) a]E)_out I

.6 Mol e/ gm ncreasin evel q osslinker. i e fina
pol yner has BBERYESuASYDSH & a@ﬂa‘ifﬁ%t%ﬁ?ﬂéﬂW'd%%ﬁé@&cmmﬂ% ", as
crosslinker GROGERRH, AIMHEMIGS! €238Ren3h Oy BaRBHShellyl 15 nMol e/ gm

reacti ve conponents nodul us incr ea?ngs y%)cqve generally desired | evels
(greater thaf2a3iaryrgghihy; or CaprlknyIPnenYCw@lkYlnr esent i nvention the
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25 generally m xed and reacted in the absence of water and
optionally, in the presence of at |east one diluent to forma
reaction mxture. The type and anount of diluent used al so effects
the properties of the resultant polyner and article. The haze and

wettability of th&hdpraterredRe ISdW@fONﬂyCUE,OH PPEDYEtOGHAR, adthi ng
relatively hWB%QQ%ngg”gJ %’r@%"rﬁd andl or decreasing the concentration
I'scu

30 of diluent“use ssed above, increasing the hydrophobicity
of the diluent mayhegreferrad RSWMGIWCﬁ@ﬂwIaCH gliglospnponent s (as

measured by t to forma
conpati bl eyp (?f‘#gﬁg&ﬁ aﬂlry[,ipégng_eﬁébr%ﬂg@tg?lgﬁe %fﬁg&%ﬁ&] Uent becones nore
hydr ophobié, Cpreajkwsarb@yttaeﬂrm cafbcw,s@qtaglkyloarbe'ml aeobeC datkawynt W t h

ndasi rabl y oHedeCrat Lol de oo SodbourSe R MRicierlsh ng

process. Thusubstitutedphenpiens, anbstitutedsepleibtlene, dubstietdd Ghpaybloglikydyvi des t he

desi d ti bi t th t | | f
br ocessi ng. coEEh sa%b@%@%@naeig%%@i?m%n@ww@%%ﬁf“ﬁ%%t%ﬁﬁééaﬁ& of
t h: S 5 i nventcbnmsungof @;Iaielkememsnyl esn;akyfl., Cﬁbfawesmudaj Hejdgei-n,al i des,

S1 | anes, hol.s.an ons

al cohol s re 53@?‘@ &xﬂi ﬁ:lf@ﬂ‘f'lgar %[W efeél?*?’& 'Biprg%ﬁtgzuia& Pre%rr?g% cohol s

are nost prefies ﬁﬁdemlmhwtmdhylmmts Exanpl es of ethers useful as
diluents for this |nv nt i etr dr of.ur an ripropyl ene
I yool mot i ot nHE IR oaBipsis A rarlBHoAC P SRR o
g:(ycol n- but )ébryfa&éjerstyr}dl\@tmwlnﬂ%@,lrwematmgrbuﬁ mlC@ﬁlhﬁﬁcrylaieet hyl ene

wcol methy I I
ool ey el Cheaasn e R R N e el GRAHERT, 12°°
gl ycol maIshyIcz%wenylrﬂmﬁvla%zalmn@wﬁm ogbyealﬂenﬂﬁfwn@m balleA dresr

6 propyten, SLLGE o BE SRLD A5 Rl LB SRS Tk e i

tripropyl ene pgdfaresnl Riis irathatryateher , propyl ene gl ycol phenyl et her

gl ol s and i Xt dredrTREAaTe R AR LS et o For This o
i nvention i n@1MIejlw<y®ysblkgbmmylene,lnapmthalamet?a{zq.:c!oamyll, acetate, nethyl
| act at e,

| act at.e |, |l actate. anples o | kyl hali des
ueet i - adig eSS BBy h BB a8 Brsan R okl cariion or | de.
Exanpl es of substittsl Gigetkyl| substitated Cegatkylokg rsubdiitused @\/semylom1 satigl,ude
oct aret hyl cyc]

i oent s 1 of HRVEADERTERNSohstviod ao R Sy B e RAPwIDE 25 °°

C --OH R' whemererth&subRtituamtsl 2id'seizrted fromteme mdentd yersidrecfiteelgbopm H, a

| i near, branc | Ky Y 0 carbons
whi ch may opthQ)sﬂ%‘ $9 1@%‘@9@?&?@15&5%@ é@%é&grérﬂg?i 65% ps i ncl udi ng
h&l ogens 25et hgdrexyl, eaﬁbex;&,, Craaltfisarbongiranddermyh riindearticatbfiyemesiredaiRk y nes,
carboxylic acj | al dehydes, ketones or the like, or any
two or all tﬁr(g‘éa%ﬁm&,‘ ”gyhd R' can together bond to formone or nore
cyclic struct ur essxaspieh odbydahdgdyftindtiandlingd diidood Contaimibpmsnaeroh may al so
be substituted a t hat no nore than
5 one of R, rnbua‘:ﬁs?taeﬁ?r?culatﬁeﬁrefegregraé?gldeBpa ?]?1%% , R and R' are

[ ndependent I yneﬁwi fetydabx -39 18,8, 8-talagetisd-1+ ut ed | i near, branched or

cyclic al to.7 car ons, Lt 1s nore preferred that
RCR © aal R R RoPobR B st LR R near
branched or (:ymbth@c@lbkyt—hgdroxwmpmaw propyibis{Dimetiyiidgirsethylsiand) certain .
enbodi nents, the preferred diluent has 4 or nore, nore preferably 5
or nore total carbons, because the higher nol ecul ar wei ght diluents
have |ower volatility, and |lower flammability. Wen one of the R R

and R" is H, the structure fornms a secondary al cohol. \Wen none of
the R, R and R' are H, the structure forns a tertiary al cohol.
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30 et hyl eycl opent anol, 3-hydroxy- 3-net hyl - 1- but ene,

4- hydr oxy- 4- met hyl - 1- cycl opentanol, 2-phenyl -2-propanol,

2- met hoxy- 2- net hyl - 2- propanol trinmethyl- 3-pentanol,

3, 7-di met hy1- 3-oct anol , 2-phenyl - 2-butanol, 2-net hy1 1-

pheny1- 2-propanol and 3-ethylQ 3-pentanol, gpéiGHsls iike. A single

al cohol or m xtures of t Hm&e/of the~d -listed al cohols or
two or nore al cohols accordjng'to hg stru&p@r!(g above can be used as
the diluent to nmake the pol yner ofthis in %E&_l{? . In certain

enbodi ments, the preferred al cohol diluents“are’secondary and 5
tertiary al cohols having at |east 4 carbons. The nore preferred

al cohol diluents include tert-butan é anyl al cohol, 2-butanol,
2- met hyl - 2- pent ande,ab QV%QQWF’H’B'E% g B’@GW R6f, 3- et hyl - 3- pent anol ,

3-ethyl - 3- pany&aa}pmp?loi ﬁwsiémﬂ:net@ymsiﬁrﬁahylsnanemmde;a frotrem nost
preferred dilue are exano hept anol ,  oct anol Sipnongnol

decanol , fer epw&cywh@zh SoHuses a3 mm@ af iecompPUnd; SAGWR GRE AN ¢ any|
al cohol , et hyj. m'e%%&ﬁfoﬁy 3-ﬂ?dr9$9prdp§%&ﬂb©pylb|s ﬂfn@ﬂiﬂsnlé)@ﬂr‘rﬁ@chﬁsﬂane

3, 7-di et hyl- 3-oct ano form acet am de,

di met hyl pr o!ﬂ %ﬁmﬁfﬂ@d’mﬁﬂﬁﬁa@frﬁ‘iﬁ PFB’W'F WVF’H'PF\BF%’"%EHE%OWWF &4"§ her eof .
Addi ti onal Rarbg8ous eowish US
pat ent 6, 020 Eﬁ%’ﬁ%ﬂé@ﬁfﬂé}y Ifyﬁ@ésf,lgr)‘?saeng@fgeé}UeP’fbrgéég?tlSreference

I n one enbodﬁhdeﬁpf%ﬂfefﬁfﬁé’fym*@éélrﬁbopmqu on the diluent is water

sol ubl e g proce h&%uﬁﬂ@h%ﬁ@?ﬁuﬁ&@nélﬁé‘tﬂklhdéné’\@&ﬁﬁf%@hhbn@ﬁerb he | ens

wi;th water in a ort erio time ui tabl e water sol uble diluents

i lgcl ude 1-et H@wﬂe@ mﬁﬁé%’ﬁﬁ{'z'hldrﬁaépfﬂpimﬁ peREs{BImethylsipsisiane: ohol |

tripropylene glycol methyl 20ether, isopropanol,

1- net hyl - 2- pyrrol i done, NN d| rret hyI propi onam de, ethyl |actate,

di propyl ene gl ycol nethyl m Xt ures otﬂ f and the like. The

use of a water soluble merA‘n Wspgsg, di ng process to be
or

conduct ed usi ng wat er onl agggous sol ¢f i ons ich conprise water
as a substantial conponent. 25In one enbodl , the anount of
diluent is generally |less than about 50 wei ght % of the reaction

m xture and preferably | ess than about 40% and nore preferably

bet ween q?out 10 and about 30% The diluent nmay al so conprise
addi ti onal’ conponents such as rel ease agents. Suitable rel ease agents
are water soluble and aid in | ens debl ocking. 30The pol yneri zation

initiators ipgl ngél [ benzoyl
per oxi de, |S([§(|§r:’1(;'(|§y'f1 &@ Eﬁaa@g%g3§lg FISP%BSIIB%E ﬁ!‘?réln?e and the
i ke, that generate free radi cal s at noderately el evated '

tenperatures, and photoinitiator systens such as aromatic
al.pha- hydroxy ketones, al koxyoxybenzoins, acetophenones, agyl

phosphi ne oxi des,jjand a tert| ary am ne pI us a d| ketone xtures
t her eof and t@h(e | 1 gllo\ryare
I

1- hydr oxycycl oftéxylCphefyl Qetone Hﬁ éﬁg Xy- 2 H%thy! 1-©
phenyl - propan- 1- one, bigfj2, 6-di nmet Ho >y zoyl)-2, 4- 4@Hr|nethylpentyl
phosphi ne oxi de (DVBAPO), bis(2,4,6- trlnethylbenzoyl)

phenyl phosphi neoxi de (Irgacure 819), 2,4,6-trinethylbenzyldiphenyl
phosphi n@0oxi de and 2, 4, 6-tri net hyl benzyoyl di phenyl phosphi ne oxi de,
benzoi n et hyl a conbi nati on of canphorqui none and et hyl
4- (N, Ndlnethéfgﬁﬁﬁﬁi%gﬁggate Commercial ly available visible |ight

i nitiator sybydrogyethosy)prdeyoxyiraepitds(Bimehylstoxmethyisian®o, | rgacure 1800,
| rgacure 819, 10 Irgacure 1850 (all from C ba Specialty Chem cal s)
and Lucirin TPO initiator (available fromBASF). Conmercially
avai | abl e UV photoinitiators include Darocur 1173 and Darocur 2959
(G ba Specialty Chemicals). The initiator is used in the reaction

m xture in effective anmounts to initiate photopol ynerization of the

11



HFSCM HMAHP SCM HM  5-90 1-15, 3-15 or 5-12 0 0 10-80 1-15, 3-15 or

5-12 0 0 20-50 1-15, 3-15 or 5-12 0 0O 5-90 1-15, 3-15 or 5-12

0-80, 40 5-60 or 10- 0-70, 50 5-60 or 10- 10-80 1-15, 3-15 or 5-12

0-80. 5-60 or 10- ,

~g
Fa

0 N

0
AN 4
e
(0\/3‘0}1 .
n —?l'——

5  N,N,N'N'-tetrakis(3-methacryloxy-2-hydroxypropyl)-u,w-bis-3-aminopropyl-

polydimethyisiloxane

10
The reaction products of glycidy! methacrylate with amino-functional

polydimethylsiloxanes may also be used as a hydroxyi-functiona! silicone
containing monomer. Oth'er suitable hydroxyl-functional siicone 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 4,139,602. These
- and any other patents or applications cited herein are incorporated by
reference.
Still additional structures which may be suitable hydroxyl-functionalized
( 20 silicone containing monomers include those similar to the compounds
disclosed in Pro. ACS Div. Polym. Mat. Sci. Eng., April 13-17, 1997, p. 42,

and having the following structure:

oR OR O H H OR OR
ROVH)\[JB VAT
N~ [{O’ l}/\/ OR
OR OR
n 0 OR OR

12



0-70, 5-60 or 10- 40 50 20-50 1-15, 3-15 or 5-12 0-80, 40 5-60
or 10- 0-70, 50 5-60 or 10- HFSCMis hydroxy -functionalized silicone
cont ai ni ng nononer HWMP i s hi gh nol ecul ar wei ght hydrophilic polyner
SCMis silicone containing nononer HMis hydrophilic nonomer 5The
wei ght per cephgre abe1-&0ane Riadepandeptincamyrise éberta polymeorgident s.  Thus,

th t ti l, il ' '

opht hat mic. dueEERtarous et erd pue ERAMES SRBhmePl BRINERERY O
listed in thegéabbis Rvﬂmc;brefémtyrﬂ &Esccmmmxsm Hoossi bl e conposi tional
ranges. Each of t@B@ ran

ove pr.ef ac he word
"about". The for &g8fiong! ‘5@5‘8 h!‘%f FW&'FI'@HSS“@?% ‘%’ﬁ@ﬂ" ed with the
provi so that mbhlﬁnérgéieﬂiﬂsd‘o@a@mnﬁstmeramsams.additional conponent s add
up to 100 weight%. refe%ﬁed ran

f nbi..
si | i cone- cont ai anhéserﬁS?mE’ﬁ%‘? S IRy bf GIAVed E?I'Bt eorﬁygreqxglgacr{ngr?a ized

si | i cone- Conhahd?hé}maadhdwﬁ%motj@aﬁih asmhu.a@nmmmgmmmnoners) i's
fromabout 5 to 99 ercent, nore o 15 90

wei ght perceﬂ’f"t‘”a%reﬁﬁ’ﬂa"'ﬁ tiop &F %’B’Wt'%ﬁﬁﬁe'i rT%'OQt%aUt eé?(y lé%q

percent of thgoHERMElE b ¢sHEReH WhtiSons/arireictant eslios.ange of
hydr oxyl -functional i zed silicone- conta ni n I S about

about 90 1@ei ght @ﬂﬁ?@n‘ﬂ"on%ﬁ"ﬁ'%%\fd&o"é[bHﬂ?t"’%@'z?‘é)S'g“ia?(?ﬁf"c@@"erziﬁﬂe nost

preferably a%er@@llf&amoﬁ@ew BB MPEEAR)PA. Suipated erred range of
hydr ophi l'i ¢ -nononer “i s from about to about 20 70 wewg1 g'er cent,

nore pref er aBpiifuagisns! fad&owlé%mnawdva&cgmﬁ MPRAMIEEH e €]
pgef erably a%ﬂébtéﬂor’h @e?é%@% lﬁ@m‘éﬁneg PIA di*@'fa@%@tmﬁb usig theeact i ve

ol yrer 1< abebduscsciRs LN ARG T et SuRMASES B bl y about
wel ght par cen e L ner cant e ar e based upon
the total of Prargduressisclosed @c?ﬁgbﬁigﬁbézﬁapreferred range of diluent is
f[)omt aggut 0to @‘hﬂﬂhyc?r@xyﬂ@hafbhalﬁeﬁ@méﬁne oﬁﬁhﬁhlrigrr@cfrﬁmlml havebeert 0 to
abou wei

30 vl ght " peleEHP bRRANICHEGEHS R 5 ATHEELo R e BYUFEr DI y bet ween

about 10 andpjgiegital d6viewe] ﬂ*ﬁpaﬁ%&l@ﬁlpbphtﬁ&ﬁﬁﬂdwmm any functionalized

20 silicone containing monomer which, when polymerized andfor formed into a
final article is compatible with the selected hydrophilic components may be
used, Suitable functionalized silicone containing monomers may be selected
using thé following monomer compatibility test. In this test one gram of each
of mono-3-methacryloxypropyl 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 paris K-90 PVP and 60 weight parts DMA is added drop-
wise to hydrophobic component solution, with stirring, until the solution
remains cioudy 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 hydroxyi-functionalized silicone-containing monomer
having a compatibility index of greater than 0.2 grams, more preferably

13



30 the weight all component in the reactive m xture. The anount of

di luent required varies depending on the nature and rel ative anmounts
of the reactive conponents. In a preferred enbodi nent, the
reactive conponents conprise 2-propenoi c acid,

2- et hyl -, 2- hyehteythanbdu{ 017 Grafs2nd eosymefetaply-gieater than about 1.5

[(trlrrethyIsH oxyldisil nyl | . propyl ester "SI GVA" (-28
wgt . % of t hd" %E%‘%'H’Bﬁ”@%ﬁrn%ﬁﬂﬁ‘gq% 21000 MW (
molno (rjrm h?ﬁr Iyl OTymmwéctb‘ve hmbtht’rmtae'dorrmnﬁbilmﬂg)amc‘ie;chve amodntadf &
poylrreylone " 3 N, 11 h de,
"DVA" (- 249t oy m"@“ﬁ%‘?’gﬁﬁﬁéﬁﬂ' "BEQ{@E@W%‘E@’“G’% X‘l’g@%ﬁqﬁé

t et r aet hylsenegoysioledis®iampatibiizeor diSSoRMA high holebiatyeight

pol yvi nyl pyrrol i

Qn "K-90, PVP" e
ni nor amount @Y%’P&!ﬁidbﬁoﬂﬂmﬁéé”%WS o&qg?quqﬂn%ﬁtgm%ﬁwg pol!ftwgrﬁ '3 [cggP |r Iofll 28
i s most pref epadhie Q@cﬂﬂﬁ@ﬁ@drokﬂ-fﬁri&ﬁor@lﬁl&ﬁﬁ@@omélnmbmmonﬁa%n(lv\el ght %
of the conbi ned nononers and di lL.end) 3, 7- d oct anol
di | uent. , I n98ReNEIn Bk pRiNeEoH Ml"@p? mef whig fs\}@egdﬁ%d%ﬁt s
conpri se tho%?drﬁm%clldhahié@ sT@éHeQ:ohl@inmg maNomeRbEIHghéedat & pref aced by
the word "about". 15 Conponent W% S 31 31

HEMA 7.5 & Eeemattbﬂ%h@hg OPWBHEat@"S of hydmp%ﬁ%%iﬂ?‘?’gﬁeita’ﬁa&}?g or the

above fornul af hﬂ?o&yﬁﬁ:ﬁct@hﬁfz@d §ﬁHoMe eEMElHAG ﬁﬁnd:rﬂez‘tehmemo%@ﬁce of

tert-anyl -al cohol as a dil uent risin 9 h
the ungzred ﬁ@@é?f‘%'nﬁpﬁqu%@ﬂ rTghtpercel“(ﬂ basedon%ewgérﬁ t percent of

{ percentage of the reactive components) to about 90 %, preferably about 10%
L to about 80%, most preferably, about 20% to about 50%.

15 In addition to the high molecular weight hydrophific polymers and the
hydroxyl-functionalized silicone containing monomers of the invention other
hydrophilic and hydrophobic monomers, crossiinkers, additives, diluents,
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. 4,711,843, 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-methacryioxypropyitris(trimethylsiloxy)silane (TRIS),
monomethacryloxypropyl terminated polydimethylsiloxanes,
polydimethylsiloxanes, 3-methacryloxypropylbis(trimethylsitoxy)methyisilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof are

14



Processi ng The bi onedi cal devices of the invention are prepared
by m xi ng the hi gh nol ecul ar wei ght hydrophilic polyner, the

hydr oxyl - functi onal i zed silicone-contai ning nononer, plus one or nore
of the followi ng: the additional 25 silicone containing nononers, the
hydr ophi |'i ¢ npeduRH$ usdfiles addifidriab sizofé- nmlngmomanémbm\/)ammnd t he

di l uents re xture wth a rrerlztlonl at or. and
curing by(appfg‘%%fof’ats CUE W?'ﬁ’mlebsr ep;?rgaeu P 03

subsequent |y § gra¥BGt 75Wi%, ﬁnbﬂa ;ﬁt@@fa@@rofaﬁcﬁltsha@abdwmb amchmag cut ting
and the like. Alternat] vel%alp%?(gw t| on mxture may be placed in a

mol d and subs@aﬁﬁ@hlyl%/a%‘l‘é °appr opriate article. 5Various
processes mre known for processing the reaction mxture in the
production of contact |enses, including spincasting and static
casting. Spi ridylsenhiigMeBemas are disclosed in U S. Pat. Nos.

3,408, 429 and 3, 6&8&%@}1 %@tlﬂﬁm?snmfltm;raﬁnbmdmahﬁlavla&,@l osed in
U S Pat. Nos. 113, 224" and 266. The preferred nethod for

pr oduci ng coriflfélé;de ang ¥aphilisaeRoMess ¥sgd tarrepase gorventanal ydeogelsy ent i on

is by the nol c ‘é‘iﬁi HEryR hI=ORACK, eRRARIcal , and
enabl es premiaé@gag?\}{l?@:aﬁ%r\ﬁgé o n@ g? qjﬁéa@)g(o éthe hydr at ed | ens.

For this Het Hydrogemer %alésrhaa%lﬁrﬂarm# er yigyl EHO&E%bCT(ﬁHd mayIhg usadi ng t he

shape of the éﬂaﬂfélesGﬁﬂdtﬁﬁamyhﬂosﬁa%&]we%hNN-dﬁnathw@jﬁém;aé\ol | en
pol ynmer, and t reaction mxture is subjected to_conditions whereby

15 t he mnonﬁ-éydwvﬁhﬂm%cw%e @Heerewrwmmf@aﬂaé@ pOVYgreRystol | uent
0 éXt ure in thge tﬁ%ﬁﬁ’m@é pbl}gthf,rieﬁédlycgﬁﬁéﬁoﬁ@trﬂ&%‘t@Fnethm@ﬂc adidli S

Iyner/dlluent mXt u sol'vent to renove the
di | uent and Lﬁcmhm@wwmépvra@léonq va&thmﬂM acgipraided¥-MgyiN-8fvli cone
hydr ogel @V'd&etaﬁuée' ﬂ@linyﬁNéﬁwy%ﬂnaﬂﬂ@dDw W fmamRie GHE EmBihaliohar to the
si ze and shape of the ofiginal nolded pol’ymer/diluent 20 article.
Thi s et hod d@ﬁeﬁe used to formcontact |enses and is further

described in U S adid the Basitiorthi Iﬁ%ﬁ) ﬁ[ﬁmoﬂon@eﬁgnﬁﬁﬁone&ag&% 664; and

5,039, 459, incorporated herein by ref erence. Curin g Yet anot her
feature of t elyeREEwiene PAvERhaiHg ons of mores dassterpipal ti‘i"P JEHPF cone

hydr ogel forrryﬂ;@ée'd%ﬁ athnu%rﬁB{bﬁ!ﬁ @Mﬁﬁiﬁ%ﬁ'p@@ﬁlbﬁéébleldoﬁbtelbbn@ﬁﬁ y been
found that the gel tinme for a si |cone

use to sel ect
cure condd® i dedisemhi EraresvRddepoliathyans 9;‘5’99!) ﬁ‘g ﬁ&F]H?%d g and

speci fical | y suga®aBasthoky@iied algﬁgiugﬁdet hddsdidsell EUS | 6'690 esa \Ms ch a
crosslinked polcémar net wor k resul ti n the viscosity

of the curing? aﬁéé@aﬁeﬁpwaﬁ%ﬂgﬁlﬁp%é@ﬁ?ﬁifacl?'wfi.'w BherY: FR2cledact i on

m xture becom.mgmegﬂmiﬂetm&lareﬁhﬁambopatnr.md csaﬁsmggroap s@cfﬁd%ECl fic degree
of conversion, independent of rea tions, and tﬂerefore can

be used as arﬁsqcma&?gtwrmgthaqrwéter'aﬁ%am'C@H 'Q‘éd'f"?“EﬂFW M chgrdepeen

found thags figy lb@nﬂb]"cﬂ*ﬂbnﬂ@%ﬁ'tﬁé’hk@ﬁﬁédﬂc@a pbtyem ehe ﬁdlfﬁ?h@iﬁﬁg&% used to
determ ne cure condl tions which art desi b?lggﬁ? ﬁp b| I | t Thus,
t

in a process %mof%fé”ﬁf“é@elbﬁ'ef'%ﬂ?@rﬁ fBIﬁgFQUHé YHPRE i s cur ed
at or above gg T@Sim:fohgfﬂmiﬁ?fmdi’ét@vb@dﬁ?aslcmémmdur\é%f@ehéﬂgréops or nore

preferably sufficien sulting device to be used

f or
wi t hout a hydr ophtlilliferthengxamplesdpc! ‘Sjeéfﬂﬁ’i‘ﬂff@ ﬁPé‘ﬁY‘r‘Fﬁ ngte of ¥itum gel
tinme"). Prefquafingtd MDidhepsdivgddea b.s! ati Bos 5@#9 R hydrafmanci ng

dynam c contact angle of at feast 10% corﬁ)are formul ation with no

hi gh nol el aaxaw@r\gmorﬁﬁlﬁsﬁrﬁwbSE%wdé%S Red i Ng. A8, 25? dheligglesuresfas t hey
provi de inpr Wé?@%@r?bﬂate@he?éwwr@f&&@é%’dB&!ﬁﬁgﬁﬁ ng flexibility. .

10CGel tines vary ferent silicone formul ati ons.

Cure conditions aT@PF%fBF@b@d%f@Pa[thﬂ@Ph'Fdﬁo@mﬁﬁﬁ@ concentration
of crosslinkegy %&h}lécq‘dé‘?ﬂi@& D ﬁi zm&%x e'(t:r{}Frﬁ@tﬁ%rﬂQte‘{FIEﬁlﬁB IgEro!

concentrations decreases easl ng  t he |nten5|ty of the

radi ation (f@ﬂethﬂmm@-wyﬁtmi|mﬁﬂ)acwfaﬂﬁ®rﬁéﬂ@lmﬁ@ld9ﬂ%fmfmer nmal
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gel times of at |east about 30 seconds, preferably at |east about 35
seconds, and nore preferably greater than about 40 seconds have been
found to be advant ageous. The nol d containing the reaction

m xture is exposed to ionizing or actinic radiation, for exanple

el ectron beamslyetiylapeglycohmononatiscrylate, meligerylic acid, apwba adthaghet i c

radi ati on or £ i-af i { range of
from about 158[%{’%&345%lﬁrgeq%éb'?\h%ﬂd%?'ﬁ?d;?% I%%eﬁ%@padt%ﬁag urce is 5
WV or vi si bl paticgady prafernad. Additonal hpdrgphiliconorgsmans magbe pesatfdut 700 nm

Sui tabl e radi_atijon I i 0 ,

i ncandescent al“&'r% ,0? °r”§ﬁ?"y‘l‘ﬁ&’%ﬁf“anﬁg‘g@%éﬁbyuﬁ%gﬁg’%ﬁ algmgi ment s
where a U8 absdmbsigefecaifyond atiolt $0 amt5Qmgighta t he conposition (for
exanple, as a WV block) curing is conducting by nmeans other than WV
irradiation (such as by 10 visible light or heat). In a preferred

enbodi nent t kiepsehrikdest i on source is , selected from UVA (about 315-

bout 400 , UVB.(about 280-about. 31 i si bl | 1 aht. t 400
A bout 450 . AR s ke B e itk Rk BLAE ol Mata Y ont
t_he_ [) Ieaclti o&fuﬁﬁ%mt@mhpmlﬂﬂ&_&;s&lidkﬁfs red}&mrdt’qﬁrmh‘!ﬁmmﬁqdh ru;bholiti«samij{led usi ng
visible | and low intensity. used herein . term | ow

Ut ens 1107 e ShadimeRis e et e R it it bitForblseRe an e and
Ipreferabl y bf*mmbmﬁst Iitﬁke%m?ébeﬁi_fam?l tapmgidersm?on'éhw;imgglem{hne i; t
ong, genera nmor e .t hap .aho m.nut e _and pre . et ween abou
L onmy Joout o puca Bt e EaRBpreB A EST M R hons 1" and

a?out d30 i nEkﬂﬁplE@bfﬁuﬁbmwﬂydr:QTMIibniogﬂ?ﬂkéryim\l;llmdecdr)]mpmmﬁs hmrg tvo

provi di ng 20 conpati bl e m c_devi ces i.C i. ay. | asting
resistance t& ’Bg%t‘:lé’:'yﬁ"‘etﬁ'é %f@?‘@ﬁa'i%?%?é well'as h¥?[88?'®%%‘¥‘8’9%re at

whi ch thesr egconpgmdmastpgryeg]bs amigeadhydsoxyl groups. i9ppdific amtnpie%sl t he
tenperature [S InN oye, anhi ent the haz resul ting

pol ymer decr@ﬁlé’g%%Eéﬁmg‘%ﬁ?}ﬁé@n%’Fyrcglcc{ime}gﬁrﬂglﬁgJﬂ%%ﬁlﬂgze i ncl ude 25

t enper at ur es (iAdthyirieglycbldiméthasyldte), ethitenaghsol dimeibadylates(EGDOMECr eased by
at | east abouj 20%.as. red .a len f- th onposi ti on nmade
at 25C. Thus?’a’glﬁi‘?&éﬂp'ge@ﬁ%‘y{agﬁfﬁ&'fﬁgtijcgimlgmqtﬂlf%ﬁa?%@g greater than
about 25C, pemhtsinatiohy tHehat 6-xamblee efsuiiditelhyd?épBobin droglitker dhehwde e
preferably tho bet n,_about .4 d. 70C._Th recl set of cure
conditio 36’“@@&'&@%\%@’@%%“8&%@@3"5’8’&9 F?@ﬁn%ﬁﬁorﬁ%pend upon t he
conmponent s ofnultibmstiomat palysiherpelydiceihysinane biotkcopafreesnce to the

t eachi ng herein.. ar e thifn Mﬂg .fekigl i@ghsﬁi?cga 8& ?nrogizlﬂﬁé%in%‘ﬁhé! in the
art to det e’rﬁ?rﬁ%na@?ﬁﬁ'eﬁ%oya L108 6y RPEETE TSRy nuptiplicity of
cure zones. acryloxyprdgyeteaningted poighimétoylsiorarst (nba0 sud®)i(@iPEIMS)t o form a
pol ymer netwprk fromthe r i.Qn. ol xt i ol ymer

ot work 1o sHtoiRRiR kRl Siothl Hefonds e EEHleki SR o' YO
Cav:c ty. bi’isDemlrminhiotlaﬂ]g’wS,@ut@hdolldﬁrﬁimg:nﬂme,@[ixﬁrwébemam@d,3_bt|h'§3(9- are
refera renpve rom . . e
2orrponent>s/ ulé& af:lp(lofc%o?@ﬂegraggdtrﬁnuqtfg{’sll@{3{5 @gfj’]bggéé'%%déﬁﬁu%séhéérg&] enses
;S'lto : cki"da?dPtﬁférfeida#udasslimlerr]sriatlmlhz'EEGDMﬂnlf EGWAT@c?DMSIamQ:combhsmigaln be)
ebl ocke r enpv romt ha .1 ool It ens
using a sol vgﬁf@?gﬂﬁ%a'ﬁgunéﬁf @?EQWFCCC@S Q/kghy?ed#%%r@galﬂsr aﬁ%uttggg

ﬁm(:j)odi rr:elnt oébdlLine umigm%m(tjldbl('jeiamy&r?m about 0546 a2 Meightiblandtear wei ght
ydrophi Li.c po i ed to. the reactio tUre,o t reaction
it oo 120° BARSH pioftaR Gt inkel T ERED L sbolll Shhfion e BB e
waéer or an am@wsly%Irﬁeir@todmmpl%é@‘iabwtOcI:c:lrte hbmdtﬂ@_l_rﬁmslletgm al : y o:‘

and consisting of a small, amunt rf.ac t, e lo ecul ar
wei ght hydr offiRFIYECOpHPHSUS. Pgﬁ?{a%%%@aﬂgrwwmi\?ﬂ%@% @?%v@g&ure as
defined for gobBi@hhdimbsanhae/gwei ght pol ymer, but with a nol ecul ar

wei ght such that the | ow nol ecul ar wei ght hydrophilic polyner
extracts or | eaches fromthe | ens under debl ocking conditions to
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met hyl - 4- pi peri done, 3-norpholino-1, 2-propanedi ol ,

t et rahydr o- 2H pyr an- 4- ol , gI ycerol formal, ethyl-4-oxo-1-piperldine
carboxyl ate, 1,3-dinethyl-3,4,5,6- tetrahydro 2(1H) - pyri m di none and
1- (2- hydr oxyet hyl ) -2-pyrrol i done. Lenses nade from reaction nixtures
Wi t hout | ow nol ecib@esinging Nvellds cim}sslmmn tHedinglpblymer haseheebdouddbl ocked

in an aqueous so) utjon conprisin 0 [ ni i | vent .
Sui t abl e or gdhTedueg ihgameuntof ba b %Wgrbg%cro%sﬁ@(eﬁ?%? 'Ban th water,
A: COEO: s, eéWréas@deéJ@%bbﬂtMS&hmol&lgm a&bd:tﬁfle cdmfwealpamdbiusal ly primary
al cohol s and nore specifi cal i sopro a c

met hanol , et HEERASEs BPRHSHRRFa n‘H’SFﬁ ?Yﬁ%lg bB@P%SQuﬁ\ﬂibﬁne 20
exanpl es. 5  the r%b&rh%ﬂbﬁroﬂ%@@éénm@rmﬁmmaﬁ Eﬁc&z&ndi@h@%efebtéﬁicﬁbout
ambient to aboultD 100C, refera&l{g/ bet ween about 70(;, and 95C

hi gher t enpePi@vifecsCipsvkenronRse ‘ERéTthaé%F?ﬂPWﬁ@retq Hﬁg’eeﬂa?quétl on

such as by S%ﬁ%l%utmnﬂe@%mogﬁmrto decrease debl ocking tines.
O her neans known in the art 5 such as vacuum nozﬂzl es r}/thal so be

used to renmove t hadditigngkeemppaanls AdAYeRs WIIEY PigRperally known

repl acement/ Rydp %}él&ﬁbe mcluded Pagitiea thofudiduesre Aol lintied t@traoidlt | on
m xture, the resulting polynmer is treated with a sol\é_ﬁnt to renove

the dil ueift (absorawgaympqﬁﬂ@aed BERRpGALNE ints ZHUHIFFPEHCRIPROUNGS d t he

| i ke and hydr%ﬁﬁerﬁéﬁﬁ +rh’6}ﬁ6 r%@aéé)éd&ﬁsh&mwmmqhereé’datnertmu(evel Y,
dependi ng on t e so characteristics of

conponents, the st)@rﬁ'ﬁ} GONPPF%{F% pclydeefheraxyess P&W%ﬂb&ﬁmgﬂ?rﬁﬁu d such
ﬁf’ et hanol , @Eﬁ?@%rhod-&%ﬂﬁﬁé‘%nd contdinirtdihnomietesandfidéne gl ycerol ,
X

tures thereo or a mxture of one or nore such or ani c I|qU| ds
with wat er, - fcontaiipsdneRpmsss whieh 378 knawh R i arkanddacide lYeMeny si ol ogi cal

sal i ne). {he ceﬁﬁﬁqmgqrdeinﬁaéh@'at@xn@hé% ﬁﬁmﬁ@rﬂfimaﬁd@ forlékﬁnﬁ]@ak Af't er

denol di ng (renovin curve fromthe y be
briefly soakddorner W@'W GoCupbYiesEs o 'HEQ‘&W]’QS&%}# %‘F‘E “bet ween
about 5 and hfitoe ﬂgé&ﬁa@ NPbes): Z-ﬁbxhﬁlﬁardl’é‘cﬁaj?dyp(nietrqaundat@r a
m xture of organic I I

er er t | ens may
be further hydh §¢%4d&9ﬁ6ﬂ%%®h@%§lwﬁ@ﬁ 8%g§0‘{)‘%/'g ﬂ'i?ﬁeg%
embodi ment s, Ehf%d@éa@lﬁ&’bé&ﬂ(@étﬂfé@@%t&&%,@m4%€@,¢mmg90| vent that is
pr edom nately water, prefera reatm{El @%n 90% wat er, nore 10
pr ef er abl3p gﬁéﬁ@@cafﬂ%%ﬁ%‘%%é%’at@ he ¥8mponent s may i ncl udes
salts such as sodium chloride, sodiumborate boric acid, DPM TPM
et hanol or isopro _anol. Lenses are generally released fromthe nol ds
into this extract | vent, optionally with stirring or a

continuous flow ofnd Jéﬁct%ﬁbbr@nﬁéde@rs (ﬁ}iﬂrmﬂﬁlnaiﬂﬁmizémﬁhdoﬁ@S@ﬁaln[ffc_lﬂI S
process can be conducted at ten%;erat res 83@8%15 about 2 t o about

121C, pr ef er ABMPTEF.dHARBlR PONE Fragshnlents) RECHPRRLEUS) T8 pe

conduct ehmat gahew Rtked 'éﬁtﬁ:%t!&t@@ in th@abdentd @frwa}erumﬂptusalwgmttmper at ur es
in excess of about 100C, but j.s nore t%ge conqﬁ &yed a@ ambi ent
pressures. ItP“F%enﬁ%gfsntﬂaétOc”B difant iR Reea UiEnt'9% BRE 2801 ut i on

(for hexamgl e &%20 ﬁ:bfrh‘nl?&t ﬁ%!éoeéﬂlﬁa@%e’:\prﬁbertm?f mmenamps@mer agmem into
anot her or exanpl e the fing ution), although it may
al so be possiasice. t'B‘ed@SFB’&dKWFtF?Q'“Wéﬁg?Sd“F'?ﬁ”équﬂ%y%'ﬁ@ 'Ijgi’l on in
whi ch they argdacRamekly W@Iﬂ)p‘hbiﬁ@ﬁﬁd&ﬂﬁtan%rdi@fbﬁgﬁg Wietdontenitration
extraction solvent” may be ‘conducted for eri od, of ha’?yngﬂ OJt 30

a

seconds t3® awbhdiluent geggs As ﬁﬁé‘ﬁ%ﬁ‘éﬂ‘l’"})’eb@? e, pydrorsg

m nutes. The dﬁﬁéxﬁ% IRHIER D&Y cBRIbBEHIOfbrERMeI@E MeaBabd apmprl se 25
smal | anmpbunts of itives such as surfactants. Suitable suI&act ants

i ncl ude non- |C@mP@m§UVfE‘§3iQat?ﬁ @rocessa%toatgmbaewn@&@e Bﬂbf“%’rﬂ"ﬁ@ MG des.
Speci fic sur fﬁ&#@@? %s'tHéCduhQﬁ bIWEE%&QhﬁWbe@@r&eﬁfﬁgméﬁ@f chol), DCE

120 (avail abl rom Uni on Carbide), Pluronics, ceI | ul ose,

m xt ures t hernesgssandtotreriacetadibprt wWilywais WélHﬂ%lﬁfelﬂhe ‘éﬁ?(ﬂjﬁ? henfet ween
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graded into five categories based upon the percentage of the |ens
surface which is effected: none (< about 1%, slight (about Ito about
599, mld (about 6% to about 15%, noderate (about 16%to about 25%
and severe (greater 25 than about 259 . A 10%difference between the
categories i sntmamﬂmnd\ateasdThlb|mayomt1etyrablygwreas@ﬁﬁtmmplexlfy amfmst@f)ht hal m ¢
devices of t re I

wettability Qﬁ%%%ﬁ%@g%c%éé ?@Lﬁblggﬁ'gﬁ%ghﬁx Sle}gegiatr@é%e ﬁenses in
saline in a cﬁrmﬁfesd&ldesm@mmmhtbltcaﬂ:k cbrapdr@ntswﬂh,thd rhdcasaandevehg from

bel h fib [
o tapt ur i g ks soEnEe. R Bhe g o fe TR b i BEnkoner o
The bac kgn'noumdreﬁwhtnﬁ(ﬂ%ﬁeeﬁhas.aisteﬁ ettahdsghikyl halitge, silaneguamitied, at i vel y

| d, by i h t, t he, | , d
then’ conpar S PEILaRiepitAigns bRl ANHR e ETHS fenefs *"
arbitrarily sfiens, ard Mﬁdwbu@teﬁfanlﬂﬂzhommdﬂmnﬁ prefersedastdohals a haze

| f 0. b the d i
ol e o 0 eismpdanrals ok et aTES O BRI S A, Yam ¢
using a W hedtma dvamwnpﬁnpr@yréh@gm frietrg! dieer caipropfisveeagiycbhasthgins

f d borate buf i |
i cr obal aNce aeeere obasar S shee o RAR BV R 8 LM 8 AEIVRREY out of
the lS«(’vllFl/ ge ?@offnﬁétﬁw@meg eBfleat gyol pﬁenysaldeerrsp;@erwmnﬁ&h
cos'

Owher e r ce t ensi on
of the pr obe efheqErepyiepe 9@"?[ I‘i’éeﬂ\ﬁl\ygPé‘ﬁ%%&fa?%ﬁ'pf%geg%%‘foim&tﬁ 'I "neni :Lus
Bd 0 is the seatfeasibpyiete! giycoTIY-plopWer dipM;oymnb@!e(ﬁl napheHyeether e

tained froma d I erinme n tact angl e
and receding r%?ﬂyé nlé(ﬁﬂv'%’ WA&&'S F éle%ai"%?%ﬁwgﬁfq&r @pFBPX ®hed from
the portiign Qfyctiebutydbihen &riprornk GROS! nvdmefr ethérhﬁroﬁﬂmd gtychbphieaylbei ng

i mMmersed into the probe e val ues reported
hor el ne o ar | ekl GpBanere oot aier. BoRTNE B hRERERSS tnd t he
average is f@Qf@d&l&@ﬁ’dmbdmwmér,eo{)@kamlesﬁtes@érwasﬁfulaorgmmiﬂwaﬁledl ctor of

ttabilit Th t
CRLTE N Bl Bk RSl Sub €y o PR R e P ¢
vet t abi |i ty. i-BlogylRictte. NERidpléssofatkgichalides ussiulas diuents for thmmean@h a

circular _flugrescen ear ope nvasi ve

tear fi | m?PKedIcke g YLE’E'S;? ﬂ‘ﬁ)%séxamfﬁ Ok?"ﬁ'ées H'Sgﬁ'l %Sﬁag"éﬂ“‘? he eye
openi ng afternvantbhlfddudamdtatﬁwmaetatrmﬂmnef the first dark spot
within the tear fi n e front surf. f .8 contact ns IS
Fecor ded as. PLTF-RePBRiFe oAl et A pERs s T B AE oS nts e
after the | enadsgherfemplaaced on eye and after one week. Three
nmeasurenents are taken at each tine interval and were averaged into
one reading. The PLTF-NIBUT is nmeasured on both eyes, beginning with
the righteseye and then the left eye. Movenment is neasured using the
"push up" test, The patient's eyes 30 are in the primry gaze
position. The push-up fTest is a gentle digital push of the |ens
upwards using the lowef lid. The resistance of the lens to upward
movenent is judg and according to the followi ng scale: 1
(excessi ve, unacceptabfe novenent), 2 (noderate, but acceptable
novenent), 3 (opti nal venent), 4 ( mnimal, but acceptable
novenent), 5 (insufficlent, unacceptabl e novenent). The | enses
of the present inventiBh display noduli of at |east about 30 psi,
preferably b%g%ﬁm g@gga RBQreaﬁébp@I?&éﬁny Qéi’ecwfronanda e bmna{e@srcﬁtbl y 5
bet ween about an out psi. Mdulus is neasure using the
crosshead of cmllgmg@\@}ﬁntalgylélawﬂg ﬂﬂﬁ/%ﬁonﬁmht@éﬁml@ﬂ%gﬂl ng machi ne
equi pped w t e

hei ght. A su?’?%k%@ﬁnhgotr Prrr%?: iélﬁléésﬁnc cﬁ'%eia%gtﬁﬁ@ng%@gsﬁ]bﬁ%rgﬁﬂglzz A
dog- bone shaped sanpl e having a 0.522 inch Iength, 0.276 inch "ear
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20 pol arographi c oxygen sensor consisting of a 4 mmdi aneter gold
cathode and a silver ring anode. The reference val ues are those
measured on commercially avail able contact |enses using this nethod.
Bal afil con A | enses avail able from Bausch & Lonb gi ve a neasurenent
of approx. 78mipasmmidestalkgriesalyneD G80EXYF aeidg af@@h&ﬁ@lﬂ@ﬁ)ﬁﬁesof 20 to 25

bar Ter. (1 AR RE ol felfe (U Alock aBRo BRI BRlogROLYSR 1 Sc X

cmHg)). Cel I S nmeasured usi owi ng net'hod. The phot o-
pol yneri zat i form oeactmone cydicstmityres,sdcigs aiky fia ®9 egybaRaci¢heonet er
equi pped with_a_ph - i ! | ookt e @

t enper at ur e- 'E'B%?lg%ﬁ% g'ﬁb%g{é'?ﬁr&%vs\méﬁgg&g%% ‘tﬂlﬁﬁ}h%\%ér plslgatﬂgﬁanéle a?\n al um num
upper pl age, orengf RAR3@rRids Ht i on del i very system equi pped with a

bandpass filte The radi ati i ol cure
mercury arc | a[’rf)s pé%frf)‘gg'a%F?%h%#ﬂ%%hgﬁéﬁﬁae@%%?ﬁd-@on &gl | ed
is_hut t Sri i rs] @t@hbsétmnagi:?ea? braclidar tyclipbltylgroupshadng h&ohmrﬁmns:;ita a

i qui i ght, gui de. i, Lt er a andpass
filter. whi s preieEd i &' ) e RExrd fidehifidell Sclelihn Ponnas
i nt gnsi ty ﬁfumﬁ_mlm%ﬂlkﬁbi' gmnclmdatsuytﬁid aliayl grd:masﬂaaviﬂgitm bearbdre. fuart z
W ndow w an r onet.er I_n S
controll éé t FrEg OBrW%?\H%f F%H?%P&a%%h%%oi%g@r@aﬁ %?egéqusé
cont { ol I ed a?r Mcre ;dﬂalbiﬁ‘uboﬁ%beﬁau?ﬁtbiedwg"hnameieylillarwﬂfigr;bﬂiluehts fﬁea gassed .
reactive mxture .pla 0 e, |0 ate e Wb er, e
25 nmm di arretlaweh‘f?@'ﬂ&;ﬂ”‘éﬁ%”qrEaTWﬁB’L%WSRGP%SHRE & %@fﬁrﬁnlsglg’gse t he
I g}/ver pl ?t eirStweWﬁonS a Sedmle&iaiy allnd)l:dl. WhErenortdr”]cé theeRA' BothRY eragi-hed( t Ze
gel point. e sa i s .one eac r um (-
i nut es,  det BF ATOHE e AITEY BEPRY. SFPEY AP AR Beatll bl
\SJ SCOosi :%5 biabp sezohdey hlﬁﬂmls& mméltdémerimarepeeiedblgimﬂrttahéeaﬂacti o_nI _bgg_un.

ring this ti ile the sa . equi librium

t he sanpl e c‘ﬁl%qq%@\?l\g? by H&E&jé’ﬁ‘?%? ﬁotﬁﬁ}ubﬁsﬂéﬁ%égﬁéng@tﬁgeeé%es “of 400 sccm
Duri Intg t hef r easidnmeﬁdigas%fm?anmﬁgry abahbls inctuds [2ybutenil, 2-prapatdie sg r ?i n
resulting from applie nami r S nmode) ,
Where ti e SogHETEBPPRL PR R PebeBRheRe e b EiA [T
cal cul at e t hsengdnbiaRherdnot, Beheagpl, i3edethyl@erutanch Bthepeitel B ectarthe- conput er

15cal cul 6?3uc%nggg?§§£ﬂﬁc$g§$oé%%k 3 (agd %He ﬁkg_ss modul us (G'), and

Vi scosi t frexposure tine.” As the reaction
proceeds the she&ranmekibfusefiitetiensémhéls meluda tgrebutanol@ritaha, and tan

d (=G'/G f L nfd ni I t t
tade her o b 14EBLA I TRbebd 2 Pl Lol ?%%”é"%—gﬁif?@???{ he
cr ﬁsso?/er ]P?hath{lwwheﬁn@. _)2-.me@hyl—ﬂﬂnexariOhé,mmpﬁlvl—@d?r@h Hé@r%bol P? _
ort after e [ S ate is
E Z nov edy so t 'HEQ‘Y'?FPégFS%\SE géﬁ%@é %'th? ﬁ%hﬁb%yre@hggftgﬁ'ri%@?& Ei-_c gn change
as the r eactmonencvtmmethwl-muacasbirS-W&ya&hemobmthyl-a-heptamql,4w| Il be
! ot e Pl Nepedbr. 5oyl k3R ReRAC Ao B0GNE, IRy, 00U 0

amount of inH cor di sul'ts reported herein
are not to 2fonaeolidketybbtnatzsdl SHrethyidhoetasgl, bethylddraxanalad-mekiviges

based t i,Si f ' : der t

" ustrate heenoLdtDiTiebnd, PRPUEH b ierbf disopropiandbgll o7 020

exanpl es do hédinthyi-R-pehiendlnimathyioyclopEhtemolat-ethyleyainpeotangl, -0 suggest a
t hod ticj t he J ti i t act

Tenses a3 BoRENHRByeRE S BHEE s ad e AR B 0 0

practicing t@elobmgrm,ihijhenﬁmmnpl.Qmmﬁesmauﬁ-zfem@ade%@ to be
ithin th . this,i.,nventio i

Abbr evi at | onMERY R S eI e S BTS¢ aci o,

2-net hyl -, 2- fredyipptopdiol dndB-&hd-Straintaaokaiy the like.

1-Rtrimet hyl sil ypoxyl di sil oxanyl ] propoxy] propyl ester
DVAN, N- di net hyl acryl am de 5 HEMA2- hydr oxyet hyl nethacryl ate
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oxi de PVPpol y(N-vinyl pyrrolidone) (K value 90) Blue HEMA the
reaction product of Reactive Blue 4 and HEMA, as described in Exanple
4 of U S. Pat no. 5,944,853 15l PAi sopropyl al cohol

D303, 7-di net hyl1- 3- oct anol nPDV5- CH

nmono- ( 3- net hacrylsmglﬁ—a}hohyld:rmmpesaqﬁy\l/@uw%@pmb abeveﬁlsimim@bholemno- but yl

t t ed di net hyl 1 T th | |
F ot hacrul oot Mot ol o g (i Siblued Smivh S b ASiRe R ©9' oo
:\gIDgs- nﬂ] hac rclwt;@mycpm@nelyihé bbl?@éﬁdfhmﬁlhvdmll:rh .0xy) si | ane

- e acr (0] ro oxane,
NEND: et hacr ol SRS Rameb e Woteie sR Elueproare sspandary and
Qg PD:\/Bgl S- ?hnt}sﬂhhl @mhm¥a@nqmgkafwwrw1| mnymlromp;yr’eferrecti ﬁlcclnholt )

(0] I e Sl OoXxane ri etrl e CcO ne e er
Sao0l L0 D dienisap e EHLEioL oA Seh Bl aTb 2Bl
pol y(N-vi nyl 1/ 5-HRletRDBltafidf, alﬁhbthfl -3l Zantap0l BretyBB Pehtahdl €3, e ye s

intensity is nmeasur ed usi ng an 1400A radi oneter, using an XRL 140A

sensor. mﬁ%@a@ -10 The reaction corrponents and di |l uent
(030) Ilsted in TpRkentd, m@rr@strﬁréf@r%dqu@h@@fe n@xaﬂsbxsiepfahbm@:tm rolling
for at Ieast about 3 hours at about unti | corrponents wer e

di ssol ved!0 THenamhderawh st eleplol éﬁ'@e‘?’)@ﬁo?%'@i‘oéésww tgevkent of

al | reactive fQRBOARNFtAS thethiPlabialelBtbpyl Fﬁctéw gmd.meﬂhﬂwct&opf final
reaction m xture. The reaction mxture vvasgs aced i nto t her nopl astic

cont act | ens dioetay fgrmamides digaihyiaselamide, dEsthviprepienapideNpeiaie and

rbornene obigabiufbne b@dﬁn&t&mﬁeﬁsﬂ KRRl diladls ugéfau%raﬁ@mvetﬂ.bﬁg
Philips TL 20W 03T fl uorescent bul bs at 45C for about 20 minutes in

N2. The nol dFadipdossgdnie Palkat 6.849:443. wiichs cpmaratedingr®if 8Y a 50: 50 (wt)
sol.ution @f | Béreapel 10 1120, and soaked in | PA at anbient tenperature
for about 15 hours to renmpve residual diluent and npnoners Iptﬂl aced

into deioni zed H2D 0ﬂ6ﬁmg%fﬂ}?nt%thmpfﬁ??%@weﬂmm%&qqufEN@{%&O ©horate

buf fer ed sal igngrob&simatcohdishb aﬁ@@éﬂﬂy%shéﬁlétﬁ of{hd !@tﬂvﬂﬁ'vﬁ(&ﬁ% at 122C
for 30 mnutes. The p are shown in

Table 1. 15 BEef gerpdlg‘(tlrﬁg L&litaglegva&ergotggl dlfuents |ﬂc!u§ £ -etﬁoxy-z-
propanol, 1-methyl-2-propanol, t-amyl alcohol, tripropylene 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 agueous solufions 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 temperaiures,
and photoinitiator systems such as aromatic alpha-hydroxy ketones,
alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, and a tertiary
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8 9 10 Conp. SiGVA 28 30 28.6 28 31 32 29 39.4 20 68 PVP

(K90) 7 10 7.1 7 7 7 6

amine plus a diketone, mixtures thereof and the like. lliustrative examples of
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl}-2,4-4-rimethyipentyl
phosphine oxide (DMBAPO), bis(2 4,6-rimethylbenzoyl)-
5 phenylphosphineoxide (Irgacure 818), 2,4,6-trimethylbenzyidipheny!
phosphine oxide and 2,4,8-trimethylbenzyoy! diphenylphosphine oxide,
benzoin methyl ester and a combination of camphorquinone and ethyl 4-(N,N-
dimethylaminojbenzoate. Commercially available visible light initiator
systems include Irgacure 819, Irgacure 1700, Irgacure 1800, irgacure 818,
10 Irgacure 1850 (all from Ciba Specialty Chemicals) and Lucirin TPQ initiator
(available from BASF). Commercially available UV photoinitiators include
Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). The initiator is
( 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 v;rithout a photoinitiator using,
for example, e-beam. However, when a photoinitiator is used, the preferred
20 initiator is a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO} , and
the preferred method of polymerization initiation is visible light. The most
preferred is bis(2,4,6-trimethylibenzoyl)-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 1-15,3-150r5-12 | 0 0

5-90 1-15, 3-150or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-

40 50
10-80 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-
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40 50
20-50 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-
40 50

HFSCM is hydroxyl-functionalized sificone containing monomer
HMWHP is high molecutar weight hydrophilic polymer
SCM is silicone containing monomer
HM is hydrophilic monomer
5 The weight percents above are based upon all reactive components.

Thus, the present invention includes silicone hydrogel, biomedical device,
ophthalmic device and contact lenses having each of the composition listed in
the table, which describes ninety possible compositional ranges. Each of the
ranges listed above is prefaced by the word "about”. The foregoing range

10  combinations are presented with the proviso that the listed components, and
any additional components add up to 100 weight%..

A preferred range of the combined silicone-containing monomers
(hydroxyl-functionalized silicone-containing and additional silicone-containing
monomers) is from about 5 to 99 weight percent, more preferably about 15 to

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

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

L weight percent, and most preferably about 5 to about 12 weight percent. . All

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

30 the weight all component in the reactive mixture. The amount of diluent
required varies depending on the nature and relative amounts of the reactive

components.
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in a preferred embodiment, the reactive components comprise
2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-{1,3,3,3-tetramethyl-1-
[{trimethyisilylJoxyldisiloxanyl]prapoxylpropyl ester "SiGMA” (~28 wgt. % of
the reaction components); (800-1000 MW monomethacryloxypropyl
5 terminated mono-n-butyl terminated polydimethylsiloxane, “mPDMS”
{~31%wt); N,N-dimethylacrylamide, "“DMA” (~24%wt }; 2-hydroxyethyl
methacryate, "HEMA” (~6%wt); tetraethyleneglycoldimethacrylate, “TEGDMA”
(~1.5%wt)}, polyvinylpyrrolidone, "K-80 PVP" (~7%wt); with the balance
comprising minor amounts of additives and photoinitiators. The polymerization
10 is most preferably conducted in the presence of about 23% (weight % of the
combined monomers and diluent blend) 3,7-dimethyl-3-octanol diluent.
In other preferred embodiments the reactive components comprise
{ those shown in the Table below. All amounts are prefaced by the word

"about”,

15
Component Wit
SigMA | 30 | 30
mPDMS | 23 18
DMA 31 31
HEMA 75 §
EGDMA 0.75 0.8
VP 6 6

The polymerizaticns for the above formulations are preferably
conducted in the presence of tert-amyl-alcoho! 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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polymerization initator and curing hy appropriate conditions to form a product
that can be subsequently formed into the appropriate shape by lathing, cutting
and the like. Alternatively, the reaction mixture may be placed in a mold and
subsequently cured into the appropriate article.

Various processes are known for processing the reaction mixture in the
production of contact lenses, including spincasting and static casting.
Spincasting methods are disclosed in U.S. Pat. Nos. 3,408,429 and
3,660,545, and static casting methods are disclosed in U.S. Pat. Nos.
4,113,224 and 4,197,266. The preferred method for producing contact lenses
comprising the polymer of this invention is by the moliding of the silicone
hydrogels, which is economical, and enables precise control over the final

shape of the hydrated lens. For this method, the reaction mixture is placed in

a mold having the shape of the final desired silicone hydrogel, i.e., water-
swollen polymer, and the reaction mixture is subjected to conditions whereby
the monomers polymerize, to thereby produce a polymer/diluent mixture in the
shape of the final desired product. Then, this polymer/diluent mixture is
treated with a solvent to remove the diluent and ultimately replace it with
water, producing a silicone hydrogel having a iinal size and shape which are
quite similar to the size and shape of the original molded polymer/diluent
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.

Curing
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 ophthaimic device, and specifically a
contact lens. The gel time is the time atf which a crosslinked polymer network
is formed, resulting in the viscosity of the curing reaction mixture approaching
infinity and the reaction mixture becoming non-fluid. The gel point occurs at a
specific degree of conversion, independent of reaction conditions, and
therefore ¢an 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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determine cure conditions which impart desirable wettability. Thus, in a
process of the present invention, the reaction mixture is cured at or above a
gel ime that provides improved wettability, or more preferably sufficient
wettability for the resulting device to be used without a hydrophilic coating or
5  surface treatment ("minimum gel time"). Preferably improved wettability is a

decrease in advancing dynamic contact angle of at feast 10% compared to
formulation with no high molecular weight polymer. Longer gel times are
preferred as they provide improved wettability and increased processing
flexibility.

10 Gel times will vary for different silicone hydrogel formulations. Cure

conditions also effect gel time. For example the concentration of crosslinker

will impact gel time, increasing crosslinker concentrations decreases gel time.

Increasing the intensity of the radiation {for photopolymerization) or
temperature (for thermal polymerization), the efficiency of initiation (either by

15  selecting a more efiicient initiator or irradiation source, or an initiator which
absorbs more strongly in the selected irradiation range) will also decrease gel
time. Temperature and diluent type and concentration also effect gel time in
ways understood by those of skill in the art, '

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 is generally
not wettable, For a contact lens “generally weftable” is a lens which displays
an advancing dynamic contact angle of less than about 80°, preferably less

25 than 70° and more preferably less than about 80° or a contact iens which
displays a tear film break up time eqﬁal 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 fo be

advantageous.
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The mold containing the reaction mixture is exposed to ionizing or
actinic radiation, for example electron beams, Xrays, UV or visible light, ie.
electromagnetic radiation or particle radiation having a wavelength in the
range of from about 150 fo about 800 nm. Preferably the radiation source is

5 UV orvisible light having a wavelength of about 250 to about 700 nm.
Suitable radiation sources include UV lamps, fluorescent lamps, incandescent
lamps, mercury vapor lamps, and sunlight. 1n embodiments where a UV
absorbing compound is included in the composition (for example, as a UV
block) curing is conducting by means other than UV irradiation (such as by

10 visible light or heat). Ina preferred embodiment the radiation source is
,selected from UVA (about 315 — about 400 nm), UVB (about 280-about 315}
or visible light (about 400 —about 450 nm), at low intensity. In another
preferred embodiment, the reaction mixture includes a UV absorbing
compound, is cured using visible light and low intensity. As used herein the

15  term “low intensity” means those between about 0.1 mW/cm? to about 6
mWicm? and preferably between about 0.2 mW/em? and 3 mW/em?. The cure
time is long, generally more than about 1 minute and preferably between
about 1 and about 60 minutes and still more preférably between 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 temperaiure 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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The cure conditions must be sufficient to form a polymer network from

the reaction mixture. The resulfing polymer network is swollen with the diluent

and has the form of the mold cavity.

5 Deblocking
After the lenses have been cured they are preferably removed from the

mold. Unfortunately, the silicone components used in the lens formuiation
render the finished lenses "sticky" and difficuit to release from the lens molds.
Lenses can be deblocked {removed from the mold half or tool supporting the
10  lens) using a solvent, such as an organic solvent, However, in one
embodiment of the present invention at least one low molecular weight
hydrophilic polymer is added to the reaction mixture, the reaction mixture is

{ formed into the desired article, cured and deblocked in water or an aqueous
solution comprising, consisting essentially of and consisting of a small amount

15  of surfactant. The low molecular weight hydrophilic polymer can be any
polymer having a structure as defined for a high molecular weight polymer,
but with a molecular weight such that the low molecular weight hydrophilic
polymer extracts or leaches from the lens under deblocking conditions to
assist in lens release from the mold, Suitable molecular weights include those

20 less than about 40,000 Daltons, preferably between less than about 20,000
Daltons. Those of skill in the art will appreciate that the foregoing molecular
weights are averages, and that some amount of material having a molecular
weight higher than the given averages may be suitable, so long as the
average molecular weight is within the specified range. Preferably the low

25  molecular weight polymer is selected from water soluble polyamides, [actams
and polyethylene glycols, and mixtures thereof and more preferably poly-
vinylpyrrolidone, polyethylene glycols, poly 2 ethyl-2-oxazoline (available from
Polymer Chemistry Innovations, Tuscon, AZ), poly(methacrylic acid), poly(1-
lactic acid), polycaprolactam, polycaprolactone, polycaprolactone diol,

30  polyvinyl aicohol, poly(2-hydroxyethyl methacrylate), poly(acrylic acid), poly(1-
glycerol methacrylate), poly(2-ethyl-2-oxazeline), poly(2-hydroxypropyl
methacrylate), poly{2-vinylpyridine N-oxide), polyacrytamide,
polymethacrylamide mixtures there of and the like.
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' Lenses made from reaction mixtures without fow molecular weight

15  hydrophilic polymer may be deblocked in an aqueous solution comprising at

least one organic solvent. Suitable organic solvents are hydrophobic, but

miscible with water, Alcohols, ethers and the like are suitable, more

specifically primary alcohols and more specifically isopropy! alcohol, DPMA,

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 liguid such as
ethanal, methanol, isopropancl, TPM, DPM, PEGs, PPGs, glycerol, mixtures
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for Exanpl es sdiveritihAmcbrddbritistely water, preferably greater than 90% water, more
10  preferably greater than 97% water. Other components may includes salts
such as sodium chloride, sodium borate boric acid, DPM, TPM, ethanol or

isopropanol. Lenses are generally released from the melds into this

( extraction solvent, optionally with stirring or a continuous flow of the extraction
solvent over the lenses. This process can be conducted at temperatures from

15 about 2 to about 121°C, preferably from about 20 to about 98°C. The process
can be conducted at elevated pressures, particularly when using
temperatures in excess of about 100°C, but is more typically conducted at
ambient pressures, ltis possible to deblock the lenses into one solution (for
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
treatmient of lenses with this extraction solvent may be conducted for a period
of from about 30 seconds to about 3 days, preferably between about § and
about 30 minutes. The selected hydration soluticn may additional comprise

25 small amounis 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 PVP (K90) rdeasdringkRe 8mBunt of surface deposits on the lens during the wear period,
often referred to as "lipid deposits”. -
{ Lens surface deposits are measured as follows: Lenses are put on
human eyes and evaluated after 30 minutes and one week of wear using a slit
15 tamp. During the evaluation the patient is asked fo blink several times and the
lenses are manually “pushed” in order o differentiate between deposits and
back surface trapped debris. Front and back surface deposits are graded as
being discrete (i.e. jelly 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% 1o about 15%), moderate (about 16% fo about 25%) and severe {greater
25 than about 25%). A 10% difference between the categories is considered
clinically significant. '
The ophthaimic devices of the present invention also display low hazé,
good wettability and modulus.
Haze is measured by placing test lenses in saline in a clear cell above
30 ablack background, illuminating from below with a fiber optic lamp at an angle
66° normal to the lens cell, and capturing an image of the lens from above
with a video camera. The background-subtracted scattered light imége is
quantitatively analyzed, by integrating over the central 10 mm of the iens, and
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then compared to a -1.00 diopter CSI Thin Lens®, which is arbitrarily set ata
haze value of 100, with no lens set as a haze value of 0.

Weftability is measured by measuring the dynamic contact angle or
DCA, typically at 23°C, with borate buffered saline, using a Wilhelmy balance.
The wetting force between the lens surface and borate buffered saline is
measured using a Wilhelmy microbalance while the sample is being
immersed into or pulled out of the saline. The following equation is used

F = 2ypcos$ or  9=cos(Fi2yp)

where F is the wetting force, vy is the surface tension of the probe liquid,
p is the perimeter of the sample at the meniscus and 8 is the contact angle.
Typically, two contact angles are obtained from a dynamic wetting experiment
~ advancing contact angle and receding contact angle. Advancing contact
angle is obtained from the portion of the wetting experiment where the sample
is being immersed into the probe liquid, and these are the values reported
herein. At least four lenses of each composition are measured and the
average is reported. ,

However, DCA is not always a good predictor of wettability on eye.

The pre-lens tear film non-invasive break-up time (PLTF-NIBUT) is one
measure of in vivo or “clinical” lens wettability. The PLTF-NIBUT is measured
using a slitlamp and a circular fluorescent tearscope for noninvasive viewing
of the tearfilm (Kéeler 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 fens is recorded as PLTF-NIBUT. The
PLTF-NIBUT is measured 30-minutes after the lenses were placed on eye
and after one week. Three measurements are taken at each fime 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
are in the primary gaze position. The push-up testis a gentle digital push of
the lens upwards using the lower lid. The resistance of the lens to upward
movement is judged and graded according to the following scale: 1
(excessive, unacceptable movement), 2 (moderate, but acceptable
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conpat i bi | i t yat bisgledf) are measured. Twe!ve specmens of each composition are
{ measured and the average is reported. Tensile modulus is measured at the
initial linear portion of the stress/strain curve.
15 - The contact lenses prepared by this invention have Oz Dk values
between about 40 and about 300 barrer, determined by the polarographic
method. Lenses are positioned on the sensor then covered on the upper side
with a mesh support. The lens is exposed to an atmosphere of humidified
2.1% O,. The oxygen that diffuses through the lens is measured using a
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= 10 (cm®
25  of gas x em?){cm® of polymer x sec x cm Hg)). '

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

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

which simulates the light emitted from a TL03 bulb. The intensity of the
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Si:OH18 SIGVA 1.8 3:1 19 TRIS 0.07 4:0 20 MBM 0.09 3:0 21 MPD 0. 05
2:0 22 acPDM5 (n=10)* 1.9 11:2 23 acPDMs (n=20)* . 1 21:2 24
| Si MAA-3Me 0.15 . 4:0 25 TRI S2- HOEOP2 0. 11
radiation, measured at the surface of the quartz window with an IL1400A
radiometer, using an XRL140A sensor, is controlled o + 0.02 mW/cm?2 with
an iris. The temperature is controlled at 45 £ 0.1°C. After approximateiy TmL
of the de-gassed reactive mixture is placed on the lower plate of the
5 rheometer, the 25 mm diameter upper plate is lowered to 0.500 + 0.001 mm
above the lower plate, where it is held until after the reaction reached the gel
point. The sample is allowed to reach thermal equilibrium (~4 minutes,
determined by the leveling-off of the steady shear viscosity) before the lamp
shutter is opened and the reaction begun. During this time while the sample
10 s reaching thermal equilibrium, the sample chamber is purged with nitrogen
gas at a rate of 400 sccm. During the reaction the theometer continuously
monitors the sirain resulting from an applied dynamic stress (fast oscillation
{ mode), where time segments of less than a complete cycle are used to
calculate the strain at the applied programmable stress. The computer
15  calculates the dynamic shear modulus (G}, loss modulus {G"), and viscosity
(v*), as a function of exposure time. As the reaction proceeds the shear
modulus increases from <3 Pa to >0.1 MPa, and tan § (=G"/G’) drops from
near infinity to less than 1. For measurements made herein the gel time is the
time at which tan & equals 1_(the crossover point when G'=G"). At the time
20 that G' reaches 100 Pa (shortly after the gel point), the restriction on the upper
plate is removed so that the gap between the upper and lower plates can
change as the reactive monomer mix shrinks during cure.
It will be appreciated that all of the tests specified above have a certain
amount of inherent test error. Accordingly, results reported herein are not to
25  be taken as absolute numbers, but numerical ranges based upon the
precision of the particular test.
in order o illusirate 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 speciaities 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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3:2 26 MPDVM5-CH 0.64 -11:1 15 Structures for acPDV5, i SIGWA-3Me and
TRI S2- HOEOP2 are shown bel ow. acPDVMS (n averages 10 or 20):

TRI S2- HCEOP2 5 i Si MAA3-Me O vone 10 The results, shown in Table 4,
show t hat SI GVA, acPDMS (where n= 10 and 20) and nPDMS- CH nore
readi |y incor por atlee odvdingatibreations ara uséd indhetegxagmples helpwsi | i cone

contai ning no r, a,hydrophilj.c,nmopongr A Righ. Lecul ar

wei ght pol yme&ag@\/P) gF%?P%‘BF@F’Ha%’W@wg%W@% @mgﬁﬂn}e@f@ﬁ
nononers. Thus, conpatiftimétkyEy)eiyldstnasypeapbailmopgestonomer s having a
conpatibility index of greater than about 0.5 are useful for

conpati bi i zi BYAnhi gh NNVSERENaRANER hydrophilic pol yners |ike PVP.
Exanpl e 275-3ﬁEMﬂ0Len§Q?dM$¥lthrﬁféﬁlaﬂ§lh@g the reaction m xture
formul ati on of Exanple 1. e

| astic contact | ens, nold made from
Topes(r) copoNyH¥Es 050@119%MW£(“’5??@°W5I9%WW %0'8%@?{‘!1@8%# APTi cona
Pol yners) were stor ed gyl Rirdiiibieh Boljdie@gexémed. 5% 02) before use.
Each nmold was dosed with i i i

75 pi _reaction mxtuyre,. | ds re closed
and | enses pHdarbleer ed 2d3'rhvgrqxw@-r@#iwgly&%wtﬁﬂ?%@”ﬂ%%ﬁpsm\?f?@s

| ndi cated i n JPlgso 5. 1LAUGHBINEOP1-hRRTHEcRitex/ piRshelons ahl L he

nmonomer m x using visible light fluorescent. bu lPs, cuyri n’% at 45C. The
i ntensityl@as varied BigA&dimsthoxvbenroyiZé-fiimedhyiRgpty] fil’i'{jﬁi) B¢ l1ters, in
two steps of varied igiggsity and cure tinme. The step 2 tinme was

sel ected to provide the sane total irradiation energy (about 830

mi/ cnR) for AFh sanpPaly(N-vinyl pyrofiene) (K\alyeP) | enses wer e denol ded

Pg' ng a 60: 4031\ ¥EMAC tHRf rehEiDh pRLAT RddR8ve BI0S 8 SNIVRERMA, b@BsdcRtigded to a
jar containing 300 g 100% i sopropyl al cohal (l1PA). The |IPA was

repl aced every 2 hourﬁ’E’iﬁmPlQ)fﬁfd!rgs'?at-AP-@:ﬁé"'- of about 10 hours,
50% of thes | RAavas renpyedyiandnsiep! aced with DI water 5 and the jar
was rolled for 20 m nutes After 20 m nutes, 50% of the PA was renoved
and repl aced MQh DI RetdmelicB-2Ha% ar was rolled for another 20

mnutes. The rhﬁiﬂ\?‘l@fbl-\"’ﬁ{oﬁoﬁﬁ-%ﬁa%foﬁa@-h redGHopNExygtbisMl tePminated) | ed for
20 m nutes and then tested.

10Table 5 Exit Step 1 ] ity (mWNcnR)
Step 1 time (nin:sec) mopgputy! terpased Q%Vd(rﬁ?”@?@%”gt(@w g@b me (m n:sec)
TEGDMA tetraethyleneglycol dimethacrylate
20 TrEGDMA triethyleneglycol dimethacrylate

TRIS 3-methacryloxypropyltris(trimethylsiloxy)silane
MPD 3-methacryloxypropyl{pentamethyldisiloxane)
MBM 3-methacryloxypropylbis(irimethylsiloxy }methylsilane
_ AcPDMS  bis-3-methacryloxy-2-hydroxypropyloxypropyl
{ 25 palydimethylsiloxane

Triglide tripropyleneglycol methyl ether
CC1819 bis(2,4,6-trimethylhenzoyl)-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
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Advanci ng Contact Angle 27 1.1 6:55 5.5 1:28 51 1 28 1.1 2:46 5.5
2:21 55 229 1.1 11:03 5.5 0:3555 130 1.7 6:30 5.5 0:35 50
1.7 1:37 5.5 2:21 55 1 32 1.7

10

15

The reaction components and diluent (D30) listed in Table 1 were
mixed together with stirring or rolling for at least about 3 hours at about 23°C,
until all components were dissolved. The reactive components are reported
as weight percent of all reactive components and the diluent is weight percent
of final reaction mixture. The reaction mixiure was placed into thermoplastic

" 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
H20, and soaked in IPA at ambient temperature for about 15 hours to remove
residual diluent and monomers, placed into deionized HpQ for about 30
minuies, then equilibrated in borate buffered saline for at least about 24 hours
and autoclaved at 122°C for 30 minutes. The properties of the resulting

lenses are shown in Table 1.

Table 1

7 8 9 10
EX. # 1 2 3 4 5 1§ =
Comp.
SiGMA 28 |30 (286 (28 |31 [32 |29 |39420 |68
PVP (K90) 7 10 174 |7 7 7 6 67 |3 |7
DMA 235 |17 2451235120 (20 |24 |164 137 |22
MPDMS 31 32 10 31 31 |34 131 1288115 {0
TRIS 0 0- |0 0" |0 0 0 0 15 |0
HEMA 6 6 61 |6 85 (3 55 (29 |8 |0
Norbloe 2 2z 0 20 [2 2 2 1.9 10 §0
CGl 1850 0.98 {1 1.02 |1 1 1 1 1 1 0
TEGDMA 15 |2 1.02 115 (15 |1 1.5 119 [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 0 0 0 |0
Darocur 0 0 0 0 0 0 0 0 0 1
1173
D30 % 23 126 (17 |23 |23 |29 |32 |28 17 |27

Properties

%EWC' 36 |33 |39 (40 |36 |37 |39 |25 (48 |29

35
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4:04 5.5 1:28 54 2 33- 2.4 2:52 - 5:5 1:28 62 6 34 2.4 4:36 5.5
0:35 76 9 35 2.4 1:09 5.50:3578 6 The contact angles for
Exanpl es 27 through 32 are not significantly different, indicating
that step 1 cure intensities of |ess than about about 15 MmN cnP
provi de i nprdloddiuget t aB81 i[tA8 fpt12 hB$ ||Ts [BOr a6 af 8Dn [ A&gRTTH pss of .
the step 1 ¢@sd tine. |Howgver, | those of| skijll iin the afrt Wl
appreci at e | BaEjoadedibh @80 Bt|B0 1| tATr €264 NERS1((S08 245 | 250386415288 | n
Exanpl es 28 [podZ31) albow ([f5ar Eheort a4 qveer aks ¢efe|&ycl 83. | Rbreover,
it should bekshd)hat event hpugh|the jcontjact |ang| es for Fxanples 33
through 35 apgFmeasur abpy (RHYNEfo1T Magt J01bNase | ebs Prarpbes] &/-B32, the
| enses of Bfé&@bes 33135 nmay still |provi de|desiirable oh eyge
vettabil ity ckxaaRhes|36 -|41 ([The peactfionjconponents of Exanp| e 1,
wer e bl ended WegiEiE d ThterkdRtesP OF 407 D30 as diTuent In accordance
W th the progeeihenifloitX@aRyIE, meashit® vﬁiﬁ?ﬂk}g@%icaﬁ BaaleLidferdl XhllteeS wer e
charged i nt o, gl 2AsWWifehRHafh e_’l ens nol ds (hade” from Topas@ copol yners
of ethylene gn xE%rn iR b Qfrebie@Th BEgeNa Pol yners) and cured
in a glovg box unter a nitrogeh atnosphere, at about 2.5 mWcn?
intensity, about 30 mnutes and the tenperatures shown in Table 6,
bel ow. The | ensesThgaessits effiyaapieosriold tew thalitiesreaslipe mbte@ and
aut ocl aved a ' ' I@ﬁ@ﬂﬂ : ; ' - haze val ues
of the 5 Ienéoerg&&\/\%?1 {estéggweér'rm ne i ebeﬁgggq'?@%hgév{%%ﬁ]g?@bl e 6 show
that the degpewidng uneodtetdsrsesdigvingan exagllent belaeceHif gieehanicehper at ur es.
The results : o AT, ' reases
The results aoaguslon LERbIGS The oRaR SRRk (SEAR ERAmAlE b Rl bed5s

10  high to form a lens that would be clinically wettable, and the modulus may be

lower than desired to provide a mechanically robust lens. Example 8
contained the lowest concentration of SIGMA {20%). Because the SiGMA
had been reduced, less PVP could be added to the formulation and stili
provide a E:ompétible reaction mixture. Thus, thése 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 (x3.0) seconds compared to 5.8 (+2.5) seconds for ACUVUE® 2 lenses. The
front surface deposition was graded none to slight for 50% of the test lenses
and 100% for the control lenses. The movement was acceptable for both test

and control lenses.

36



10Table 6 Ex. # 9030 Tenp. (C) % haze DCA(*) 36 25 25 30 (6) 99 37 25
50-55 12 (2) 100 38 25 60-65 14(0.2) 59 39 40 25 50 (10) 68 40 40
50-55 40 (9) 72 41 40

Example 12
Example 11 was repeated except that the cure intensity was reduced

to 1.0 mWicm2. The mechanical properiies are reported in Table 2, below.
These lenses were clinically evaluated using ACUVUE® 2 lenses as controls.
5 The test lenses were worn by 15 patients in a daily wear mode (nightly

removal), in one eye for a period of one week and an ACUVUE® 2 lens was
worn in the contralateral eye. At one week the PLTF-NIBUT was 8.2 (£1.7)
seconds compared to 6.9 (+1.5) seconds for ACUVUE® 2 lenses. The front
surface deposition was graded none fo slight for all of the patients for both

10 test and control lenses. The movement was acceptable for both test and

control lenses.

Table 2
) Ex# 1 11 12
S%EWC 36 36 36
Modulus (psi) 68 74 87
Elongation 301 315 223
DCA 62 - 77 56
Dk 103 127 102

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

15  consistent results for multiple runs of the same material. However, the clinical
results for Examples 11 (uncontrolled cure inténsity) 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 ihat 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)
disptayed significantly improved on-eye wettability, which was measurably
better than ACUVUE® 2 lenses (8.2 v. 8.9) 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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i 60-65 32 (1) 66 Haze (std. dev.) The results in Table 6 show that
haze may be reduced by about 20% (Exanple 41 v. Exanple 39) and up to
as nuch as about 65% (Exanple 37 V. 15 Exanple 36) by increasing the
cure tenperature. Decreasing diluent concentration from40 to 25%
decrease haze by between about 40 and 75% Exanples 42-47 Lenses
wer e nade fr8n1tge {oiyulations shown in Table 7 using the 20
procedure of -3~ wWith a 30 minute cure tine at 25C and an
intensity of aboeagtidn mlicaRBesdibed RMablazandwaataitiatow ednand i s
reported in Tabl e e? . Ex 44 A5 46 4 | GVA 28.0 28.0

. Tab| LEX. # 42 43 7
28.0 28.0 28!1!3*2’9!-%“%@)89@ giligpng fogjaining §rop8MEr dbthgee BXaTSpNs (n=10)
5 SiGMA) were mixed with constant stirring at room temperature for 16 hours.
Even after 16 hours each of the reaction mixtures remained cloudy and some
contained precipitates. Accordingly, these reaction mixtures could not be

used to produce lenses,

Table 3
Ex. # 13 14 15 16 17
Composition
SiGMA 0 0 0 ' 10 20
PVP (K90) 12 12 10 8.0 8.0
[ DMA 10 10 8.3 19 19
MPDMS 37 37 30.8 35 28
" [TRIS 14 14 11.7 17 14
HEMA 25 25 37.5 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 hydrexyl-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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10

15

4.0 DVA 23.5 23.5 23.5 23.5 24.0 24. 0 HEMA
TEGDVA 1.5 1.5 1.5 1.5 0.0 0.0 Norbloc 2.0

Examples 18-25
A sclution of 1.00 gram of D30, 1.00 gram of mPDMS and 1.00 gram

of TRIS was placed in a glass vial (Ex. 19). As the blend was rapidly stirred at
about 20 to 23 °C with a magnetic stir bar, a solution of 12 parts (wf) PVP
{KS0) 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 SiIGMA (Ex. 18), MBM (Ex. 20), MPD (Ex. 21),
acPDMS, where n=10 {Ex. 22), acPDMS where n=20 (Ex. 23), iSIGMA-3Me
{Ex. 24) and TRIS2-HOEOP2 (Ex. 25) as test silicone monomers in place of
TRIS. '

Table 4
Ex. # Test silicone-containing | Monomer Si:CH
monomer compatibility
index
18 SiGMA 18 31
19 TRIS 0.07 4:0
20 MBM 0.08 3:0
21 MPD 0.05 2:0
22 1.8 11:2
acPDMS (n=10}"
23 1 21:2
acPDMS (n=20)* .
24 0.156 4:0
ISiMAA-3Me
25 0.1 3.2
TRIS2-HOEQOP2
26 0.64 ~11:1
MPDMS-OH

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

below.
acPDMS (n averages 10 or 20):

39
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2.0 PW (K- 90) 7,0 7.0 7.0 7.0 7.0 7.0 Cd 1850 1.0 1.0 1.0 1.0
1.0 1.0 D30 25.0 40 25.0 40.0 25.0 40.0 Properties Haze
0 0
\)J\ AN .(0\ . )J\/
X O/Y\O Siv Si OAI/\O
OH /N /N OH
TRIS2-HOEOP2
]
/\/\ . O\ NN /\/OH
O Si Si o
5 [N 2
iISIMAA3-Me
OMe |
0
§ %OLO\/\/SKOSM:;%
' 10

The results, shown in Table 4, show that SiGMA, acPDMS (where n= 10 and
20) and mPDMS-0OH more readily incorporate into a blend of a diluent,
another silicona containing monomer, a hydrophilic monomer, and an high -
molecular weight polymer (PVP) than alternative silicone-containing

15 monomers. Thus, compatibilizing silicone containing monomers having a
compatibility index of greater than about 0.5 are useful for compatibilizing high
motecular weight hydrophilic polymers like PVP,

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

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% Oy) before use. Each mold was dosed with 75 pl reaction
mixture. Molds were closed and lenses phatocured 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 1o provide the
same total irradiation energy (about 830 mJ/em?) for each sample.
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30 50 7.3 14 26 25 Modulus (Psi) 74 56 148 104 74 NT El ongation (%
326 395 188 251 312 NT EWC(% 38 41 33 35 38 39 A conpari sion
of the results for formulations having the sanme anount of diluent and
ei ther TEGDVA or acPDMS (Exanples 42 and 46 and Exanpl es 43 and 47)
shows that acPDVSThesfirghedfidnaes were demolded usikgea 6Gdimtyre of/iPdés | enses

with propertie ch are conpar used as
a crosslinker@ iﬁ%ﬂﬁgeﬁﬂerﬁgﬁé"ﬂg ﬁﬂ?iﬁrﬁgﬁgﬁwygrﬁég 15%@6@!%% f or
]Ehese EXﬁrml efcofl | 6iqIF59.s He FUbsasrBplacdd eyery@iparsdor 10houlee Atdieses made
rom either crosslin s.and el n were
negatively |r?f)ﬁE‘f‘%aoF‘PW&?!MB@E%%KWG{SHWQL@@# acgy Bvétﬁrﬂﬁ étg 10 was
too great)s and the jar was rolled for 20 minutes After 20 minutes, 50% of the IPA was

removed and replaced with DI water and the jar was rolled for another 20

minutes. The lenses were fransferred to packing solution, rolled for 20

minutes and then tested.

10 Table 5
Ex# | Step1 Step 1 Step 2 Step 2 Advancing
mtensﬂy time intensity time Contact
- (mWiem?) | (min:sec) | (mWiem?) [ {min:sec) | Angle
( 27 114 6:55 55 1,28 5141
28 1.1 2:46 55 2:21 55+ 2
29 1.1 11:03 55 0:35 55+1
30 1.7 6:30 55 0:35 50 + 1
31 1.7 1:37 55 2:21 55+ 1
32 1.7 4:04 55 1:28 54 + 2
33 “(24 - |282- - |88 ¢ 1:28 6218
34 2.4 4:36 5.5 0:35 76+ 9
35 2.4 1:09 5.5 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  mWicm? 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} aliow
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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Exanpl es 48-54 Reaction m xtures were nmade using the

formul ati ons shown in Table 8 wwth the diluents indicated. The
reaction m xtures were placed into 15 thernoplastic contact |ens
nol ds, and irradiated using Philips TL 20W 03T fl uorescent bul bs at
45C, 0.8 mN qrBnd Polymee)dnd3red inatgve bthendenh diroger atmopheed ahind

| enses were rel ed j nto deionized water Y ' of 20
m nut es. Theapﬁvﬁgésmdm 'ftfﬁréw-pﬂbaﬁfgac?ﬂ“ﬂ?etSS %‘ﬁ)dr@?e% rﬁuueﬁuérrgggﬁ @é\qﬁne
sol uti ?_n for fT@Eﬂﬁ Bl Mv@lsl'h;%ﬂdne%um% awedediror] 2 Eheids) hgPatet aud es. The 20
properties o e resulting. |l ense re.shown.in Table 9. Tahle 8 Ex.
#48495051525 85ACiaYsidASAese" b8 insFrapoley At Buciaiondhe g%zeé’é‘?ﬁﬂﬁgea 66 7
6 6 DVA 3% 3lendds i&edBtefdined. The results shown in Table 6 show that the degree

of haziness was reduced at the higher temperatures. The results also show

that as the concentration of diluent decreases the haze also decreases.

10 Table 6

Ex.# |%D30 |Temp.(°C){ % haze DCA{?)
36 25 25 30 (6) 99
37 25 50-55 12 (2) 100

( 38 25 60-65 14 (0.2) 59

- 39 40 25 50 (10) 68
40 40 50-55 40 {9) 72
41 40 60-65 32 {1) 86

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

(Example 41 v. Example 39) and up to as much as about 65% (Example 37 v.
15  Example 36) by increasing the cure temperature. Decreasing diluent
concentration from 40 to 25% decrease haze by between about 40 and 75%.

Examples 42-47
Lenses were made from the formulations shown in Table 7 using the

20 procedure of Example 1, with a 30 minute cure time at 25°C and an intensity
‘ of about 2.5 mW/cm?. Percent haze was measured and Is reported in Table
l' .
8.

Table 7

25
Ex.# 42 43 44 45 46 47
SiGMA 28.0 280 2840 28.0 28.0 28.0
mPDMS 31.0 31.0 28.0 28.0 28.0 28.0
acPDMS | 0.0 0.0 40 4.0 4.0 4.0
(n=10)
DMA 23.5 23.5 23.5 23.5 24.0 24.0
HEMA 6.0 6.0 5.0 5.0 8.0 6.0
TEGDMA | 1.5 1.5 1.5 1.5 0.0 0.0
Norbloc 2.0 2.0 2.0 2.0 20 ., {20
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31 IVIPDVS 19 22 23.5 16.5 19 25 28 AcPDMs (n=10) 2 0 0.3 0 O O HEMA
9.85 8.5 6.95 9 6 10.5 12.5 Norbloc 1.5 1.5 1.5 2 1.5 1.5 1.5

PVP(K- |7.0 7.0 7.0 7.0 7.0 7.0

90)

CGl1850 | 1.0 1.0 1.0 1.0 1.0 1.0

D30 25.0 40 25.0 40.0 25.0 40.0

Properties

Haze 30 50 7.3 14 26 25

Modulus | 74 56 - | 148 104 74 NT

{psi)

Elongation | 326 385 188 251 312 NT

(%)

EWC{%) |38 41 33 35 38 39

A comparision of the results for formulations having the same amount

of diluent and either TEGDMA or acPDMS (Examples 42 and 46 and
Examples 43 and 47) shows that acPDMS is an effective crosslinker and

E 5  provides lenses with properties which are comparable to those where
TEGDMA is used as a crosslinker. Examples 44 and 45 contain both
crossiinkers. Haze for these Examples decreased substantially compared to
the lenses made from either crosslinker alone. However, modulus and
elongation were negatively impacted (likely because the amount of crosslinker

10  was too great},

Examples 48-54
Reaction mixtures were made using the formulations shown in Table 8

with the difuents indicated. The reaction mixtures were placed into
15 thermoplastic contact lens molds, and irradiated using Philips TL 20W/03T

fluorescent bulbs at 45°C, 0.8 mW/cm? for about 32 minutes. The molds were
opened and lenses were released into deionized water at 95°C over a period
of 20 minutes. The lenses were then placed into borate buffered saline
solution for 60 minutes and autoclaved at 122°C and 30 minutes. The

20 properties of the resulting lenses are shown in Table 9.

Table 8
Ex. # 48 49 50 59 52 53 54
Component
s
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Cd 819 0.23 0.23 0.25 0.48 0 0.23 0.23 CG11850 0 0 0 0 1 0 O EGCDVA
0.4 0.750.8000.750.75 TEGDVA O 0 0 0 1.5 O O Blue HEMA

SiGMA 30 130 30 3134 25 20

PVP 6 3] 6 6 7 6. 6
DMA 31 31 31 30 30 31 31
MPDMS 19 22 23.5 1656 |19 25 28
AcPDMS 2 0 0 43 0 0 0
{n=10)

HEMA §85 |85 |6.95 9 6 10.5 {125
Norbloc 1.5 1.5 1.5 2 1.5 1.5 1.5
CGl 818 023 |0.23 {0.25 048 {0 0.23 {0.23
CGl 1850 0 0 0 0 1 0 0
EGDMA 04 |[075 {08 0 0 0.75 {0.75
TEGDMA 0 0 0 0 1.5 0 0
Blue HEMA {0.02 [0.02 |0 0 0 0.02 10.02

% Diluent | 40 40 27.3 394 1259 140 40

Diluent A A B C D A A '
comp
{ Propetrties
EWC (%) 45 45 47 49 47 49 50
DCA 52(2) | 51(7) | 74(10) [ 108 |75(8) | 47(2) | 56(11)
{advancing)
Modulus g1 77 69 55 49 63 167
{psi)

Elongation -} NT. 1232 {167 . ..|275 [254 [110 1124 (... ..
(%)
Dk (barrers) | 54 60 78 44 87 59 60
Diluents {weight parts):
A =72.5% t-amyl alcohot 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 hydrophabic 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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0.02 0.02 0 0 0 0.02 0.02 To Diluent' 40 40 27.3 39.4 25.9 40
40 Diluent conp A AB CD A A Properties EWC (9

(+1.3) seconds for ACUVUE® 2 lenses. The front surface discrete depasition
was graded none to slight for 97% of the patients with the test lenses,
compared with 89% in control lenses. The movement was acceptable for

both test and control lenses.

Example 56
The lenses of Example 49 were clinically evaluated. The lenses were

worn by 18 patients in a daily wear mode {nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 8.4 (+2.9) seconds compared o 7
10 (£1.3) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
was graded none to slight for 85% of the patients with the {est lenses,
compared with 89% in control lenses. The movement was acceptable for

both test and control lenses.

16 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 82% in control lenses. The movement was acceptable for
both test and control lenses. Thus, there is some correlation between contact
angle measurements (108° for Example 51 versus 52° for Example 48)‘and
clinical wettability as measure by PLTF-NIBUT (4.3 seconds for Example 51
25  versus 8.4 seconds for Example 48).

Examples 58-60
Silicone hydrogel lenses were made using the components (expressed
30 In weight parts) listed in Table 9 and the following procedure:
The components were mixed together in a jar to for a reaction mixture.

The jar containing the reaction mixture was placed on a jar mill roller and

rolled overnight.
The reaction mixture was placed in a vacuum desiccator and the
35 oxygen removed by applying vacuum for 40 minutes. The desiccator was
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45 45 47 49 47 49 50 DCA (advancing) 52(2) 51(7) 74(10) 108 75(6)

47(2) 56(11) Mdulus (Psi) 91 77 69 55 49 63 67 Elongation (%

.232. 167--.275 254 110 124 Dk (barrers) 54

10

15

back filled with nitrogen. Contact fenses were formed by adding

approximately 0.10 g of the degassed lens material to the concave front curve

side of TOPAS® (copolymers of ethylene and norbornene obtained from

Ticona Polymers) 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 5 mW cm? of visible light generated using 20W fluorescent lights with a
TL-03 phosphor. After curing for 25 minutes at 45°C, the molds were opened.
The concave front curve portion of the lens mold was placed into a sonication
bath (Aquasonic model 75D) containing deionized water under the conditions
(temperature and amount of Tween) shown in Table 10. The lens deblock
time is shown in Table 10. The lenses were clear and of the proper shape to

be contact lenses.

Table 9
Ex. 58 Ex. 59 Ex. 60 Ex. 61
3.05 3.2 3.2 3.0
SIGMA
mPDMS 1.7 1.7 1.7 1.7 .
DMA 3.2 3.0 3.1 3.2
PVP 0.6 0.6 0.6 0.6
HEMA 1.0 0.8 0.8 1.0
TEGCDMA 0.2 0.4 0.3 0.2
Norblock 0.15 0.2 0.2 0.2
CGl11850 0.1 0.1 0.3 0.3
| Triglide 1.5 1.5 1.5
2M2P 2.5 25 25 2.5
PVP tow 0.5 1.5 1.5 0.5
MW
Table 10
Ex.# | Form. | [Tween] {ppm) Temp (°C) Deblock
Ex. # time (min.}
62 58 850 75 10
83 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

48
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60 78 44 87 59 60 Diluents (weight parts) A = 72.5%t-anyl al cohol
and 27.5 PVP (Mv = 2500) 13 = t-anyl al cohol C = 15/ 38138%
TMP/ 2M2P1 PVP (Mv = 2500) 5 D= 57143 2M2P/ TMP NT - not tested Thus,
Exanpl es 48 and 51 show that formul ations conprising both 10
hydrophilic (EGDVA or TEGDMA) and hydrophobi ¢ crosslinkers (acPDVE)
provide sili caxampysd ogel conpositions which di spl ay an excel I ent

et Labi 1 1y, moauftRieas e Ete PoRncl 2o asaRleadh eximOE 81T L o o

of Exanple 48uwmy@rlaﬂealuc@dldmzeemtenatmﬂc fortee isries sThedereseanere by 18

Pack At dhe hRCEbiReRinEbF B ataL vk SPBHE hd el B bl Ry o
g 0 (EL 3) S%mqjé?agf%ﬁout“@hﬂdtﬁiﬁl)he?edsww@@ ;%e&h@r;d‘df%prﬁp&rfsamml fﬁrte':] e
eposition was graded nong to sli 6.0f 1he pa Wi e
test |enses, ResepiEFHansgEst fh %@%qsﬁ‘%géﬁﬁag%lcc’”t@W% %i 8‘5&! t was

accept abl e fQi'SI BRlkelong&Rh oP %, 2RE é@kdeﬂE@ﬁers5Tﬁ@ﬁ@éﬁv&§found to The
| enses of Exanple 49 were clinical The lﬁ“@jes wer e worn

eval uat
by 18 pati enth@’? ﬁnad‘(!’&F'FQCWé%ﬁt aﬂﬂﬂ‘ﬂ%fy rﬂegf?PFy%P‘%Wﬂ&aqef 1S3 period of
one week.1oAl QAScelSRie bitRtaRlidiy bk Madh@&eﬁy&o;ﬂt%b&)mﬁ@r@nds conpar ed
to 7 10 (1 3) seconds for ACUVUE(r) 2 lenses. The front surface
di screte deposition was graded none to slight for 95% of the patients

with the testEXep@pEdd conpared with 89%in control |enses. The
movement was accemé‘wnﬁa\fewon Sﬁo@tﬁin o i6RHdIProrh E}a8ple 63 wabxanpl e
1 were clinically, evalu

The | enses of The
IZ\nses wer e \MﬁCﬁdB‘}OQQOW'P’gE@tE (hayagonigmpdel feldico E‘@Q(%‘?P@‘rﬁ%}j

renoval ) {s0r ffomesd ﬂ%e@nm@d‘@at&?%boﬁt?@"@ TREkndeb Qe blbdied WoRUWHe Was 4. 3
(1.9) seconds conpared to 9.6 (2.1) seconds for ACUWUE@ 2 | enses. The

f r ont surfacérames}&ﬂ%f@%pom tion 20 was graded none to slight for
70% of the patients with the test |enses, conpared with 92%in

control Iensgsxamyémmmﬁtorﬁﬁsaﬁgﬂpt abI e for both test and control

-l enses. Thus, €re Is sone correlation ont act an%;

measur ement s (108 WW"B&’&@PECLS"PRPQ@@Q@ ”F(S’FOI‘ESCQ%[ﬁﬁF%'”Qi% (3|

EL i ni lcal 52?65 bd inftd/a Q&Alfdmﬁb'étg aSinlF o) B&ﬁ[a.ﬁ.ﬂgabaﬁ@mdﬁzg ngO

anpl e er sus seconds )

Silicone hydPG@@PO'P%H@%@ZW%E%EH%%@EEZE ﬁ%@@%‘%ﬁf@ﬁﬁ% BBRssed 30

in wei ght parbsiinhtest wled nwderlf L&e@a:dthbiaedlﬁ@(Ewmmgsa)rtﬁ@e@bltrce The

conmponents were nixed toget her in a %I?r to for a égact pl tur
aé"‘i%? ©

The jar cont AMEWARS BHRNYES cLHUSnthAPIESERE*HBRe shayrsdpeat

roller and r epdyefsomtarsat @deblock lenses compridiigiowemsidduin waigkt ur e vvas
pl aced in _a va&gum de?| ccator and the 35 oxygen renoved by applying

vacuum f &0 ABYHPRUNGROYME® desi ccat or was

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 o 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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back filled with nitrogen. Contact |enses were fornmed by addi ng
approximately 0.10 g of the degassed lens material to the concave
front curve side of TOPAS(r) (copolyners of ethylene and norbornene
obtai ned from Ti cona Polémars nold cavities in a glove box with

ni trogen pur géExample 63pi88 en andEEE) wes KO pé1uiasr Jpys. drecpressint ex
b
e g ur o i Y R LU AR O BRGRENR Ul ORI |,

gener at ed usi fegni@tighfvithoutérsheditg 1w giotesulan weight th!mp}ﬁquxbmﬁ;rmn orthe Aft er
curing for 25f rﬂ]q% gs at 45C, the nol ds were opened. The concave
front curve p8F K'f the lens nold was pl aced into a sonication 10
bath (Agua8oni ¢ nodel 75D) containing deionized water under the

condi tions (tg@eiﬁ‘fre and anount of Tween) shown in Table 10. The
| ens debl ock shown in Table 10. The | enses were cl ear and of

the proper shape The tehcawfrant turbepstion ofﬂad)lbasﬂoldﬁvom efimple.725%8sEX. 60

gx 2 g\l/PSBGgMOU eg rgoésénlcation%at% (HP uasonic TgD) contammg ajbout W of?? 23031

propanol an organic solvent in deionized water at 75°C. The lenses

10  deblocked form the frame in 20 o 25 minutes, Thus, lenses of the present
invention which do not contain iow molecular weight hydrophilic polymer may
be deblocked using an aqueous solution comprising an organic solvent.

Examples 74-76
15 Formulations and lenses were made according to Example 49, but with

varying amounts of photoinitiator (0.23, 0.38 or 0.5 wt.%), curing at 45°C with
Philips TL 20W/03T fluorescent bulbs (which closely match the speciral output
of the visible light used to measure gel time) irradiating the molds at 2.0
mW/cm?. The advancing contact angles of the resulting lenses are shown in

20 Table 11.
Table 11
Ex. # Wit% Advancing DCA Gel time (sec)
74 0.23 59 (4) 65
¢ 75 0.38 62 (6) 57
: 76 0.5 80 (7) 51

25

Examples 77-79
Gel times were measured for the formulation of Example 1 at 45°C at

1,0, 2.5 and 5.0 mWicm?. The results are shown in Table 12,

30 Table 12
Ex. # Intensity gel time (sec)
(mWicm?
77 1 52
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HEMA 1.0 O.
CE 1850 0.
PVP | ow MWV

TEGDVA 0.2 0.4 0.3 0.2 Norblock 0.15 0.2 0.2 0.2
0 e l1l.51.5

8 0.8 1.0
10.10.30.3Triglid 1.5 2MP '2.5 2.5 2.5 2.5
0.5 1.5

78 2.5 38
79 5 34

The results of Examples 74 through 76 and 77 through 79 compared
with Examples 27-35, show that as gel times increase, wettability improves.
5  Thus, gel points can be used, in coordination with contact angle
measurements, {o determine suitable cure conditions for a given polymer
formulation and photoinitiator system.

Examples 79-83 .
10 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),

o~

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/em? for about 30
minutes under nitrogen. The molds were opened and fenses'were released
into dejonized water at 95°C over a pariod of 15 minutes. The lenses were - -
then placed into borate buffered saline solution for 60 minutes and autoclaved
at 122° C for 30 min. The properties of the resulting lenses are shown in

20 Table 13.
Table 13

) Ex. # 79 80 81 82 83

' Components
SiGMA 30 30 30 30 30
PVP 0 1 3 6 8
DMA 37 36 34 H 29
MPDMS 22 22 22 22 22
HEMA 8.5 8.5 8.5 8.5 8.5
Norbloc 1.5 1.5 1.5 1.5 1.5
CGl 819 0.25 0.25 0.25 0.25 0.25
EGDMA 0.75 0.75 0.75 0.75 0.75

Properties

DCA 122(8) | 112(6) 66(13) |[58(8) 54(3)
(advancing) .
Haze 18(4) [ 11(1) 13(1) 14(2) 12(1)
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1.5 0.5 15 Table 10 Ex. # Form Ex. # [ Tween]

(ppm) Tenp (C) Debl ock

time (mn.) 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

10

15

20

25

Table 12 shows that the addition of PVP dramatically decreases
contact angle. As litfle as 1% decreases the dynamic contact angle by about
10% and as little as 3% decreases dynamic contact angle by about 56%.

Examples 84-86

Silicone hydrogel lenses were made using the components listed in

Table 14 and the following procedure:
The reactive components and diluent were mixed together at room

femperature in a jar. The jar containing the reaction mixture was placed on a

jar mill rolier and rolled overnight,

The reaction mixture was placed in a vacuum desiceator and the

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

back filled with nitrogen. Contact lenses were formed by adding
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-nifregen purge and was-photoinitiated
with 1.0 mW cm? of visible light generated using 20W fluorescent lights with a
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 tens deblock time is shown in Table 14. The lenses

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

Table 14
Ex. # 84 85 86
Components
SIGMA 30 30 30
PVP 6 6 )
DMA 31 3 31
MPDMS 21 21 21
AcPDMS 0 0 0
(n=10)
HEMA 925 925 [8.25
Norbloc 1.5 1.5 1.5
CGl1 819 025 [0.25 [0.25
CGl! 1850 0 0 0
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59 850 85 3 67 60 850 85 6 68 61 850 75 18 Exanple 69 The
| enses of Exanple 59 which were debl ocked in Exanple 66, were further
hydrated in deionized water at 65C for 20 m nutes. The | enses were 5
then transferred into borate buffered saline solution and allowed to
equi l i brate foEGRMMA east | &Boutl 14 hdurs. |The | enses were clear and of
t he proper shapEGDMAe cobtact 0l ens@s. The | enses had a water content
of 43% a nodiBus HEMB7 psi, ao el ¢oogati on of 175% and a Dk of 61
barriers. The|[lTenses werg Tound toJhave an advanci ng contact angl e of
57 degrees. TheSpagedt cat £40.§ he4abens480sulfaces were substantially
free of |each@BfiGehyshPPEDI CFat €Al . Exanple 70 The concave
front curve portiron of tne tens nold fr Exanpl e 61 was placed into
a sonication A (Aquas 2] ont ai ni ng about 5% 15
DCE-120 in de a%&mg\ivat 353(g)t ag@an e‘@E}C——WThe | enses debl ocked from
the franme in fQa28 MUt €S” %ﬁmﬁﬁjﬁé 16? etof an organic solvent) The
concave front bé'ﬂ)l&& M —of ol d fromexanple 61 was 20
pl aced into a oAl .F ath ?Aquasoni c| 750) contai ni ng about 10% of
2- propanol - fc 1e | enses debl ocked formthe
frame in 15 iﬁf ?2 additive (Exanple 68)
t he debl ock t ; t,_.exanpl hows t hat
orlganilc s velph .-y. A ﬂ%de?f WS?(A gé@* %‘3%8’??@@ |OYV
nmol ecul ar 3N} o] ins no | ow
nol ecul ar wei ’? gmﬁ%n:oilol %%‘?ﬁ %?&W#'&F% 'é’fper'éﬂ%céﬁl %&% €rade using
t'{e formul at i on ammwemw& Sﬁs}ﬁwalmlaevaﬁﬁy obrgleaye sdentstar@nsefliow

nol ecul ar vvel ht PVP. g E' 30 followi ng procedure was used to debl ock
t he | enses. "“Pmi’ws ¢ H%We front curve portion of the Iens nold
was placed into a sonication bath (Aguasoni c nodel 75D) cont aining
about 850 m%w in deionized water at about 65C. The |lenses did
not rel ease nol d. The deblock tinme for the formul ati on which

cont ai ned | ow nol &cedction mixtugiwasSiohdedusingreadtive pahporents Gkovanipl e 58

e P R A S A AR RS Rl P
debl ocki ng cainobol dse cﬁloemnprrhsmdndnnnmmtesmmbmcedi nmotl‘mirmop‘lmwl ation
Wi thout i ncl L&ghtggt IJer?s 5594 hd! n%ala}ﬁ@ ug% pﬂ?(ﬁ'é ?IP%\MOST Huoré[ TEht buﬂ; the

formul ati on.
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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Exampl e 73 The concave front curve portion of the | ens nold
fromexanple 72 was placed into a sonication bath (Aquasonic 75D)
cont ai ni ng about 10% of 2- propanol an organic solvent in deionized
wat er at 75C. The lenses 10 _depl ocked formthe frane in 20 to 25

m nut es. Thus,Nbdigses of { .Be pfesent invention which do not contain
ow nol ecul ar WeiCHA1S hydrph®% | i £ pol ymer nmay be debl ocked using an
aqueous sol ut i DBGDMAPri sjhg anf organi ¢ sol vent. Exanples 74-76
15Formul ati ons and | enses were nmade according to Exanple 49, but with
varyi ng amounts of photoinitiator (0.23, 0.38 or 0.5 w.%, curing at
45C wi t h Phi | : ES ‘I'L EOW 03T fluorescent bul bs (which closely match

t he spectral B8&f the visible | i ght used to neasure gel tine)

i rradiating thepaalidhofaiPIMOOrMlsyain EldrmplesB)anci ng contact angl es of

the resulting | enses e s in. 20 Tahle 11. Table 11 Ex. # W%
Advanci ng BOA Col 3 8 RECEERTCTE1b 508 icbpriiony S Bomaigheer (o) 57 76
0.5 80 (7) SlermdhatbXgompliasihyldiotshe(1@80 MW)NEY . oremethaegikwicki0fiog t he
formul ati on of, Exarrﬁ e % 35 3‘53 at, 1.0 '2 5 and 5‘.1_8, n'(t{\lc&‘rﬂ The
results are sfgfiamie fap L2 grydrasageaopsmethyieler yeig rompiped an

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

product was extracted with saturated aqueous NaHCOj3 and CHzClp. The

10 CH2Cl; layer was dried over Na; SO and evaporated to give 94 g of product.
¢ HPLC/MS was consistent with desired structure:

CaHo

_O
40
YRt

15
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(mMNcnR) gel time (sec) 77 1 52 78 2.5 38 79 5 34 The results
of Exanples 74 through 76 and 77 through 79 conpared w th Exanples
27-35, show that as gel tinmes increase, wettability inproves. 5 Thus,
gel points can be used, in coordination with contact angle

nmeasur eneRiSyt id e gr mne suitable cure conditions for a given

pol ymer for rrullatl on and photoinitiator system Exanples 79-83
10Reaction m xtures were, made using reactive conponents shown in

Tabl e 14 and 28%phibassddderodict rbRanthdtion GHAREAEAbSIRNHGH hugaiar
t-amyl al cohol as a diluent and 11% PVP 2,500 (based upon reactive
conponent s) . Awbightgydiophiicpdiederane abaﬁe&ﬂvmmnlﬂ% HyaaRyifMrtionalized
conponents. The reaction m xtures were placed into thernoplastic
cont act | ens neiliepse-camteining redb@aerdhdSindlss high Phictilarsvelght 2PN OB
fluorescent bulb at 60C, 0.8 nWcnR for about 30 m nutes under

ni trogen. The ﬁ%iyfﬂ@hﬁéﬁén%%f@éwe@h@fﬁ@ﬁ%ﬁééﬁ@@% rel eased into

dei oni zed water at 95C over period of 15 m nutes. The | enses were ,
then placéd inf® %‘I”}ﬂ’@cHE‘f"Fee?félf"'%éMhﬁ'@'rst? gifqcBye arBeungef scHPesyand
aut ocl aved at ertl &% the resulting

| enses are sho&dﬂgtloﬁal%d‘?‘ﬁ%qng"cfgt?m E'F ° §”§>§ $ 80 81 82 83

Component g The ophthalmic device of claim 1 wherein the device is a silicone hydrogel
| contact lens. |
{ 4, | The ophthalmic device of claim 1 éomprising .- 1% to 15% high
molecular weight hydrophilic polymer.
5. The ophthalmic device of claim 2 wherein the effective amount of hydroxyl-
functionalized silicone-containing monomer is 10% to 80%.
6. The ophthalmic device of claim 1 wherein said hydroxyl-functionalized silicone-

containing monomer is a compound of Formula | or i

R’ R?

[ I
R'—Rf-c=R8—gj-R?

R

wherein:

n is an integer between 3 and 35

R'is hydrogen, Cs.galkyl,

R%R® and R%, are independently, Cq.galkyl, triCy.galkyisiloxy, phenyl,
naphthyl, substituted Gy salkyl, substituted phenyl, or substituted
naphthy!

53



SIGVA 30 30 30 30 30 PVP O
5

3
22 22 HEMA 8.5 8.5 8.5 8. 5

1 6

8.5 Norbloc 1.5 1.5

where the alkyl substitutents are selected from one or more members
of the group consisting of Cygalkoxycarbonyl, C4.galkyl,
C1galkoxy, amide, halogen, hydroxyl, carboxyl, Cqgalkylcarbonyl
and formyl, and

where the aromatic substitutents are selected from one or more
members of the group consisting of Cy.galkoxycarbonyl,
C1.salkyl, Cq-galkoxy, amide, halogen, hydroxyl, carboxyl,
Ci.ealkylcarbonyl and formyl;

R®is a hydroxyl, an alkyl group containing one or more hydroxy!
groups; or {CHa(CR'R'),0),)-R"" wherein y is 1 to 5, preferably
1t0 3,x is an integer of 1 fo 100, preferably 2 to 90 and more
preferably 10 to 25; RY- R" are independently selected from H,
alkyl having up to 10 carbon atoms and alkyls having up to 10
carbon atoms substituted with at least one polar functional

group,

R® is a divalent group comprising up to 20 carbon atoms;

R is a monovalent group that can undergo free radical or cationic
polymerization, comprising up to 20 carbon atoms; and

R8 is is a divalent or trivalent group comprising up to 20 carbon atoms.

7. The aphthalmic device of claim 1 wherein said hydroxyl-functionalized
silicone-containing monomier is selected from the group consisting of
2-propenoic acid, 2-methyl-2-hydroxy-3- [3- [1, 3,3, 3-tetramethyl-1-
[trimethylsilyl) oxy] disiloxanyl]propoxy] propyl ester, (3-methacryloxy-
2- hydroxypropyloxy) propyltris (trimethylsiloxy) silane, (2-methacryloxy-3-
hydroxypropyloxy) propylbis (trimethylsiloxy) methylsilane and mixiures
thereof. s )

8. The ophthalmic device of claim 7 wherein the effective amount of said
hydroxyl-functicnalized silicone-containing monomer is 20% to
50%.

g. The ophthalmic device of claim 7 further comprising 10% to 40%
additional silicone containing menomer, 10% to 50% hydrophilic
monomers, and 3% io 15% high molecular weight hydrophilic polymer.
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1.5 1.5 1.5 C3 819 0.25 0.25 0.25 0.25 0.25 EGDVA 0.75 0.75 0.75
0.75 0.75 Properties DCA (advanci ng) 122(8) 112(6) 66(13) 58(8)

54(3) Haze 18(A)
' 11,

12.

18.

14.

18.

16.

17.

18.

1I‘ ilhg g)?)htfllg\(“n:ilc) del'!%g %) clill%(gl')tvhereln the device is a soft contact lens.

The ophthalmic device of claim 1, wherein the hydroxyl-functionalized silicone-
containing monomer has a monomer compaitibility index of greater than

0.5.

The ophthalmic device of claim 1, wherein the high melecular weight
hydreophilic monomer is poly-N-vinylpyrrolidone:

A method of preparing a ophthalmic device comprising mixing a high molecular
weight hydrophilic palymer and an effective amount of a hydroxyl-functionalized
silicone-cantaining monomer to form a clear solution, and curing said solution,
whersin the high molecular weight hydrophilic polymer has a molecular weight
of at least 100,000,

A silicone hydrogel formed from a reaction mixture comprising a high molecular
weight hydrophilic polymer and an effective amount of an hydraxyl-
functionalized silicone-containing monomer, wherein the high molecular weight
hydrophilic polymer has a molecular weight of at least 100,000,

The silicone hydroge! of claim 14 wherein sald hydrophilic polymer is
selected from the group consisting of polyamides, polylactones,
polyimides, polylactams, flnctionalized polyamides, functionalized
polylactones, functionalized polyimides, functionalized polylaé:tams,
and mixtures thereof,

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

" methyl-2- piperidone, poly-N-vinyl-4-methyl-2-caprolactar, poly-N-

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

The sificone hydroge! of claim 14 wherein said hydrophilic polymer

comprises poly-N-vinylpyrrolidone.

The silicone hydrogel of claim 14 comprising 1 to 15 weight% high

molecular weight hydrophilic polymer.
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Table 12 shows that the addition of PVP dr am‘:}ti cal ly decreases
contact angle. As little as 1% decreases the dynam c contact angle by
about 10% and as little as 3% decreases dynam ¢ contact angl e by

about 50% 5 Exanples 84-86 Silicone hydrogel |enses were nade
usi ng the coqgone Its .Il i Stﬁ%‘ in Table 14 and the f‘gl | ow ng_ ﬁr ocedur e:
The reactive RonpOHeHic8 T aRYIoHS iiim & cempisingd te d§ aeissi% Bigh mseputao

tenperature in a yeight hftephia payomdrai ni ng the reaction m xture was

placed on a pgr mld \ ver ni ght . o, The reaction
m xture was %F’acm e! Sgrcgk%/%ﬂ%% gg%"ﬁggtccgpprg’wgg‘{}ﬂéz SRIPGER h'lggr‘i‘iﬂ%’éa’aby
appl yi ng vacuum f#eighf bydrophiificplyn®iie desi ccator was back filled with

nitrogen. Contact |enses were forned by adding 15 approxinmately 0.10
g of the degassed lens material to the concave front curve side of

TOPASO nol d dvi t Thessilicanahygireppbofisisim i tierain saigydrpm-gactionsézadol ds
were closed with éﬂBbN@E&Rﬁhiggtﬁvoﬁﬂﬁgﬁé g‘&é&ﬁo&ﬁ&df%oﬂ%l&'l@@'lves-

Pol yneri zati on was carrie nitrogen purge an
was. photoinitiated with 1.0 mwWcn2 &' visible |ight generated using

1
20W fluorescent lights with a gﬂ_gh;: BRph s_gztgor. After curing for 15
m nutes at 45C, the nolds were'op Thg'concave front curve

portion of the lens nold was pl aced Rnto &&-ionized water at 95-100
C. The lens deblock time is shown in Table 14. The | enses were clear
and of the proper shape to be contact '| enses. Table 14 Ex. # 84 85
86 Conponents SIGVA 30 30 30 PVP 6 6 6 DVA 31 31

‘ ROR R
RLRﬁ-(?_RS_?i—[o§i]n—R3-cl:—R6-R7
R° rR* R* R
i

wherein:

n fs an integer between 3 and 35

R'is hydrogen, Cyealkyl,

R%R?, and RY, are independently, C1.salky), riCq.salkylsiloxy, phenyl,
naphthyl, substituted C4-galkyl, substituted phenyl, or substituted
naphthyl

where the alkyl substitutents are selected from one or more members
of the group conslsting of Cy.galkoxycarbonyl, Cy.galkyl,
C.galkoxy, amide, halogen, hydroxyl, carboxyl, C+.salkylcarbonyl
and fofmyl, and !

where the aromatic substitutents are selected from one or more
members of the group consisting of Ci.galkoxycarbonyl,
Ci.salkyl, Cy.ealkoxy, amide, halogen, hydroxyl, carboxyl,
C1.galkylcarbonyl and formyl;

R® Is a hydroxy!, an alkyl group coniaining one or more hydroxyl
groups, or (CH,(CR®°R),0),)-R"" wherein yis 1 to 5, preferably
110 3, xis an integer of 1 to 100, preferably 2 to 80 and more
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31 MPDVS 21 21 21 AcPDMS (n--.10) O 0 O HEMA 9.25 9.25 9.25 Nor bl oc
1.51.51.5Cd 819 0.25 0.25 0.25 Cd 1850 0 0 O EGDMA 1.0 1.0 1.0
TEGDVA 0O

preferably 10 1o 25; R® - R are independently selected from H,
alkyl having up to 10 carbon atoms and alkyls having up to 10
carbon atoms substituted with at least one polar functional
group,;

R® is a divalent group comprising up to 20 carbon atorns;

R’ is 2 monovalent group that can undergo free radical or cationic
polymerization, comprising up to 20 carbon atoms, and

R8is a divalent or trivalent group comprising up to 20 carbon atoms.

22.  The silicone hydrogel of claim 14 wherein the effective amount of hydroxyi-
functionalized silicone-containing monomer is 20% to 50%.
23.  The silicone hydrogel of claim 21 wherein said hydroxyl-funciionalized

( silicone-containing monomer is selected from the group consisting of
2-propenoic acld, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-

" [trimethylsilyljoxyldisiloxanyllprapoxylpropyl ester, {3-methacryloxy-2-
hydroxypropyloxy)propyltris{trimethylsitoxy)silane, {2-methacryloxy-3-
hydroxypropy[oxy)propylbis(trimeihylsiloxy)methylsilaﬁe and mixtures
thereof.

24.  The silicone hydrogel of claim 14 further comprising at least one
additional silicone containing monomer.

25.  The silicone hydrogel of claim 24 wherein said additional silicone
containing' monomers are selected from the group consisting of amide
analogs of 3-methacryloxypropyltris(trimethylsiloxy)silane; siloxane
vinyl carbamate analogs, siloxane vinyl carbonate analogs, and
siloxane containing monomers, combinations and oiigdrners thereof.

26. The silicone hydrogel of claim 24 wherein said additional silicone
cantaining monomers are selected from the group consisting of !

3-methacryloxypropyltris(trimethytsiloxy)silane,

monomethacryloxypropy! terminated polydimethylsiloxanes,

polydimethylsiloxanes,

3-methacryloxypropyibis(trimethylsiloxy)methylsilane,

methacryloxypropylpentamethy! disifoxane and combinations thereof,
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O 0 Blue HEMA O 0 O % Diluent’ 40.0 40.0 40.0 Diluent conp EF G
DCA. (advanci ng) 53(3) 55(3) 56(9) Haze 15(3) 22(2) 16(2) Debl ock Time
(mn) 358 Diluents (weight parts of clluent):

27.

28.

28.

30.

3.

32.

33.

35.

34.

The silicone hydrogel of claim 24 wherein said additional silicone containing
monomers are present in an amount of 0 to 80 weight %.

The silicone hydroge! of claim 24 wherein said additional silicone containing
monomers are present in an amount of 5 to 60%.

The silicone hydrogel of claim 24 wherein said additional silicone containing

monomers are present in an amount of 10 o 40%.

The silicone hydrogel of claim 14 further comprising at least one
hydrophilic monomer, !

The silicone hydrogel of ¢laim 30 wherein said at least one hydrophilic
monomer comprises at least one acrylic group, vinyl group or a
combination thereof.

The silicone hydrogel of clairn 31 wherein said acrylic group has the
formula CH=CRCOX, where R is hydrogen or C.galkyl and Xis O or
N.

The silicone hydrogel of ¢laim 30 wherein said at least one hydrophilic
monomer is selected from the group consisting of
N.N-dimethylacrylamide, 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, polyethyleneglycol
monomethacrylate, methacrylic acid, acrylic acid, N-vinyl pyrrolidone,
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl
formamide, N-vinyl formamide, hydrophilic vinyl carbenate monomers,
vinyl carbamate monomers, hydrophilic oxazolone monomers,
polydextran and copolymers and combinations thereof.

The sificone hydroge! of claim 30 wherein said at least one hydrophilic
monomer comprises at least one polyoxyethylene polyol having one or
more of the terminal hydroxyl groups replaced with a functional group
containing a polymerizable double bond.

The silicone hydrogel of claim 34 wherein said at least one hydrophilic
monomer is selected from the group consisting of polyethylene glycoal,
ethoxylated alkyl glucoside, and polyethylene polyols having one or
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E = 62.5%t-anyl alcohol and 37.5% PVP (Mv = 2500) F = 62.5%
t-amyl al cohol and 37.5% 1, 3-di nethyl-3,4,5, 6-tetrahydro-2(1H)- 5
pyrim di none G = 62.5%t-anyl al cohol and 37.5%

et hyl - 4- oxo- 1- pi peri di necar boxyl ate . _Thus, Exanples 84-86 show
that a variety of nae éisinahppmesizable ole§eit groupsboridap fwihe pglyaibier ki ng.
10 Exanpl e 87 iy@ reaction mxture was made using reactive
conponents shown PR Tabl e- 15 . 166426/ 0 (bal ed upbn. SI reactive
conponent s angb, di IThesilipore fahpbelalf ciaimo BO evhem@indialduet teast driachydephilic on

m xtures were placed into ther | gstic contact |ens nolds, and

1Y adi ated usi ng PIPTSSAEESBOBaT piouf Btants BN 18 o’ s0C. o. 8
MV cnR for about Jfndthpadrasmidedehydibiyepgiensthddigatanl@erorer e opened and
| enses were released into dei oni zed water at room tenperature over a

period of 15 ni nutiednachale, seExyaiBy EnatirsRyIFnide duvinHRBroies s e
buffered saline 5?b&éﬂh@%né%ml%ﬂﬂn?ﬂﬂi&?yleﬁé‘,%éﬂ‘ﬁcﬂﬁ%é QME,datf\}liicégiﬁ C for

30 mn. The properties  of The resulting | enses are showi able 12.
20 Table 12 Ex, #apycuphipeinamihereosl GVA 0 PVP 7 DVA 25 MPDMVB 48. 6

ACPDVB 5 HEMR712. 3q ibety80adl of ol 3PWRerBin2aid FHEME tidrophitic
monomer comprises N,N-dimethylacrylamide.
38. The silicone hydrogé[ of claim 30 whereln said at least one hydrophilic
monomer is present in amounts of 0 io 70 weight%.
( 39.  The silicone hydrogel of claim 30 wherein said at least one hydrophilic
monomer is present in amounts of 5 to 60 weight%.
40.  The silicone hydrogel of claim 30 whierein said at least one hydrophilic
A monomer is present in amounts of 10 fo 50 weight%.

41.  The silicone hydrogel of claim 14 comprising 1 to 15 weight% high moelecular
weight hydrophilic polymer and 5 to 90 weight % hydroxyl-functionalized
silicone-confaining monomer.

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

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

44.  The silicone hydrogel of claim 14 further comprising 0 to 80 weight % at least
one additional silicone containing monomer. '

45,  The silicone hydrogel of claim 14 further comprising O to 70 weight % at least
one hydrophitic monomer.

46.  The silicone hydrogel of claim 44 comprising 5 to 60 weight % of said at least

one additional silicone containing monomer.
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Exanpl e 88 Preparation of nPDV5-CH (used in Exanples 3) 596 g of
Gel est MCR-E11 (nono- (2, 3-epoxypropyl)-propyl ether term nated

pol ydi met hyl si | oxane(1000 MN ), 11.69 nethacrylic acid, 0.10 g
triethylam ne 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
hour s. Thegoro ct _was extracted with saturated agueous NaHCC3 and

CH2d 2. Th sipeng hydeoelfslaim Hoeprenrrising A Hbusiahtds elegisbatdeast t o
give 94 g of prcxmdladﬁxtloria‘P‘alﬁ‘ddMBcmﬁmﬁ@ﬁ@h@rﬁ&nt with desired structure:

CSi Si 1 almc device forned
froma r eac ogrh%%)l(' ‘%31 ﬁ'SF?f§{a%g%cwpd'ﬁ’”%?‘g@éﬁ“ﬁ'ﬂm\/\é|°£ﬁﬁ'd at least

hydr ophi lic polo;ﬂﬁbvdrammhcanormmeecu ve amount of an

hydr oxyl - f et 'T%@%ihb@r%dp;ﬁ meeele m?f?g]éoﬁ’lgg%lﬂ@ﬁ?onw lght\‘wgfr the hi gh

nol ecul ar wei ght hydrop |c po ymer
| east 100, 000. ©2¢ hidigrhijsHpenemer.c device of claim 1. V\,herel n the

ef fective mmumhe@ﬁnccﬁ\alr@dhﬁéﬂc@&lﬁ#ﬁﬂ'&@ﬁabm 1%?@1@5 hbﬁ%?ec\%%%é il nﬁ

nmononer i s 5% % 3. The ce of claim1l erefn the
device is a si }hy%S’(?}BP egﬁ)%%ﬂ‘f’%{@l&l hé{ﬁ@xy'i”mﬁ'ﬂ'@“%ﬁﬁfﬁ'ﬁam%%’tw ce
of claimi1 corrmmnsmmgS’cd_%) weighBf/adiitiphal stit@eudoatainivgi radHortay i ophi doi ¢

pol ymer. 5. Thg, m 1ef) of claim2 wherein the effective
anount of hydrox%?q °fun@ﬁlena}sbéz}§% sil i cone-contai ni.ng nononmer is 10%

to 80% 6.%The Taﬁﬁ'{'mﬁr&%ma@\ﬂf elaimgf4 @Wflwg3mﬁ%m1®wmcular weight

hydr oxyl - funct Ihgx:nad»rmz:q)d;] ér*q?@t&%%'&h@%'ﬂd? 9%&12 mpound of
Formula | or o y n] eg Sm%ﬁﬁl ]n 151414

RRRR1 wher ei n: C%nt? gm%ﬂwoinﬂtfng grto %%‘P’W%@ﬁ’ @dgﬂ'éﬁ' @C%f cpgtaw]g,r@@@ﬁ]er
Cl. 6al kyl, R2, R@5mﬁﬂmghtab oydroghéipendentd. y, G . sal kyl ,

tri Cl. 6al I%‘él si FrF?é(é’ hcoﬁgﬁ?&ﬂ)ge] %?‘BQFnhMlcon'ﬁHﬁﬁ 5, U5 b, %h%!ekc}ﬁlar weight

substituted phenyl, Subst
hy rophlhc polymer 20 to 50 weight% hydroxyl-functionalized silicone -

containing monomer; 5 to 60 weight% additional silicone containing monomer
and 50 to 60 weight % hydrophilic monomer.

§3.  The silicone hydrogel of claim 14 comprising 5% to 12% high molecular weight
hydrophilic polymer ; 20 to 50 weight% hydroxyl-functionalized silicone
containing monomer; 10 to 40 weight% additional silicone containing monomer
and 10 to 50 weight % hydrophilic monomer.

54.  The silicone hydrogel of claim 14 wherein said hydrophilic polymer has

a weight average molecular weight of at [east 10,000 dalions.
L 95, The silicone hydrogel of claim 14 wherein said hydrophilic polymer
comprises at least one cyclic moiety along a backbone portion of said
hydrophilic polymer. s -

36.  The silicone hydrogel of claim 14 wherein said hydrophilic polymer is

selected from the group consisting of polymers comprising cyclic

amides, cyclic imides and combinations thareof.
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where the al kyl substitutents are selected fromone or nore nenbers
of the group consisting of 46al koxycarbonyl, C 4al koxy, am de, .

hal ogen, hydroxyl, carboxyl, Cl.6al kyl carbonyl and fornyl, and where
the aroratic substitutents are selected fromone or nore nenbers of
the group consisting of Cl.6al koxycarbonyl, Cl.6alkyl, G _sal koxy,

am de, hal ogen, hydroxyl, carboxyl, C1.6al kyl carbonyl and fornyl; F26
is a hydroxyl, an al kyl group containing one or nore hydroxyl groups;
or ( CH2( CR6R16 pyn@phihaRid deMuercempiisin $e ilitenehydogehesahl 4.1 to 3,1x is

an integer f r nor e

5 Ro: R1T ar SE YRR B R R R ARE o 20
carbon at ons apehiett kydle ohesdthegn t.t o 10 carbon atons substituted with
at | east e i

o | i nglup. (i RODL) 86 #eRitReT Mk eohefPat Rhalb R B o,
undergo free reiachanab oldegsitaani €3°pol ymeri zation, conprising up to 20
carbon at ggs; ﬁ'lédapﬁﬁialrﬁﬁc Héwéb é?'c?é% g??urﬁ%ér 6o’iﬂpV§§h§%ﬁeran% my%f)\%ér'é' ng

up-to 20 carbon %?B’B qo hal m ¢ devi ce of cl ai erein
sai d hydroxyl -t Eﬁ?&UP?B’ﬁ o At IPRY A eCEE arthervadheREEabilly Statect ed
fromthe groupe@omsbafermg of 2-propenoic acid, 2-nethyl-2-hydroxy-3-

Ej|33| I[ éxaﬁy 3 pr éﬁtﬁgﬁ‘%%%e&fc% oggﬁrai'mn% Qx}{th%r ég i,qgoiipﬁdulus of less than 20

hydr oxypr opy! @xly) propyltris (trimethylsiloxy) silane, i

ot hyl o1 | ne A P o e el T & G e F i

{7 wherein the’ QFF‘E@Q‘?ve anount of said hydroxyl-functionalized

si | i cone-a3ont Thaopighaimitaieice bSclAMNWEtiotEd YomSHisinfrevsiohrhiiGwelavi ce

of claim?7 fu%];rg,_ rrpri sing 10%to 40% addi tional silicone

cont ai ni ng nohofer, O%to 50% hydr ophilic nononers, and 3% to 15%

hi gh ol &dul aThw\mhgradmwgwg@bﬁqlams B0 fuyliver compfising & vaeteoptrrth“albmweedew ce

of claim9, V\fﬁ@@% he deV| ce is a soft cont act lens. 11. The

opht hal m i ce g gh in the dr oxyl -functionalized

silicone® ont erﬂpH% l%'ﬁ fepe ‘Pfé’ GiRET Sa ﬁffaﬂ”f‘ quaf“ER/’“m?ﬂé‘I legpt

greater than DséﬁopdbzaﬁeTlﬁeiadeim\Fmrm c device of claim1, wherein the

B

hi ﬁhdm)l ef:ul aeasmmegiiigh hpkbeaipihwvéiglt hpdrioyiiiay potvinter and ef &fctivevamand unt I of .

a r ox clear -
y y an;é‘i‘!éﬁét%@ hgé%gyﬁﬁdch&%ﬂ?eocﬂ}taﬁé %bﬁ‘cgiﬁiﬁa'ﬂr%ﬁﬁﬁq %eC@f x%eu ght

sol ution, curin erein
hydr ophi lic pes Rfﬁﬁi!-f@ REem(ais fetn R APhalmiggevise, %er%ti@thfgmnoie@ﬁﬁr 14. A
silicone hyds {h)fd%ﬁmﬂpfofy%ﬁaéé?#féiebﬂar\%@ﬁtﬁfﬁléé@mfjGﬂong a high

nol ecul ar vvel hi ective anpunt of an
( hydr oxyl $4 unct %9888 g élﬁ(%ﬁ%lr}c/%ﬁ{ zggﬂ'l nggdem; e com\/\ﬁ}rnél n the high

nmol ecul ar wei ght hydr oph| l'ic polymer has a rml ecul ar weight of at

| east 100, 000. 15. The silicone hydrogel of clai'm 14/ \Werein said
hydr ophi g c ﬁ'ﬁé bh@%dlcﬁcrﬁmh @rw&emrs@mdﬁhﬂnagﬁleuw@@@%ﬂs%mw of

pol yani des, go yl act ones, polyi m des, polylactans, functionalized
. pol yani des, hydiegsl eeniestIeg. pol yl act ones, functionalized polyim des,
- functiongliz esvkh 1 il'icone
hydr ogeIr@ ﬁ%ﬁ%‘”ﬁ%ﬂ@ﬁﬁ%@?’ﬂ] Sﬁw F p‘%ﬁ%l %E(g{ epi ﬁer m?‘}s%sé% ected
from the grothe peaseacsofi ndjluef! iptorp-aNeediopmipyre: ol | done,

Bg: g R,_lvi“ nyl%'?se fﬁg‘ﬁ‘ﬁgé%ﬁﬁ%ﬁ@fl %ifi gmdnob(}&el%T SRR AR group

pol y- N-vi nyl catsistief d¥inets Riseey, BERES, kol Deiidesy bikvids, 4midest hy 1- 2-
pi peridone, poly-N-viny | -'4- et hyl - 2- capr ol act am pon N

vi nyl - 3- et hyﬂlcdeSWﬁrWMUﬁﬁ@fe nd pol y- N-vi ny1-4, 5-di net hy1- 2-
pyrrolidone, polyvinylimdazole, poly-N Ndinmet hyI acryl am de,
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RR .RARI Il wherein: n is an integer between 3 and 35 Rl is hydrogen,
G .salkyl, R2,R3, and R4, are independently, O _ealkyl,

tri Cl..6al kyl siloxy, phenyl, naphthyl, substituted G . eal kyl,
substituted phenyl, or substituted naphthyl where the al kyl

substitutents re.sel e om.qne or. the group

consi sting of JiE‘I:I Ji b%‘g?fl’fiﬁ"rwpg reérhwg,ﬁlluegbeggf

hal ogen, hydroxyl cofgsthrearidesChicalkn Cmixheayherabd fOI and wher e

the aromatic zéj tute ts are selected fromone or nore merrbers of
‘St

the group con h§ ot @Ofé@m@%ﬁ@éf%b?ﬂﬂ dilugnt ssiaciiyg thearowal koxy,

am de, hal ogen, hygrasigof SéicR@ay bnd Wi pbiodrasRanhantlelgrmy! : RO
is a hydroxyl, an_al kyl "group contal ni ng~ one or m)reuhy roxyl groups,
or (CF12(CRsles)yJﬁe@ethzxilo\nﬁséméwh?ralrssalddlbeﬁtsemcm@matgm}unto 3, X

is an integer of y n ferably
10 to 25; RO - Ri %oﬁﬁst%@%&tgﬂéﬁfﬁcﬁ@% o Itae?tg% &r%ﬁfgtg@r 'I(@P Iﬂaw ng up
to 10 carbon at omaciatel eiih}{kqnes:hlmade rtgtamthwnyﬂjﬁtetrasllbmneatimhyl

G val ent group coreaiay AR B uibIe 8N Gaas NRebibva ont

group that can undgrrngjnﬂlrfoneml)rtuxds thalreuﬁancd:aﬂxmes@f 499 loy therfbregbing With
conprising up to Zglec roglog3 a , and R81s a divalent or trivalent
group conprising u R A &8 on atons. 22. The silicone hydrogel of
cl aim 14 wher&i.n The m%ricaoafmm 'amuarteuﬁa;dwdémwhnbnwatmtbrzeed

si |l i cone-cont ai ni n h e {l ?&%SO/ 01,0 5 % 23. The silicone hydrogel
f claim 21 WnereF' | g H% B3RP Plve A %' i zed silicone-containing
mononer i s seffect Ete fretimdtdielaigy DLwheemsdaikt dilent @bmpBrigsep aizei eneaci d,
2-meth yl-2- hydrox et ramet hyl - 1-

[trinethylsilypoxy aﬁ"i}%%&iﬁ\j?ﬁsb%&a&?i)f B{‘%ﬁyl ester,

(3- met hacryl oZéxy- Zhe method of claim 89 wherein said diluents are inert and easily
?gd;rgﬁg(r:(r)s%/logxy) 8{5818&% '\ﬁl(ﬁ\ﬁétgpt hyl si | oxy) si | ane,

hydr oxypr opyl @xy) phepgihsidof tleimed wWiyérsinl saidydilnett hymﬁmdealaleasnbrm xt ur es
| east one addi t 1 ona 4 PPELCYBORHR oBlp Btk tiur bR ER R one
hydr ogel of cl ai nalze!hQMﬁ-ebtéanDl §amellhaJeEalpentme2 Fditnethgh2-boanbdliagni ng

nononers are sele t m.de ,angl ogs of
3- et hacryl oXypr o@% %ﬁ%&t %ﬁﬁ %]fblls% % Lﬂgg%&l"?&%ﬂ% a\';' nyl .

car banat e anal ogsmlyélﬂfﬁﬁ)mfﬂ@fw nyI car bonat e anal ogs, and sil oxane '
cont ai ni'ng I

T one. By ar Sour s mER LA AR QLI GAIEE R +RELE Yoy 8 grdli

cont ai ni ng nmonone¢@siiag gfdiexencddepianah petenaymongna slesandli tag-botyl
(3-methacryl oxyprog!%ﬁcﬂ@,(]g{ it eN rﬁa'! I%}Qr?e (%]al%%y alcohol, ethyl lactate,

nononet hacryl oxypropyl terninate

pol ydi net hyl si | ox@ﬁg'yl lactate, i-propyl lactate 37 dlmethy] 3- octanol dimethyl

3- net hacryl oxypr St &Rtk

met hacryl oxypr opy pent arret]h;g/ﬁ((?>é %Hé%ﬁe ar?}woghhl Nat I(\grﬁ%e”'p'hereof

27. The silicone pyidigete @id iktaras thereaher ei n sai d addl tional
silicone contgi ni r to 80

wel ght 5% 26, e S [Eao0e! f B ierE Sk Dl WRMh B elgfor?

addi tional si'li coeansisting efi néthexyribproperd, 1ameth1dﬁeprepﬁnoi raanyl aloghetit of 5
to 60% 29. The Sf sai d addi tional
silicone contai ni ngh:"rir’gIlgﬁe g&grrggjy{)g%géﬁ?prghg%h tﬁ}q{b B‘f”o%o'} %0 40%
30. The silicone datjnplriargﬂb NJN -drhethyip ibgichamidbedipropyieatd giysegmathyl east one
hydrophil'ic nono th §d I |%one hydr ogel -of claim 30 wherein
said at |east one® §rcﬁr61|cﬂlﬁ( ufeé mer conprises at |east one acrylic

group, vinyl 8gr Ouﬁﬂwﬁemoaaﬂ@alﬁﬂﬁg @He]%l?\esfa%f’c‘fmuer?’gs Fgg&%t% HTJ %&%ﬁptaless

hydr ogel of cl ai said acry group
y g %3‘7 5 Welgﬁ{ ‘9 based upon the reactlon mlxtuze

B2



N, N- di met hyl acryl am de, 2-hydroxyethyl methacrylate, glycerol

nmet hacryl ate, 2-hydroxyethyl nethacrylani de, polyethyl eneglycol
nmononet hacryl ate, methacrylic acid, acrylic acid, Nvinyl
pyrrolidone, N-vinyl-Nnethyl acetam de, N-vinyl-Nethyl acetanm de,

N-vinyl -N-et hyy 1 ehghsuda, oflélraw BY b RATBITY eﬁ,enhwéaahf lh'aﬁ athdiht less
carbonate nonomers, vinyl carbamate nopnoners, hydrophilic oxazol one

nononers, pol ydexf}}aarﬁodfl"ﬁigfﬁéﬁ?ﬁ?%?%” HRASIGADMEEPoNs t her eof . 34.
Th il f cl id, at |
nydr ophi & ¢ riondhe st S0 i she sy B rsRs h afampry ptween

havi ng one or nor ¢0ahd Boeveightnibasdd imyarinx yactisrompduré.epl aced with a
functional group containing a polynerizable double bond. 35. The
silicone hydrogel of claim34 wherein said at | east one hydrophilic

nonomer is se$®ct efﬁe ﬁfeﬁfﬁdbh@a:@fﬁ@%é?@ﬁ%éaﬂﬁilﬁ@t Rfwaee! pRibiRM ene gl ycol ,
et hoxyl at ed al kyl Q%EUCQSI de, and yet hyl ene pol yol s having one or

more termnal pol §REFFSFGAcRd ‘mr@ﬁ"‘ﬁﬁé'd@“{?%‘%fu% d‘@WPﬂ%eSt(ﬁ)e’emﬂVmQ

pol yet hyl ene pol y@éud !e%@fféﬁi% bk ihPmen Mireﬂg%s euree bﬁa r‘éh?d ein
said at.| east one ic nononer is selected romt group

consi sting of N, I\Isaléiqfﬂét‘?’ﬂﬁf%@?ihﬁwpléi? ) apd () @reoRsrExmed i lnrﬁstlﬁa@r yl at e,
gl ycerol methacr yk&&trbns%hf&ﬂ‘éﬁr%rys%tvb%r éé’%@u@&ébfiﬁ%rﬂ nent.

N-vi nyl pyrrolidone | enegly nononet acry e, nethacrylic
acid, acrylicdaci ah%ﬁ’éﬂ'@éﬁfﬁ'ﬁ@tﬁgmf@'hé&'@fﬁacnq}vm!ﬂﬂﬁ%ﬂ@heﬁ cone

hydr ogel of clai mgfh rw@ggﬁbégtgﬁé i?hts%for' east one hydrophili c mononer
gorrprl ses N, N-di net hyI acrylamd .. The silicone hydrogel of claim

0 wherein sa#% afhg agthod @F@alwﬁ&w&mw pald pyingrigporidycipd wie mat in
amounts of. 0 to 78aei@hs réﬂlaﬁ&or%n%hddn&?{?\%réb‘fdr ogel of claim30

wherein said at |east one hydrophilic nmononer is present in anounts
of 5 to 60 welfyht ¥pe m@thoq‘ﬁw%mﬁﬁméelmw eiyiap ipeonduetpaviadradiationi n

said at |east one [p 10 to
0 ot ght o6 41, TR Ty Epeht ety ag;@%%“'°*§d'%§?ﬁ?‘*i’“2‘5%%?.“*2&?5%o 15

wei ght % hi gh ol egl¢ast oggphetrini¥alddr ophi li ¢ pol yner and 5 to 90 wei ght
% hydr oxyl - f wyct i mHeahbsed oﬁtlélhﬁ&ﬂ@h&@Iﬁts%icrﬂaﬂﬁtlcfﬂ)&ﬁ?ﬁﬁ?rfses ﬁ;ﬂwt hlb&ﬁg a

I hyd | of cl
ol coul ar wel ght WG 71200 6 BORER SHhEEI b s QoSO Group
hydroxyl -f unct i onainkizgeh {Sﬂdrdarﬁ@mﬁﬂ}@%@ﬂhﬁinﬁuyﬂ@tdﬁiéﬁ ox%enth% silicone
hydr ogel of claim 1? Qnprisin i ecul ar_wei ght
hydrophilic pol yn&f %ﬁa" St%cyg@‘%ﬁ'aﬁtox’g/gﬁ%?‘%?ﬁ FWHﬁslai’gd
sil i cone-cont ai nldll@tormsoam:nim#es Heesds.i I i cone hydr ogel of claim 14
further conprjsi d|t|onal silicone

t 0 i ght . % at t. one

cont ai ni ng nﬂ‘e Lish Ogﬂféz\{\ag'?‘%gt‘?@ﬁ%e% 'Béafpf t5rse ’&idrﬁﬁo'_’f'éi $urther
conprising O to @ou@c@htsuﬁ@am Hy&@&?cy@lﬁﬁeﬂ%’;ﬁfe@plhdeidn‘é TRRREEL2. 46. The
si | i cone hydrogel ‘}I {a}? m 44 conpr i sl3 ght % of said at

| east one additi oAgFYist-P e@)S'rPéOF@Bﬁ't'%ﬂen 'ﬁ%%ﬁ‘@?ﬁ??‘ybenﬂ‘aﬁ' ET‘Hé silicone
hydroggltof c:al nif;%tf@lp@ﬂp";?b%mb(bxm ﬁgzm@a-ﬁhtet Uéﬁz d at Ihegst |
one additional silicone contai cone roge
of claim 45 conpri gD @PP‘BG%‘@]mgg@ﬁ[‘m@/ﬁWF’e@éﬂd@hﬁf’ ’IPB%?}“”S%' e’ 9
hydrophi i ¢ monongig. 244Q-tnrﬂ'eh@yl@nk?@%%éﬁ%ﬂﬁmﬂine@&ldﬁ| HRAdIA Pe@RATPr | Si g

10 to 50 weight % of said | east one | i c nmononer.
ester, combinations of camphorqu:none and ethyl 4-(N,N-

——

dimethylamino)benzoate and mixtures thereof,

89.  The method of claim 84 wherein said initiator is present in the reaction
mixture in amounts effective to initiaie polymerization of the reaction
mixture.
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50. The silicone hydrogel of claiptl4 conprising 1%to 15% high

nol ecul ar wei ght hydrophilic polyner ; 5 to 90 wei ght%

hydr oxyl -functional i zed silicone containing nononer; 5 to 60 wei ght%
addi tional silicone containing nononmer and 5 to 60 wei ght %

hydrophi | i ¢ mpmoneihe raskhod Betifiinl d409M8ein ¥akig8dto0s pfdsahiTh itk e@8h Si Ng

6% to 15% hi gh nol ecul ar wei ght. hydr.aphil i olymer ; 10 to 80

e Gt 56 hy oy~ (RS BT DrIBA M BaTcH s HORRASIC Bopvaso

wei ght % addi t i onalcofipbh&age contai ning mononer and 5 to 60 wei ght %

hydr ophi lic nononer. 52. The silicone hydrogel of claim 14 conprising
5% t o 12% hi g81.nolTée oiedrodwdicizirn 86 wHereiprsaidi avripgisyavaducted2de tisibiBO

wei ght % hydr oxyl 'fligﬂ(i:rf‘é.cﬁ’ﬁﬁl i zed silicone containing nononer; 5 to 60

wei ght % addi ti onal™¥sil1cCo 8 cont ai ni ng nmononer and 50 to 60 wei ght %
hydr ophi | i ¢ mdhondhe methoddieladh B whereintsgidrivigetbr efmgises 1 14 conpri si ng

5% to 12% hi gh nol ecul ar i.ght, hydrophili.c_pol r.; 20 50

wei ght % hydr oxyl -#‘M‘?f@’f%%ﬂ‘ﬁ]ﬁ}@‘g@@%?igﬁ@g%é?‘sé‘%ﬁtdérﬂ%ﬁgﬁbﬁﬁﬁ%ér%ﬁ*1o to 40
wei ght % addi t i onaltirsdthylssnng peesthik BkiBE antDmiEEs tRfkol0 to 50 wei ght. %
hydr ophi lic ng:po g 54, nge si Li cone, h%,gr,o, el of claim 14 wherein
sai d hydr ophi 'cnﬁwr?épd Slain Gapigrein Sl inibRionsmpEigesRs@difyht of at
| east 10, 000 dal t0fﬂﬁmetﬁﬁﬁben_fbﬁ)-ﬁiﬂénylﬁlﬁ?d“s?hihé@dd&e| of claim 14 wherein
sai d hydr ophi I‘Lc pol yrer corrE,ri ses at |east one cyclic noiety along a
backbone port$on dfeZEihpdyalebpnid whereins3derackvesempprents furiebne
hydrogel of cl ai MmddpmagteleBstsoedvuedbepRichinpontl, yer is sel ected
fromthe group consisting.of polynmers conprising cyclic am des,
cyclic im desgfind Gampisnat dr Qi - : ] s G
compr i si DG £ re a1 11 ond v aTeRlnh PPEGEL <hl oy s QRRHERURL F e HérRiy
devi ce of clai m 5PFED Rk B Ei g an advanci ng dynani ¢ cont act
angl e of | ess9a harrhé&bnetta. of tlain opWhdraihrhig cliingdgay is eofuctel at &€ intensity

further conprisin i i.c.cantact angle of |ess than
60. 60. The opht h%ﬁ%&gggég%%%ﬂiﬁg’%nﬁw(}?urther conprising, after

one day of r, dhedwmthod of plaiyrscdvherein saie cwihgsterlfetier congisenadye dimd
an oxygen per neabigk bii¥a®h nahutd east 50 barrers. 61. The

opht hal m c. deyj ce . of claim>58 further conprisin dul us, of |ess
Chan 90 poi < Wb TRe SRR PR Sretfieeest S18 B P e RN Gt Fae SR SRg
a water content befbeeeerlOzh@l GOUes63. The opht hal m ¢ device of |
claim58 furtder k1S4 y\@% . . % .
The opht hal m'%:b(?de\(%H gg{eg}%ldg)lg glglmg \gﬁ?ﬁﬁg %‘ggﬁré@%%ﬁg&n%g%ﬁ%te grg C%rgﬁlﬁéanotf
bet ween 25 and 40%Msh 1PAE 3BFHIYRE mi ¢ devi ce of claim 60 wherein
said tear filJoobr ealueidod B8 clain St wheR@s baid cHRgARASs adddakt af o GaXferiire
wear. 66... A nethod cg}r&pri'gséng the steps of (a) m Xing reactive
conmponents cOpri §feﬁ§er "“€a%t one hi gh nol ecul ar wei ght hydrophilic
d@l ymer and aifief fleetristedanoaint 9iheatin baid strin@Qreéep is conduct at a temperature
hydr oxyl - functi ongakj,zed254d i (OAec. cont ai ni ng mononmer and (b) curing

t he product of step(a) to forma ophthal mc device, wherein the high
not ecul ar wei @it HPaFSHREIOf eaipu AMherein said guring|stapus sendieliayh ferereraigre

| east 1001000. 67 peiiaen awichad @fccl ai m 66 wherein said ophthal mic
device is a contact |lens. 68. The nethod of claim 67 wherein said

ophthal m c device is a silicone hydrogel contact |lens. 69.- The
met hod of cl ald®. 6 Theviether of gairib wieseln vaid ceRcpomenduge isrceragiixed in

mold and said method further comprises the step deblocking sald

ophthalmic device from said mold.
104. The method of claim 103 wherein said reaction mixture further
' comprises at least one low molecular weight hydrophilic polymer.,
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the presence of a diluent to forma reaction m xture. 70.The net hod
of claim69 wherein said diluent |Is selected fromthe group
consisting of ethers, esters, al kanes, alkyl halides, silanes,

am des, al cohols and m xtures thereof. 71. The nmethod of claim69
wherein said dpkuemie r%@ihagbeaawquwmeigrs@wnow@fbﬁoﬁtairu@tgaﬂh;ﬂﬁﬂéphmc
al cohol s and m'xturefs t hereof. 72. The nethod of. C{jﬁi m39 erein
said diluent sel ecRYWEFTIRS agP-BRRsT @YFEPS FOfRGUIE Welg Rl dese et 0% Paltany
al cohol s and m xtures thereof. 73. The nethod of claim69 wherein

sai d diluent selecting the group consisting of tetrahydrofuran, ethyl
acet at e, net hy06.| aitteanethod epeliaipy0d witdrein eaidddvnylotvelac veight leirophilic

. meth ne . hylotzoel "
i ot byl pr opi onari BB HEEEofberBy s iBleERE o HES Bl ZERATER

m xtures of any of the foregoing with at |east one al cohol. 74. The
met hod of cl aim 71 wherein i.d.diluent conPrises at | east one

al cohol hayi nb)&at r@a@?t%%d efﬁwﬂgéwﬁﬁ@'” tg%.“*r'ﬁ@ﬁﬁ%fm : poly¥ingliigh 71
wherein said di | ueslect@fom Begrab chesigingonwal sipd pdivitings, at | east 6
carbons atons. 76. The ne hqd of claim69 wherein said diluents are
inert and easily d?%ﬂPéé&iB‘P ¥etlyieng Q%@Pnt?ra.”dﬁ‘?‘t“ﬁ%éh%@fhod of claim69
wherein said ¢id. uemie ORI biTRHm ab4 Waasih RO BWIhSSNMr w%?heséiﬂﬂerfiéom the
group consi sting of tert-bué?gnol , tert-anyl alcohol, Z-butanol,

2- met hyl - 2- pent andSeleceddion K grmpp consiting Rely-vinybyiwdidage. polypidiensol |

_CI%_- et hyIt ;]SijePt aPO!glychQSY\F;\ﬂj; m}@yio%g@mﬁ%@d_ I 'r?ii‘tﬂﬁés’fﬂeiﬁéd#.:ég ]E_her e?f, 78. °
ne met hod of ¢l ai rein sai iluent is selected fro ne

O oup. consi st 14 e RBBER Cil R ANEreTD RedAbTIcoRHEISH! BEESRTI

tert-butyl al coholpplythenttgiydendirpendatolp to Zopsigisiedsed UpamiHe rabaiohol |

ethyl lactate, neth tI eI actate, i-propyl lactate,

3, 7-di net hy1- 3- octné'l%gf . dinmethyl formam de, dinethyl acetam de, .

di met hyl pr opiananihdenethbd@&tdnim 14 wiekdinlitrdoe natetutar weightkydroilzof .

79. The nethod of c|laim69 wherein said.diluent i r e
glrouE ?:ontsi sting ﬁig-eéﬁz? E?T]%F)Lﬁﬁ?ﬁ?mf?ﬁgtah?/@ﬁg{h@%%ﬁgﬁ&ju -atFr\r%I
al cohol, tri propylresutiog e. met hyl et her, isopropanol,

1- net hyl - 2- pyrrol idone, ethyl.lactate,. N (et hyl pr opi onam de,

di propyl ene gﬁ?col ﬁé’fﬁgﬁdtcgtcl?g? ?éi‘ﬁﬁ‘?#%saﬁégh Bfron Gt.eg'ﬁﬁ'égrret hod
of claim69 whereian agaesksdiolutient i s present in an anount |ess than 50
wei ght % bas upQn the actl l xture. 81. The.nmet hod of claim
69 vvhere? n saﬁ%’dﬁﬁﬁ@ﬁ%h?dgﬁﬁ%&gﬁ\%?{E'Hﬁa'gr?&ﬂﬁcf”sIsgiggorlﬁig%eﬁo wei ght %

based upon the reaotmposesmt iastrame sBZactafihie met hod of cl ai m 69 wherein

pon ¢he r eact Con R o Ba Tt A et R el B <ol d

iluent is water sotuobhénatsufedadssi ng conditions and said process

| ens was. cur el and e e R <P Aol Sa S TRhisth TR (o)

and (d) are perfoonB@H180.aqueous sol utions which conprise water as a
substantial conponent 84. The nethod of claim69 wherein said
reaction nixtUPe f1Of MAERcdChHABIM Skawherein said purtagiani inpresantdn amemts dhie
met hod of cl ai m 84ppbepekn said curing is conducted via heat,
exposure to radi ation ar a.conbjnation therepof. 86. The nethod of
clai m 84 vvherﬁlg‘n ;ﬁa? J'<e Ordioﬁﬁla’i'%iﬁo"m?ﬂ%? E\%g%r%miapir'éﬂﬁeé?riﬁ&ha@% hedyeen
i oni zi ng and/ or aéP® pproanddbClppom and said initiator conprises at

adi at1 on Conti Sae” f*@“ﬁ?ﬁ Pl AT P e Bt BTG idveen

S
said initiator is19@petiZ¥ AFbm t he group consisting of aromatic
al pha- hydroxy ket ones, al koxyoxybenzoi ns, acetophenones, acyl

phosphi ne oxi dés, The riainde? slin i whergin saifl gedeodnepidionsomrdsss aind

m xtures thereof R8qi e fHiibQflenf claimB86 wherein said initiator is
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94. The nethod of clainms 93 wherein sak. reactive conponenth further
conprises at |east one WV absorbing conmpound. 95. The nethod of claim
91 wherein said curing step is conducted at a cure intensity between
0.1 and 6 mMNV¥cn2. 96. The nmethod of claim 91 wherein said curing step
is conducted at a cure intensity of between. 0.2 mWcn2 to 3 nWcnR.

97. The net hod of clains 9 V\,herel sai d ste onpri ses
a cure time ofl®at Thagsthos OE'F'ﬁ'm 1303 TeIRpRl ﬁ%bt"%d bc‘PCOBH%qL“T’fg t@% AR,
said curi ng step foatuebe ameRAPEids®e°@ cure tinme of between 1 and 60

Compr 1 ses a clite (ThE st PREbLIRAMSIraEh ladifa M b4 AR el

clai m97 wherei n @aweoﬁﬁ‘iﬁw@@%@ is conduct at a tenperature greater

than 25C. 1014 Theowidhind Rhiafkd ‘?dﬂmlr%?eu‘(‘@ﬁrﬁ @é%&ﬁg%%ﬂudﬂﬁjﬁ Rugition.
conduct at a terrperature bet ween he met hod of

clai m 97 wher&®n STQPHTG’@EWQ?@“§9%B’h?‘?'”éﬁﬁd‘ﬁﬁﬁt'oat"o’ﬁprﬂ%ﬁﬁ@?"%ﬁ“ﬁ?e_ bet ween .
40C and 70C. @3. Aﬂh@ch@&dﬁﬁ{ﬁlsm@ tied @épn b &) wherigrieactivakcohnpamatsicomprising a

t di d id t h i
Gebl ocki hg sai a- optafae RNt Seftelit Sittnibh AT erEAT bAoA sReFP
cl ai m 103 wher ei n foatichaizsictiicome erindningenénamanend b mpingdlespraduct efséap (a)
one | ow nol ecul ar g Ee Q%{ﬁ%‘qel fmdd %Ffﬁéwettﬂ-@éophﬂ%ﬁ%@h@éj Vlfﬂferem

claim 104 wherein said | ow nol ecdl ar wei ght hydr ophi a
nunber average noltEchishnoReygEIGT hY%%@"FWSHmﬁth%‘FL{I% Q%E%c at %ﬁg
met hod of claim 1G4pwpbgrein said | ow nol ecul ar wei ght hydrophilic
ppl ymer has a nunber average nol ecul ar wei ght of Iess t han 20, 000

Dal ton. 107. ﬂzb,e MRS hethod bf QAR m3]b%r<¥lﬁ‘§£1§d@w&é*§ Héh%%i@fe‘rl%ar wei ght

polymer is se d fr m the group consi sting ter SO

pol yami des, | ta %881 %’f‘h& Serergin. %%ﬁ@V'Cedﬁé W%FU?’@% ther eof .
108. The nethpg ofrﬁgwﬂadﬂo%amws%ﬁgré,#g [&%Vdmp%m Alelf ng! ymer
is selected fromt roup consistin 1 o

pol yet hyl ene gl ycSV%"‘”ﬂﬁéfPr?aC?a@@'ﬁ?WOZDb'ﬁ&‘Jzol i ne and m xt ur es ther eof .
109. The met hed, Oﬁhéhﬁtﬁmib@éawmmzréﬁ\@ald AU H0 e pRE M Dfdncin

hydr ophi l'i ¢ pol yrr%r dm: ? %# i @m) nts up to 20 wei ght%baseg upon
the reaction m xt OFE M 1Y GRRIRR T4 55 cl ai m 104 wherein the | ow
mol ecul ar weight Fsz@lrr@fdeOfdalp01%5md-rereussqniws@ﬁlltmwmmﬁﬁafﬁ%mhuﬁ
and 20 wei ght % baged ofpQiact Peebpact i on m xture. 111. The nethod of
claim 103 wherein said debl ocking is conducted using an aqueous

sol uti on. 11329Thﬂudm&ﬂh@§ioﬂﬂalﬁ1| 25 WMnbEh mfe%bﬂe%ahﬂoﬁéht@fﬂﬁﬁ ersol ution

further conprises at ]east one surfactant. 113. The of claim
112 wherein said SAPATSRE &itestoRpPiia®s at | east” one non-ionic

surfactant. 13d. Tmnsmbdndttmfﬁq ﬂbwwareirﬁe%zd/\ﬂﬁeé &1 Bna@tdh B4 irfaafkk

conpri ses TWEEN(@}_?d D&E . The, method of claim 112 erel n
dai d surfactant pﬁaé:Lféqf? 0P %ﬂﬁﬂfﬁ?@”i‘j‘ﬂ'apéc‘i@e@%mb&ﬁ? C4re6. The

met hod of. claim ld%nmﬁetme&apdwaars&@ﬁinﬂmbm dgél firesent in anounts
bet ween 500 gﬁm and 1500 Tpm 117. The nethod of claim 112 wherein

sai d surfactant i §'spebehe qlﬁ*rné%%whﬁ@mt?@tdmtﬁormdemrmazwqmmspmaa

The nmet hod of cl abawed OBorvieEedte s@&hsbnagtdeous sol ution conpri ses at
| east one orggp_nl cTsoI v, claim 103 wherein said

f
debl acking is condqucrf\%tg ciii?f Céa”f‘gH%E’Bg?\ﬁrsé'}éb‘@fﬂ%éﬁprﬁmt B appyng lpgschan
120. The net hod of.5%lbabed UBR allinemcivencosmbokntebl ocki ng is conducted at

a tenperatur ¢3§etﬂ%qﬂeﬂ&&%3§§¥m%%$ saﬁ@ﬁreq?[gd}}%ﬂctgd vig llrradPaTﬁcln(i) g’t an

wherein said debl ocking 1s con ation
intensity of less than 5 mW/cm2,

134.  The method of claim 130 wherein said gel time is at least 30 seconds.
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122. The nethod claim 103 wherein said agitation conprises

soni cation. 123. A nethod conprising the steps of (a) m xing reactive
conponents conprising a high nol ecul ar wei ght hydrophilic polyner and
an effective anount of a hydroxyl functionalized silicone containing
nononmer and (b) curing the product of step (a) at or above a m ni num
gel tinme, to forma wettable ophthal m c device, wherein the high

nol ecul ar wei ght hydrophilic polyner has a nol ecul ar wei ght of at

| east 100,%§§ 124. The nmethod of claim 123 wherein said device is a
opht hal ni ¢! ¥Rendhe Peliod pheaimet23othendin shiabentihads WiEilesahgh devi ce s
a contact lens. 126. The nethod of claim 125 wherein said wettability
conpri ses an advanci ng dyani nt contact angle of 70 or less. 127. The
met hod of claim 125 wherein said wettability conprises an advanci ng
dynam c contact angle of 60 or less. 128. The nethod of claim 125
wher ei n satd§- wdte icrnnwy@r@sﬁwfmrrasa wherefn said bydrakyldundtioneliadd at

| east 7 secondgyjjcdwd r@l}h erein said reactive .
conponent s furt”gr c%mng%lﬁ[ areas one %ﬁﬁ?% d‘fa‘fgofnﬁéﬁ t hod
of claim 129 \Ahé‘ﬂf@Kw3s[§r[ﬁ3c3J8éefraa“neihyldvct ed via irradiation and said

condi tions co ncent r.at i nd cy re |n nsity
effective to p %W hﬁg’ I)@k%ﬁ l%ﬂ@ﬁ@l@p{)}(ﬂ@ropﬁﬁ? rTﬁ@ iﬁ'&f claim
129 wherein .sapdymart:omposes ;solpnmﬂwltolﬂdﬁnamaamuuﬁoriapsm@oﬁb% based
upon al | react&onefa rrpo ent s, he nmet hod of claim 129 wherein

said initiator 18§ 'ﬁ BRI W%{hﬁ?ﬁﬁ?m%h@%ﬂ%@’@%’E%fﬁ”é@ﬁf@éon al |

fleactive conpomentbs:- btﬁ?l&ern;l' heteﬂmdm@myﬁll@taﬁb%%g Wﬁyﬁir& piSfd d cure
i s conducted V|a itradi ati % c?n |n§en3|t of less than 5 nWcra.
Firt?@ parel

134. The met hodPBPMERTM! grypt g{na)e%@ryqtp@gd,l\gNat | east 30
seconds. 135. diffeghyimérbiachied, cl ai m 123 wherein said gel tinme is at

| east 35 seconds. 136. The silicone hydrogel of claim50 wherein said
hydr oxyl - functional i zed silicone containing nononer conprises
2-propenoi ¢ acid, 2-nethyl-,2- hydroxy-31341, 3, 3, 3-tetranmet hyl-1-

[(trimet hyd7si ITpeaHybmd wdwgémla]rﬁw@@a%r@rngmélreé‘&lbﬁbyodﬁg'oﬁés weight

hydrophilic p onpr.i,ses rrolidaone; sal
si | i cone cont a}l %lﬁ%}eﬁ%ﬂ% "?E‘Sﬁ%tn%@@%& a0 s $1telapatoyt
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138.

The silicone hydrogel of claim 136 comprising the reaction product of 30 weight
% 2-propenoic acid, 2-methyl-, 2-hydroxy-3- [3- [1, 3,3, 3- tetramethyl-1-
[(trimethyisilyl) oxy] disiloxanyl] propoxy] propy! ester, 18 weight %
monomethacryloxypropyl terminated mono-n-butyl terminated
polydimethylsiloxane 31 weight % N, N- dimethylacrylamide, 9 weight % 2-
hydroxyethyl methacryate, 0.8 weight % efhy!eneglycoldime_thacrylate,-6 weight
% polyvinylpyrrolidone, and less than . 1 weight % phétoinitiator.

68



