VWETTABLE HYDROGEL MATERI ALS FOR USE | N OPHTHALM C APPLI CATI ONS AND
MVETHODS FI ELD OF THE | NVENTI ON [ 0001] This application clains the

benefit uReebo13osAhsS. C. 119(e) of prior U S. Provisiongcrigb@mbissos
Application No. 61/244,496, filed Septenber 22, 2009, which i’s

incorppratedlin its e l%ﬁ%& éﬁ% 10002] The p;esent
REMERET R o i R

as contact Iens materials. In particular, the present invention
relates to dro el contact lenses including a surface such that the
| ens FEIIAP YERAHEY and rechargeable wettability. The present

i nvention also rel ates to packagi ng systens including these | enses
and f@#0Abds oThisr amplicitivg elating dhwebenefig urider 36nV&SC. BACKOROONDior U.S.
[ 0003] Al t hough conventi onal hydrophilic polynmer or hydrogel |enses
ar e Psefisibnab Patestf Appdichticn, N& G1249 406 filed Sepdenitie 32,1009 heliisle isvasorpdritodn
time to time. For exanple, conventional hydrophilic contact |enses

can ReitdSHRAY @?ﬁﬂ@%ﬁ&hwkﬁps wear er disconfort and/or eye irritation,
mhlch can resu in the | ens wearer perceiving that his/her eye is

dr y eye :}I CAGIERQDAS rdBE&N 1 %u%ﬁ&lﬁ P%adg@l”ﬁe\)’i@ér %Br%g&!!ntﬁciﬁseﬁé?

drop cants. 100041Si11 cone cont act nses are a

Cor’rmf &l%g dgylg.% :ng & pgé% th Pﬁﬂaﬁc a %hl:du%%@ cﬁ%g 8’&?0&1?3119 %ﬁisl Xn

have perinea COI’IVEI’I ona COI’It act

Ienses |t|o e t.ypi,cal

hydr BBIFESBIF‘% %wsﬁepﬁiﬂye?twgﬁ eﬁeﬁ&%ﬁw" %%Afmp%% e Pﬁslaﬁ?la&mrfe Bisesweh th
t herefore, addjtional ocessi ng steps Q mul at i on

201 1 Atsavniss perhsessEaitliandoech ARl Meriptality Eﬁm'@%%ls H‘r"?ﬂti%‘ fheqglates to
contact lenses with wettable surfaces coqpared to conventi onal

hydr Bedpeias sysiems inglndiag thepplgnssp prbagbpdipinsedugbe andrewetiimgdhalyrscygel
contact | enses while addressing conmercial realities, such as | ow
costs of goods, good clinical performance, and high processability,
remai ns a chal |l enge. SUVMARY [ 0006] The present contact |enses
conpBAKEKGROVNIDdi es that conprise a reaction product of a

pol ymeri zabl e conposition. A |lens body of a contact |lens has a | ens
sur f §0083] suchAaBogh @mbvedtioasl hehsphiliy pelgmedior yfiegtlclenss drenseful and
surface. A first polyhydric alcohol is present on at |east the |ens

sur f afectiRb, donR preMemb @l Ypreskit tBERseP*ANRIR tinfeh® tinkd, Fbr HRIMPNY @bhentional
al cohol conprises a polyhydric al cohol with a backbone conpri sing at

| easthydBpific %91&9(9 NerREO B bd Bodhted GAR ledshW@RerCRIBATorR htDSr é}@ﬂﬂﬂgudnﬂ a
chaln as a right carbon atom bonded to a center carbon atom the

cent Whlcf(rﬁgc;(ag ?&uﬁ’ilp{ﬁ‘e tl)&@ %gr f e r@alv?% that H{Sﬁlgp‘?%t‘%g‘lﬁ' ’g[?&gn?é ;blﬁgﬁn@r{bq el y

one hy group i's bon e e right roxyl
grou nded to t ce n.aLom and one and only one
hydr S StreS? e%s %eg’ﬁetﬁse‘ﬂl cp{épﬁa ?ﬁ)r‘c)u PG at om I'n anot her exanpl e,

t he poI dr| hoI conprises a 1, 3.diol wth
one L‘i@?f)xyl Sﬁﬁ O PBlERRe5 o7 ecoripont s b ifsuach
chain), In another exa he first polyh drlc al cohol es._a
1, 3SHispyohydrogels gemerplly %\gﬁdﬁngeraw&)@ﬁmpeml iligist éhaph?m‘f?wn%p hﬁﬁ?ﬁel
hydroxyl qroups one and onlg one of which is bonded to |st carbon in
t he eorita lenses- dn@ddition, gilicoamtiydags)s bipically hasi warei kydmphglig materialethap d
carbon in the chain, where the rd carbon in the chain does not have a
hy dr osayenigonali pydroged edntact lentsps, ahd temefotee additianabprocessing sipps phimmiatation

al cohol conprises a polyhydric alcohol wth at |east five pendant

hydr oxyl groups. In yet another exanple, the polyhydric al cohol




WO 2011/ 037893PCT/ US2010/ 049596 conpri ses a pol yhydric al cohol with
at least five pendant hydroxyl groups, wherein two of the hydroxyl

groups ar eydhofijogrsds and 3 positions on the carbon chai Bclrius@eio@eokos 3
polyol with at least 5 pendant hydroxyl groups). The poI yneri zabl e

conpasi t conprises a t one hydr ophi | at | east ,one
cr obdrerifs Ao oo s RGeohh B8 sk SRR Ry sppered B
nmononer durin ynmerization to forma first polyner conponent, and
at | é’&g‘t’endﬁ%algﬁﬁﬁoﬁ%{lcﬁﬂfé%ﬂlFl}»“e%ccept able acid. The ophthalmcally
acceptabl e acid can be distributed as a portion of the first polymner
conpdfedf], as Produeingretisbleysitisone bydreged nontach derises Whil¢ addr¢ssing sammergial
product within the |l ens body and at a |l ens surface thereof. The | ens
sur f aeditiearsutinasdoarcosts vhgaidagrood olisicd]l parfgirancd, ahdkigh pluaessdiNY, ndimar
a water break up tine (WBUT) of greater than five seconds, which are
mai ntaadhakshgkol lowi ng in vitro testing for a duration of at |east six
hours. The ophthal mcally acceptable acid can be used in a silicone
hydrogel |ens formulation or a silicone-free hydrogel |ens
fornulation 1000711t has been found that the inclusion of at |east
one -cally acceptable acid in a polynerizable conposition
used to pro uce a contact |ens body provides a | ens structure havi ng

35113, LB R PRI SRR BN o
h hal | | bl b biljzed
azﬁrccﬁrwenzﬁttseo R b % e 5 B R 7

| ens body, . inclyding at |east at a wetting ortlon at a surface of

t he |aet?§l%tea§/sm %an Posteriar lens spifagsy Aaﬁtrbptlrlaﬁlrw@tcobrlgﬁ Prepeng qp at least
portron} is not extracted or washed out during typical manufacturing,
st or dfelena surfenc ofethe lesrindyi dnsoneeexgmpleathe| fansk polgingirisyelesdplyprmprises he
acid present when the lens is formed remains afterwards, such as from
90 wpvbyhpdrioalcoltalgwitba hadkbone NS Hingt #leBT thiee/sarborOgoms,Ythe 28 leastofhtee
99 wt% . It has been found that even a relatively small anmount of
opht leadbom @&dnhsybaclee i abiheinaasi drightoartsbachtom Hohded ©ns cfbmiwaﬂmd andim athe

| east the lens surface is sufficient to interact

2011 to3Z8&shaTdbb HdhOADBIORE dathof -atorflvalickeih One ARBGA] oh@ﬂ ro®fl group is
ot herwi se attach) with a polyol, e.g., a polyol mntﬁ east five

hy dr @xxdeddb @uSght carbas BiogY 8 KR @BlPis St bRed toihe t:étﬁeﬂ AR Iakdns. @6ld
ophthal m cally acceptabl e acid renai ns present in the lens body "and

at | gps aiwml?%ﬁéht&r@rﬁ%to gqr btﬂgle&’&:eth o gddt; S0othd bxbRPR! Me first

present on at |east t'he surface of t or an ext ded

QZL'eg’glﬁid'f { °§1§| %&’éll’%%r e Sg’f'g (I%C%a"'?m‘tﬁ DRt blolg o3RI BRp
ggtn e%’c@g pe?“‘:g iog%/%tthﬁﬁhéﬂﬁ}h%g Ioh’(?&%/ I g}‘?sfgrét pﬁl’é’é’hﬂ‘aﬂc X f%‘gi’/fgﬁreﬁ@d
ol yat T RS 05 pol B GiRp kA motoer pioventis Pulighy! grespone S priks

by soakr ng.overni ght at roomtenﬁerature Further, the contact |enses
made O O VP isrhoadse to bnearbedr inthacnain sind gnetber ‘?f@qudr@ﬂié?tl? 8t whish 1s

W th or%alnl c solvents, aqueous sol utr&)ns of organic solvents, or

wat ebondeditpdegh cahop in #he dbainewhera died]” ¢atbantin hembningioeonotdaye Hlydroxyl
hydrated in an aqueous solution or water prior to sterilizing, such
as agtawp|beudedgo iGFoln encdlmg lerample,abepalghydrie rBphal somes sasialyeiy Hydriealoohot an
be separated froma lens nold (del ensed) and placed in a contact |ens
packagih at keboUiver gadariti iydradd] ighiups. Niady e ta@othes Bitatpl& B pbyhy@MDONIEohol
extractable material fromthe | ens body. Thus, the contact |ens can
be provided in an aqueous liquid in the | ens package. The aqueous
liquid may be a packaging solution. Optionally, however, a contact

2



WO 2011/ 037893PCT/ US2010/ 049596 The reactive ingredients include: at
| east one hydrophilic nononer, at |east one crosslinking agent, and

at | east qQpg:0RPsRM M cally acceptable acid. The met hogchhisbdigh49s96
conprises the step of contacting the lens body with at |east one

pol yol , such as 3 | yol. with | east . fiye hydroxyl, gr.oups, .f.rom
e Scrasisess pils R oY Sun 8 I Hyeioins byt i 4R8 or e
| ens surface. [0012] Methaqds of. using the present contact |enses are
al so sy geoyps & Thihed anfhy| ROSItgN Mt e BerBen Fhalfield £ by Sl o 2 frstace
of a contact |ens conprises contacting the contact lens with at | east
a seckardadiviesixyl gionps)adhe pplympnzablg edmpesitiop £emprises et fpst eneylydgerdilss .
The contact |ens so contacted has been prefornmed wth a pol ynerizabl e
conpaosphomer, atoegmt ios¢ nssinkingagentdha dngsdlirdshd atcleasd nogrbydroptiilid pmsememe
crosslinking agent, and at | east one ophthal mcally acceptable acid.
The pdwefngr pedginétaation am foirm tal filst polymee caimpdagtandng lpast \oak , ophthalmiaslya
first polyol with at |east five hydroxyl groups, present on at |east

a | engcspiitlaa8dofhd Hshiedmicaly adcBablDAeM . car b8 disBiidded! @Fdjrﬁﬂﬁ 86 the first
i nclude those fornulated with at | east one ophthal mcally acceptable

acid d?ﬁhelcc%ﬁl ﬁeﬂ%s%rﬁédﬂd?ogﬁe? cord ﬂeﬁg '6{3@6}11,(:1:1% actioh P%Qf‘ willlf the

rewetting treatnent permt east t ens surface of the contact

I N "af .
ae nsy]TEIQS p&?:]agl&?%% ?eﬁ% gﬁrfacE %ep@o&gﬁg l?rﬁt sﬁ,'ngg?eucsaﬁ hQ\ye &h Ad%% 13@%&1%%% ar%ﬂac‘bf

s by wear S Oon an eye o ens wear er, vﬁm
furt t t ful,lif f t dugt . Th tti.

opl At Tk 1O otngFr "Gt ieek G fims CSBLTD AT BsREr Bl 12 iy st o™
he I EREITEOSHAVRE JAUHL IS GHe AP RO GRIPh e i 8 Al FOHe i SROTE ol

ophthalm cally acceptable acid conprises at |east one formof a

bor orficeerighle) acith Gam e dsedsingy siliqone dindroce] densdermdatiosy orosiicongiites hydrogel
thereof In this exanple, the at |east one formof a boronic acid,

bor orlges fesneatiohor oni ¢ anhydri de, or conbination thereof can be
distributed as a second pol yner conponent in the polynerized reaction
pr odu@007}i . e. It hastbhemfouhdthbuthk irsfusiohef hidest wdyphtiabiniedllyact epteblesacid imce
thereof), can be present as a pol yneri zabl e conponent of the

pol yre pblyalktieabdo omapositicdnused ro gasdube abaintucp leds dotly pYdides a lens structure
20111037893PCT/ US20101049596 as a pol yneri zabl e conponent of the

pol y M ingadd [1€asC @ GGk tth Ghidkngl pel BidrichildoRel @siyal)saeand apR|3ypatyol with at
conponent in the reaction product and present as a polymneri zabl e
CONMPOBRR Five hydrbfy1 ROOMIBlol SR BAELLARBIRG! Ak %op}i%ﬁni&&lﬁ Rbeph@ASAciPOR be
formof a boroni'c acid, boronic ester, boronic anhydridé, or
combifghdepkel Niefi¥all S pfysRAlY BT boBPLERGQIT HRAphRiAIZSENne! end Mgy,
pol ynmeri zabl e conpos tPon, atter polynerization of thée polyneriza e
COMPASILLAR of Bad BF ML iie BAWKAEI | AEHL SARL AN bRELIMCLICOIRILAL o fon,

copol yner ne pol ynert za orm-of & boroni & ac

boroni c.ester, boropic anhydride, or, comhi patigon.thereof. is. present

e, Doy HER Sl PORICRL iopoly RPeRahar g T o doitel ihERtch ol S5,
pol ymer.i zabl e caonpposition conprises at |east gne polynerjzable form
of a 3HErBiear %ﬂazonﬁ&r%mtéeaég@r ,%Y BYstebh PL b A drgserRl, Whep thsiept iFdPTmesd
t hereof; at |east one hydrophilic nononer; and at |east one

cr os semams phgrwarsntuch FhéO@cﬂoyW%’fr 1080 Wi%al Won P DAY U ) Wi,
copol ymer formed of polynerized units of the at |east one formof a
bor orfi&cwiteitd 99 bwionitchae deenr foupd thaticzemahslativeliesmat amowriti of aphtbalmically
t hereof; polynerized units of the hydrophilic nononer; and

Cr oS Hcteptate faid prdidey in the lats Hodnsatd angt letsothsllénlsdifaredg aufficiedtQo 1ntdet
this exanple, the lens body that is the polynerized reaction product
can conprise boronic acid noieties present on at |east a surface of

the I ens body, within the bulk of the | ens body or both on a surface

3



[ 0018] The at | east one polynerizable form of the boronic acid,
boroni c ester, boronic anhydride or conbination thereof can conprise

a pol yner iw@bligofR6sm of boronic acid having the struct@tqﬂsmﬁﬁh4mﬂ6
2011/037893PCT/U82010/049596 [ 0019] The at | east one hydroph

ronorae- Ky Bien) B SER oy 35 i o Fohel B & B, il

crossllnkl agent of. the nmeri_zabl e caonposi C conpri se

cr osshid FﬂzﬁYE EroNBR P 2ARGTNY W&Fah)i%a%rfacsnfés therifpm e 9PhtF8mﬁ§wgcepta%le
pol ynmeri zabl e conpaosition can further conprise at |east one silicone-
cont acHl Teains meereRt in thedeamkady grd pt lepsotuyiaess therepfidnring useathgipelyol plso can
presence of a polynerizable silicone-containing conpound in the

pol ymemaimapesent ono déast the sueed 055 thedenshiodyr fos eneateofedppdripderdi theel after
units of the silicone-containing conpound in the copolyner, i.e., the
copol ignewalfafrthd dshs d@EP & iveedttneplutiTaror 2@ decuB isblatiod andi@uriig dsedstar) B the
silicone-containing nonomer, nacromer or prepolymer, and the

unconBALTRE chialt 0R!cak SRYWRE 1hléhel8¢él lapewttébqn? bhs2@ DnaR vIRCEEP beereltended
silicone hydrogel contact |ens body. The silicone-containing nnnoner

MaCT QIEH6JO6S HhE pﬂlek’é"@&nté%@ﬂsn?é@'ﬁ%'c%ﬂ bé r&h!af%EcPQﬁer% 18l Bf (e H}%‘b&ﬁg

prepol ymer. The silicone-contal ning macroifer or prepolynmer “can

an Hisadh E?élﬁﬁéﬂ &f nﬁ&g&h Eucﬂra‘é’ %t Qvatﬂ a"i‘?e%&tf?ve onxg%mgﬁp suc-i:x 8 by

| i cone- confal ni ng r or
I t h

g gl "95?5%2‘%”8%?%% o O coRpEL R et fi‘”Vli e

cha! qr in both its, backbone a@hglts s%ﬂe chai ns. F' .

sili rc]%ﬁ’é“ BT A %Pﬂ'grei‘ﬂﬂ% (FEHraction (Vish@reasic IEHE \pARTous SRlutigny, pf orsagic

si |l i cone-cont ai ni ng_nononer, mnacroner or,
2011/S@§/?Bﬁ§epfmvﬂt952§§@msin§wecaﬁrl@p@1w¢ in éblﬁ ARADAST o Fan be hydrated URissy
of ethylene oxide units present to the nunber of dinethyl siloxane
( DVB)aquenus Sojytier enwaigf prergmstepbiging.0suplp a3 antedhying. OF BB xathple2d fantact feas,
present exanple, the contact |ens nold assenbly used to cast nold the
| ens dsaldycribadh hereinp cirs be maphditadgfren af lasaneldi (ddbnsed))nopd aitacad ire & icomtact lens
surface and a posterior surface. At |east one nolding surface of the
mol d mslegriwithottrequiting an germetiaerwashing Steb Go ferfiva extrdcdbBhhteridlfiom the
present exanple, the unconpl exed | ens body can have an advanci ng
cont deids dgl Ehhs e dolABt IBROMAL b QRBided iRR Hiusud mcgﬁa MR fend pat kMR THe
n

about 1.0 MPa, an ionoflux |ess than about 5x10 un2/ mn., an

OXYygeRuitk RRRI hial YbeO4 plaﬁc%gmé hamteRoub tﬂo?anlﬁq'fo%Qé'; a%ﬂta@tnlens could be
equi libriumwater content Trom about Wbto 65% I n anot her exanpl e,

the %Hgﬂ%r?dﬁ&'p}o%ﬂﬁnu%@%o IJI&Q @m@&aﬁaag@g%m@onc %ﬁé}‘bg @tﬂﬁéﬁze cBrifdct

t han about™ 600, "a no out a to about a, an

om0t LSS R gL A R I o
4 @6 65% 023 hod f

i A8 S RS B 4 ©

B o e 8 Gl lm § R

conprise the step of IaC| a lens body (j.e., a.conplexed |ens body
or arflRERTHR reEgn P &w% yn??ﬂéﬁ‘z!%ﬁ?ramﬂtw@ﬁemsvm Frleashenedydraphtls 3
blister solutlon and sealing and sterilizing the bljister package,

t her dBSROgICErat|ieast pap eoaslinking ety ansngt least opmenulalmisaly perepighle acid. A

[ 0024] The nmet hod can further conprise the step of contacting the
uncomglyek pesénsat lesgdy adenhsufaconphibexemsgodpican bopolyeingl dorpl, exéngs @t
| east a portion of 1, 2 diol or 1, 3 diol npieties present in the
conplvesdi mdemsofiue hpdroxygl topoupk. Tieastseat pakrdded leneds, fodmed betrestéddomneclekgeds
present in the copolynmer of the |lens body to produce a conpl exed
hydrogel |ens body. The conpl exi ng solution can conprise at | east one
pol yhydri c al cohol having at least one 1, 2 diol or 1, 3 diol noiety.
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[ 0025] The conpl exed | ens body of the present exanple can have an
advanci ng contact angle at |east 10% | ess than an advanci ng cont act

angl e of 4Wihg 81769733 exed | ens when both the conpl exed |gHR%HOEN1RNH
t he unconpl exed | ens body are tested after being hydrated and after

soaking,in ph hat e, buf f ered .sal i ne f.or at | t hour 00261Thi s
oxamp bR IR ity FsSti o BuniRieaft Bt Srdoh 38 bl of B
body co i ses a cast | ded pql ynerized reactign product. of a

pol y i P Pes bR s Wl bighermalorubisvsiant Fams of et indedsrbpbsuet
produce a hydrogel contact |ens body, the pol ynmerizabl e conposition
conpr S ifpgeample dkase orith peighheveraga aedubw iweightsobiiew raboutaii0}00dealtons ¢
ester, boronic anhydride, or conbination thereof; at |east one

hydr opitd dtioye,mananaintainghel leas i & astiabi staterfosohgaridurmiongafter the less has been
hydr ogel | ens body forned of a copol ynmer conprising polynerized units
of t heenatved dami aogdutionl someainidg Mechibhermmolkcdliepddpinni deokdl ds chapaed €
ester, boronic anhydride or conbination thereof; polynerized units of

the atenbagithedanepenaRtd ﬁlsceaqﬂ@%_ry;vi@nﬁicmo%ahﬁ&ka thOsiRTcdh¥edtRfot
| east one crosslinking agent; wherein fthe | ens body has an advanci ng

cont agdy t@Nah@ duSisn bPaRe @Q%Btaﬂn%% 1]?8“9;;91%&%%% nyikrﬁg}ﬁ p%ﬁ@@g‘élg%ﬁol.l- 6

MPa, an ionoflux |ess than about

Cont oRE00k " % T SR o ATk ed %5 B a ke Rl Chteen AR,

unco | e od The hydrogel |ens body can be a.1ens bod

wher PR S a T bl Ofho GRS s iaca: Ao e PiddoipissBiiori st
copolgner of. the | ens b&gé are conp# xed with 1,2 or 1,3 diol i

moi et $%s T9FY @ty ang ¢ deast, oae 98 @ﬂwﬁaﬂlﬁ asrebabdy acid which cap bpdpga
bodyhéﬁ a conpl exed | ens body. [0028] The conpl exed hydrogel |ens body
can’ hRRI¥nsHZahis forR oR g Delymesietd form(sk ohn pritkalmically peseptabli anpreanic acid or
advanci ng cont act an%le of a lens body of the sane conposition

wi t hotrgame acig whep addeddo ghernoborerigable hampysitioni @plabalohicatly e¢depisblp iresgmic
in the copolynmer conplexed with 1,2 or 1,3 WO

2011/ ©3ir898 PEToys2aM 0L 0al pEl9Bexiable argiotyinesizpd fsm() of bomhicl &l phapBoric
pol yhydric al cohol, as determ ned by testing hydrated | ens bodies
soakeatid,or pitbsphat e buffered saline for at |east 6 hours. [0029] The
hydrogel |ens body can be cast nolded using nold surfaces forned of a

ther njopigst i ¢ Thespreseni 06R&Y: ThRed! BAORBS BY GHoNISH ROL cohBASIROPICKERAD A
have an advanci ng contact angle |ess than about 1000, a nodul us from

about codtadt VR Scaldahde Wit ﬂﬂpﬁeseﬁﬂhiéc?&ﬂfel, BEmprRR$ a (bR ABRYormed o a :

m®2/ mn., an oxygen perneability of |ess than about 110 Barrers, an

equi | ﬂ&g*ﬂ]&ma%t @&5n;ﬁ5%§10%n tcorilf)ﬁ’gfﬁg gi? Ufeas OJAe! %H‘?‘gg%ﬂig Oglﬁé‘lff[%g Sa‘f’ 1?%%}1 exgd

hydr og | ens body can have an vancli ng co ang

about . I t.0 3.MPa to ut .1. 0. MPa, an,.ionofl ux
oas Srrannf TS AR b RECIRRGonfhayi b0, A bl T Dol iee8 5t i
about 110 Barrers,. and. {lLikhriymwater content from about 35%to
65% '10&9321“‘?%85 6Hela’ﬁgr"étﬁ%ﬁl%vg‘f‘fsg%ff‘mr%'r@owdvem O 163 SRAAHBT RS
cont%ﬁt a%%kg l&%f t han about 60, a nodulus from about 0.4 MPa to
about'"®® NS 8% onof | ux | ess than about 4x10-3 mm2/min., an oxygen
pernmeabj lity from about 55 Barrers to about 100 Barrers, and an

equi P85 um wiehods o peertucing gracatetulenugynatse dsiused. 048 karhple obapiethedd
hydrogel |ens body can have an advanci ng contact angle |ess than
aboutoiemdugingpgantaet IEnsdrmagddinm @ pdlyPrzabte cposition ForhiRises praparmgaflénsx

| ess than about 4x10-3 mm2/min., an oxygen perneability from about 55
Bar r dwdy thmt slibaiteadiid fBaducests podymerizable qothpositionwampeisiag raaoieangrediean
about 40%to 65% [0034]1t is to be understood that both the

f oregoi ng general description and the foll ow ng




detail ed description are exenplary and explanatory only and are
intended to provide a further explanation of the present invention,
as cl ai medyo 200z4dsl/ 037893PCT/ US2010/ 049596 [ 0035] The pagaRrna0wsag
figures, which are incorporated in and constitute a part of this

application,. illustrate various enbodi ts of the sent_ i nventi.on
ana | FhGEeRew eltRinRRgbdt 4 R e o, Maugmet B Rt e sRESTiypSE
the present invention. BRI EF DESCRI PTION OF THE DRAW NGS [0036]FIG |1
is a anha8ad gk least ope, aphthalpicallnagorpiable pyids Theanethgigurther compgises (e step, gf
FIG 1D) illustrating polynerization reactions that result in the

f or maedniastiog the lens| bpae withfat leasteope peiapinsushias ¢ 1ot pelpelaritheat deastfiye hydroxyl
4-vi nyl phenyl boronic acid (VPB)), and the attachnent of a pol yol

(i . e. gromps] frof) guoiqpeduspolutidr whagthclithe peighydricalcoholte aidedsy the dong lsutfaceups
attached) to the polymer of the acid. [0037]FIG 2 is a graph
denmonpid 2]t i ng Mbthodceftisingathe Ghraspitadottacd lefab vrel 4130 distle@loAs av exarhpleea
of hydrogel contact |ens products manufactured with an opthalmcally
accepmaitbog of fvikitdiathé lea® Nirf20é of £0ntaBR IS 8sihpHseslcoMidcifg thelcBRtag bkt with
[0038]FIG 3 is a graph denonstrating the lI'ens uptake and rel ease of

pol yvinyls 2L&BRe hol %1? guc?}iaﬁg lp%fygg?(rﬁ{l/ leg%sé ‘g?é; Efdér&g)é :ﬁgﬁlgp r ORGIndact lens so

manuf actured wt p nd a control
| ens ct ur ' %% t C| E . 1S
denons %Eelﬁngyst Egelen\r,\g{eg 0 du‘g]?%%ebg?’ mz[?ﬁ%)al%r%s &?%orsﬁ%ol(l)lf C%“o‘% {;\?/r%% legf' tc8 ol
by | enses .made from a.series of..hydrophobi ¢ forpul ations .contai ni 0
i + REFSRTRERondrith, 2 45 eRGr e ARG A s A She Rpbpn pa  fpbe
[ 0040] F 5 is a graph denonstratinpg the rate of uptake of a second
form 4-;?6%@?%6&6&@% migglly wAveabloxi aBe Pol¥Rh %uc[g 3 B?Iyﬂyﬂﬂb?}ﬁ%ﬁ c
formulations containing O unit parts tQ 3 unit parts of the
opht hAYSAXUPHN SEQUPE frresiconaatlopst a ians suriace oBthg somiest/lenspdy, Theosyettable
[0041%FI G 6 is a graph denonstrating the rate of uptake of the first
f or m lgnsep drofuderihosedbuonaed wyth|ag feastsongepbthhingeally aseaptable asfid thatieanphd an ¢
fornul ati ons containing O unit parts to 3 unit parts of the
opht hergaric a¢iflyandoergpniabéid, adioth. The G4 tiigGreafindns permgts apleasd éhredeisst susfageng
the rate of uptake of the second form of polyvinyl alcohol by |enses
made 4éffthencentseléngso bé rdwetted phi‘tetlarded? afitralst 6P laBnvdardd) sugh @s bymkearing
parts to 3 unit parts of the ophthal mcally acceptable acid.
the lens on an eye of the lens wearer, which can further extend the useful life of the lens product.
The rewetting can replace lost polyols and/or further add polyols to at least the surface of the
lens to improve wettability and/or other properties of the lens.
[0013] In another example of the present invention, the ophthalmically acceptable acid
comprises at least one form of a boronic acid, boronic ester, boronic anhydride, or combination
thereof. In this example, the at least one form of a boronic acid, boronic ester, boronic anhydride,
or combination thereof can be distributed as a second polymer component in the polymerized

reaction product (i.e., within the bulk of the lens body and at a lens surface thereof), can be

present as a polymerizable component of the polymerizable composition, or can be both present



DETAI LED DESCRI PTI ON [ 0043] New contact | enses are disclosed. The
contact |enses can conprise at | east one ophthal mcally acceptable
aci d. The w@n§igesgsbenses optional ly can have a wetti ng pgearbo10049596
conponent present on at |east the surface of the contact |ens or
portign thereof . The wettin enf. _or. wettin onponent. .can, be present
b =S rondfmiiel Forlinbir, A8 Ryl sHERSTRTRRE GrrbREs 85 sia

I"e
associﬁ}ing with at |east a po&%ion(?f the | ens, bod such as b

Y, y

gr af tRORGRET CRBIRPRIT 1h HTEATOnRIOLICE AR BISHAT A 2 ROl TBREYe comaneat Of the
chem cal attachnent or physical attachment or both. The wetti n% agent
t hat Pebingsizalle sompositinn. g‘dméheeatd%sm@ ferompb borpeis gcideberprig ester, boronic
wettability, for instance, based on in vitro tests or other tests,
over aahydridecomiennipratiopdhatoftis mepolyinmarizatle famcand iatprdsestsn tige palymerjzable

| east 12 hours, at |east 24 hours, at |east 48 hours (such as from
aboutcopoditnn, afted péRnieeivatRnosf the pe)ymeribeblavedripodfionge ornt altg pdlgmerized

i nstance, be a hydroxyl- or hydroxy-containing wetting agent. The

wet t irggtias pRidubtaniphiging Ri dobdlymes tiad 4t dakk, one Welynrsizélle £MNBfGHoronic acid,
attachnment, onto at | east the surface of the contact |ens, such as by

way orddic ErOBGnie %ﬁhﬁrid@?&@co%éﬁﬂﬂ (1RGO ﬂn’e&lﬁ? Esg?ol?r%lellfbea%nﬁgl of the

ophthal mcally acceptable acid or radical thereof o ety thereof

2 S HET L0860 Pl . KEoBBlP ot 3 SeB

pol ynerized for.mof.the acid.present in a lens b . The .lepns VWO .
Don ) FEly P e ISt o PiaBE a6 RERYE expbiionf g eber b o et
can then be contacted with a wetting agent, such as_a | yal ,, such as
5 Dol BRsh e dioP S SHOmOmFE B0 g 58] ong POTBBIIng rertnt BRDHG P SH AP
pol yvi nyl al cohol. Wthout being bound by any particular_theory or,
mec h PEPRIRE HmBESes %?epomnqr@rs?@flpgv@wnﬁw ueﬁmfatg% trlenst one foun of # Beppnic
with the wetting agent results in the wetting agent attaching to at
| eastacid, hordnig @ster, bdrenit eanbydridey or nesimbinption chereels pobioyerized tunits eof the
is possible that the wetting agent attaches onto at |east the |ens
sur f dgydrophilio mymomer; haditwailinkofodned bihthatt kashste @opbnkingagenf. t he
wetting agent linker, such as an ophthal mcally acceptable acid or
radi qe#14] her etd this sxam@ley thd1d¢nsobodyhebt isS ther pelemeriaidt fehdtichhproldsiscan
including on the surface of the |l ens. [0044] Further, the present

cont aeinpti€SR6niE afidinksibtitd rebnt! oRaS leadtEsukRESofSHE {eAS Body) AithGAihe BEIK of
re-wetted or re-charged by exposing the contact lens to a wetting

agentipe 1 6oy bolforlt HSWSRERS Re lérisfﬁoﬁg SRd withdthd Bk AF ikl 188 bot§! il 28
agent to replace at least a portion of any previously attached

wetti g& -t I S
i GBI H bl AN P REpeRRL i R pie® o Ririihe (FERRR® |
nor e h as I r Lhr e . nMore, . r no n | i.Kke)
opnt HOFISS 0o 7 i Ben ol i Bordhic BB Tpoibilcaf haffoli s B ISHET)
the | ens conposition. Further,. one o re wetting. a ts can, be

at t acHfRROLTESFETY & JOSLIP SRS Sufedicke-4ae BQRBRiG A iodetics i U6 1ags Dy @an be
four or re,.and_the like. [0045]1n_accordance with the present .

di scice@glexed &'ﬂgdn?%ﬁ Fdns dwﬁ) msrstice of Ge polypdids plsehpl serhdbdths Belyhydric
wherein the polynerized conposition includes at |east one

opht lksoheldapregers one leas auedensgugacey farmingaf camplexed densdady. The at least one
ophthal m cally acceptable acid. The contact |lens optionally can

f ur t ipelyhpdmpalcslw! aan hate dtdesst fivn pendenttiydpxshgotps; wh previcusly | desteibed, e
wetting agent or noiety thereof or radical thereof) attached to at

| eastcam hpve fewen tiein fivechyabdasiigidupe di.€ ptheaisthydric altbigol wah thang atilgesn ttwean
be at | east one polyol and the wetting agent can be attached to at

| east a portion of the available ophthal mcally acceptable acid or
radi cal thereof or noiety WD 2011/ 037893PCT/ US2010/ 049596 t her eof.
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[ 0049] Further, as an option, the wetting agent |inker, such as the
ophthal mcally acceptable acid, or at |east a major portion thereof,
IS not extw@ediatmyiM th al cohol or chl orof orm and thiSPﬁ@ﬁﬂgnmﬂ@gm

|l ess than 10 % or less than 5 wt% or less than 1 w% or |ess
than 0.5 w % ess n 0, 1 % of e , _such
et hBeratt kTIPS AepTaiP e draeribpd S ol Shenetoh HropiFogy
extractlon For exanple, in certain enbodlnents only O, 001 W% to
0.3 wEsARHle (AR RBPISHG BRfindrici flradiol thawing 2 lpaskgwat L h digl empighys (igr, a
the tine of formation is renoved over tinme by extraction. [0050]As

st at eflolyhydsiodeahioh gyithgebackbinskeompriging hut dgast theseopprhonaaters dhg gt least three
acceptable acid, is part of or wwthin the unitary construction of the
| ens barblyn aﬂomsobmdemimplchain tabe @gtit daibsn ptons bodded o a @atey neubbz @tbm, the
product of the lens conposition formng the | ens body. [0051]1n

cer t atght@dadsborRsth Sondeditb@ 1pft @2®6h ah) beieil 6SAR, ondy 6&hyledxyl BFtipiiS
associated with a tine release of an attached wetting agent from at

| east pbhiRdhe R r%ﬁf: EA66h atdfCa hidBxyl %!nﬁ'.?%@ not¥anded to the center carbon atom and

2011/ 037893PCT/ 010/ 049596 ° can or at |least 6 hours, | east
12 h f f 4
12 "y e A il L ), BT

iii 222@%"0?1 e gt BT o o E)"q%acESﬁngﬁ I?OAP%L%V#@%G@:E%&§3§isﬁ%81°‘ )
cur at FEEHE ot 2R o R PGkl 8 (5432 P el can be

wetting ent s released in greater anounts_over a shorter periaod of
time, Pﬁe PE %%g% OBF Lms Serfaes T B bpiessat e P%héenﬁmﬁw K- Proseitom kedh y
steep first profile portion and a relatively shallow second profile
por t | B aserier dens vufacpard thsnposkaine lawtsudharninssonte exsmpissetertt lpashons
may have rel ease profiles that are signoidal in shape, that is,

char apelghydrisdldofolamaycheamesent in sl ik oftheleos bodyl aaed, as boklloweu f4g. Ia the
faster rate of rel ease, and subsequently followed by a relatively

s| oweexangilewbére tied ey drid Alushol isheepal glydds elcgiod haviggatrieast adesio 2liéol or 1, 3
nonophasi ¢, bi phasic, or triphasic. 10052] Anot her aspect of the

pr esedibl eRELACt 1b80aGsoriic] et €S2 bl drNQB- dieREBicles PRbdht 6P AtlRIUKoA DS the
contact | ens where the ophthal mcally acceptable acid is part of the

| ens  gopmRFictad@foll GhBe@mpltfed XNE a Rest R riidof IRRGHE BGd BloRRE pdbsdr$ in
with respect to not being able to | each a substantial anount of the

aci d fqmstRay!(E8S vhiohit &kmnfahe re@ht S04 SuFMeUitRin RY SLIkDERES 1R

of at least 6 holfs in the al coh %# or aqueous sol ution and having the

| ow a&}aﬂ% t% RN E c?cg{%ﬁeﬂés 1%99%8{ Ih%%g%agﬁl? f‘&nm!ng fit1ensh ﬁg}l%lt% tthe

opht ha y accep e acid can be ynerl
ht h | bl d l.ud t
compoll?BEn + A RFRgRE elrfgiﬁs%xw 51 et 288 Ee R st e tens body
ht hal d t . of b d d
e R BRTS o Sl bk At oL a3 Bl

can be renmoved only by breaking the polymer bonds forned during the
curi ntj be Rohumerized ref»msaarpfﬂpcb rv@Yekfa#w@comﬂléxw&W hydugineng pawisylar
such as the ophthalmcally acceptable acid, is part of the
conpostanmpémof amethayg. th¢emcemslexqﬁk9hs bedyt ¢ve hsotoptagied Mth  polybydrici alephol
formng WD 2011/037893PCT/ US2010/ 049596 the |ens, and can be

pr eselmving 1,12 dioleordr 3 divt moeting emd atdeat 2 potiproofdotenid adidohoietieapresent iadhe
| ens, such as a hydrogel contact |ens including, but not limted to,
at | east one polynmer (such as at | east one hydrophilic polyner, at

| east one hydrophobi ¢ pol ynmer, or conbinations thereof); optionally
at | east one crosslinking agent; optionally at |east one initiator;
optionally, at least one tinting agent; optionally at |east one W
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one optic zone configured to provide vision correction, to inprove
visual acuity, or to both provide vision correction and inprove

vi sual acuwyd Yorifi9keexanpl e, the optic zone can be conf ipgynRsh1ha49596
provi de a spherical correction, a toric correction, or a third order

or higher correction. .The optic zone n,be confiqured.to.i,nprovye..
Vi sualh eGP SEmRIE ifh Bl BRrPRAG e digkorrlap digl giciss GF L PRI dric
at both near and far view ng distances. The Eresent contact |enses
can b#calphprepen in the seluden, famingsa cosiplexed dens §pdeor rect i ng nyopi a or
hyperopi a; toric contact |enses, WD 2011/037893PCT/ US2010/ 049596
such H917lor cofheeetample sant cqmprise symethofl taffroarmfactiging sec hydreged eentagiulehs
as bifocal contact |enses, trifocal contact |enses, and the |ike for
pr ovi badyg Tho methiol aifl nnefacwiinga hiytheged contact 1EQ0dY The cappisalipoalding a
acceptabl e acid present in the conposition or in the contact |ens can
be nepdlymbiizhBlt ComPosith tthél do¥yriirizhble vafrﬁpauiﬁoﬂe@ﬁmﬁmﬁ ag)edt Rast ofe
The pH of the overall conposition containing the ophthalmcally

accepiARhEiAGleFofRBF R BofARl 4R, bEdnRN es@flHdRin&ah9d e bV OR theFBIL:
bi ndi ng” pH for the polyhydric al cohol, 'and this” can be above or the
e

I
opt 1ol P leeBF LAY nABERp ndrdfh Bkl EPEEIS Bleralinge 3Bk Ind B, cos
acid can.be,first Lr§§%§9 and/ or. recharﬁed at

. | d .
Such D8R pe PhEmelibfti ErStitoR in A EPRAHISH Rold SeEEhIE DT BRabETRE
t of time to treat and/ h body and thys pl
e izadtion PRt bt B &1 SRR G 1 G B (06 3 arRblymbn She

surfaces, [0058]Wetting drops containing a polyhydric al cohol or the
same {EPYHFAcPRPHsing Relymerzedymity OF they s leasicongr Rpdyragrizallg Jormy obyhie thormicf
the lens. The wetting drops can be introduced to the |ens when the

| ens #cid, daranfreesésfeberpni duide of gombigatiopethergef, golymenzademita of yheas déagt
for the recharge of the anterior surface of the |ens.

[ 0059%Rdfydriphilismsonomer,tané coeslinkx formied b ¢hepat demetinedessslinking apantamdierein
clainms, the following terminology will be used in accordance with the
def i nht vopenplesdr hydeskeb &ne\wiod} BAEE) Asvansiagd costaet anglet less than nibout 120° a
"hydrogel " refers to a polyneric material, typically a network or

mat r i sodiflupiky fah (bai 0.5, MPaAPabidofix 388 Ithan gbou 7XE ehnimike GANGxMsen
swollen with water. A hydrogel can al so be understood to be a

Mat erpedhedbNAy of 48tk AWBHET20! Barfs, A4 lah eBitibirS bated corltBft JTek Wakatht
matri x may or may not be cross-linked. Hydrogels refer to polyneric
mat er4y@ts, including contact |enses that are water swellable or are
wat er swel |l ed. Thus, a hydrogel may be (i) unhydrated and water

swel | , Or Gl ] t llen wit,h WO .
5011, 01885 pt e f%%%%b%‘%%‘%?’i’e %%%? Bropicacid, Bdrgmicyestery boronic
swol | e Lth water. .The hydrogel may be a silicone drogel.,.a .

o cOedtided Rorkinady Tegbt b BumeBRY » iy PediablecBie of baat e s the
[0061] The term "silicone hydrogel" or "silicone hydrogel material”
ref er ey particul ar hydrogel that includes a silicon
(Se-cont ai ni ng conponent or a silicone-containing conponent. For
exanple, a silicone hydrogel is typically prepared by conbining a
silicon-containing material with conventional hydrophilic hydrogel
precursors. A silicone hydrogel contact lens is a contact |ens,
including a vision correcting contact |ens, which conprises a
silicone hydrogel material. [0062] A "silicone-containing conponent”
is a conponent that contains at least one [-Si- 0-Si-] linkage, in a
nononer, nacromer or pre-polynmer, wherein each silicon atom may
optionally possess one or nore organic radical substituents (121, R2)
or substituted organic radical substituents that nay be the sane or
different, e.g., -SIRl R20-. [0063]An "essentially silicone-free

9



0.1% (W w) silicone-containing conponent. [0064] The term"linker"” is
used herein to refer to an atomor a collection of atons used to |ink
i nt er connggd bflgosRmhLt i s, such as a polyner term nus angaisbhifplosaf
repeat units. A linker noiety may be hydrolyticaltly stable or nay

i nclude a physiologically hydrolyzable or enzymatically degradabl e

| i nkage. The |inkers can be hydrol¥jcally stable. [0065] The term

"l ength", e.g., inreference to a collection of atonms such as in a

| i nker having a particular atomle kb, e.g., ranging from2 to 50
atons in length, is based upon thé per of atonms in the | ongest
chain of the collection of atons, @ dl ess of substituents. For
exanpl e, -CH2CH2-- is considered a ffVihg a length of two carbon
atons, even though each nethyl ene grjoup itself contains three atons
total, since the hydrogen atons are®suybstituents on WO

2011/ 037893PCT/ US2010/ 049596 t he"€ar bo® and are not considered in
approxi mati ng overall length of the chain. The |inker, -0-
C(0)-CH2CH2C(O)NH-, is simlarly considered to possess a chain |length
of six atoms. _100661"Pol yvinyl al cohols" or "poly(vinyl alcohols)"
(abbr 8418t ed " Bt Jeasts ond diydrankilie ononeatey mf' the quotymdrizablg cohwosjtiore cain
structure KHz-CH(014)-k, where mis a value of 1 or greater. The term
" pol yvémprisea iyalnaphilicahemnoahavieg et letsb ofd/Ohlylasoiatyf The 1 leasabnegerossfinking
attached to another nol ecular structure with one or nore pendant

hydr oxgent gf thepsolprherizable Rdfipositibacdn conif36 &) crd\sliflahy aget hivéng Sl ondf
an interaction of PVOH and the ophthal mcally acceptable acid can

r ef er vingl moletyof graft, conplex, bond (chem cal bond or hydrogen), or
adhere, unless specified otherwise. The PVOH attachnent al so can be

"sen {BR0PRNeNThe’ poliGkbriashld onfositiby @h! RMKBY bR QW L Gasesififodhe

hBg
attached PVOH fromthe acid during use, mhichcna enhance confort

duri ngodtzﬁﬂi%g‘iﬁﬂiﬁmeL QOB mdVal E%Hl)nlgﬁlem fhis éﬁm&%?%&@égﬁ%&tgro?%gggg‘%kﬁgaﬁé

descri bed herein refers to t m nal avera

| yne: i cal i by .si | usi h . hy, |i
po ynarxcorkyo%h&_%ﬁ% cgﬁb&%}? {ﬁﬁﬁ}ei oIzl #@ﬁoﬁ@pﬁrrﬁuﬁgt ﬁgﬁ%f’q{é’g@% gpt

scattering technigues, c ve

trich enzene, ecul ar wejght in the context of a polymer can be
expre @3%9%%6%‘&.“11 ec’lr\{qié\e i FCORAIIng compquad ip gﬁt‘e G\@Og‘f‘i‘ﬂerofaa%e copolymer
meighh%$vera e, nol ecul ar mei?hé and in the case of vendor-supplied
mat er JUS¥ET SQRFRTiseHRYEREFIZsH S fthe aplsritope stigoneccontalning menyae; Bleegpmshy
such nol ecul ar wei ght determ nations can be readily provided by the
suppl PePrepelymer. agd gb‘? gaepmmiexner diygdeperlagpntagt dras doily comPigsis | wngomplexed
references herein to nol ecul ar wei ghts of macroner or polyners herein
r ef er sitigpng hadigeelgientagh lersohpsy nBhecsilidone-cowsiiging maBotnkr, mscroner ar prepdlyer
determ nations, nunber-average and wei ght-average, can be neasured
usi ngcagedompeisere ailicore-crintaining ogrm@mpier or pepaymenr The sjlicchecdontimigogaaphec
techni ques. O her nethods for neasuring nol ecul ar wei ght val ues can
al so dreprepagimers camhhae drheverspe mbleaild-weightpereadl Hsh abalt 3,000 Daltons. The
measur enent of colligative WD 2011/037893PCT/ US2010/ 049596
pr opesili¢ods-coBtaling oA 6Bbr) InfPbriér dﬁ@}rﬁgﬁ@hﬁﬂ ca QohdpiSe ROLiREorRL Q¥R
or osnotic pressure) to determ ne nunber-average nol ecul ar wei ght or
the usen | § I i r i i TP
&her! hHEBomRE 3} b%bl}&eﬁﬁﬁﬂﬂ QU feast a‘ﬁ})ﬁt W@tﬂ&l\%\%ﬁ? g%tﬁé (?gbg@]tsp\m its

visconmetry to determ ne wel ght-average nol ecul ar

n t " LN 1 - ", f . . h t . | . h t
cr os R A PRI daind ol BUALRAIE e B K7 Ehe B i, e Bokihe
b ' . Q. d bonds. t K. i nclude t

mor 0 Nt PR D G Bl R et olleSHie TiplunEBanetien, magomer of

pol ynmer network (I PN) in which one polyner is physically entangled
with a second pol ynmer such that there are few, if any, coval ent bonds
between them but the polyners cannot be separated from each other
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for water and capabl e of absorbing water. A hydrophilic polymer is
not necessarily soluble in water. [0072] A "hydrophilic conponent” is
a hydr ophiyégysipmabance that may or may not be a pol YRR¥ayusio10/m049596
Hydrophil i c conponents include those that are capabl e of prOV|§|ng at
| east from about. 20% (W for exapple at |east from about 25%

(W w) PIRRORTICE BAtigh @ bt ot b “taylens ste) wits migseR Oothsimgbenof h
the remai ni.ng reactive conponents. A hydrophilic conponent can

i ncl udiEngtipd sBpiane (1AM Weitsaresentof diogabops G2¢ieabewek ¥, hydr ophil i c
pre-pol yners, hydrophilic polyners, or conbinations thereof

Hydr oLl ¢ nelertberpresent lgyainpipltht contgpt éenp otoldrasssmblandedipdrastpholdithe lens
pol yners may al so be understood to have hydrophilic portions and

hydr optdybean confprizd hibldisy 8BRS iBRIADAD 4Re3G supface amains postarior GarfAce, At
the hydrophilic portion and the hydrophobic portion will be present

i n 1 eleastione nidivgs1fadel6ithé Mald dsBenbIREdnitRlpSise #HRrrAGH1AHE Fin, OF
pol ynmers are hydrophilic. [O0073]A "nononer"” refers to a relatively

| ow nmgoggpl ar wahdples&® BRAMIE thd HcoRPRIF RndbGR TARKAE M %d@m?éi‘n@ééﬁagge

nmol ecul ar wei ght | ess than "about 700 Dalions, that 1s polyneri

I'n ONgn é(ﬁegp{h%n aBodiRe , 'm& Il S ra-bélﬁ()% W&grh%bbﬂﬂ'lto Paaaerc!nSﬁH)é ess

contai i ng one or nore’functional group$ capabl'e of "pol'yhE&rizing to

conbi i t.her nmpl ecules to form a. pol r,,the ot nol ecul es
bor no 5 bl S4B mEPREL pE Sutetn R PRBHEY of Tk tvncboft T, B R otht 2o
[0074] A, . macroner” refers to i .um gnd hi gh nol ecu] ar, wei ght
corrpo%ﬂ’f‘blébrﬁ'rm Baiey fgtent ei’P@g%@r@%qﬂnaﬁ@hﬂr exapple: thsioeompigxed lens
group, apa%le of further polynerization. For exanple, a macroner can
be a ?ﬂgﬁf&ﬂ ave,an dvaneing contageansils lews ihasy abs Qe Bedudes e abas §dk MPa &
Dal tons and about 2,000 Daltons. [007%]% "pge-polyner" refers to a
pol ynehout ab¥ MBa, asrigeefluxniessatbae abdug dex [OTonmc/ninr anvekygden peongbilite frohn
one exanpl e, a pre-polyner can be a series of nononmers or nacroners
bondezboubifeBarers tnabut H&tBariers, andeanaiqhilibohmovidter comtemtifrosn ghatuy 46246 ite 633k e
or crosslinkable. For exanple, a pre-polyner can be a conpound with
an avi@02de nollechd aethoeiofjiiangfacatisg a hhdmgellonst body QP hdGaticanexanipd) 76 A
"polyner" refers to a material forned by pol ynerizing one or nore

nononmethod BRC fupthier Sonfirisp e 6 Vi Riiding Afent 568y (1R, @l BmpRexBOINEBbAY &r an
understood to refer to a nolecule that is not capable of being

poly n@fcbiﬁ?g:xe@léhs b&dy§ #P2BbRac®IenD 81ifEt kP38 Mifhkeliste? _sﬁﬁ{l}ﬁ—f, aRPLATRE Snd

for exanp to other polyners present in a polynerizable conposition

or duiddlgidd1e Bﬁﬁ&tﬂa%’gg,fth iin erﬁ{ﬁdﬁ_aﬂ? Hgfyg?&gir?é@&ﬁlﬁoﬁ.o form

ot her polynmers 1 n a polynmeri Zabl e cgnp05|

of "t VR oy o B afRS Bdse e st Qsp e Bt B SumeRRd S b

one is..,synthesized and/or .cross-. WD 2011/ 03789 1.US2010/ 049596 .

1 kel § PR PE aRiBan g ChEDBHine KariHoRSm gt b UPer: -Dofakmorstes
bet ween thgL An | PN cqﬂ be conposed of two _kinds of chains forning
two SEPKPRIENGEIMRIPREE sEpon With hipaghs BPition AT Beropis@eidseoigiias prosary. in the
Exanpl es of I PNs include sequential |IPNs, sinultaneous |PNs,

sen -9PRYMEH T HBgriens gy toorrpéaca 2 semplased prdrogedflenssbady. dhp alomplaxing
reaction product where at |east one of the different polyners is

cr os sSojutior &an wpinpeseaat 1¢ashene privhydtibelcopal haming ai feastomedr, @l arkled diol
(e.g. linear or branched), wherein the non-cross-Ilinked polyner is
di st riapatyed i n and held by the cross-linked polyner on a nol ecul ar
scal e such that the non-cross-linked polyner is substantially

i nextractable fromthe network. [00791A "polyneric m xture" refers to
a polyneric reaction product wherein different polyners are both

| i near or branched, substantially w thout cross-I|inking, wherein the
resulting polyneric blend that is obtained is a polynmer mxture on a

i1



honopol ymer or copol yner different to that of the main chain.

[ 00811" Attach"” can refer to any of charge attachnent, graft, conplex,

bond (cher or hydrogen), or adhere, unless speghki ose

ot herw serwqgéolég?%% used herein, an "ophthalmcally ac?ggzdasg g/o )gflﬁs

form nponent” refers to | ens form ng cqonponent that can be

 ncor JPET ed | Moo BRI gRY badsrATiBe Preewt ShailpGen hae archyeniia eantact

experiencing or reporting substantial disconfort, including ocular

i rrit@88ieAt 5a 10%dess than anclvermngwaniact gnadeefeipe aptommigxed dwns When hoticthe

| enses have ophthal mcally acceptable surface wettabilities, and

t ypi cadmhplexisl lant badyand the ungompheoid das doilntedested hiftes ibgingfliydeandd andrafies

swel ling, corneal dehydration ("dry eye"), superior-epithelial

ar cuaseakingsh phesphatSbhlifatq saliae fortahast Sihgoisf | cant di sconfort. WO

2011/ 037893PCT/ US2010/ 049596 [ 0083] Additi onal definitions nmay al so be

f oundgoaéf he sEis le@ﬂﬁ;;lb hatlsh Qlilecred 4 qufﬂ}dg@flﬁatﬁ 86aH Akl 1B gel S B88Y S
o]

represent one class of materials used r the present contact |enses.

Hy dr 0g&hSriseOHAsk &B1dd PYhiti rdd | i
ot ar AnBp P AL R o B DB B KRN e Eh sraed
copol f re drophili.c,_nono r.Tge.
nyr oorfie REPIAL sSLBP RS oBlaly bl ROMect S PRl i PR Bprizeble

[ 0085] The.contact. .l enses can general |y relate to hydrogel contact .
Fens TORGLRRoBPtsng FOGRLSH BT ort) o A D FAG b ER reNY y
silicone-f.ree) hydrogel lens materials. The hydrogel contact |enses
have rife, a%ru Fég{"in%“% theseots gt ?‘iﬁﬁtr (988 ¥ dﬁﬁhﬁ'ﬁenﬁﬂ%@ntmn?ﬁe Heptopne
These features include, for exanple, a |ens body of the contact |ens
that ©8mbnkiagagent;thehydregel fansbodt fosmedofnsopaiyinier aoyhprisngwrdwherized units
conprising at |east one hydrophilic nononer, at |east one

cr ossPh tRriahlpasigma tpotymerizable ferin efktbe bhronisyagido phichiccestenrimmeric duhyidride or
pol ynmeri zation to forma first polymer conponent, and at |east one
opht hednphinatiohhaeaepelpbbrzedainis oflfthe aofehithat hiydraphilic avaepéabhEcosilidks
can be distributed as a polyner conponent in polyneric or macroneric
f or m formedby tieaattitasnops adsstihking abdnt; Wheeih eisleho Bydyae aatad@adcBipScontact
surface thereof Further, the | ens body of the polynerized conposition

furt herigld I8ssatharl 264 120°, Qth6tRthis\éss fhadtabbi® a8 MPRGNRG YRk lest Bfan SKANRL 0B
I, 3 polyol with at |east five pendant hydroxyl groups. The polyol is

at t ached/mia., ah d%&ge?xe?érmgﬁbiﬁlry dFERS thh gﬁ&x[? 2 gi}ﬁeg;r g%%i%flf‘eghﬁiﬂﬁuﬁowgé&er

via the ophf hal mi cally acceptabl e aci nononer .

The Mfeﬂ?@fdﬂ&sﬂ@ﬂ&%‘%can be, for exanple, a silicone- containing
nononer having a ydrop%ilic portion, a hydrophilic silicone-free

nono or a j i t her eo which js tib W 1 h e
opht TP2Ica 1y S RRLBIAR tedF gfPt " Wofihelshi AT Fotto i Miepieb sh bedy
i n conbi,nati o i th a. hydr ophobi c noner. . The hydrophilic nononer
can b&n&e ﬁd‘ﬂﬁ%@&g’ WEWH@Q{ geaflrp? Wﬁgﬁn"mﬂ& a&ﬁHﬂﬂ%éyS@ﬁ?ﬁsm ip thegopplsmer of
noi et | e?. ‘é’qhg ta\égge a}gd nmount _of hgd[ophi'li_c mononmer used in the
pol yref i PS0108Y [FEn oY fﬁfgs\pﬂgh drt ¥ah &lg}lynm%gs present on at least one polyhydric
2011/ 037893PCT/ US2010/ 049596 dependi ng on the types of ot her

| ens-Heabal: hg theAnsdedy isliompfexedlsagibodsion- 1 initing illustrations are
provi ded herein with respect to hydrophilic nononers for use in

si | i dOB8lhydr dgelcomaleded hydrogel detfsrtody luynl hapedrs advafiBy daintas shila ket st
Agent. Crosslinking agents for the nonomers, nmacroners or both, used
i n prigfatesnthat be adwadciag editact angle 0 h e bbdvosfthé Bate @ngokifioMmvithButitheat
art, and exanples of the crosslinking agents are al so provided

her eileast Spbitidhlof tier esdit Bl MbiGRS BieSert ¢ tHEABpollREr EAIBLeR with 1,2 or 1,3
di acrylate- (or divinyl ether-) functionalized ethyl ene oxide

ol i goner or nononer, such as, for exanple, tri(ethylene glycol)
di net hacrylate (TEGDMA), tri(ethylene glycol) divinyl ether (TEGDVE),

12



i ncludi ng a nononer, a macroner, or a pre-polynmer conprising an
ophthal m cally acceptable acid noiety, as well as at |east one

functi onaly@hfyessarabl e of polynerizing to conmbine w trRlsB&ibios0s96
nol ecul es under the conditions used to prepare a polynerized contact

| ens hody. .l.n anot her exanpl e, e, pphthal m cal | y, accept abl cid. is
2 pol STRLMGLBAEFEnLen & a8 oreiep HEYHAACDOhEF CEETUBHOR onpe pyated lon
pol ynmeri zabl e conposition during polynerization of the polynerizable
conpodpdipnipakes! llﬂgﬁaﬁ?ﬁhﬁ@ buffared sme forc least 6 hpwes. conponent of t he

pol yneri zabl e conposition sourced fromthe ophthahnically acceptable
aci d (¥R%e a phehydnosel lond hody camabpcest podldet using nmold rsorfases dornged of a
nononmer i ntroduced to the polynerizable m xture formng the reaction
pr odudierieplastic redve | ens body), which can be distributed within the
reacti on product follow ng polynerization. In another exanple, the
opht hado3otal | yTRE afqiniid:Rd agtfbgslandBoddi Sdnl had tafiChdviciddEcdnBRE bhAE less
product as a polyner, pre-polyner, macroner or nononer of an

opht halafiabaht! D0AGCAPIMY BoRGhoutld R MHaSo RBYE! 1IGAMPY, &mﬁs’a@ﬁ,{g I%E'sdthPrY about
f th The physica

anot her pol yner ‘conponent o e reaction product:

i mmobig] 1o .of I o I [

the ot barnt iy b S5via8 pkRabRY G 188, Ekbou Y RAiKEs 3hg FRIRTRRG Yater
pol ymeri.c . xture apy,, conbi nati on t hereof The conponent of the
pol yrrﬁ?qt%lrﬁogl %8%%%;"{9 %'sour ced fromthe ophthal mcally acceptable
aci d e fo dinsitu.in the formation of the reaction product
of thﬁ‘ﬂﬁéﬁs boﬁ{'}?%mﬂewﬂhwgm lgny agly cap apyean advapging confact agle less than
exanmpl e, co-polymerize with or graft onto another polynerizable 3
conpoARHt 194 & iodplys freay abputf. & Mitarte ebout il ShMPp.omgopoflve less thanabewt Sl 07y
acceptah) e acid can be a polynerizabl e formof an ophthal mcally
accepiablain;, gg oy Egandennealiliy oblessapan thoui] KhBaners andprudliirimowetancantent
acid. The ophthal m cally acceptabl e inorganic acid can be, for
exanpfrem abohtci5h wf6Wer oni ¢ aci d or phosphoric acid, inclusive of

pol yneri zabl e and pol yneri zed forns thereof Boronic acids can WO
2011/ @32P 3 PCTIhdS2i:bplked BEdrogel 16wy bazbyadpl lave \ah nighpRgydontaor Sple less
acids and derivatives thereof. Vinylphenyl boronic acids can be, for

exanmptian aBowti 609, PheBylls BOROAY0Gt 618IMPa & Moty DhaPY,| anlieh@RIxCleCthsh about
4-vi nyl phenyl boronic acid, 4-vinylphenyl boronic acid MDA ester,

(et hyarryhafindR., RN SRYZenRREAGIAItR Goth atdut gﬁ@aﬁ@r@ ey LB A8d gﬂﬂ@%l, and an

boroni c acid pinacol ‘ester, 3-acrylam dophenyl boronic acid,

separ giﬂg%lﬁpgffgpc(ﬁqumhgﬁltegb?%ﬁos/pﬁrﬁ%f . The vi nyl phenyl boronic acid

can, for exanp ave t owm ng Structure (1): [0091] O her

in i s Sﬁﬁ%ﬂj@%@? %ﬁ*@%%1%%%#%%%0%9@%‘@?%%8%2 Eﬁiﬂ,g SR
2007/ 011 2008/ 0 ] ! in.
ot or ARIEOT e i e Pt B4 MPo oL o R iR 5 et el

organi c ,acid can be, for exanple, 1-hydroxy-2- naphthaqic acid,

2, 2- d{nehﬁwoafaf’epmgeacpweamwdfreaayéwﬁéés Brrenite 2hort,100-Bareg), cangr i
acid, 4- acetani dobenzoic acid, 4-am nosalicylic acid, acetic acid,
adi pi edusliiriim watepeaient femabputd0%ieabei ¢ acid (L), benzenesul fonic
acid, benzoic acid, canphoric acid (+), canmphor-10-sulfonic acid (+),
capri H034l d ( diétsaindeomdersiddd thetbnththe farcgding lgencaal alescriptionlind the polldwing
acid (octanoic acid), carbonic acid, cinnamc acid, citric acid,

cycl adetailedodescription exeey bxsomipfiary iaad agplehatery baheant, ae ditendell o ipfovadel 4l further
et hanesul fonic acid, formc acid, fumaric acid, galactaric acid,

gent i Siplanatibitlof tBé pieSdne Rivertion, &Cdldméed) , gl uconic acid (D), glucuronic
acid (D), glutamic acid, glutaric acid, glycerophosphoric acid,
glycolic acid, hippuric acid, hydrobrom c acid, hydrochloric acid,

i sobutyric acid, lactic acid WD 2011/037893PCT/ US2010/ 049596 (DL),

13



are attached to adjacent carbon atons (i.e., the diol is not a
vicinal diol, such as, for exanple, a 1, 2 diol). In another exanple,
the first \pohuhysiksc al cohol conprises a diol wherein b, fMRon49596
hydr oxyl groups are positioned on a backbone of at | east carbon
atons, three of the at |east 3 carbon atons being a,chain of 3 carbon
at oms1098%pr i si His ascompmyingfgyess. whishasolaeraoraigd An aed, constipiis § gart a? i
and the center carbon atom bonded to a | eft carbon atom such that
one hymplioation, dilustrptei warison ¢abodimentseott thghpressat iyentianh and; dpgeather cwitlp dhe
at om does not have a hydroxyl group bonded to it, and the second

hy dr odestrigtionuservesto leapidiarincipteh ef thepteseaidentiom t he chain (i.e., the
diol is a l, 3 diol). 100951l n anot her exanple, the first polyhydric
al cohol can conprise a polyol with a backbone of nore than 3 atons
with nore than two pendant hydroxyl groups bonded to the backbone,

wher egRIEMDESCRIFIION AF O DR AWIRId¥ckbone conprise a chain of 3
carbon atons conprising a right carbon atom bonded to a center carbon

at om gigdert e GARL ¢ Si‘él?e%%f%ts%ﬂélﬁég{&;iﬁﬁelw%gsc Q?Ib.eiA PRy, nen Fi’é.oif'ﬂ, a‘Pfﬁ?{Ig.i n

addi tT onal atons can be present bone before’or attfer t

chain . rbon atons,.and erejin the chaj n.of carbon ons_only
nae 281 Tl BB e aiofoialits A i Sl Smalafdi L ofhEHOR
carbons suych that one and only one of the hydro roups i s.bonde

o CraRicelnpsenate Ge (b Ly BRgy! BrOn e R aRh e SR
carbon atom and the second one and only one of the hydroxyl groups

i s borRled €.6-nb 3 epbyvent plsahalt havingHaye exmept Bydremd gsownsraiiashed) to the
al cohol can be a 1, 3 polyol, a 2, 4 polyol, a 3, 5 polyol, etc. In
anot heglymaseafheacid-he first pol yhydric al cohol conprises a polyol wth
at | east 5 pendant hydroxyl groups, such as, for exanple, a 1, 3

pol yol0037}k h atFlGe2s4 a Srapkndmntstiatiog the yakcumuatpd uptake2of pblypadyy alcohdltavent
| east 5 pendant hydroxyl groups, a 3, 5 polyol with at |least 5
pendatiie b blydoagel cgnat s peidacts manwfaainee witheampthalmitdlly detepsdble acid and a
pol yhydric al cohol conmprises a 1, 3 polyol wth at |east 5 pendant
hydr oxorkroDkeptpanuidhae® vithbligehdxeid/ol has a backbone of nore than WO
2011/ 037893PCT/ US2010/ 049596 3 carbon atonms, one and only one of the
hydr opoghs10r OUSGL § 9@ r%ﬁﬁl deshonfigating tthe BhD Bptakd add R 1a52b NpolARny YALRIY |

groups are bonded to the second carbon atomin the chain, another one

and ofleY 1iRR&f H%drg% cOMAH Rh¥ hrc@ﬁ&k' Hﬁrﬁfﬁctﬁl%a qﬁfﬂﬁ&}%ﬁé@%ﬂﬁ%{llg%@éﬁ&me%m

in the chain, an he remal ning at |east two ups are

bond%ﬂ“{q£9§§ﬂ$m§§ﬁ@E§Pﬁaﬁﬁnﬁﬂﬁﬂ?ﬂ%ﬁr t he 4th carbon of the backbone

(e.qg., o fih e ons 0 g e backbone, etc.) IP yet anot her
i s e e L R R R
on' ' renEbR RS B e Ssrienr bbHTATORE SRR ioHA OB ) Ghigparts 0

repeating series of a_right carbon atom w thout a hydroxyl group
bondewt parts of e rkthalpically@esepigblericidne and only one hydroxyl ~group.
Exanpl es of this type of polyhydric alcohol include 1, 3, 5 polyols,
2, 4,[084¢0l yolHG. dtiva gfapb3iginvhsirating fheyrdiei of uptakolebh speondifoma of polavinyl
| east the surface of the | ens body can be, for exanple, a polyhydric
al cohadtohal b lausesl rmadst fréim \aesependfintdrdphdbio ytmudationp sontdining revrdi pansl te 3

t he pol yhydric alcohol with at |east five pendant hydroxyl groups is
a pol yHityshits of the @phthhlmiddlll addeplabRsitidf | ve pendant hydroxyl groups
wherein two of the pendant hydroxyl groups are attached to the first
and the third carbon in a chain (i.e., the polyhydric alcohol is a 1,
3 polyol with at |least 3 additional hydroxyl groups attached to the
chain after the 3 position, such as, for exanple, on a 9 or nore
carbon chain, in the 5 position, the 7 position and the 9 position,
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whi ch unlike vinyl alcohol, is stable. The polyvinyl acetate produced
t hen undergoes al coholysis. As the technical properties of polyvinyl
al cohol dgpgnrghijoshsbire first place on the nolar nass anq’diﬂﬁz(ﬁgﬁh%%
acetyl group content, industrial manufacturing processes are designed
to ensure exact adherence to these paraneters. As polyvinyl alcohols
are cOMBhI y pFEhet e B0 APmoRaTaEne the T @l episye o6 Rpshist BFm s RpbrAY
acetate to renove acetate groups, polyvinyl alcohols are connnnlg

di vi delsoheltby lenses mogrelsorn aserdesef hrdrephiévéirmglratiwd:p@ﬂa@éﬂgsO W hpasigdel 3 jupit
the final PVOH product, i.e., partially hydrolyzed and fully

hydr olpgizsedf theygeshalidepinaicagtablpecidt he nol e percentage (nol % of

resi dual acetate groups that remain in the nolecule after polyvinyl
acet aff@4ps beRIG. lyyid a@raphaldniodstgihy YHenite ofhuprRROLE th 8€:bAd Fokheof polyvinyl
pol yhydri c al cohol conponent can conprise a mixture of two or nore

pol yhygbhdl b?'l@r@@@xh&de TR aBerids OF By dBphibefoRmTiatiéntd Bn@ini g‘r']@urﬁf pdR%E&3 unit
types of polyhydric alcohols, such as a polyvinyl alcohol and a

diffe ' m xture can be a m xture of two or
nor e B%ﬁ/%%?@%?ﬁé‘%ﬁg* g&gﬁhqlﬁgagarre type having different average
nmol ecul ar wei ghts such as, for exanple, a polyvinyl alcohol with an
aver age nol ecul ar wei ght of about 100, 000 Daltons and a pol yvi nyl

al cohq] __wi nol ecul ar wei ght of about 200, 000 Dal t ons.
WO 202&?@%&%@%&@%&@@%&?@1049596 The m xture can be a mxture of two
or nore polyhydric alcohols with different viscosities. The m xture
can b&M3hi xt UNewsentagiolenses wes disglasednyhe; contack lsnsas capicomprsy picleashone
| evel s of hydrolysis, such as, for exanple, a polyvinyl alcohol wth
2 hy dPBitalimicalli\aspersibleasisiaihic opertylehie| onibushioranvhavs & Wejlizorgest or
| evel of 98% When the m xture of two or nore polyhydric alcohols is
a m xtoemponsht presenpoh \ahYadst the alnfarh aif she cdmdact Jams polpghipdrthareafl cBieowsttiogn
be present at a ratio of about 95:5 (w. w), about 90:10 (w. w), about
80: 20agamt v wetting compOnedOcdnvbenyreseabariit 1643t tHe s(ifaos)of thy canlo@tilend 0t péition
(w.w). [00102] Al though in practice water is generally the sol vent

used fiRfeoPYPHssridmup M &f le@t Reiortidn bk QerBHBodPN§Rh G bYOIruRiAL, chemical
m Xtures do exist. Wihile the solution can be free of solvents other

than weidhg, dolalbit BORARESEOMe! Rths QFREEMRA MEBhScATRY HhSsita Sfkadtinddt 3 €
of, or in conjunction wth water. For exanple, the solvent can be a

el ogfhg S0 acEepiE By PARIRIAK LM (BEL e ok Mo Biabiiy, for

inclu tions can be use

i nven (& i n I n .a. PYOH
conconie il Shseltt it el P HAR R"HA% y sEIRRGR R S mgreF st
0. 05% to oyt, .5% (w from abo 0. 1% w). to .ab 3%
o v e ot oo 12 oo Mot 2 b o P S ot el i wi0ES s
W th atg%east 0. 05% m/mg.PVCH. Anot her exanplglgf ngVQ% olution.s
an aqoBESE PR B VGRS SsatteRotossnstarpoupe £y disstr Of Bwe sanfaning
MOLW OL 40-88 PVA, commercially available from Kuraray_ (Houston, TX
USA) . Wettig rganyoihe &ﬁE@ﬂtﬁg@%tihaﬁéﬂee%béw teeaftaple sueh asdty) chemiqal pitashmenty onte
recogni zed that the optimal concentration can depend on the grade of
PVOH, 2t lnast thsi sucfaccae! the iceptiact dinsy sweh ps/bywap of pothuglwos or motewetting agant
w Il be apparent or easily determ nable by those of skill in the art
t hr outjhkerg uucn@s er pephihabmtaly awepthlf)© bOid] dmradicel trmnpbe mddte tRYEH As
solution can include boric acid. The presence of the boric acid

caus eshdwig fdt\ifdthrice, i@ HIGs.t 17180 Y Ciand 18asihivh drdpureiyssesplayy, @fpoly@rizable
solution. Wiile not WO 2011/ 037893PCT/ US2010/ 049596 bei ng bound by
any t ReRN of acid canSreRetd BRI pdlRheriZ2a ek BOtHR AEidGpréehttinidehd Bod§yOTHY a8
may cause the PVOH to at |least partially crosslink to itself, thus

making it possible to increase the thickness of the "layer" of PVOH
whi ch can adhere to the lens. Additionally, it is believed that
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WO 2011/ 037893PCT/ US2010/ 049596 five pendant hydroxyl groups are then
attached to portions of the copolyner on at |east the surface of the
| ens body. showmn in FIG 1D, a polynerizable 1054

Vi nyl phenwég‘%}@%@ﬁad dis reacted with DVA and et hyl éﬂ;lc‘gy%@ggf%m
met hyl ethyl nethacrylate (EGW) to forma |ens body conposed of a
copol Pady cehprising thei nplynbivized neid RanmbenTirecdnéastedbwidly ai wettingeagent stichc axel
with a solution containing a polyvinyl alcohol having at |east five
pendapblybl dnexsd a gplyopsithAs leabiofive hiydrédyGgrdups, d2¥Ghtladiag fermi3aofi polyvatyl

| east five pendant hydroxyl groups are then attached to portions of

the capehdlNWithem RingltRasd bf 6 faridube ehedfy drivtechiisn BP&ion PR YRR tRne
exanpl e, the I ens body can be autoclaved in the sol ution containing

h ine THE I ity : j

106 EooRing HACR BAG AUPRE Aofling o0 rffBls fthe YONEXAAE pachinf AT HAAYA
bout i Ci.t, f ar. i

abou mo@lt'lrleel%gs Bbd arlﬁﬁ'%utiié PR %%Qggvgflgig rI]I;,| 19 ggps%ié f%gﬁ%o\iv%u?g 8%%1}1?

periocsio from about 2. es to a ndat'es. .
o Al SR e R WA B e B et e

conpati ble wth.the ophthal mcal|y acceptahle acid, the at |east o¢ne

hydr oﬁ’ﬁ%ﬂﬁcagﬁ%%%ra, sueﬂé'szﬂl qpi‘gelrglsﬂ@ acceialle arid gy radisal ,%eraﬂ of Foiety

pol yhydric al cohol at the |l ens surface. Wth respect to polynerizable
| ens é’tﬁf%ﬁmﬂi s pErsentvitin thg dans dnchusting on the swigaef the Ens.conponent s refers
to coqﬁgnents whi ch, when present in a polynerizable conposition

pri or i@044bo| ynBpthenttheopresenbeqntast &ingrylcan pivhsle at least one lens atifeseftiat can be

duration of tine adequate to all ow manufacture of a polynerized |ens

body ferwettedne recimpgssi iyl expositgthe sanct tasponeeitisg agent, ahieh cah be the same or

concentrations may be found to be conpatible. Additionally,

" conpaiffebdne fromothp origitiswettity agnpNeplhce Miésha pudien opahy pRvioddy afidthed
forma polynerized | ens body, produce a |l ens that has adequate

physi Galting HaERcthe i} heve béenhBstUBRUgRSsP oL OMRERRhsdn8 RRd/OF tdadd aEIEGHAT €
transparency, nodulus, tensile strength, etc.) WO

2011/ %&iﬁg%géﬁ/oh!%?@é@én%%% [k thosk [chieR Q?hﬁ?&t ﬁ{bféi, e FMORERur or
The Si and attached O portion (Si-0 portion) of the

e ' av _ t it
SI 11 CRRfE, W{@!I&bfgrhg%%%%ccgﬁ%lp‘?{cn@sr &L n'-:s@?t el??lilehlaelﬁs %sdg%rt(c\),%/t% 11cns

silicone-containin n an anmount drea

for e . qr n_ 30% . of the total l.ecul ar i ght. of
t he ngﬁggbon aigrmgﬁegorc%lr%eo‘%ge%ﬁfl. RSN ([’ffle[?i ﬁ?ﬁa%ﬂgg (t,lbentég? i e, $ich 8s
conpogents conprise pol ynerizabl e fﬁ%f i onal groups such as acryl ate,
met hat T TAPYES WEP oF BN LU AEPA%. 1A i, N-vinyl | actain,

N-vinyl apg de, and styryl functional groups. Silicone hydrogel contact
I enseé’ogﬁoducela ageordpngt Mithethe Rspett Hiselapirper patastiicpn cemprises a polymerized
si |l icone-containi ng nononer and a hydrophilic nononer or co-nononer.
| n adefmRashiopo vheeeinsj the ceohenerizead sqomipesitien nipeludess at denste sant erdhthiaymically
formula (1) described herein, exanples of other silicone-containing
conpodreentable igid prnyniie of safledst jamet ¢phthpineicaht atepable aad e tontad lems
U.S. Pat. Nos. 3,808,178, 4,120,570, 4,136,250, 4,139,513, 4, 153, 641,
4, 7400r3188allybcan Ids e TompriskOmdait leastond s@ttiip Agedt (9Ah 4% Budea itk WetGikladehd,
and U.S. Pat. Application Publication Nos. 2007/0066706 Al,

2007/ g2 vty théreofaindl 208/ HOr8H5Mktadhed ab |at Olbadthd GRrtAdhEof MO HBRARESEH
intheir entireties herein by reference. The silicone-containing

conpoaRifoskidh. TBe Hefinklag QR SaP Al S P o t[hQ Lyelthy ra%é‘iﬁrcan LQ%H:R&!A
afl have, for

silicone-containing nononer, nmacroner or “prepol ynmer

052t 4, RO 08 SRIBLABLIHIS bl Praiy wegatonpy

R55 is H or a nonoval ent al kyl group with 1 to 4 carbon atons, a is O
or 1, L is a divalent linking group which conprises from1l to 20
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WO 2011/ 037893PCT/ US2010/ 049596 groups, for exanple, a polyethylene
gl ycol chain, p can be from1 to 10, or from2 to 5 R R2, and R3
can be thqwéga@mgﬁgglfferent and are groups |ndependeny@hﬁ§%ﬂwhgg;
from hydrocarbon groups having 1 to about 12 carbon atonms (e.g.,

met hyl grqups), .hydrocarbon oups substituted with one or pore

f 1 uor fh§EE0kt hesoplﬁhaémwe%wpptg?l%%d oxAtileast p swbsratielpartof dofsraingiprrgent in
noi eti es, wherein at |east one of RI, R2, and R 3 conprises at | east
one siheopalymetizedt cqmupsition Fadr isenatrsbsiantiatly |extisstechpr ovashes o durfez, leand
R3 can conprise -0Si (Cl-13)3 and/or -0Si (R52R53R54) where R52, R53
R54 apwcessogpemeent | y et hyl, met hyl, benzyl, phenyl or a nDnovaIent
sil oxane chain conprising from1l to about 100, or fromabout 1 to
about [083d6] or f Tiywettinglhgeht linkefB0tH asZkk oph€RAkhIRCacSEptablaiaid, $an be present
[00113] One, two, or all three of RI, R2, and R3 can al so conprise

ot her tlﬁbd%n Sa0HE edirO RS c&ﬁp&ltioﬁ’ﬁﬁ@ é‘arp&adaﬂ o‘fﬂfétlé’dsrébﬂlﬂoﬁﬁélﬁtA% oplidk, the
conbi ned 1i nkage of -X-L-, where present in a silicone-containing

MONONESncokBf{oRBP thelctitty hefl ere% b%toﬂﬁgfq&# ret! h%'ace Hllplﬁr%Ert@h&- or

nore heteroatons that a elt he conbi ne age can
stral rbon hai n IS th ca
pe. ot Pabighiy s Ml BGE Vit HRReFis SR R folOh p R TR NS bR TR 606
contaln on or functional 0 lected fro car box

am doP" §ﬁéenéépwaﬂ%? SgEEHRpH B Sopecnirainm o e Wikting FesRbY

are provhg for exanp in U S. Pat. No. 5,998,498 and U.S, Pat.
Appl i SIGF™ Biyavrghont o rlFURkS’E is nagmifors drowshapt tho by clgeonceniationgfthe
2008/ 0048350, all the disclosures of which are incorporated herein by
r ef er BRGiaL agens ligkqricaw he substantialbyiuniomb Homehoutibeleunand this gt pashiened byof
the present invention can conprise a single acryloyl group, such as
s hownaddings the eattimeeagent nkenrsudpas the aphthaloacallp aseptmblet acad, drc thel coyriposition
groups, such as one at each term nus of the nononmer. Conbinations of
bot h foymésg thé lenbend disiribotiee the iMettingi agentdimirpronéfotrslyahiohghivalk the comiposition
used in polynerizable conmpositions of the present invention. WO
2011/ pi3or0 BrfabitibiSaOthe 164939 @n bpiibh] fe MtinglgestUinker oaRibg RBdAlaffeh & certain
si |l i cone-contai ni ng nonormer of structure (I1) generally can range

from gheufer dne Rt o2 @RM1RR! tRRSe c&hpérfeﬁt@f@ﬁﬂﬂ 11R0End SrRRRHon hrO0
Dal tons, or from about 500 to about 1200 Dal tons. [00115] Exanpl es of

Si | | Chftea 6PBAGRIAlAri 0t kygr(y et %Pl 8 Wokic BYGR Inéﬁé}d{f&%b&%%n 49

exanpl e, ponS|onany acry I C nono ng, out

it gldg O iR p@ﬁfo}{é By ﬁpgd nengofg]ﬁaﬁg cw;tme,%mpf’exxé

pent a oxan acr at e

E‘Eta%f‘@;&éf”?ﬁteh 'S"°Xé')°§§a%{‘aafr h@’*ﬁ et e et 7 ?3&6‘5@?3 45

- r tripeth Si pro met hac Iate "Tris"
Svai| %ﬁi’? gl?ﬁ%%ﬁ?&%} “?/f%%#éé’s g gs&ﬁ'rmqaf thy @verﬁlk\ engjeyposifipy and,
nono ¥I%é¥prop term nat ed polydlnethyIS|onane (avai l abl e
from enspifet Sviormed frpm theidens comipesition | Whikh 8-is ontianahtp dnclude an
conponents can have an al kyl ene group as a dival ent |inkage group
(e. g. additfompblayer) omilep leas saegpeyhatOcani al$p eastain énwetting agent Uinken; at {s| o) be
and at | east two siloxanyl groups. These silicone-containing
conpoveietstooditbat ds isgroanedsshryraai rin fxct, Byrhacing p eve(tihp agermdinker incorporated as
silicone-containing conponents. Exenplary non-limting structures of
t hesepai bf denereeadinieas Bomposttivip@desirisofithe SBRWTewS thepd FOUS nediOD hdvdd 3
H2C- G CG0O(CH2)3Si -0Si (CH3)3 Il CH3ORCH3)3 Ids ; and WO
2011/ Q348R3Yatind /o2 04/t 888 %r other wetting linker to enhance the ability to be wetted.
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\ / \ t-o+s-otsc™" Silicone C [00117] O her specific exanples of
silicone-containing cononents can be, for exanple, 3-

nethacryl xypropyl oxy) propyl bi s(trimethyl sil an
e("Si GWA" S%g\zlglll}lag%?ﬂ fromGelest, Mrrisville, PA, USA?;@f |Jé§%1%i9§bé

nethyldr(trrnethylsrloxy)sylylpropy gl ycerol et hy] nethacryl ate

(" Si GEwher, Whenaisingsd qoptiosher IR plonti thig CRBH8OR P SHOPRIdLO e MEGHATT 2khe
hydroxyl group and at |east one ether group in the divalent |inking
gr oupremoyRdwnd, i thuss pill aeadrte bereplacgd dvhgreas, dm dhe progsnkeaniaehlepsesgobgying a
These silicone-containing conponents are designated herein as

St r ucwetting (2Bntdinksrsinsorporated evithim aral parngf the npaalk kns cofpekitionome)] thus, the
details on this class of silicone-containing conponents are provided,
for elagnhée isdd ddnéem Réth halag thds 1138y eidyved\bti vwedinioff. i ncorporated in its
entirety herein by reference. SiGVA, for exanple, can be represented

by t hg) | | oW RggXesPhar yptiaNthd Wekti ﬁga@hf llﬁlkélr &uch WO the ophthalmically
2011/ 037893PCT/ US2G10/ 049596 0Si - - - a- I GVA

[00118] a
be.us o aelF 2R & t“taﬂf@e?%a@%y'wc%ﬁﬁtﬁfgttnéﬁé5“"% 2"2%0.‘1’?%9‘%"%#%?% bl
conpo Qf ...t I nvent S|I| inLn ts
of 5t 5%151'[ Py B8 Hé’eﬁgﬁ%r%r&étné i %tr%aee%qﬁtgfc% s gto(ﬁl%vq\,tg Rk

| east ne silico dr,o h|||c such as descri

ot of HORPt 8 1 s B AT Moty A% SABT.cthe RS IA GRS ghen Such e the
silicone- contarnrng nononer s of Structure (A) can be, for exanple

f r om apftkalmicgly pogeRipble geipisRariadohe lpnpodyandiemans patief hsdensofy. Fer
about 35% (w w), or from about 18% (ww) to about 30% (ww. The
ampunexagiple | the cwetting eaenti linkey ca e orevided ef agt ingesdignt 0% e palymetzabieor
exanple, fromabout 10% (ww) to about 45% (w w), or from about 15%
(W w) campasiivntthat (wpolymenized tr fofm egputhadens20% (W W) to about 35% (W w) .
[ 00119] Ot her silicone-containing conponents al so can be used. For
exanp[0849]ot herFisthiet, adsl en topnies, d=nwetiinguaent fliakere)sadiplae, the ophthalmically
pol y(organosi | oxane) pre-polyner such as a, co-bi snet hacryl oxypr opyl
pol ydadwepthiyle aéitl o teastAN@RBEpord¥@ tetedf, iSndtRidiztable with alcohol or chloroform
(mononet hacryl oxypropyl term nated nono-n-butyl term nated

pol y dif#ehiyyihé&dnk el M) thaat 108kt R fébs tHdnl § W}%eoﬁl@ﬂttﬁbxm REYE QPRANERR 9.5
i ncl ude silicone-containing vrnyI car bonat e or vinyl carbamate

rmnong,[% SNRLUALND, 1 Wt‘%hﬁ'% %n%aa%gbrﬁrlmllﬁer such as thlt_:I ophtha 1call%/ ac&cptable

3- bi s[ 4- (vi nyl oxycar b- ony 0X f et r anet I si[oxa

( Vi nytc%ryg )%étﬁ%r%r t}éhg% Pénaﬂrttbye%g&toﬁetﬁb\r'emﬂéyﬁt te%ﬁt entbddtrhiris Lty T®

t hyl si10x pro anat

f“[h;{) ﬁ@ ‘?E h(%{ /oxm}r %(d@;grg L Gar bagﬁm Btgglg%at the time of

formation is removed over time by extraction.

[0050) As stated, the wetting agent linker, such as the ophthalmically acceptable acid, is
part of or within the unitary construction of the lens body. In one example, the acid is present as
a polymerized product of the lens composition forming the lens body.

[0051] In certain embodiments of the present contact lenses, a contact lens is associated

with a time release of an attached wetting agent from at least the lens surface. The time release
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carbonate, and trimethylsilylmethyl vinyl carbonate. Exanples of one
or nore of these silicone-containing conponents can be provided, for

exanpl e, iwobhiPosead - No. 5,998,498 and U . S. Pat. Appl ipeghis9fon49596
Publ i cation Nos. 2007/0066706 Al, 2007/0296914 Al, and 2008/ 0048350,

all the ifcIOéure of ich fﬁe incorqorated herein by reference.

[ 001264574 1% Bhis25E oI AloRwst $2 heNrariepaileast24hqurs, doreat dsadict Shoyemer B0k e
i ncluded in the pol Xmeri zabl e comﬁosi tions used to nake the present
cont adfe tigigselsaseTofdhe wieiting pactt car bpserstast gvanths time reloase ppred prit can be
conmpounds that contain one or nore silicon atons. Hydrophilic

si | i coont-foaded whero melarger percérdagesie deleased amballyadveoninwi. t For a constant rate of
silicone-containing nononers in the polynerizable conpositions to

f or m siléasgothe trejmsopedfde Willdappeln td be Siubstady fliker o iEederati@n obahe
used in conbination with other silicone-free nmononers, including

si | i canresurémet PYEEd PRI dribo dIRUARITR hich e Felting apart i RRafNIR gRBRP hkounts
nononers, in the polynerizable conpositions to formsilicon-free

hydr og@drs. shbﬁerﬁkﬁb@@ﬂﬁn&%@ﬁ%eﬁxoﬁw ?Hag I}Bg ohdrfeidized g@ﬁ@i{%ﬁ%lﬁ@&? g%é >t

conponents include those that are capa of providing east

10% ( I 9 [ nten Q.1 he
resul Ty PR o « BN, b ettt WBHED SER TRy ooeme
conpositinon co nents. .For silicone hydrogels, the total. .
TP CERbo PP TR AR RSt ighen By bR HElseitipr8s it SetrOuBbinshonssgbat s,
(m/mbé or from about 35°ogm/m1 to a?out 6?96(m/mb, or from about 40%
(W w) SHAPCIBBET BEOvF LR, Slo tabre ob FlSASe riolawde by dnfistsr #ateof release, and
[00121] Mononers that may be included as the silicone-free nononers

t ypi cetesausabs llewsd by a selativsheslpwtryate of rissse Gasbihe reeasd peafidesamayl dlsest
one hydrophilic functional group. Exanples of polynerizable double
bondsb¢ menerhasic.fhiphagigonitighasigi nyl , acrylic, nmethacrylic, acrylanido,
met hacryl am do, fumaric, maleic, styryl, isopropenyl phenyl,

0- vi nf082r bonahegthed- aspeaty b dheb preadre, contacy [lénses Gelatbayd ac @byllecaahidg acid
N-vinyl lactam and N-vinyl am do doubl e bonds. In one exanple, the
hydr oghitdiniag romtactders veteee the oyhthaloidally Btdeftable adid.is part dEh¥lléns composition
containing WD 2011/ 037893PCT/ US2010/ 049596 nononer or a non-acrylic

vi nyl foeinigathtilag aANGEBIoh-leadhinh prysHQORIwitlCreRRROBEhSt PRy hRENE 9taES
be used as crosslinking agents. [00122] Such hydrophilic silicone-free

NDNONE{bStaRF aRBullf R RidPEm RRABRSHHH Al¥oHol 855! iﬂ&d@%o%ﬁ%ﬁ‘ Bf)er a period of
Consi dered as a suPset of acryloyl_nDLetles as descri be _a_ovg, an
" acr i1t ¥MursQh thégkatloh 67 9%&% %H(I:lﬂg)n and h?@% @W& %fyc@gler%ﬂ% r

11
is a mononmer contalning the group erern R1s H

or R i : | Kyl r..carbonvl , a X 1S or..N ich are.also
enownessd Bl B oxaPpie” e SmBNt, fekdale Mo £ Poperizsble
hydr ophi | i.¢, si l.i.cone-free conponent. can conpri se ngn- silicqn .
cont oD 28 T AR Eaih BiraRe e 2okl PHER (s UAE0 4¢P PE s Eer L fgming,
nnnomﬁr mﬁ%ﬁ a Vhﬁ%' gégup at the a-carhbon position and a carboxylic
aci d PeIemerhe Polymstirrbirstortyiof theprhihalmic geid Gan Balymerize-as part 196 thedensi bodsn
and an am de term nus, etc.) and hydrophilic vinyl-containing

( C11220dis0 cambesgertially opentirely heoundrreithin temalymenigeddens body agd canbetrthmpvads
not part of an acrylic group). [00124]1llustrative acrylic nononers
i ncl uey b Iveaking theyiolorey bendsderniedidiaying the chmjmiy efithelehsy| acryl at e,

gl ycerol methacryl ate, 2-hydroxyethyl nethacrylate (HEMA),

met hal@0§3]i c adine axamplecthaovaltingTegeny linkirhaeh ks ahe opihdihnically xépnsle
gl ycol nethyl ether nethacrylate (EGW) and any m xtures thereof. In
one excidyid part bfibe CoMpbsitasr fohhig MRAE SudORUES gaolyﬁeﬁied%m?aﬁﬂaﬁ forming
rangi ng from about 5% (ww to about 50% (w w) of the polynerizable

conposition used to prepare a silicone hydrogel |ens product, and can
be present in an anmount ranging fromabout 10% (W w to about 40%
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can be used without, or essentially w thout, the co-presence of
silicone-containing nononmers in polynerizable conpositions used to

prepare cqpgaghpkRRses of the present invention. A silipggqiR201bof8us
hydrogel conprlses a silicone-free nononer or nononers that are

conpat e W th WD 2011/ 037893PCT/ US2010/ 049596 ht hal m ca
sccopt i iegs foigat Eﬁyms?fﬁ T R e S e A R AR
agent, an c alcqohol, on at | east the | ens surface.

[ 00128“}’%?1 QW@&?L%O% 3 nﬁ%ﬁlﬁ@& but Bptdirpitndiat {sashone RplyRSH{SHEhsas at fegst
exanpl e, one or nore silicone-free nononers, for exanple hydroxyal kyl
(al kyl gngélygqoabﬂgc palyenern ¢t fegstone hydfgmheg@rgoﬂm@, or combinations thereof); optionally
phosphoryl chol i ne- nononer, and a crosslinking agent. HEMA- based

f or nmulaktéashenecemsshieking egent;l optimnalbyxat ipdse ofio initidtart dptgnaliy,dit deagesdeydinting
nmet hacryl ate (HEMA), 2- nethacryl oyl oxyet hyl phosphoryl choline (MPC),
and etdgyhternptighallyoht déasetohaduy| dlbekind-Giobif) , wheddin Bte UsidindrNpresent in the
conbi nati on. HEMA or ot her hydroxyal kyl (al kypacrylate can be used in

amountgelynicized bposa o dawbdla NN
to abopﬁ)t)]c 80%(wlwOS or about %@B%Hfﬁ’%?%@lg%%m éneﬁgﬂv%p(ﬁ%}‘{ergh rk

poly anPNf)aJQio@k FOYRES 'aﬁd/@ﬁothm%l\}%r fi)%f}‘ﬁ{e'r rﬁg$ﬁ%e%§ér§to]:)d that refe}rence to the

phosphor yTf chollne nonomnmer s f as other silicone-
3%
ooy e R e e B il

about 15% W he conposition. A crosslin ent, such as

t hose "F?%‘i“@?’f i s Ao B Oy e o e iop mgre B CHEGRgIGES. Phegh more
about 1W t o about 5@’ (ww, or fromabaqut 0.3% (wWw) to about
2. 5% (WA qUGREEp GOTb DR (thrent epd Hsolike. (Tody NFQV)tO g fundgrstood that
polynerlzable conp05|t|on [00129] Addi tional Hydr Conponents. The
si | i cofisreRgaitodhe Foniarg lesws iforasd drom te cRpapsiiinns de Wbecgmryma? p Jemp bedy with
conposi tions descri bed herein can also include additional conponents,
e.g., apabteger syptaee g & pestedios surfoe thepostsrier srfanpbaing trexfigated itbe platedris,
one or nore ultraviolet (UV) initiators, visible light initiators,
conbi wentagingtlt the ceroés ofzmetye hfa tantazt leoniwemer. e Enibbthrhﬁ'@hdﬂ;&éseﬂ'giﬁﬂirﬁioﬂr
conmpounds, or UV radiation or energy absorber, tinting agent,

pi gnertus be emirelasmnagﬁamt.sﬁltmiivﬂy,cwhﬂmi the camatp (B kSa caan@(iolend thifigured to
additives. The term"additive" in the context of the present

appl i aiéd 0O apRhRRGe $fundri§ 0N EsHIst hs ARYret MR TeLTodFIEA Eorﬁﬁ&\elact%spa&wem
WO 2011/ 037893PCT/ US2010/ 049596 t he present pol ymeri zabl e hydrogel

cont aghti¢ 965 BiduiBeFibLiebY @ CRMBAS bbrtion %nﬁénsﬂ)rn@d & tonrgr@aéreﬁte HH% 36?%&‘}1 éféj

hydr ogel contact |ens prioducts, but which 1s not ne sary for t

MaNuf Gekihof leRedMAY APIncGAOK Atahe Bk o bAVARAILRE (LREYIR! | 2abl €

conmposi t1 ons may conprise one or e in or conpoun i.e., a

compodt B THE . gt "L Heﬂﬁ‘éﬁ%"ﬂﬁgf%’ﬁ%&ﬁé PSR Ry
By R R R ?ﬁ%ﬁﬂ*&n”@&ﬁ%%é@%ﬂ@ndfwlmg
possodh Eegstégqs?%%ﬂefrﬁlgﬁbn%é?é?ﬁ% 56190 whisbuE RbiEais siiggs EGcsVithe ik 1. 3

tenperature_at which the reactive conponents in the polynerizable
conpo®PlyPbwithiat leagicliyenpendans diyguenyli greupsAp gitacdy the pelyahito thpilensaingluding at
2,2 -azobis(2,4- dinethyl pentanenitrile) (VAZ08-52), that possesses a
Ki ck- ddast thesipiicat Theophthalbically 0ep@bleratid mridtditmited ihelenmmhction iptadattoritiinr
use in the conpositions of the invention is azo-bis-isobutyronitrile
( VAZO ghe8i8)s boalyiindiudiag sank exposat fat 4 &g evirdict tieer@f. BlkosihtiliniCallyMdceithible
the VAZO thermal initiators described herein are available from
DuPont (WImngton, Del., USA). Additional thermal initiators include
nitrites such as 1,11-azobi s(cycl ohexanecarbonitrile) and
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al so be incorporated. For certain applications, a mxture of colors
may be enployed. If enployed, tinting agents can be present in an

anmount r argh kg1 hsam about 0.1% (W w) to about 15%(W/W)PCTRf52ﬁQ@w5961%
(ww to about 10% (w w), or about 4%(W/vv) to about 8%( W) .

[ 0013 zabl.e conpositions o |nve

Conpr 15 S tﬁ%i%?ﬁ?#gﬁaaw SEL R oF S a2 Peralob i NGRS S Polyol
effectiyve |n maki ng nore facil e renoval of the cured contact |enses
from t'Hgh 7t lrest e PEB@éﬁtplFYélF%?‘YHé‘i?BPWOrP&aQP ths pelyel tocrt lestithg ens|speface. The
silicones, polyal kyl ene oxi des, and conbi nations thereof The

pol yr rresﬂltmﬂdm@s hodhpatbithe oeptedriens surfaertias gedd Wettabitity isech a5 can beighown by an
sel ected fromthe group consisting of hexanol, ethoxyethanol,

i sopr adaa@ing doFakt aimleocpfdmsltharﬁmﬂamm/omwatenbrbimm iima QWIHiH?)@dfgreater than
Diluents, if enployed, are typically present in anmpbunts ranging from
about fik@%elomdsy) which ateodiin@Re foVModing HOPO Idstin® s A dirativg dfel abtve hyurs.
hi gher concentrations of diluents tend to, but do not necessarily,

have Im&%esb@trt@ﬁiamensaé Whsh whiadf B&linBRdHabFith dilelid] GE:L8 SLEkher eye tissues.
el ongati on, as well as WBUTs greater than 20 seconds. Additi onal

mat er !TE‘J Zpr?ér%ht@%ltgc fl&[se ogh %é" g(g?%glg%t |'l Vﬁs %ﬂ-d E&Rﬁc@%nsése % %g'bﬁﬂe %ontact

gescr; ¢h are |nc0{ ofate o
conpodFiFo s f %ﬁi ?eﬁrgpﬁqrb%ﬁ%%%a% 1 & RO PN PfiRp, s ased

Vari o Qcesses, are known f ol abl e osition in
Uhe prBHRLAOR Regdrs Punddes i gl 485 ftBaRme: ol freve
castin Spi ncast i ng net hods |nvoIve charging the nmonomer mxture to
a ol @F 2451 VIR AT 78 qlbgawiss P Toldedne e R THGRY! hesHER rrdecoatasblensig a
t he nmononer. m xture to UV |light. Static casting nmethods involve

char gicABtastHENS Hhab pammotbs falded upon iiselh witheutvbrpaking c A Whscontgklerpcan be a
section shaped to formthe anterior |ens surface and the other nold
sect i dwdsigelpdtacolenn timtihhe conisctdensathat| ie napablgraf agtainingnwhterunian gquitibrium
nononer m xture by exposure to W light, heat, visible light, or

ot her stasdi dthe drydrofedidcdritany dénsdemabd s sdivdnevBed dgdrofd rcohacinieng of @nsifiadne

| enses can be found, for WD 2011/037893PCT/ US2010/ 049596 exanple, in
U.S. Ratiegat] odpfaki lead. Oditer PeadlrbCaidieaimpPles of RO Brekéhd 96:@4c4 1686k are described in
2008/ 0048350, the disclosure of each of which is incorporated herein
by refigs RN6Ring(s0&bAS] After curing the reaction mxture, the resulting
polymer is separated fromthe mold. In some situations, such in

stati Gogsast ”thi!ld"&an;pt%ftt ARk RRPRAS s 6%@0311'&0? fen§f§%6}51%t1ﬁ91ng%t Re&

separating the pol yner fron1the nDId [ 00136] The resulting polyner

can_aling o LhAALAMHN ToAnBOhY Silior Gl g{fa]v%ghb%%guhsﬂ%{ i 1o bot

unr eac conponent ypro and

I L d
pol ymar 8 B e G StmarE B IRVE- R eteeBn U PR e be
E‘r’! or PR G PO IGEnE BaRIEAG PG ah Poth ORGSRt Btk CrORE L gk

this manner. The solvent may be water, (or an agueous sol ution such as
physi SPBefition Thegnticgony caalrbea?@afégmgd E)dePWVS Yisypl aguity,atneax wawing ditances,
depending on the solubility characteristics of the diluent and

r esi dahfarvigyng distangesdongrivftenear and &rsdiwiag tistangasi dlheypresseiccoptint lgasean
organic liquid such as ethanol, nethanol, isopropanol, m xtures

t her echn bosphehieal lcbitet larses sm’lnas tfomoufec@ganmpimlwpmog'mniocicchntw':tdemses,
with water, followed by extraction with pure water (or physi ol ogical
saline or a surfactant solution) to produce the silicone hydrogel
conprising a polynmer swollen with water. The extraction process, the
hydrati on process, or both the extraction and hydration processes can
be carried out using a heated liquid, a pressurized liquid, or a
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Exanples W/w % (a) First Mononer, Mcromer or Prepolyner (i.e.,
silicone-containing) (used alone or in conbination with (b))

(Structurqu,ﬁ)l)m,jﬁ% 45% (b) Second Mononer, Macr onepc@fusBnsppsyrer

(i.

silicone containing) (used alone or in conbination with (a))

St t A)) 10% - 40% S f
ﬁydﬁ o i fou dasfeothg psiopeSriaire 6 hiact kst Sty AifodR) Bpteqdenses.
Table I11) 0%- 10% ( %Polymerlzatlonlnltlator (See Table 1V) 0% -

5% ( f )iefselraniaetdensys. 8

glﬁ,thécg fter p&@{l@ﬂ% meEe thapone rﬁ:,ljractwe power.

[0056] The ophthalmically acceptable acid present in the composition or in the contact lens
can be neutralized (e.g, partially or to various degrees), as an option. The pH of the overall
composition containing the ophthalmically acceptable acid can be controlled or adjusted to
achieve an optimal binding pH for the polyhydric alcohol, and this can be above or the same as
or below a pKa of the acid species present.

[0057] As an option, the lens body which contains the ophthalmically acceptable acid can
be first treated and/or recharged at elevated temperatures, such as 50 to 80 degrees C or higher
which can favorably reduce the amount of time to treat and/or recharge the lens body and thus
place the wetting agent faster and/or more effectively on the lens surfaces.

[0058] Wetting drops containing a polyhydric alcohol or the same polyhydric alcohol can
be used to recharge at least a portion of the lens. The wetting drops can be introduced to the lens
when the lens is on the eye or when not in the eye. This is especially useful for the recharge of
the anterior surface of the lens.

[0059] Definitions. In the context of the present description and claims, the following
terminology will be used in accordance with the definitions described below,

[0060] . As used herein, the term "hydrogel" refers to a polymeric material, typically a
network or matrix of polymer chains, capable of swelling in water or becoming swollen with
water. A hydrogel can also be understood to be a material that retains water in an equilibrium
state. The network or matrix may or may not be cross-linked. Hydrogels refer to polymeric
materials, including contact lenses that are water swellable or are water swelled. Thus, a

hydrogel may be (i) unhydrated and water swellable, or (ii) partially hydrated and swollen with
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0.1%- 10% WD 2011/037893PCT/ US2010/ 049596 TABLE I T Silicone-free
Co-mononers N, N-di net hyl acryl am de "DVA" Methyl nethacrylate " MVA"

N-vi nyl - Nvpgbhiyhseed am de "VMA" et hyl ene gl ycol nethyl petfio10/049596
nmet hacryl ate "EGVA" net hoxy pol yet hyl enegl ycol nethacryl ate "MPEGVA"

TABLE vlvelltér, (()er (%%%h? hyec{rgted grgd se\xgorljl%L %vri]t'laiglva)(e%.o lThec:j hyqierggrla fia ea%%iliégr%%éel, a
silicone-free hydrogel, or an essentially silicone-free hydrogel.
[0061] The term "silicone hydrogel" or "silicone hydrogel material" refers to a particular
hydrogel that includes a silicon (Si)-containing component or a silicone-containing component.
For example, a silicone hydrogel is typically prepared by combining a silicon-containing
material with conventional hydrophilic hydrogel precursors. A silicone hydrogel contact lens is a
contact leps, including a vision correcting contact lens, which comprises a silicone hydrogel
material.
[0062] A "silicone-containing component" is a component that contains at least one [-Si—
O-Si-] linkage, in a monomer, macromer or pre-polymer, wherein each silicon atom may
optionally possess one or more organic radical substituents (Ry, R) or substituted organic radical
substituents that may be the same or different, e.g., —SiRjR,0—.
[0063] An "essentially silicone-free hydrogel" refers to a hydrogel containing less than
0.1% (w/w) silicone-containing component.
[0064) The term "linker"” is used herein to refer to an atom or a collection of atoms used to
link interconnecting moieties, such as a polymer terminus and a block of repeat units. A linker
moiety may be hydrolytically stable or may include a physiologically hydrolyzable or
enzymatically degradable linkage. The linkers can be hydrolytically stable.
[0065] The term "length", e.g., in reference to a collection of atoms such as in a linker
having a particular atom length, e.g., ranging from 2 to 50 atoms in length, is based upon the
number of atoms in the longest chain of the collection of atoms, regardless of substituents. For
example, -CH,CHz- is considered as having a length of two carbon atoms, even though each

methylene group itself contains three atoms total, since the hydrogen atoms are substituents on
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et hyl enegl ycol dinmethacrylate "EGMA" triallyl isocyanurate "TAIC
trimethyl ene glycol dinethacrylate "TMEDVA" triethyl ene gl ycol

di vi nyl etbhghoi1dR&AVE" vinyl methacrylate "VM pent aer Wehfisb@hios9506
triacrylate "PTA" trinethylol propane trinmethacrylate "TPTMA" WO

2011/ Q37893PCT/ US2010/ 049596. TABLE. 1 V. Pol rizati | pi.ti.gtaqr

2 - O ERCToAR B Ay SERT Mn G TRing oW cpsgs of e chih. Thelinker, -0-
. : ’ S

2,2 aCZ(%t))lé ECH%(B%&IQL,?E éiilrlll(ialgl.lly g:olnsi%)ered to possess a chain length of six atoms.

[0066] "Polyvinyl alcohols" or "poly(vinyl alcohols)" (abbreviated "PVOH") is the name
for polymers comprising the general structure [-CH,—~CH(OH)-],,, where m is a value of 1 or
greater. The term "polyvinyl alcohol" also can refer to PVOH as a functional group attached to
another molecular structure with one or more pendant hydroxyl groups of the PVOH intact.
[0067] "Aftach” in the context of an interaction of PVOH and the ophthalmically
acceptable acid can refer to any of graft, complex, bond (chemical bond or hydrogen), or adhere,
unless specified otherwise. The PVOH attachment also can be "semi-permanent," such as
optionally allowing for slow release of the attached PVOH from the acid during use, which may
enhance comfort during lens wear.

[0068]. "Molecular mass" in the context of a polymer described herein refers to the
nominal average molecular mass of a polymer, typically determined by size exclusion
chromatography, light scattering techniques, or intrinsic velocity determination in 1,2,4-
trichlorobenzene. Molecular weight in the context of a polymer can be expressed as either a
number-average molecular weight or a weight-average molecular weight, and in the case of
vendor-supplied materials, will depend upon the supplier. Typically, the basis of any such
molecular weight determinations can be readily provided by the supplier if not provided in the
packaging material. Typicaily, references herein to molecular weights of macromer or polymers
herein refer to the weight average molecular weight. Both molecular weight determinations,
number-average and weight-average, can be measured using gel permeation chromatographic or
other liquid chromatographic techniques. Other methods for measuring molecular weight values

can also be used, such as the use of end-group analysis or the measurement of colligative

24



"VAZO 64" TABLE V Opht hami cal | v Acceptabl e Acid 4-vinyl phenyl
boroni c aci d"VPB" 1001391Copol yners can be prepared by conbining one

or nore Sl‘bbg@ﬁfaﬂ%@ﬁt ai ni ng nononers, macroners or preg,@ﬂ,_ﬁ%lﬁmuf,g{;r

exanpl e first and second silicone-containing nononers, suc

conblnl Str cture and ( B) with one or nore,

Sil i coneserise FFSP%P%'H" ééwsg?e Ditiag palss clsvBen  of qBAtic PIESHR) o
cross-]inking agent such as those described in Table Il1l. The

opht haifiesminey numbAvarEe meleeular weight cory then dise qfoﬂlghberscmnngmechmques
initiator, such as those described in Table 1V, is added to the

m xt urtétracmmiftlga]imher denpoleyrty éet@rrrﬂmqowégafaeeta'gmmbhwlmfﬁghﬂ cont act

| enses using suitable lens nolds, or in the formof filnms made

bet wedfi06}f | on-A meedory! as dmattiktela hindtophispolgmeiiypically mbsnsabareaskeitls
listed in Table |I. The nononmer m xtures are dispensed into nolds or
the slarélfored between &ethdlfiedt chhigs b cbvaBin@bords or by PhdcPbbnds, Egr hydrogen
exanpl e, by heating to the appropriate kick- off terrperature

conpl efohan Af ndtRbdi Bsh i dﬁcﬂﬁie”mdj%r Fhére gébgﬁ'ﬁﬂe (H%ﬁts gﬂ@.ecﬁﬂaiﬁaude an

separated fromthe nol The | enses n co tacte

| yh hyd
e e
2011/ 037893P Us2 049596
A LG B o e o B

aqueous_s Lutlon of .an o ol vent, n an_aqueous sol ution or
wat er CBWOE e feparyrdrgm Bar?lilgo B’ﬁ OWéIFﬂ’G’éfmgtthf'e“elt‘é?fges can be autocl aved
in an a ueous sol ution_of the polyhydric alcohol, and then can be
packad®0l n bl Asthydzopbilichsybstanse s dhat &y waierlovingios thes &n affinity for waler.
solution. [00141] A general formulation for the contact |lens materials
based thidrephdic domprundsrhare ayaffiviyeto waerandatd wmallschgrged or haveTmbie endidties
TABLE VI Silicone-free Hydrogel Contact Lens Material Fornul ation
Conpome gtoupsihatmttraet watey. First Silicone-free Co- nononer (i.e.
hydr ophi l'i c)
[0071] A "hydrophilic polymer" as used herein is defined as a polymer having an affinity
for water and capable of absorbing water. A hydrophilic polymer is not necessarily soluble in
water.
[0072] A "hydrophilic component" is a hydrophilic substance that may or may not be a
polymer. Hydrophilic components include those that are capable of providing at least from about
20% (w/w), for example, at least from about 25% (w/w) water content to the resulting hydrated
lens when combined with the remaining reactive components. A hydrophilic component can
include hydrophilic monomers, hydrophilic macromers, hydrophilic pre-polymers, hydrophilic

polymers, or combinations thereof. Hydrophilic macromers, hydrophilic pre-polymers, and

hydrophilic polymers may also be understood to have hydrophilic portions and hydrophobic
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HEMA 50% - 90% (b) Optional Second Silicone-free Co-nononer (i.e.,
hydrophilic) (See Table I1) 3%-20% (c) Cross-1linking Agent (See

Table 11 Yri03% (d) Polynerization Initiator (See Tahh&di¥hadd% -
5% (e) Cph%‘ﬁgmlé/gl l'y acceptable acid (See Table V) 0.1% - 10%

{he. pPedBiy RSPl o s Gl Ronioa g B S Repbatis PPy AeTcioRireen dp
MR RL CE AL TARE
others. WD 2011/ 037893PCT/ US2010/ 049596
[0073] A "monomer" refers to a relatively low molecular weight compound, for example a
compound with an average molecular weight less than about 700 Daltons, that is polymerizable.
In one example, a monomer can comprise a single unit of a molecule containing one or more
functional groups capable of polymerizing to combine with other molecules to form a polymer,
the other molecules being of the same structure or different structures as the monomer.
[0074] A "macromer" refers to medium and high molecular weight compounds or
polymers, which can contain one or more functional groups capable of further polymerization.
For example, a macromer can be a compound with an average molecular weight of between
about 700 Daltons and about 2,000 Daltons.
[0075] A “pre-polymer” refers to a polymerizable or crosslinkable higher molecular
weight compound. In one example, a pre-polymer can be a series of monomers or macromers
bonded together such that the overall molecule remains polymerizable or crosslinkable. For
example, a pre-polymer can be a compound with an average molecular weight greater than about
2,000 Daltons.
[0076] A "polymer" refers to a material formed by polymerizing one or more monomers,
macromers or pre-polymers. As used herein, a polymer is understood to refer to a molecule that
is not capable of being polymerized, but is capable of being crosslinked to other polymers, for
example, to other polymers present in a polymerizable composition or during the reaction of
MOnomers, macromers or pre-polymers to form other polymers in a polymerizable composition.

[0077] An "interpenetrating polymer network" or "IPN" refers to a combination of two or

more different polymers, in network form, of which at least one is synthesized and/or cross-
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[ 00143] Properties of the Lenses. The lens surface of contact |enses
can have an advanci ng contact angle of |ess than 1000, or |ess than
800, or | gpg2shatysdP0, or less than 600, or |ess than $@q/uEBRomnaes96
advanci ng contact angle of the lens surface remains | ess than about
1000 after. about six hours, or, after about 24 hours, qgr afte bou
18 holrked be pissaise of dheother Wit s AT Rones Befvgin e, A Gp Sai be
pol yhydric al cohol which is a polyol with at |east 5 pendant hydroxyl
gr oupsompesed (i fyep Ainds of qheing dorming Hwat separgiet ngwprka.d it inhjertapesition or
groups. [00144] The |l ens surface has a water break up tinme (WBUT) of
gr eat érterpbrztrafing, eExzagdesdd IPNs instudt ecpientind IRN; sinudtanaons BINY, samitIPN5 and
seconds, or at |east 20 seconds. [00145] The | ens surface can nmaintain
an adkameilpgs.cont act angle of |ess than 100 and the water break up
time of greater than five seconds following in vitro testing for

dur at [egyspf at Al'ea&ildo GPROWETSss tB'a Wlyrth@RSteackidn St wWhéreak 1daSeSde othe
hours, or at |east 48 hours. [00146] At | east 30% or at |east 45% or

at | egter&f) YolyMerstih Brodd-1ihi&ASIhiRAE1hQ oM SfhePRUIWRNIE hén-SbsHARdd (ehalinda®
initially preSent onto the lens surface remains in place after "at

| east . r o r

45 notF AR, werel it BBEbrof i eB1ymt 1o GThu el MM e 8 nros Bt
| east 12 hours, of .in . vivo testing. [00147] At | east 50% or |east.
600 BPVIE | Wa PRIIAY, SRR I o merotsihRE Pyt subityialy
95% 70%to ?Ww 75%to 95% 80%to 99% 85%to 99% by weight of the
opht hieireciabis fram e RelRPiX- acid originally present in the

pol yneri zabl e conposition remains present in the |ens body and/or on
the | 099 ur f abe'Pabmmsricapisiire"sTekerh du e snolysneriss reagtion predsigh svhersin diffeggnt
24 hours, or after 48 hours, based on in vitro testing.

[ 00148pIgomtsaare bphrinepmerkizamched sybsiandielly Withsutpaesk-digking.swhrreinitgeresulting
conprising the contact |ens body, such as described above, and a
packagoelymesoblehd that is obfained ingpayottheixtpobdydhyndlecdardcalohol , such as a
pol yhydric al cohol with at |east five pendant hydroxyl groups. Wen a
VO 2010080 7 89 3RCEL4iSZA 1040 488B86t0 p0brhohed ip6lyalet hivihg kide ph&ife Bdmmisirighe

| ens surface, is present in the packaging solution, or both, the

| ensegoiapRyRaan chsiteritiert 16 tHaCf thOmBmGkaigi ng conmponents. The

pol yhydric al cohol provided on the surface of the | ens body and the
pol yhymsiF al cofyalchotard F@e%%@%%&%@'dﬁh&%nﬁag}afﬁec&ﬁ}ﬂeﬁ BRd @hemical
different. The different polyhydric al cohols can have 'the sane or

di ffef’ﬁﬁt%‘ gﬁ@gﬁ@[ Smlaesd! Hies .egﬂfeﬁotlml%sfgrbm h of the different

pol yhy S can be, r exanple, ms of pol yvinyl al cohol

h dri I . i | cohol with |
I PR coRLaa1el SRR 1P RN 6 Aoyl

solutjon_at .a concentration, for ex le, of at |east about. 0.001%
(i w) 1R FOTinY GoTmRongu et B D opcomoraed fiha fydig coptagylemy pithpnt e leps
about 0.25% (ww), or at |east abqut 0.5% (w w), or_ at |east about 1%
(W w) VEFEr SPeTgncdte isRArting subsiapial dsgomiarty ficlydinepeular igigation snd ths. Ige1.96
to about 5% the upper limt being dictated by the‘viscosity of the
sol ut Pehthalnyierdly 1aqcpptable rhydlpest confagthlenses rhaye tophiwaknigallyk aggeplablgesurface
package can further conprise a base nenber with a cavity configured

t 0 hoivettabilities oadatypichlghdo hafchpusenat ard eotpasicatrdnyitis sipuifican coomal svellingl
attached to the base nenber configured to nmaintain the contact |ens
and t bemeédcdehgdragors of"dityi eye"),n supesbeepitheliat omcdté desidrar (SEMIsE | @n othkr
time equivalent to a shelf life of the contact |ens. The contact |ens
body slgisicaiplisasihfie to the base nmenber or the seal, or the contact

| ens body adheres |ess frequently to the base nenber or the seal as
conpared with a substantially identical contact |ens body w thout the
pol yhydri c al cohol, for exanple a polyhydric alcohol with at | east
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[ 00151] As previously discussed, in another exanple of the present

i nvention, the ophthalmcally acceptable acid conprises at |east one

pol yreri zapheyfipsxpPf a boronic acid, boronic ester, bec@RisSo10/049596

anhydride, or conbination thereof. In this exanple, the at |east one

pol ynmeri zabl e form of a boronic acid, boronic ester, boronic

anhydif088 or Adsitienshdsiiniions mieg also be fyind injthe pecipns thatfallew.i on to bei ng

distributed as a second pol yner conponent in the reaction product

wi t hi 9084e | erdsensnformmlagionsn sHyiegelsc eeprasentewte, clpss o Btenalsaeed for the

pol yneri zabl e conponent of the polynerizable conmposition, and, after

pol yneesentitantaet lensespi pdregrls asnppist y hpdrated,cressilinkedofolyrhericosy e \cnemingfg

the polynerized reaction product. [00152]In this exanple, the |ens

body wihtat iniah eghidibfiam)state. iAzestdingB¢hydespely €l tisHol virdis frepyeedfroth a6 br MO

pol yhydric al cohol present on at |east one lens surface, i.e., the

| ens REFLHAR MEIARTS. The By EOMRIENBELEH Sre RAMNiInKIRIE with al RSk Poagent.

pol yhydric al cohol present on at | east one | ens surface can be

prese n both I i R, E i
@E?@ac "ﬁlg ctgﬂlﬁctqéi{sg@&ﬁifﬁ&%raelﬁfsmla&r t? gﬁgcgo gtﬁ :301?[9& Terls %IL@WC?Z %;fﬁ%:%nee

| ens e an e posterl sur n sone exanpl

at | I yhydeic, al cohol resent | he . bul k of

" ens BRRERLEnE SNt o ef iy oBE SO ge] Rpb Rl IR P8Pt
present ex | e, can conprise .a pol hygric alcoafl havi ng, at | east one
1, 3 bet fippes ave; sogie Tegturesjp QricToR RUEeSES O the RressaC ikyEien. These
conpr'sing,a&(%e st three carbon atons, the at |east three, carbon

at o yas, for exprmple. adens by pt the sensash leas Bist ersmpiises 3 wagtiogdreduet of
carbon atom_ the center carbon atom bonded to a |left carbon atom
wher et pobierizahle ciemmposiien ppaposint ajrlewsh dne hisenhdlic smonpwes;  ajhleast a9tigon
atom a hydroxyl group is not bonded to the center carbon atom and
one awossbnkiyg ageat thaticross)inksgthe bpdrophibomdesndr alutihg pélpierizagion enfoat arfjrst
Additionally, the polyhydric al cohol of the present exanple can
conprpcdyma pohpdugnl; iand adtclelro | oneasphignlicalle aséeptabke 4cid.2 The @phthmindéally
or having both 1, 2 diol and 1, 3 diol noieties. In the exanple where
t he pRbypIEK hdd aiCBh@iktribGted 2P bYMHRF tEmBIne@a lpolyaietiB @r alaclofRfit f@ALinl,
2 diol or 1, 3 diol noiety, at least a portion of 1, 2 diol or 1, 3

di ol tA®Rbh@SprBdRs Yithin Be 1RS bR aHKEE ichs 3rERE Aler&PNMPhghe dhdichbétly of
| east a portion of boronic acid noieties present in the copol yner of

i i o PRl afroptS] RRLG R ISR P PR SR bat i ) Bl £

XaND) ot Byh Atend OISk Ba-B 90l 261l 8 AERNEY 63 skt 4%

copo ens bo nol et és preésent on a

| ens .surface i thi he.bul k gf t ens, bod r both) may not be

conpll'é%?gﬁiie\ﬂf F?{Wafe OE&Sﬁe“fPo‘gy% tolpgg‘a]lﬂm Iyr%‘feém?%rqc@' al cohol , i.e.,

t he | body t i.s the polynmerized reaction prqduct may be an

uncodﬁ{f@led i é*wgi?'%'aﬁc mogoBxeE " K idgaphiic resngmsT eande, ot fenkibe 2 stligane-
np

unconpl exed | ens body can be contacted with a.?olyhydric al cohol

havi rfgRtpining gjogpmey, havingza hydorhihs Pprtios, 2 Axdropkilip sdisenefresopeneperopr a
boronic acid noieties present in the copolyner of the | ens body can
conplcembigiatipn ghereefasvhieh porcoinpatitdé vgith Zhediophthdmica]ly Jacdépsablerpicidt | dheof
t he pol yhydric al cohol, formng a conpl exed | ens body. [00153] The
exanyiydrophilicirmpioude can treatstdbik combimatiorf with a hiydrgplaobioymowmedr. Theritydwiphiliens
body. The nethod of nmanufacturing a hydrogel contact |ens body can
conprmé®dmet cin B itioddmier aving IbytiEtyidraphilR 260 Hp&shidbi porfidis or moieties. The
pol yneri zabl e conposition conprising (a) at |east one polynerizable

f or mighe andoghcunt 6f BirShhilROMBRbier@SéEn thd BbI9ReHzaB A &

conbﬁg%tion thereo?ﬁiQVO 2011/037893PCT/?]Sgo10/%49513%436(#@3)()Sig.ilsmIcglr(l;l‘sﬁ%ry
one hydrophilic nmonomer, and (c) at |east one crosslinking agent; and
(i1) cast nolding the polynerizable conposition in a contact |ens
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[ 00157] The at | east one crosslinlcing agent of the pol ynerizable can
conprise a crosslinking agent having at | east one vinyl noiety. The

at | east qﬁgﬁ@5@§@§gnking agent of the polynerizable C@@Eﬂ%hﬁb@ﬂﬁ&@n
[ [ t he

conprise a plurality of crosslialcing agents. In one exanple,

pluraljty of crosslinkin gents can conprise a first crosslinking
agent 4’?8%}1% ot the et Oéﬂfgeramﬁy IHHE &1apomgrsdhat aseusemhdNen-imiing illystrgtions
agent having at |east one nethacrylate noiety. [00158] The

pol ymeré pegyided disnpio siith eapeshife hydroplélic ownpmets donaseein, silitvme iydergels sand
be present in the polynerizable conposition in a nolar ratio of one
bor onisdicané-tteerbydrogelt 0 3 wat er nol ecul es. The water can be present in
t he pol yneri zabl e conposition in an anmount effective to WO

2011/ qe0Ey93PCTIO/GRGARIMGAORAE ConyiRikingodkeats Mydihe Wsoneihets] Mabiom@Rr or®oth,
boronic acid noieties into three separate boronic acid noieties. As

t r ace 3P YrépaBhe WAL /drdBRK cBh SRAKY 1RBe BIaPRE Thol i&@gaﬁnﬁ{ateﬁaﬁ le§ Bfthe
pol ymeri zabl e conposi'tion, the amount of additional water reqUired in
t h i i ti:00; .00 . [ 1 3

® PRIk ARlefis SR MERb YAy ye@rﬂﬁ{abﬁe%qugmﬂ% agg,{tgﬁ.ﬁg@},'fgg Blambicda

Eo Ee_presert an be efernlne hor exanp y L AN t
echni gue.. |l n one.exa e an us c ic trimer of structur
1 oS RS e s e BB Hhee SR easish OF Bbetie S o or
o0 R IRFGRC oS5 o RGBS St B arshr

further_conprise at |east one silicone- containigg monomner, nmacromner
or pr &pEEYED: cthijensglxcal dimsthacrylag dEGPMAR ard Gimesbyleneyglyrol dirgihasrylsip
2011/ 037893PCT/ US2010/ 049596 si | i cone-cont ai ni ng conpound in the

pol yméFMEEIVIA) c dirpieally i ther cresslinking iagentsherepprssemtce tbé podynerizable eilicone
units of the silicone-containing conmpound in the copolyner, i.e., the
copol éogéhsompesitioompelatedy podlliotl amevhtsinithespafmérimblatcompesitiony mech as
si |l i cone-cont ai ni ng nonomer, nacroner or prepolyner, and the

unconi exadoinyt dargérel fran aba ©. 1% (8/W) a6l ybaio 1% i(#68), aiNfrori GBHGR 10806 dw/w) to
silicone hydrogel contact |ens body. The silicone-containing nmononer,
macr oabsut 05%P(vQ] Yieffors adboGO BIMSYES EwAn)Skd IabAReT SHN(RIW) Y HRIZhOErther
prepol yner. [00160] The silicone-containi ng nononmer, macromer or

pr epolyRBlericale b fsdnaver age nol ecul ar wei ght greater than about
1,000 Dal tons, greater than about 2,500 Daltons, greater than about
5, 000 (¢gwkf ONS, OphRificall 100 LGRS Cfhet
9,000[Dallons,ogreatefat g%c gﬁ% %ﬁgooﬁgﬁgﬁggﬁg? %%g%rggtgaﬂyﬂgﬁﬂhy
about t. . ke e | ecul ar. wei ght. gan be .a wei ght
aver L RaDE A PR, acklt ot o, B Ria IO ATl o o

(NWR) chemically and physically, in the lens body, including at least at a wetting portion at a surface of

the lens body. The acid (or at least a portion, or significant portion) present in the polymerized
lens body is not extracted or washed out during typical manufacturing, storage, and/or wear
conditions (e.g., at least 90% by weight of the acid present when the lens is formed remains
afterwards, such as from 90 wt% to 100 wt%, 95 wt% to 99.99 wt%, 97 wit% to 99 wt%, or 98

Wi% to 99 wt%).

29



[ 00161] The silicone-containing nononer, macromer or prepolyner can
conprise a silicone-containing nononmer, nacromer or prepol ynmer having
et hyl ene Qﬁbg@n/{@?@s units present in the backbone, the pshAR6081038
or both the backbone and the side chains of the nononer, macroner or
prepol yner. The silicone-containi ng nononer, macromer or prepol ymer
can cdf¥se afn |ongsyxamplsyithe; gphathamieallyt acsppighle wsid i 2| pedwnergpblatacidh,
at | east about 25, at |east about 30, at |east about 35, or at |east
about Buding ¢Ireenemsk 2JBAEIBOPL, 9niatpre-pPIOmEs g MiTising 4n ephtielmisalinacrepigble
nononer, macromnmer or prepolymer can conprise a silicone-containing
nmononerid meietyp peweliras pt Epsil opadunchiend] pgoupt capatds bf pdlomeriZifly toatonhtées tvith
about 50, at |east about 80, at |east about 90, or at |east about 100
di met kytler ioleexizs nddditis)cobiditibss W3EE®GREpatd pdipmbrael bomteot 16n8 8o, Heanother
chains, or both the backbone and the side chains of the nononer,

MBCTr ORRAmMME, e IRt IEiCally y@eﬁt%‘lé@@iﬁﬂ@ %%@&g%?&lgé Q¢ %ﬁ%ﬁlr[kg%l@ﬁﬂl \Wagn

the silicone-cont al ni ng COI'TpOUI’] conpri ses I 1 cone-cont al ni ng

oS BRI o RERFTE SH LIS SRR E REE TR i
h ] .\
e Sl g @% i e
VLGt S RO S

et hyl ene OX|de units present to the nunber of, dinmethyl siloxane units
pr es e MECTORST BF/8 Mopomsy ntroduesd te thpolysaerizable mixtuge Bmaing the sctiqny praduct
about 0.25 to about 0.50, or from about 0.35 to about 0. 45.

[ 001649 &hehej keng diwdy)s owhigh neang be odigtsbwied cwithio other resetici Iprastunte flloveing
silicone- contalnlng conponent the same as, or simlar in structure

to, hyelyostization. loinptiet eseaple, theecapbthemcinally abcaptzbbr adibchn be Estdbypédinhef
U.S. Patent Application Publication No. 2009/0234089 (Asahi Kasei

Ai me @action tpthductkan agpalgmer] girapdlymief) Othbydhére o inkdnemee of Git aphthal@ically
conmpound can conprise Silicone B, a silicone-containing conmponent as

i |1 ustécaptableelidiat amyﬁamlwmmpieacwl sﬁlbtﬂéﬁpalbﬁmptorﬁﬂﬁ{em)mte @éattion
1,500 Daltons (Shin-Etsu Silicones of America, Akron, CH, USA).

Si |'i coraud. TROFEAdINginsdbl 16066 fARNE R MRE Bre FOTRRY. qﬂa&@rﬂer‘ﬁ? mnbﬁlgr of the

Sili cone C, A rononet hacryl oxypropyl” term nated pol ydi et hyl si | oxane

oL PR My i e o, A DR St B, or ey
sili CQd}ﬁBlﬁ&{Hna{Hé}e'BQ C’ﬂ%pg neft of Wﬂg&lil%fi@’za%ie ?onépo&tﬁp aﬁou{c§d (ﬁom the

silicone-contalining conp or a co iono
silic ntalnin und The .siljcon ont aln ound,can
be pr ML Yﬁ‘%"eﬁ%ﬁ@%ﬁ SR SRR e ol PRGOS DT
about ,1 ot rom about. 10%to about 60% or from about 20%
to ab t{ '%—“’%93 @31191"111'&1 6@ JeERtrte Arid C%?%émplsfﬁomrﬂwswmh or graft
conpri se at Ieast one pol yner having a

onto another polymerizable component in the polymerizable composition.

[0090] The ophthalmically acceptable acid can be a polymerizable form of an

ophthalmically acceptable inorganic acid or an ophthalmically acceptable organic acid, The

ophthalmically acceptable inorganic acid can be, for example, a form of boronic acid or

phosphoric acid, inclusive of polymerizable and polymerized forms thereof. Boronic acids can
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1, 2 diol or 1,3 diol moiety. The polynmer having the 1,2 diol or 1,3
diol noiety can conprise a polymeric wetting agent. The pol yneric
wetting a rman interpenetrating polyneric n 3 or
pseudo-lPﬁFﬁ??ﬁ?ﬂw%ﬁe | ens body. [00169] The polyneriza%Fgﬁ§gﬁ%%£%%ﬁon
can further conprise at |east one nononer having a 1, 2 diol or 1, 3
di ol i fot pxariple, vinylphmay! beroningeidh end derdvatives| theseofl Vimylphesyl basorie ycidan
conprise a hydrophilic nononer. The nononer can polynerize either as
a honogobytr aamak, 2-inyipheppleboranit cal, Bevingpimpyh borosicodeid, Hevinylphenyl
pol ymeri zabl e conposition to forman interpenetrating polyneric

net WobkrohlcRNd, atvidgstied et bordhivhdid MIDN & tdr SRt aylamidaGhétyl Bomnic acid, 2-
pol yneri zabl e conposition can further conprise a non-reactive

di lue aR@Ly t Bo¥6hié hdi 2Btef£ SURFyYISRIdBpaYIBbrofilel Adtd, Separatel
non-rggg?%%g'dila@ﬁ?§1%¢€?€h%@§?%ﬁgnt ﬁhicﬁlcana%e %xtracted f#gn1t%e
| ens LhAg.. r i { : ol ;
the walb &5jghR Bekas S ARy TRRbR: adedh, RE kbl ey P ol ing
di ol ngﬁ%%%.lThe wat er - sol ubl e WD 2011/ 037893PCT/ US2010/ 049596
non- r 8X8Y&di I uent having a 1, 2 diol or 1, 3 diol npiety can be a
gl ycol, such as, for exanple, glycerin. [00171] The pol yneri zabl e
conposition can further conprise asghosphoryl choline conponent, such
as, for exanple, 2-nethacryl oyl oxyetihyl phosphoryl choline. The form
of phosphoryl choline can be a polyua\;;able f or m of

phosphoryl choline, or can be a po zed form of phosphoryl choli ne.
The pol yneri zabl e form of phospho pl i ne or the polynerized form
of phosphoryl choline can be a cros kabl e form of

phosphoryl chol i ne. When the phosphorjlyl choli ne conponent is present in
t he pol ynerizabl e conposition, the4fslynerizable conposition can |ack
haze or can be | ess hazy as conpﬂ?ed t%*a conparative pol yneri zabl e
conposition having the sane formul ati on except without the at | east
one polynerizable formof a boronic acid, a boronic ester, a boronic

anhydride, or a conbination thereof, and can produc ol yneri ze

r eact i(91pr oduOther heronicacids tha, 81%%8 49 n%le@e%gss e&f@?irfgba%a’ﬁ[e, i 8& ,
is clear enough to use as a contact |lens). Wen the phosphorxlcholine
conpoRetent Appligatien Fublieatiom dNosoRFRAI0R0445 & 1.cHATEL 16749nA 1 apd 2008/0151180
pol ymeri zabl e conposition can contain |less than a total of 5% (w w)
of a ilnghehGre Bi@pomatedhywin by rafecanholn their emdinttiesor of a conbi nati on of
C 1-C1 0 nonohydric al cohol diluents. [00172] The pol yneri zabl e
conpogeagazpn cahé wphthalmicablypacceeatdn oifganici aidcan Bhefor rxtmplepd -hydmwxy-2-
conprise a thermal initiator, a UV initiator, or a conbination of a

t her mabplthdit i adfdo 12, Adlidhlardabbticdcid, ai-BydroXyetharsshiTdite peldy Dwixbglatatie acid, 4-
conposition can further conprise a tinting agent, a UV bl ocker, or a

conmbi RadthRAcbAL6R LI, IAMikdsalidyi8adidl@Rbtic 4B adl¥ichlcRiC kRbrbiddcid 119, aspartic
conbi nation thereof can conprise a polynerizable tinting agent, a

ol i | . a. - i i Lt
P ymﬁEl'dﬁﬂ?, te e@lt%ﬁi‘é&'&rél, ﬁﬁ/m?c%@@&?f?ﬁéﬂoﬁ@ a8 (®), RELYIGR 1’0&%&&%2 k&AIEHNI

agent and a polyneriza n the exanple where t

the poryRerTd skt didk GBATE s i CERY, DB R eS0T rs s

pol ynmeri,zabl e UV bl ocker,.or the conbi nation of the_ pol .l e .
P § A a B g R er PO Ral ot bR, s Bl PR i
| ens bady further conprises polynerjzed units,of the tinting agent,.
pol y merReslioniF egidoforiiccactdy fimastadsid. galrcaiis §iitraektK erifigReniefuc acid
tinting agent and of the UV blocker. The tinting agent, the Uv
bl oc kég), copisacidd i glaaranc paid (Ido glutamiic audygintarc aeid ebisiophgsghprie acid,
tinting agent, a crosslinkable UV blocker, or a conmbination of a
cr osslglytkhblacids hippung acidemtdretnoma @i dgdiocklatit acidyisobwriie pcid) lactih acid
exanpl e where the tinting agent, the UV bl ocker, or the conbination
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angl e | ess than about 1000, a nodulus from about 0.3 MPa to about 1.0
MPa, an ionoflux |ess than about 5x10-3 mm®/mi n., an oxygen

per meabi | iy 2:8f,04855 than about 110 Barrers, and equil ipphisad0aioRss
content from about 35%to 65% |n another exanple, the unconpl exed

| ens can.have gn, advangi ng, cont.act angl ss ,than about .60, a
roaul US0F bRl e actio Ml £ maIRrsd kS BaoRE deits eedeliard
about 4x10-3 M2/ mn., an oxygen perneability from about 55 Barrers
to ab@¥k). 1methepgspidenic aei BaphihglenelisrdisnHonis: apidc ovplihtlener- Lyl iomisutacido o,
to 65% [00176] The method can further conprise the step of contacting
t he unicowpt exiddniteén gcidoelyicwictda oaalwoanpd, epalmigic swidupaneic agidd propriphiesacidg
at least a portion of 1, 2 diol or 1, 3 diol noieties present in the
conpl pxiopigtastit wtidofListhicydit dciiastbaaicpaeid, iseariofacidpmiening: add,dsubfbtie tacids
present in the copolynmer of the |lens body to produce a conpl exed

hydr ogigtarit a&id (bQH)thioIﬁ_@jccébﬁﬂz|t&&bﬂ%@ulﬁﬁi&&di&9:)9@:ﬁﬂe§ﬁem5 la8ig, &tpolyBrsizatine
pol yhydri c al cohol having at |east one 1, diol or 1, 3 diol noiety.

The coml @6hoer @E abie abRS ARk GnRGbifRioR! theitbt N the 1, 2 diol or 1, 3
diol noiety Is equivalent to "attaching”" an ophthalmcally acceptable

S oL, BB ARSI SRR ) o PR
e OISRl Y i) SRUE b BB i i
N ICE N R AR VOO K

package with a packaging solution. Alternatively or additionally, the
cont atthempplundrie gleoheldtp rghisyes W@ﬁ?bl%@r@sﬁdﬂwt@aﬁwﬂ%m aseentaile a¢id can

| ens body with a packaging solution conprising at |east one

pol yhheipsed, Eqr@esmplemnttge aolymedeableplens gomposifion] asowellias @ thiedensrrvifetey ims
part of the step of placing the lens body in a blister package with a
packagmonts of fromoaboutf.1 %e@d/Whdp alvoolt 0% {wW/ivki ardfrdnin @bdalti 053584 t aladua Géo
WO 2011/ 037893PCT/ US2010/ 049596 [ 00178] The net hod can further

conpr {(vwe)l drdrosi eipuol. I%aESHWNe dboet 0. 8AWHOX vr frém@bout tOfes CORY lte Aieahit D Ss
body or the unconpl exed | ens body) with a washing solution. The step

of washiuDrichRr h@Bsntd) ®didGARhSRIPchS RrmaRtiGEwEBE:. t he | ens body with
wat er, an aqueous solution of a volatile alcohol, or an aqueous

sol ut jgpn4jessentdiphydric ARShA! TR PRkt SlcAct BRHded DRt MRS BleBir B LT thedn

conpri se cl eaning "dust or debri's Tromthe |ens body, extracting

mat er S ; ' .

i 1 ueisrs BB R tips YO RREHACARBEOTT bHRbhq sk EHFLER FRERARED soms
conbi pat | r ing s tion ¢ C i.se t t |

one PPyl aS: o8 EBbon Jie AR, SO OB AN ERIELL 3 00EL B sEREH
noi ety., The waghi ng. sol ution can be effective to clean.the | ens. body,
Lo exPP SR B SPT Pl Aiom Pl i a et taba et PRESINHE Ry oo
hydr at e th? | ens pod and conbi nati ons thereof. The step, of washing
can DR gEAe 18 PRl Be HENCSA G 0T 4 HEBhapur ot bolsd ot HeeEn g
can be conducted in the blister package or in a lens tray configured
t o hotaiben plouy and rope gnd|aaks eae hncgpmj Lo B barded i thecleB stappnsateps For

[ 00179] The nmet hod can further conprise the step of hydrating the |Iens
body ¢mmple, vihee theqrohyhadecl alcelns 1o dipl, diris nbier dintcwhgtiaxkitwoensirdxytigioups
with a hydrating solution. The hydrating step can conprise a separate
st ep dre @m thé cam@ sirborg avirei.c., theediobiyploe xi gegnirgd dinl, eh bhfopbamipg ast,dp.
Alternatively, the hydrating step can be incorporated into another
step dibl)! eanbilRE &unpid)itledpdln@tiv @foBs1Né asitd digl Whegeih @RStwROENMraMyt Broups
wat er or an aqueous solution. The step of hydrating the | ens body can
conprise contacting the lens body with water or an aqueous sol ution
effective to swell the | ens body. The aqueous sol ution can conprise
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[ 00183] The conpl exed | ens body of the present exanple can have an
advanci ng contact angle at |east 5%l ess, at |least 10% | ess, at |east
15% at | gpgho2@¥mer at least 25% 1 ess than an advancT@gﬂggﬂb@££ﬂs
angl e of a conparative | ens body made using the sanme polyneri zabl e
conp05|t|on but wi thout the at |east_one boronic acid, boronic ester,
bor onR¥e akArREae abacsnt eashrs aems Ga. thedicld¥nat A vignal digl, pasbyasytapexample, a 1,
conposi tion, when both the conpl exed | ens body and the conparative

| ens Bodlgl)ake anatkereskamiplee they &rsh pohdie: aldoloh comprises & diokiwhergim the two
phosphate buffered saline for at |east 6 hours. [00184] As previously
di scubgdrdxyltgrenps akeyjositioned ah @ bacibohwef atdeaat 3 barhsit atoms, three 21 thealt last 3L,
3 diol noiety can conprise a formof poly(vinyl alcohol) (PVOH). The
PVOH g@Bo&oms GEiAg S lchaik @3 tabon abmbVéNprisnicirigig cR¥eidarosslledioactentet h
boric acid, or PVOH crosslinked with a dial dehyde or pol yal dehyde, or
g conbirBay | 'a@ﬁl &ﬂaet'h@ Qfmtet{ Sdddi ‘%ofl&rdrfb Qf 1R \Vibor afod) sBéh thaf &{cnﬁsﬂf'oxyl

with a | ow nol ecul ar wei ght, such as a form of ‘PVOH Wi th a

For m BripybReAL tgﬁi‘ln‘% 2 0%%@%%9@%&’%@@“5@1*’?@%? Rikvat e il
(1) Sy LsE00: B 00 el RUBLED, T b iR Py G he

such gs.a for ; PVOH with a hydrolysis | evel bel ow about 90% The
| ow éEﬁi%?qﬁé ‘ght form of PVOH can conprise MOWOL 4-88 (88%
hydrol yzed) or. MONOL(r) 8-88 (88% hydrol yzed) (Kuraray, Houston, TX
USA) lqvﬂé}éhsn Thieanoghey yample. Hiechisb polihydriczletiol sam compasera polyal dfithor
1, 3 diol noiety of the conplexing solution can conprise catechol or
a f or hackborsaplerhe tharFeatpms withf merst harhvo pendasiohyskoxyé groups bowdedi to she
form of catechol. The pol yhydric al cohol can conprise glyceryl WO
2011/ b&kBOBPOhetdB? fitred 04B&® Gtomsnafntbe hackbyhea temgrideke chamr of 3f @rbwnoftoms
gl ycerol nononethacryl ate. The form of glyceryl nononethacrylate can
conpr taeprsimh yivht cabon homrbaided Ity aeteyter ombomatona anid tiat @ntef @Ab8S hibine
pol yhydric al cohol of the conplexing solution can conprise a first

pol ymgéndea\td AfedarbaiémOnRerdin addiflbrdl at@s ban Be SreSdnt fHthe bckbdreehefire 8¢
pol ymer can conprise a V|nyI al cohol copol yner, a glyceryl

NONOMpERAGRE ¥hath &f 8 Yo Hdms, Ahd %@&hﬂﬁfé IcA5R Jf hes8dn: atdi§ ofI9 RS 28T the
pol yhydric al cohol can conprise a copol yner formed of units of vinyl

al coh or%{l‘lgé %ﬁﬂda}ﬁ{:ﬁf#{;l eﬁg%gf%&ﬂ%& ¥ t'litéﬁ cﬁfb@fnﬁ%&&g W0 Bg\% é:ldco one of the

hydr opho oner of ydric coh can be
e o o B P o AT
Denet FEIbPbARGH aflﬁéf’(‘}c/ 8%'85 8% 20 o850 b FE AoV Rl HERUAE the et

conmpared to a vinyl alcohol honppol yner of apprOX|nateI the s ?

ol ec EATEPN mpb fer egpleohe |p9hféydr&r alpahiel 535t Yo dr PcPokrdondt 4 @ghyol a 3, 5
conprise a vinyl alcohol and vinyl %yrrolldone copol yner, a V|n¥

al cohmlyalnetcrrht srothey lexsrapleothe Myst@plyhudnig #lgehok reraprises amalygl yith ey feast 5
nononet hacryl ate copol yner, a vinyl alcohol and Ehosphoryl chol i ne
copol pengiant ydedayt erqaps,rmdbnsetfwa@mylpm e laddobiohyithpy least § gendent hydroxyl
copol yner, a glyceryl nononethacrylate and phosphoryl choline

copol groaps, < mipohbl evith 4tHease 5fpendand hiythexyli groups] @R SOpdihel withat teastny
solution can conprise the first polyner having the 1, 2 diol or 1, 3
di ol p&idahtyhydenxg! groaps; @id I sdoytiee ex4ahple,i thatitsy pelphpdrigl adebhvl dopfisesea 1, 3
not crosslinked or chemcally bonded to) the first polynmer. The first
pol ymBslyol With 816209 pRat B droxdl gRRbS) Whakid ihe HblyBPhasiBSackidele bh Bofehand
pol yner “can conprise a wetting agent effective'to increase the
wettablilty of the I ens body, a confort agent effective to increase
confort of the lens during wear, or both. 1001901The nethod of this
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1001911In a particul ar exanpl e wherein the hydrogel |ens body

conprises a hydrogel contact |lens, the nethod of treating a hydrogel

| ens bodyvﬁggnngﬁQ@r conprise (iv) after the contact epgishagoResn
y

cont act ed the first conpl exing solution and subsequently worn by a
user,_contacting the cqntact,.|ens, with a second conpl.exi ng sol utjan
il Ry Somhat ALY BT SHYERIH BBt SIPRIRds Teda SrTogR gt e shaiio
or 1,3 diol noiety, and conplexing at |east, a portion of 1,2 diol or
1, 3 coydapnybeiodRs 35¢ Beuded 19 etSﬁr@ng suBARate B texahalg. AWEhst prsandionly e

| east a portion of the boronic a%id noi eties present in the |lens

body . of the hydsbxat yeeivuips issbanderbto thé 31 learbpi ptom inchepthaii, ayd wirempioingealeaste
the sanme as the pol yhydric al cohol of the second conpl exi ng

sol uttiwerhydeoxyl B@upohry padddcto atonshat] the badkbenef dftes theatSnqaktemi afdhes backbéren
can be different fromthe pol yhydric al cohol of the second conpl exi ng
sol utle@n. thd 8918217 Thitsmeyeibibackibindlets) dh yeCimthet Bxamply dhogRt pbighndric
body. The hydrogel |ens body conprises a cast nol ded pol ynerize
react, ' it f j t

| ane P oo BB O R o oA Rl o R e
pol y : Cri o si _ : I o

o 5 auER Aok TROR, WP HET B o TER R AR (RRICSHBL BRI Gt
thereof; at least one hydrophilic nmononer, and at .l.east one .

cr os o S Sioms Uiy R St ARGetote ot orrig Sroed gm ithout
conprising, polynerized units of the at |east one polynerizable form
of t HydEBwbaroup hended 19 drlefh carbers atam With prsankl olhh g diEoxyt eyl FDIsn

t hereof; polynerized units of the at |east one hydrophilic nononer;
and cafdkis bypgies polyhydsig alpphelinclude 1, aSpolpels % AdsBiliaikicltg agent; wherein
the | ens body has an advanci ng contact angle | ess than about 1200, a
modul [08%€4]ess tThampolybpdric dcdholrayidedon atriedst the sirfse of Heriersthody catxli) f&
nm2/ m n., an oxygen perneability of |ess than about 120 Barrers, and
an eguxamples b polybvpdrér aleaiol erth apleasit fiveegeatiam hedioxAQXoups Ol &iglckhmple, the
hydr ogel |ens body can conprise an anterior surface, a posterior

sur f asdyhydfic @gRolanich af lehR Ik fRAGINt hdisRARNps P hipolyh9dGs allhid] with at
transpar ent Optl c zone can be confi gure to correct viIslon.

[ 0019¢]sT A9e PYHaRO8/drd:SD %mhﬁéﬂwh&afﬁ 8 R RnQamR ﬁl?&ft%ﬁiyl' Siips ARIYitacHd¥ero
hydr ogel | enhs body can be a | ens body wherein at |east a portion of
b : . e X e _ ¢

or B SR, PR SRl 8 hlhg 2, WAEBAREI BBAHL 13 D8 ph e

conpl exe i et €s "presen

pol y j | coh i.e ol exed. | ens, body. 1001951The hydro
Pont upi BB ARAY erabpfueet FOMR AR aETRS: REMYm SRR AT ormis o8 S,
t hermopl asti ¢ resin. 2011/ 037893PCT/ US2010/ 04959 00196] The
uncoﬁBW&%gﬁmﬁ F”Pgﬁéoﬂé@$%EBﬁPW5WEa&ﬁﬁ§§VQﬁgPﬁdg5%ntact angl e

| ess h@fn abogg 100g, gﬁgndulus fromabout 0.3 MPa to about 1.0 Mra,
an i ilux | dos PelyBrdrigslephobpropided pmpt Isash the syrfacs,af daslepwbordyA9n bt ip
of less than about 110 Barrers, and equilibriumwater content from
aboutYeBsusthes example] ppalyhydricealeababwith atilenst dr prydant hydroxyozrgupsawhergineatan
advanci ng contact angle |ess than about 1000, a nodul us from about

0. 3 Neast twe efitheihydroxy! prRaips am poonafeton alchain of hmre thivwoditarbord @ods such that
nm2/ mn., an oxygen perneability of |ess than about 110 Barrers, and
equi Ithdre iisionevatibon aamt evithofir o hyddoryit gramy/bbwdedS8oit bOORAB Woh earbons each
unconpl exed hydrogel |ens body can have an advanci ng contact angle

| ess Hawiag oAb BydroRf, gréup Bided® theFaReuhple; the MolghidRicalR@Ub] Witl atMBat 5an
i onaux | ess than about 4x10-3 mm2/m n., an oxygen perneability from

aboutycR@anBA ARkl bRupd oM hARGHBa e, hifck Mitohdildl fMngarehng 4%
conté%t froglabgu%94%§6to 65% [50199]fﬁg 3g%€ﬁ@xe8 ﬁidrogel | ens
body can have an advanci ng contact angle |ess than about 60, a
nmodul us from about 0.4 MPa to about 0.7 MPa, an ionoflux |ess than

34



[ 00200] This exanple is also directed to a hydrogel contact |ens
package. The hydrogel contact |ens package conprises: (i) a cast

mol ded polwgsgiA$dod €acti on product of a pol ynerizabl e ggq¥RaFukRh%
reacted in a contact lens nold assenbly to produce a hydrogel contact
| ens body, the polymnerizabl e conposition conprising (a) at |east o
pol yneabnstnfdhs s rhainowith hecremaiming #deashp dydwrl eroBby bended 1o the
anhydri de, or t]g:onbi nat i OIF thereof; (b) at |east one hydrophilic
nononeatbora e § ¢cyarben, (teedt carhen, eico 8¢ ipalvhydyicageako! canhle npelyhygisic dleohel
body fornmed of a copol ynmer conprising polynerized units of the at

| east withat prabty$rpendaabhydrdxgi raps.t Wierdiortbnatcleasiive of the hydroxyl groups are
2011/ 037893PCT/ US2010/ 049596 aci d, boronic ester, boronic anhydride
or cobdlidedkhydwhetddomoOthe cbby oidin 2wt thiiohs c@bord Wighaiit a hedrekyl@icup bonded
hydr ophi Il i ¢ nononer, and crosslinks formed by the at | east one

Cr 0SSyl faki Peesad HeiweeiGER IcAbbA Suilt bt Hf&g&xﬁ‘ ﬁo@%tﬁa@&@?&ﬁtgqll\a/ggﬂhgg&ric

angl e |l ess than about 1200, a nodul us ss an about 1.

| onof Lo €556d Q?@Bﬂ%‘gﬁtalc@ﬁépwﬁh HRAST e Pelzrﬁlrant )ﬁ%gz?le Q%gﬁ??@)ﬂieﬂei% %f lg%t

| ess than about rrers, and an equl U ont ent

packe B i o Re RS 3Shiih sEPa b oo PR F ok W e
dth [ tiaqn; i | attached to the b
mermbel® B ATPGR PBE POrsHaPAINY aur bosled guy: G soN “pRAYEAgH Demoen

solution in a sterile condition for a duration of tine equivalent to
a shel"o qartos atms; prehd thefevp cpbrs 2i9asIbayas opolysioony awup hendsd o, fem, and
solution can conprise at |east one pol yhydric al cohol having at | east
one 1whgreigingne of the remaining 3 hpdrexy). eroups 202inmhe geminabpesitioprs ipdheyvigwel ¢
al cohol having at least one 1, 2 diol or 1, 3 diol npiety can be

pr es epasition witherespsaiatix forrgels othertand it the iest e kedyoxyd geobsit | on, t he

washi ng solution, the hydration solution, and conbi nati ons thereof,

at a [o98jent r diheqolyhiydfic dookmbprotvided 04 % least elecuifackGfthe lennboaly @b bé) fQ5
to about 5.0% or fromabout 0.1 %to about 1.0% EXAMPLES [00203] The

f ol | osatngle-X polghedric didohsl Kawing o€ Raitdive pashaechysiradligRdy2 Bich@s g plyhjdik
pr esent 1a?nven!{mlyon, whi ch shon%l d be uné)erstoo}gj cﬁdgtgtolybe lim tpeélgr

t her eflyohoPhdviM2dtlisast RRS, 68 Bk AGSvANGr &gt GShiRd, Or RY, NRIERh o BloRS Pendant
i ndi cated ot herwi se. WD 2011/ 037893PCT/ US2010/ 049596 Material s and

Met hoglsy, 4,99 %g&%}h ST laR MR ImAHRE B ih@'a{?g?l: gl‘g% gégrg [qg 8%% %Y%?&%g{)&ps

conpounds "and structures are used In the | (

e G B0 A PP L LGP, TR LS e s
body. The polyhydric alcohol with at least five pendant hydroxy! groups can have a weight
average molecular weight of at least 10,000, at least 50,000, at least 100,000, or at least 125,000
(e.g., about 10,000 to about 500,000, about 50,000 to about 300,000, or about 50,000 to about
200,000).

(0099} The polyhydric alcohol having at least five pendant hydroxyl groups can be a form

of polyvinyl alcohol. The polyvinyl alcohol can have a weight average molecular weight in the

range from about 4,000 to about 300,000 Daltons, or in the range of about 60,000 to about
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[0020
pol ydi
—_ 3_

there
[ 0020
N-Vin

-LO----"-Co..----- R .th 011(i) SIGVA [00206]
6] Silicone C = anorret hacryl oxypropyl term nated

| met Ryh Sdih@yasne. A structure thereof is: Silicongcgysifighokdr i s
rls(trlmethyIS|Ionxy)S|IyI]propyI methacrylate Astructure

%11 @ﬁ&\ 2%1}%}1{3 %g@g?ﬁség%% 049596 530 ngﬁ gﬁer, or h the

yl - N- net hyI acet am de.
range from about 120,000 to about 210,000 Daltons, or in the range from about 140,000 to about

190,000 Daltons. The polyvinyl alcohol can be hydrolyzed to an extent, for example, of at least
50% (mole %), at least 88% (mole %) or at least 98% hydrolyzed (mole %) (e.g., 50% to 99.9%,
70% to 99%, 75% to 99.5% (mole %)). At least one form of polyvinyl alcohol can be used
having a viscosity of, for example, from about 50 centipoise to about 70 centipoise, such as
determined uvsing the falling ball method in a 4% solution in water at 20°C.

[00100] Polyviny! alcohols typically are manufactured by polymerization of viny! acetate,
which unlike vinyl alcohol, is stable. The polyvinyl acetate produced then undergoes alcoholysis.
As the technical properties of polyvinyl alcohol depend in the first place on the molar mass and
residual acetyl group content, industrial manufacturing processes are designed to ensure exact
adherence to these parameters. As polyvinyl alcohols are commonly prepared by partial or
complete hydrolysis of polyvinyl acetate to remove acetate groups, polyvinyl alcohols are
commonly divided into two types based on the level of hydrolysis achieved in the final PVOH
product, i.e., partially hydrolyzed and fully hydrolyzed types, depending upon the mole
percentage (mol %) of residual acetate groups that remain in the molecule after polyvinyl acetate
has been hydrolyzed to polyvinyl alcohol.

[00101] The polyhydric alcohol component can comprise a mixture of two or more
polyhydric alcohols. The mixture can be a mixture of two or more types of polyhydric alcohols,
such as a polyvinyl alcohol and a different polyhydric alcohol. The mixture can be a mixture of
two or more polyhydric alcohols of the same type having different average molecular weights
such as, for example, a polyvinyl alcohol with an average molecular weight of about 100,000

Daltons and a polyvinyl alcohol with an average molecular weight of about 200,000 Daltons.
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[00210] MVA = Met hyl nethacryl ate. [00211] HEMA = hydr oxyet hyl
met hacryl at e. [00212] EGVA = Et hyl ene gl ycol nethyl ether

net hacryl ay@20110586%213] EGDVA = Ethyl ene gl ycol di met hgeilsadiBr49s96
[ 00214] TEGDVA = Tri (et hyl ene glycol) dinethacryl ate. [ 00215]

TEGDVE, = Tri I Vi : oy o
D e mig(tlug'ee ga?lybleeannelix%g %?!n)/o ccairl n\{tl)rg){nlolyﬁgzé}lecr alcohols with different viscosities. The

mixture can be a mixture of two or more polyhydric alcohols with different levels of hydrolysis,
such as, for example, a polyvinyl alcohol with a hydrolysis level of 89% and a polyvinyl alcohol
with a hydrolysis level of 98%. When the mixture of two or more polyhydric alcohols is a
mixture of two polyhydric alcohols, the two polyhydric alcohols can be present at a ratio of
about 95:5 (w:w), about 90:10 (w:w), about 80:20 (w:w), about 70:30 (w:w), about 60:40 {(w:w),
or about 50:50 (w:w).

[00102] Although in practice water is generally the solvent used for PYOH, a number of
other suitable solvents or solvent mixtures do exist. While the solution can be free of solvents
other than water, it is understood that other solvents may be used in place of, or in conjunction
with water. For example, the solvent can be a buffer, such as, for example, phosphate buffered
saline (PBS), including 30mM PBS. PVOH solutions can be used in the present invention for
wetting or soaking contact lenses and can have a PVOH concentration from about 0.01 (w/w) to
about 15% (w/w), or from about 0.05% (w/w) to about 5% (w/w), or from about 0.1% (w/w) to
about 3% (w/w). An example of a PVOH solution is an aqueous or saline solution with at least
0.05% (w/w) PVOH. Another example of a PVA solution is an aqueous solution of from about
0.25 (w/w) to about 1% (wt/wt) MOLWIOL 40-88 PVA, commercially available from Kuraray
(Houston, TX, USA). Other PVOH concentrations also may be suitable. However, it is
recognized that the optimal concentration can depend on the grade of PVOH, the molecular
weight of the PVOH, or both. Such concentrations will be apparent or easily determinable by
those of skill in the art through routine experimentation.

[00103] In one example, the PVOH solution can include boric acid. The presence of the

boric acid causes the PVOH to gel, thereby increasing the viscosity of the solution. While not
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[00216] VAZOC 64 = 2,2 ' -Azobiz(isobutyronitrile). [ 00217]
Uv416=Cyasor bUV-416from Cyt ec, 2-(4-benzoyl- 3-

hydr oxyphep@xyesfiyd acryl ate. [00218] VPB = 4-vi nyl phen;plCTn@,Q@nmgs%
aci d. [00219] PBS = phosphat e buffered sal i ne (20nM pH:7 ).

[ 0022 = Sodi ym Car baxy.net.h .ul 2 1%% 25K =
boly ( SERG PRI b fr0) eVt Fbetipgect %O@C S5 a0 B Salrtepi g cause the
al cohol (such as, faqr_examle, seri es _polyvinyl alcohol,
Kt t rafdPH %ﬂé@%hpamély wessling wclrsam %S wémaﬁ@oaaﬂée iq ippreaseithe thickness of
MOW OL ( r) 8- 88 (67K), MOWOL 18-88 (130K), MON OLO 40-88 (127K),
MOW Otf® HayegBof PYOK) whichcrp adhereos 180 BRE T 2ty ouB3sEeRyChit 38ssigked
(MAE146-186K), PVOH 96% (85-124K), PVOH 87-89% (13-23K), PVOH 87- 89%
(31- 5EK)QH R\ifdkate8 Tro8Diie (B -stFab)into S BIR®S thé Benk 86 K)9sser extent as compared to
[ 00223] JEFFAM NE(r) ED-600 pol yetheram ne = an aliphatic pol yet her
di am men-desilinked PYOH. Depending upon the lens formulation and the form of PVOH used for
surface treatment, migration of PVOH from the lens surface into the bulk of the lens can produce
changes in some properties of the lens body such as, for example, modulus, and tensile strength,
and also lens shape. Instead of adhering single “strands” of PVOH to the lens, multiple “strands”
of at least partially crosslinked PVOH can be adhered to the lens, thus increasing the “depth™ of
the layer of PVOH on the lens, and making it more difficult for the bulkier crosslinked PVOH to
migrate into the lens body. For example, boric acid can be included at a concentration of between
0.0005% (w/w) and 1%, (w/w) or between about 0.01% (w/w) and about 0.2% (w/w), in a
solution of PVOH.
[00104] In another example, the PVOH solution can include a second polymer. The second
polymer can include, for example, a form of polyvinyl pyrrolidone, a polymeric form of
phosphoryl choline, such as, for example, 2-methacryloyloxy ethyl phosphorylcholine (MPC,
HEMA-PC), or a polymeric form of hydroxyl propyl methyl cellulose (HPMC). Mixing PVOH
and a second polymer can result in the two polymers becoming entangled. The PVOH and
second polymer solution can be heated to increase the level of entanglement. As the second
polymer is entangled with the PVOH, when the solution is used to treat at least the surface of a

lens body containing an ophthalmically acceptable acid, when the PVOH attaches to the

ophthalmic acid, the entangled second polymer will be attached as well.
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froma propyl ene oxi de-capped pol yet hyl ene gl ycol (Huntsman

Cor poration, The Wodl ands, TX, USA). [00224] PVP 1300K =

Pol yvi nyl gyé b@hjosees Mv - 1300K [ 00225] MPC = 2- et hacr ylpyhsvslhigbe
phosphoryl choline (Lipidure(r), NOF Corporation, Tokyo, Japan).

[ 00226] VB6= VAT Bl o ) )

(7, 16?@1581 or oi‘[@slg?\dﬁﬁybﬁi aahi Rrase hopelinitige sohempticspf formgtionsf adayes of an
of Contact Lenses [00227] Pol yneri zabl e | ens conpositions were

pr epametyobyn aiwifacg compriging a pelyierizad lowssbody comaininggnaghbamically, acceptable
conponents as indicated by sonme of the tables below The |ens '

f or nulaeidj whereiner polydnyleadcohok lmvingrfsewr inwre hydréxqil Izowips i ayeckeddd ampalymes .
[ 00228] Contact | ens nolds were injection nolded from non-pol ar

pol y pro pyimshengishonortis hdid) (CRBIV ey showdlin FIG. €@t adornief WhylphengChviomiel esid
and equi pnment. Each contact |ens nold included a female nold nenber

that iighadeso Porﬁpﬁlﬁal\yrﬁleﬁﬂédi &@dtioﬁ'{ﬁ‘édlkb{ fmﬁaa@&, £ Qonfat leﬁsﬁﬁb hehé 18t
surface of the contact lens, and a nale nold nenber that includes a

conve [ SEUNRAVE f ' e
cont acp B a8 AR Holoki U] GG e Rt I Th ekl o AR nS iy P R B
surfa I n e | I nber b nder d .t a.back
st £ acl T8 B PERsb TR AR Sl B o6 e B RER AR hrc e 2on b0
| ens ositio s pl aced on.the concave surface of the . fenale nold
member R Vel the BrrahicedRit can e & aBaaDmerizdiie domm JhatHS (icpersesieln e
nol d menber suych that the pol ynerizable | ens conposition was | ocated
in a GWReEET mix\had i rergied wotepittheisns bodvh Aesdy trappwedhe gispersssacid,in the
formed between the concave surface of the female nold nenber and the
conveRolynreriaklens badye Thaleas hedyois thamrentactysh avithey solution gontginhigra peixolhir d
in position by an interference fit between a peripheral region of the
f emal example ppplyvingl elcohoirbesing at[lGG0RG] Pendant bydraxtl greems Asshdwe dmFES. didng
t he pol yneri zabl e | ens conmposition was then placed in an oven where
t he p®MOTEmokmbles ateethen atGoipmisto ttheoborwes acid pedipaibn at keesvtier sukfacecofahe lens
about 100 C for about 30 m nutes. After curing, the contact |ens nold
cont aboéd a pol ynerized contact |ens product within the contact |ens
shaped cavity. [00231] The contact |ens nold was renoved fromthe oven

and aljdoa0oer t 0ASSRiwi B FIGONB! £PRGIALZbR fﬁﬁybep&in%?h&;m bdrOfic @eiatidfdacted
| ens nmol d was nechanically denol ded to separate the nmale and fenal e

l d i . .
e no e achey FAGAE! OOK borhOR PRGN 48 5 98] SRcuonoe. PG lens
cont ag (rl‘?‘loﬁ Ql?en%roﬂgyt%& w3 shﬂ]‘ﬁgn %@ﬁﬂ? g%éiy%}ngg;!&g{h%fgavﬁﬁgo ééa%éli\g%ﬁo ﬁlaélt

nol d nmerfber to separate the co rom

rmrmeilydroxyl groups. As shown in FIG. 1B, PVOH chains having at least five pendant hydroxyl
groups are then attached to portions of the homopolymer on at least the surface of the lens body.
[00107] As shown in FIG. 1C, a polymerizable form of vinylphenyl boronic acid is reacted
with N,N-dimethyl acrylamide (DMA) to form a lens body composed of a copolymer of the acid
and DMA. The lens body is then contacted with a solution containing a polyvinyl alcohol

having at least five pendant hydroxyl groups. As shown in FIG. 1C, PVOH chains having at least
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[ 00233] The separated contact |ens product was then sealed in borate
buffer saline solution in a blister package to form a packaged

hydr at ed GambRghsens. The lenses in the blister were stefuskiigesdsisy
aut ocl aving i n aqueous sol utions. The aqueous sol utions used i

n
aut ocl.avi ng.can include wetti ents, under evaluatign. Mt hods for
Char ado B RGP Su e TR0 SRR P Sopime it e s B,
to testi.ng, lens i,s soaked in 3 m of fresh PBS for at |east 24
hours?“ﬁﬁﬁé@ﬁ&ﬂ@ﬁimgéfore testing, the lens is shaken to renove
excess PBS, and the length of time in seconds that it takes faor the
wat er [00108] t 0 Assbein m%ﬁ- i Rea pelimerzableaform of vigglpbenyl heignicacid. is reRatedr
break up tine (water BUT, or WBUT)). WD 2011/037893PCT/ US2010/ 049596
[ 00235{ihd M4 oy Shpleae tglydn ettRe ctiyil noetontlate t (EGAAR to Then adlean diody
contact angle can be determ ned using routine nethods known to

per sorempbsea ol b RewolyRdd dfithd atid, DM ARhd EEGMA eXhaehebodyliethen vamadteibwith a
contact angles and recedi ng contact angles of the contact |enses

provi dedufeEStiinman R VBRAKERSA hedihpdt Rast &b by@ahum&@(yrrﬁsobpﬁ -Asl shown
y

Advanci ng and receding water contact angles of silicone dr oge

(Rrusd: GG FORR IR o R R st PR Rafiont [ e A et T 10
Cont 2l Gk PR ASL AR SR A5k afour ! of CoL o1 and
stat; SU88her ALESE SVARe Ao e Doy CoF PRAYCELHEIR i SRPk covaine jge
e e e

advancj ng contact angle and recedi ng contact angle can be detern ned
usi ng tigedwped obfrpmabow 2Rapinwes i9abay 49HBiapIsa s MBYi e Sorpbel) |19 Ctpplut
p11:7.2%. Prior to testing, the lens is soaked in pH 7.2 PBS sol ution
for atl30°d@ér a3mepengd of from abowr2dinghutes PHaboniddigningtes.| at t ened onto a
quartz surface and rehydrated with PBS for 10 m nutes before testing.
An ai [0Bubp| e Sikicomeatgdrogak d.cas |Rormudatiohacd sidicoy hydregel damst &emulation
syringe system The size of the air bubble can be increased and

decr easmgriies aplhstione kiliCoreaathinigy eongdoferttihe idontpadble oithathe ephthidieivally

i ncreasi ng the bubble size) and the advancing angle (the pl ateau

obt ai ae@piabRMACHC Gk aAREAGnE RRIGIHIN Bofinted)the §1082B0HeBrarblikkifgoabeAC hnd the
Angle. Static Contact Angle can be determ ned using routine mnethods

known pB%?&I& 08P fat AR 1dAG sirfadel | With ek PRt & DolyRFizbX [HRS GorntdMions as
StaticC ntact Angl e can be determ ned using a captive bubble nethod,

i 106, sk i :
Gor iR ey (o BRI AR BRGY $066rs W S fBbhertd MRS, YRR dont in o
f t 0 . m A . ight_. .. . .
2011/ 6y BERREH BB RS iR TR et e 2riaes e et sebs far @
oty SRR T ROt R B % TR LSBT e

havi ng about 4 mMmw dth can be cut out froma centyral part of a |ens,
and ngB'BP‘E?étw(“u EPT SOTFPEHMRARANtER ’&ES%?#?%@W% TaHY P%fquf@rm b¢ GpEPRIdley
stress-strain curve obtained by the tensile test at the rate of 10
m mi dddisioaally. aomp¥ible deanmypopents are earoneEsvdiichp svhen polygnesigecdhtp form a
Instron 3342 (I nstron Corporation, Norwood, MA, USA). [00239] PVOH
Upt ak eolyPitkediionsibalyf poduds 4 lstethasivis atiéquate phasicd) ehatedtenstichtodhe dsed as a
exanpl e, by gel perneation chronmatography (GPC) after the | enses are
pl acedontictdendl(¢.gt adeqsait trhnspireton rddulus) gendildMfagthpdtel) i on at room
tenperature (RT) for a prescribed period of tinme, for exanple, 48
hours. [00240] I onof | ux. The ionoflux of the | ens bodies of the
present |enses can be determ ned using routine nmethods known to
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WO 2011/ 037893PCT/ US2010/ 049596 of conductivity can be taken every 2
m nutes for about 20 mnutes, starting 10 m nutes after inmersion of

t he donor vehasiaszzent o t he recei ving chanber. The condlp@&mgbdlqugggﬁsus
time data should be substantiall y | inear. [00241] Tensile Strength

The t i std.engt h o alensb e (det edu5|g

LA I e e R L,
pi eces, of_a contact |ens having about 4 mmw dth can be cut out from
a centheafilippyicrcopiaining ‘é?{gponaﬁtdcape'??sl”leﬁné i EWg?lFPO(l‘érﬁ‘i’fttamW@a?Pmé’a'i‘P%é“ an
determined fromtesting using an Instron 3342 (Instron Corporatio

Nor o SEOURPETeRgAYan 060 GRIN Bn gATEIn Sreptie (broHYALRGR. of (5 folhanabestar
can be determ ned using routine nethods known to persons of ordinary
ski | | werght lo€ thar silicdRercontaminy empohenteUsafgladilicone-¢8ftaiomg dompdesnégy ennmetie
using an Instron 3342 (Instron Corporation, Norwood, M\ USA).

[ 0024 3bxiegieablPamonaial kiotys Uk ks acHiateDnethbiertlag, rgiamile, methaaglamide, ble
det erm ned using routine nethods known to persons of ordinary skill

in theingl tactdiR! NeMayBhRle, ke sBiylVRhbeonaP Brdfs. dSHliSd a1 MR eE icBita@ lenses
nodi fi ed pol argraphi ¢ net hod, "'as described 1n A single-lens

pol ar ?&fdﬁ@élf & JERa SRR AR Qﬁh&'ﬂ%%h {5.1/ §( nf.e@ and a hydrophilic

hypertransm ssi bl e soft contact |enses

ity i W
o “g;qsﬁwaemfm@@s@&gwﬁgeay@m@ifo%g% kL b

from an aqueous id, wped to rempve _excess_surface water, aﬁ

vvei ghd&gefu ikt evseea§a% fi (P¥Rdnngd-Sei Pl ANOSH 3 8RB, (R 4 20598, B1AW
cuu dried | ens can then be wei ghed. The wei ght

i fofamhaThea i aa A lmid0.59, S04l 5496, he 428 ik SOPSCRB. a5 PRRETS

fromthe wei ght of the hydrated | ens. The water content (% is the
ghed VS elfasn dpligationt BublivetigghtYosx 12007/0064306 Al, 2007/0296914 Al, and

2011/ 037893PCT/ US2010/ 049596 [00245] Center Thi ckness of Lens (CT).

The CI0@8@04885Q dtlemlli afeshicls argincapdited inshdio eitirktite irrdin bp aefersnse. oThe

ordinary skill in the art. For exanple, the CT can be determ ned

usi ng sidichehdataikmg gangmeitah des siDemel optiiig ot v measien Val | ey,

CA, USA). EXAMPLE 1 [00246] A series of contact |enses were prepared

with [dma1ppl yrekilicak-@ntdise GRNBRSH, hhdfndd or PaPMyned cARBhRS fdr Slchple,
bel ow. Forrmul ati ons were prepared by conbi ni ng the ingredi ents in the

i ndi ceeadlIWinG RIS eR@sRGIPN the weight of the ingredients in the
formul ati on. 50247 An eval uation was conducted of possible agents to
use to attach to the boronic acid noiety present in the |lens. Lenses
containing a polynerizable agent with at | east one boronic acid

nmoi ety, specifically VPB in thg fornulation u,sed wer e prepared using
the ingredients and anounts -shfjwn in Tables 1{and 2 bel ow, and then
autocl aved in aqueous sol utions\of various cofpognds shown in Table
3, to determ ne which of® conpbuRds (RE@Fd Attach to the surface of
t he | enses. Sodium car boxy hyl cellul ose ( CMCO), agar, glycerol,
and pol yvi nyl al cohol (PVOH) were eval uated. @arrpl es |enses 1-12 used
Formul ation 1, wherein the |lenses were autoclaved in 1.2 nm of the

i ndi cat ed soI ution. Sanples 13.16 useg formul ati on Fornul ation 2,

wher emheretR is $heeSHane¥ és Qur OB AvdereiRi” & B o numoventiatiol geupavith 1 to 4
solution. In Table 3, data is reported for two consecutive tests

per f orarbeh atontshe is@me 1] Bris a divieddnt dinlling group which comprises from 1 to 20 carbon

atoms, or from 2 to 10 carbon atoms, which can also optionally comprise ether and/or hydroxyl
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Forrmul ation: 1 unit parts (w) SIGVA 20 Silicone C 25 DVA 20 VMA 30
EGVA 5 TEGDVA 0.5 TEGDVE 0.6 Vazo 64 0.3 Linker (VPB) 3 Table 2
WO 2011/037893 PCT/US2010/049596

groups, for example, a polyethylene glycol chain, p can be from ! to 10, or from 2 to 5, R; R,
and R; can be the same or different and are groups independently selected from hydrocarbon
groups having 1 to about 12 carbon atoms (e.g., methyl groups), hydrocarbon groups substituted
with one or more fluorine atoms, a siloxanyl group, and siloxane chain-containing moieties,
wherein at least one of R, Ry, and R3 comprises at least one siloxane unit (—~OSi). For example,
at least of one of Ry, R, and R3 can comprise —OSi(CH3); and/or —OSi(R¥R*R*) where R R*
R are independently ethyl, methyl, benzyl, phenyl or a monovalent siloxane chain comprising
from 1 to about 100, or from about 1 to about 50, or from about 1 to about 20, repeating Si—O
units.

[00113] One, two, or all three of Ry, Ry, and R3 can also comprise other siloxanyl groups or
siloxane chain-containing moieties. The combined linkage of —~X-L-, where present in a
silicone-containing monomer, macromer or prepolymer of structure (II), can contain one or more
heteroatoms that are either O or N. The combined linkage can be straight chain or branched,
where carbon chain segments thereof can be straight chain. The combined linkage of —~X~L~ can
optionally contain one or more functional groups selected from, e.g., carboxyl, amide,
carbamate, and carbonate. Examples of such combined linkages are provided, for example, in
U.S. Pat. No. 5,998,498 and U.S. Pat. Application Publication Nos. 2007/0066706 Al,
2007/0296914 Al, and 2008/0048350, all the disclosures of which are incorporated herein by
reference. The silicone-containing monomer, macromer or prepolymer of the present invention
can comprise a single acryloyl group, such as shown in structure (I}, or optionally can possess
two acryloyl groups, such as one at each terminus of the monomer. Combinations of both types
of the silicone-containing components optionally can be used in polymerizable compositions of

the present invention.

42



Forrmul ation: 2 unit parts (w) SIGVA 15 Silicone C 25 DVA 25 VMA 30
EGVA 5 TEGDVA 0.5 TEGDVE 0.6 Vazo 64 0.3 Linker (VPB) 3

WO 2011/037893 PCT/US2010/049596

[00114] The molecular weight of the silicone-containing monomer of structure (II)
generally can range from about 200 to about 2000 Daltons, or from about 300 to about 1500
Daltons, or from about 500 to about 1200 Daitons.

[00115] Examples of silicone-containing components of the present invention include, for
example, polysiloxanylalkyl(meth)acrylic =~ monomers including, without limitation,
methacryloxypropyl tris(trimethylsiloxy)silane, pentamethyldisiloxanyl methylmethacrylate, and
methyldi(trimethylsiloxy)methacryloxymethyl silane.

[00116] Specific examples of the silicone-containing components can be, for example, 3-
[tris(trimethylsilyloxy)silyl]propyl methacrylate (“Tris” available from available from Gelest,
Morrisville, PA, USA), and monomethacryloxypropyl terminated polydimethylsiloxane
(available from Gelest, Morrisville, PA, USA). These silicone-containing components can have
an alkylene group as a divalent linkage group (e.g., ~(CHz),-) and “a” can be 0 with reference to
structure (II), and at least two siloxanyl groups. These silicone-containing components are
designated herein as Structure (A) class silicone-containing components. Exemplary non-limiting

structures of these silicone-containing components are shown as follows:
(ﬁ ?Si(C_H3)‘3
CH, OSi(CH,),
TS

; and
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[ 00248] WBUT results for the prepared | enses autoclaved in the
i ndi cated test solutions are set forth in Table 3 below. WO

2011/ 03789 enhn 88510/ 049596 Table 3 Sanpl e W % Conpowaduspdishidsss
Test Solution Initial WBUT (seconds) WBUT after brief PBS rinsing

(seconds) WBUT after 1 week in original solution (seconds) 1 1% Na
CMC 2,2 0,0 0,0 2 0.1%a CMC 1,1 0,0

<

0.

L

O

Silicone C
[00117] Other specific examples of silicone-containing comonents can be, for example, 3-
methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy) methylsilane (“SiGMA”,
available from Gelest, Morrisville, PA, USA) and
methyldi{trimethylsiloxy)sylylpropylglycerolethyl methacrylate (“SiGEMA™). These silicone-
containing components include at least one hydroxyl group and at least one ether group in the
divalent linking group L. shown in structure (1I} and at least two siloxanyl groups. These silicone-
containing components are designated herein as Structure (B) class silicone-containing
components. Additional details on this class of silicone-containing components are provided, for
example, in U.S. Pat. No. 4,139,513, which is incorporated in its entirety herein by reference.

SiGMA, for example, can be represented by the following exemplary non-limiting structure:
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[00118] Silicone-containing components of Structures (A) and (B) can be used individually
or in any combinations thereof in polymerizable compositions of the present invention. Silicone-
containing components of structures (A) and/or (B) are further used in combination with at least
one silicone-free hydrophilic monomer, such as described herein. If used in combination, for
example, the amount of silicone-containing monomers of Structure (A) can be, for example,
from about 10% (w/w) to about 40% (w/w), or from about 15% (w/w) to about 35% (w/w), or
from about 18% (w/w) to about 30% (w/w). The amount of silicone-containing components of
Structure (B) can be, for example, from about 10% (w/w) to about 45% (w/w), or from about
15% (w/w) to about 40% (w/w), or from about 20% (w/w) to about 35% (w/w).

[00119] Other silicone-containing components also can be used. For example, other suitable
types can include, for example, poly(organosiloxane) pre-polymer such as a,m-bismethacryloxy-
propyl polydimethylsiloxane. Another example is mPDMS (monomethacryloxypropyl
terminated mono-n-butyl terminated polydimethylsiloxane). Other useful silicone-containing
components include silicone-containing vinyl carbonate or vinyl carbamate monomers including,
without limitation, 1,3-bis[4-(vinyloxycarb-onyloxy)but-1-yl]tetramethylisiloxane 3-
(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxysilane], 3-[tris(trimethylsiloxy)silylJpropyl

allyl carbamate, 3-[tris(trimethylsiloxy)silyl]propyl vinyl carbamate; trimethylsilylethyl vinyl
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carbonate, and trimethylsilylmethyl vinyl carbonate. Examples of one or more of these silicone-
containing components can be provided, for example, in U.S. Pat. No. 5,998,498 and U.S. Pat.
Application Publication Nos. 2007/0066706 Al, 2007/0296914 Al, and 2008/0048350, all the
disclosures of which are incorporated herein by reference.

[00120] Silicone-Free Monomers. Hydrophilic silicone-free monomers are included in the
polymerizable compositions used to make the present contact lenses. The silicone-free
monomers exclude hydrophilic compounds that contain one or more silicon atoms. Hydrophilic
silicone-free monomers can be used in combination with silicone-containing monomers in the
polymerizable compositions to form silicone hydrogels. Hydrophilic silicone-free monomers can
be used in combination with other silicone-free monomers, including silicone-free hydrophilic
monomers and silicone-free hydrophobic monomers, in the polymerizable compositions to form
silicon-free hydrogels. In silicone hydrogels, hydrophilic silicone-free monomer components
include those that are capable of providing at least about 10% (w/w), or even at least about 25%
(w/w) water content to the resulting hydrated lens when combined with the other polymerizable
composition components. For silicone hydrogels, the total silicone-free monomers can be from
about 25% (w/w) to about 75% (w/w), or from about 35% (w/w) to about 65% (w/w), or from
about 40% (w/w) to about 60% (w/w), of the polymerizable composition.

[00121] Monomers that may be included as the silicone-free monomers typically possess at
least one polymerizable double bond and at least one hydrophilic functional group. Examples of
polymerizable double bonds include, for example, vinyl, acrylic, methacrylic, acrylamido,
methacrylamido, fumaric, maleic, styryl, isopropenylphenyl, O-vinylcarbonate, O-
vinylcarbamate, allylic, O-vinylacetyl and N-vinyl lactam and N-vinylamido double bonds. In

one example, the hydrophilic monomers are vinyl-containing (e.g., an acrylic containing
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monomer or a non-acrylic vinyl containing monomer). Such hydrophilic monomers may
themselves be used as crosslinking agents.

[00122] Such hydrophilic silicone-free monomers may be but are not necessarily
crosslinking agents. Considered as a subset of acryloyl moieties as described above, an "acrylic-
type" or "acrylic-containing" or acrylate-containing monomer is a monomer containing the
acrylic group (CR'H=CRCOX) wherein R is H or CHs, R' is H, alkyl, or carbonyl, and X is O or
N, which are also known to polymerize readily.

[00123] For silicone hydrogels, the hydrophilic silicone-free component can comprise non-
silicon containing monomer components comprising an acrylic monomer (e.g., a monomer with
a vinyl group at the a-carbon position and a carboxylic acid terminus, a monomer with a vinyl
group at the a-carbon position and an amide terminus, etc.) and hydrdphilic vinyl-containing
(CHy=CH-) monomer (i.e., a monomer containing a vinyl group that is not part of an acrylic
group).

[00124] lllustrative acrylic monomers include N,N-dimethylacrylamide (DMA), 2-
hydroxyethy! acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylate (HEMA),
methacrylic acid, acrylic acid, methylmethacrylate (MMA), ethylene glycol methyl ether
methacrylate (EGMA) and any mixtures thereof. In one example, the total acrylic monomer
content is in an amount ranging from about 5% (w/w) to about 50% (w/w) of the polymerizable
composition used to prepare a silicone hydrogel lens product, and can be present in an amount
ranging from about 10% (w/w) to about 40% (w/w), or from about 15% (w/w) to about 30%
(w/w), of the polymerizable composition.

[00125] As described above, the silicone-free monomers also can comprise a hydrophilic

vinyl-containing monomer. Hydrophilic vinyl-containing monomers that may be incorporated
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ophthalmically acceptable acid, any other hydrophilic monomers and the crosslinking agent, and
the polyhydric alcohol on at least the lens surface.

[00128] The silicone-free polymerizable composition can comprise, for example, one or
more silicone-free monomers, for example hydroxyalkyl (alkyl)acrylate, and units of a
methacrylate phosphorylcholine-monomer, and a crosslinking agent. HEMA-based formulations
can be used. In an example formulation, hydroxyethyl methacrylate (HEMA), 2-
methacryloyloxyethyl phosphorylcholine (MPC), and ethylene glycol dimethacrylate (EGDMA),
can be used in combination. HEMA or other hydroxyalkyl (alkyl)acrylate can be used in
amounts from about 50% (w/w) to about 90% (w/w), or about 65% (w/w) to about 80% (w/w),
or about 70% (w/w) to about 80% (w/w), of the polymerizable composition. MPC or other
methacrylate phosphorylcholine-monomers, HEMA, as well as other silicone-free monomers,
can be used in amounts from about 3% (w/w) to about 20% (w/w), or about 6% (w/w) to about
18% (w/w), or about 9% (w/w) to about 15% (w/w) of the composition. A crosslinking agent,
such as those indicated herein, can be present in an amount ranging from about 0.1% (w/w) to
about 5% (w/w), or from about 0.3% (w/w) to about 2.5% (w/w), or from about 0.5% (w/w) to
about 1% (w/w), of the polymerizable composition.

[00129] Additional Hydrogel Components. The silicone hydrogel and silicone-free
hydrogel lens polymerizable compositions described herein can also include additional
components, e.g., one or more initiators, such as one or more thermal initiators, one or more
ultraviolet (UV) initiators, visible light initiators, combinations thereof, andr the like, one or
more UV absorber agents or compounds, or UV radiation or energy absorber, tinting agent,
pigments, release agents, antimicrobial compounds, and/or other additives. The term "additive"

in the context of the present application refers to a compound or any chemical agent provided in
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the present polymerizable hydrogel contact lens polymerizable compositions or pre-extracted
polymerized hydrogel contact lens products, but which is not necessary for the manufacture of a
hydrogel contact lens.

[00130] The polymerizable compositions may comprise one or more initiator compounds,
i.e., a compound capable of initiating polymerization of a polymerizable composition. Thermal
initiators, i.é., initiators having a "kick-off" temperature, can be used. For instance, one
exemplary thermal initiator employed in the present polymerizable compositions of the invention
is 2,2'-azobiz(isobutyronitrile}) (VAZO®-64). VAZO®-64 possesses a kick-off temperature of
about 62° C., which is the temperature at which the reactive components in the polymerizable
composition will begin to polymerize. Another thermal initiator is 2,2'-azobis(2,4-
dimethylpentanenitrile) (VAZO®-52), that possesses a kick-off temperature of about 50° C. Yet
another thermal initiator for use in the compositions of the invention is azo-bis-isobutyronitrile
(VAZO®-88), which has a kick-off temperature of about 90° C. All of the VAZO thermal
initiators described herein are available from DuPont (Wilmington, Del., USA). Additional
thermal initiators include nitrites such as 1,1-azobis(cyclohexanecarbonitrile) and 2,2"-azobis(2-
methylpropionitrile), as well as other types of initiators such as those available from Sigma
Aldrich. Ophthalmically compatible silicone or silicone-free hydrogel contact lenses can be
obtained from polymerizable compositions that comprise from about 0.05% (w/w) to about 0.8%
(w/w), or from about 0.1% (w/w) to about 0.6% (w/w), of VAZO®-64 or other thermal initiator.
[00131] A UV absorber may be, e.g., a strong UV absorber that exhibits relatively high
absorption values in the UV-A range of about 320-380 nanometers, but is relatively transparent
above about 380 nm. Examples include photopolymetizable hydroxybenzophenones and

photopolymerizable benzotriazoles, such as 2-hydroxy-4-acryloyloxyethoxy benzophenone,
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commercially available as CYASORB UV416 from Cytec Industries, West Paterson, NJ, USA,
2-hydroxy-4-(2 hydroxy-3-methacrylyloxy)propoxybenzophenone, and photopolymerizable
benzotriazoles, commercially available as NORBLOC® 7966 from Noramco, Athens, GA, USA.
Other photopolymerizable UV absorbers suitable for use in the invention include polymerizable,
ethylenically unsaturated triazines, salicylates, aryl-substituted acrylates, and mixtures thereof.
Generally speaking, a UV absorber, if present, is provided in an amount corresponding to about
0.5 weight percent of the polymerizable composition to about 1.5 weight percent of the
composition. For example, compositions can include from about 0.6% (w/w) to about 1.0%
(w/w) of one or more UV absorbers.

[00132]) The polymerizable compositions of the invention may also include a tinting agent,
although both tinted and clear lens products are contemplated. In one example, the tinting agent
is a reactive dye or pigment effective to provide color to the resulting lens product. Tinting
agents can include, for example, VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-5,9,14,18-
tetrone), 1-Amino-4-[3-(beta-sulfatoethylsufonyl)anilio}-2-anthraquinonesulfonic acid (C. L
Reactive Blue 19, RB-19), a copolymer of Reactive Blue 19 and hydroxyethylmethacrylate (RB-
19 HEMA) 1,4-bis[4-[(2-methacryl-oxyethyl)phenylamino] anthraquinone (Reactive Blue 246,
RB-246, available from Arran Chemical Company, Athlone, Ireland), 1,4-Bis[(2-
hydroxyethyl)amino]-9,10-anthracenedione bis(2-propenoic)ester (RB-247). Other exemplary
tinting agents are disclosed for example, in U.S. Patent Application Publication No.
2008/00483 50, the disclosure of which is incorporated herein by reference. Other suitable tinting
agents for use in the present invention are phthalocyanine pigments such as phthalocyanine blue
and phthalocyanine green, chromic-alumina-cobaltous oxide, chromium oxides, and various iron

oxides for red, yellow, brown and black colors. Opaquing agents such as titanium dioxide may
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also be incorporated. For certain applications, a mixture of colors may be employed. If
employed, tinting agents can be present in an amount ranging from about 0.1% (w/w) to about
15% (w/w), or about 1% (w/w) to about 10% (w/w), or about 4% (w/w) to about 8% (w/w).
[00133] The polymerizable compositions of the invention may also comprise a demolding
aid, that is to say, one or more compounds effective in making more facile removat of the cured
contact lenses from their molds. Exemplary demolding aids include hydrophilic silicones,
polyalkylene oxides, and combinations thereof. The polymerizable compositions may
additionally comprise a diluent selected from the group consisting of hexanol, ethoxyethanol,
isopropanol (IPA), propanol, decanol and combinations thereof. Diluents, if employed, are
typically present in amounts ranging from about 10% (w/w) to about 30% (w/w). Compositions
having relatively higher concentrations of diluents tend to, but do not necessarily, have lower
ionoflux values, reduced modulus, and increased elongation, as well as WBUTs greater than 20
seconds. Additional materials suitable for use in making hydrogel contact lenses are described in
U.S. Pat. No. 6,867,245, which are incorporated herein by reference. In certain embodiments
however, the polymerizable composition is diluent-free.

[00134] Preparation Methods for Lenses. Various processes are known for curing a
polymerizable composition in the production of contact lenses, including spincasting and static
casting. Spincasting methods involve charging the monomer mixture to a mold, and spinning the
mold in a controlled manner while exposing the monomer mixture to UV light. Static casting
methods involve charging the monomer mixture between two mold sections, one mold section
shaped to form the anterior lens surface and the other mold section shaped to form the posterior
lens surface, and curing the monomer mixture by exposure to UV light, heat, visible light, or

other radiation. Additional details and methods for forming contact lenses can be found, for
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example, in U.S. Patent Application Publication Nos. 2007/0296914 and 2008/0048350, the
disclosure of each of which is incorporated herein by reference.

[00135] After curing the reaction mixture, the resulting polymer is separated from the mold.
In some situations, such in static cast molding, the two mold members are first separated before
separating the polymer from the mold.

[00136] The resulting polymer can also be treated with a solvent to remove diluent (if used),
unreacted components, byproducts, and the like, and hydrate the polymer to form the hydrogel.
Lenses made using the present polymerizable formulations do not require extraction with organic
solvents, aqueous solutions containing organic solvents, or water prior to hydration and
packaging, although they can be extracted in this manner. The solvent may be water (or an
aqueous solution such as physiological saline or an aqueous solution of a surfactant), or,
depending on the solubility characteristics of the diluent and residual unpolymerized monomers,
the solvent initially used can be an organic liquid such as ethanol, methanol, isopropanol,
mixtures thereof, or the like, or a mixture of one or more organic liquids with water, followed by
extraction with pure water (or physiological saline or a surfactant solution) to produce the
silicone hydrogel comprising a polymer swollen with water. The extraction process, the
hydration process, or both the extraction and hydration processes can be carried out using a
heated liquid, a pressurized liquid, or a liquid under a vacuum. The silicone hydrogels after
hydration can comprise 20% (w/w) to 80% (w/w) water, for example, 30% (w/w) to 70% (w/w)
water, or 40% (w/w) to 60% (w/w) water of the total weight of the hydrogel. The silicone-free
hydrogels after hydration can comprise 20% (w/w) to 80% (w/w) water, for example, 30% (w/w)

to 70% (w/w) water, or 40% (w/w) to 60% (w/w) water of the total weight of the hydrogel.
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[00137] Exemplary Polymerizable Compositions. The monomers of the present
polymerizable compositions may be polymerized alone or copolymerized with other monomers
to give a contact lens material.

[00138] A general formulation for contact lens materials described herein and based on a

silicone hydrogel formulation is given in Table 1.

TABLE 1

Silicone Hydrogel Contact L.ens Material Formulation

Component Examples Wt/wt %
(a) First Monomer, (Structure (B)) 10% - 45%
Macromer or Prepolymer

(i.e., silicone-containing)
(used alone or in
combination with (b))
(b) Second Monomer, (Structure (A)) 10% - 40%
Macromer or Prepolymer
(i-e., silicone containing)
(used alone or in
combination with (a))

(c) Silicone-free Monomer | (See Table II) 30% - 90%
(i.e., hydrophilic)

{(d) Cross-linking Agent (See Table III) 0% - 10%
(e) Polymerization Initiator | (See Table [V) 0% - 5%
(H)Ophthamically acceptable | (See Table V) 0.1% - 10%
acid
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TABLE 11
Silicone-free Co-monomers
N,N-dimethylacrylamide “DMA”
Methyl methacrylate “MMA”
N-vinyl-N-methylacetamide “VMA”
ethylene glycol methyl ether methacrylate “EGMA”
methoxy polyethyleneglycol methacrylate “MPEGMA”
TABLE III
Crosslinkers
triethyleneglycol dimethacrylate “TEGDMA”
ethyleneglycol dimethacrylate “EGDMA”
triallyl isocyanurate “TAIC”
trimethylene glycol dimethacrylate “TMGDMA”
triethylene glycol divinyl ether “TEGDVE”
vinyl methacrylate “VM”
pentaerythritol triacrylate “PTA”
trimethylolpropane trimethacrylate “TPTMA”
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TABLE IV
Polymerization Initiators
2,2’-azobis(2,4-dimethylpentanenitrile) “VAZO-52”
2,2°-azobis(2-methylpropanenitrile) “VAZO-64”
TABLE V

Ophthamically Acceptable Acid

4-vinylphenyl boronic acid “VPB”

[00139] Copolymers can be prepared by combining one or more silicone containing
monomers, macromers or prepolymers, for example first and second silicone-containing
monomers, such as combining Structure (A) and (B) monomers, with one or more silicone-free
co-monomers, such as those described in Table Il and a cross-linking agent, such as those
described in Table III. The ophthamically acceptable acid of Table V and a polymerization
initiator, such as those described in Table IV, is added to the mixture.

[00140] The copolymers are prepared in the form of contact lenses using suitable lens
molds, or in the form of films made between Teflon-lined glass slides, by first combining the
components listed in Table 1. The monomer mixtures are dispensed into molds or the slide
cavities and then the initiator is “kicked-off”, for example, by heating to the appropriate kick-off
temperature. After completion of molding, the molds are opened, and the lenses are separated
from the molds. The lenses are then contacted with a polyhydric alechol solution. The lenses can

be hydrated in an aqueous solution prior to treatment with the polyhydric alcohol solution.
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Optionally, the lenses can be extracted in an organic solvent, such as, for example, a volatile
alcohol, an aqueous solution of an organic solvent, or in an aqueous solution or water prior to
hydration. In one method, the lenses can be autoclaved in an aqueous solution of the polyhydric
alcohol, and then can be packaged in blisters or blister packs, such as blisters using a PBS
solution.

[00141] A general formulation for the contact lens materials based on a silicone-free

hydrogel formulation is given in Table VI.

TABLE VI

Silicone-free Hydrogel Contact Lens Material Formulation
Component wt/wt %o
(a) First Silicone-free Co- HEMA 50% - 90%
monomer '
(i.c., hydrophilic)
(b) Optional Second (See Table IT) 3% -20%
Silicone-free Co-monomer
(i.e., hydrophilic)
{(c) Cross-linking Agent (See Table IIT) 0% - 10%
(d) Polymerization Initiator | (See Table IV) 0% - 5%
{e)Ophthamically acceptable | (See Table V) 0.1% - 10%
acid
(D Tinting agent VAT Blue 6 0% - 15%

[00142] Contact lenses made with the present formulations can have enhanced wettability

as shown, for example, by various properties thereof such as, for example, contact angle, water

break up time (WBUT), take up of wetting solution, and others.
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- 0.13410.006 0.09710.002 Dk (barrers) - - 54 - Initial Advancing

Contact Angle (degrees) - - 56.4 - - Advancing Contact Angle - - 62.2
WO 2011/037893 PCT/US2010/049596
[00143] Properties of the Lenses. The lens surface of contact lenses can have an

advancing contact angle of less than 100° or less than 80°, or less than 70°, or less than 60°, or
less than 50°. The advancing contact angle of the lens surface remains less than about 100° after
about six hours, or after about 24 hours, or after about 48 hours, of storage in a packaging
solution free of a form of polyhydric alcohol which is a polyol with at least 5 pendant hydroxyl
groups, including a 1, 3 polyol with at least 5 pendant hydroxyl groups.

[00144] The lens surface has a water break up time (WBUT) of greater than five seconds, or
at least 10 seconds, or at least 15 seconds, or at least 20 seconds.

[00145] The lens surface can maintain an advancing contact angle of less than 100° and the
water break up time of greater than five seconds following in vitro testing for duration of at least
6 hours, or at least 12 hours, or at least 24 hours, or at least 48 hours.

[00146] At least 30%, or at least 45%, or at least 60%, of the at least one form of polyhydric
alcohol that is initially present onto the lens surface remains in place after at least 6 hours, or at
least 12 hours, or least 24 hours, or at least 48 hours, of in vitro testing, and after at least 6 hours,
or at least 12 hours, of in vivo testing,

[00147] At least 50%, or least 60%, or at least 70%, or at least 80% (e.g., 50% to 99.9%,
60% to 95%, 70% to 90%, 75% to 95%, 80% to 99%, 85% to 99%) by weight of the
ophthalmically acceptable acid originally present in the polymerizable composition remains
present in the lens body and/or on the lens surface after about six hours, or after 12 hours, or
after 24 hours, or after 48 hours, based on in vitro testing,

[00148] Contact lens package. A contact lens package is provided comprising the contact
lens body, such as described above, and a packaging solution comprising another polyhydric

alcohol, such as a polyhydric alcohol with at least five pendant hydroxyl groups. When a
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Lens Appearance - - - - clear, colorless Delensing Observations -

easy to delens WD 2011/ 037893PCT/ US2010/ 049596 Table 6 Tine

Poi nt's WO 2011/037893 PCT/US2010/049596

polyhydric alcohol is present on the lens surface, is present in the packaging solution, or both,
the lenses have been found not to stick to packaging components. The polyhydric alcohol
provided on the surface of the lens body and the polyhydric alcohol of the packaging solution
can be the same or different. The different polyhydric alcohols can have the same or different
average molecular weights. One or both of the different polyhydric alcohols can be, for
example, forms of polyvinyl alcohol. The polyhydric alcohol, such as the polyhydric alcohol
with at least five pendant hydroxyl groups, can be present in the packaging solution at a
concentration, for example, of at least about 0.001% (w/w), or at least about 0.01%, or at least
about 0.1%, or at least about 0.25% (w/w), or at least about 0.5% (w/w), or at least about 1%
(w/w), or at least about 2% (w/w), by weight (e.g., from about 0.001% to about 5%, the upper
limit being dictated by the viscosity of the solution).

[00149] With respect to the contact lens package, the package can further comprise a base
member with a cavity configured to hold the contact lens body and the packaging solution, and a
seal attached to the base member configured to maintain the contact lens and the packaging
solution in a sterile condition for a duration of time equivalent to a shelf life of the contact lens.
The contact lens body does not adhere to the base member or the seal, or the contact lens body
adheres less frequently to the base member or the seal as compared with a substantially identical
contact lens body without the polyhydric alcohol, for example a polyhydric alcohol with at least
five pendant hydroxyl groups present on the lens surface. The contact lens body does not adhere
to the base member or the seal, or the contact lens body adheres less frequently to the base
member or the seal as compared with a substantially identical contact lens body without the

polyhydric alcohol with at least five pendant hydroxyl groups present in the packaging solution.
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Forrul ati on WBUT after autoclaving (seconds) WBUT after briefly
washing lens with 5 ml PBS* (seconds) WBUT after shaking in 1.2 nm
fresh PBSwonroGobmsss (seconds) WBUT after shaking in second2aanplsss of
1.2 M fresh PBS for another 6 hrs. (12 hrs. total) (seconds)

{00150} Rewetting (recharging) the lenses. After a contact lens as described herein is
wormmn by a user or is otherwise used in a manner wherein the polyhydric alcohol is lost at the
modified lens surface, the lens can be recharged with a polyhydric alcohol wetting aid at at least
the lens surface by soaking or immersing (submerging) the lens body in an aqueous solution
comprising a polyhydric alcohol, such as a polyhydric alcohol with at least five pendant
hydroxyl groups. Soaking the lens body overnight (approx. 9-12 hours) at room temperature can
be sufficient to recharge the surfaces of the lens adequately so that the lens again has an
ophthalmically acceptable wettable surface.

[00151] As previously discussed, in another example of the present invention, the
ophthalmically acceptable acid comprises at least one polymerizable form of a boronic acid,
boronic ester, boronic anhydride, or combination thereof. In this example, the at least one
polymerizable form of a boronic acid, boronic ester, boronic anhydride, or combination thereof,
instead of or in addition to being distributed as a second polymer component in the reaction
product within the lens and at a lens surface thereof, is present as a polymerizable component of
the polymerizable composition, and, after polymerization, is present as polymerized units of the
copolymer of the polymerized reaction product.

[00152] In this example, the lens body that is the polymerized reaction product can have at
least one polyhydric alcohol present on at least one lens surface, i.e., the lens body can comprise
a complexed lens body. The at least one polyhydric alcohol present on at least one lens surface
can be present on both lens surfaces (i.e., present on both the anterior lens surface and the
posterior lens surface). In some examples, the at least one polyhydric alcohol may be present in
the bulk of the lens body as well as on a lens surface. The polyhydric alcohol of the present

example can comprise a polyhydric alcohol having at least one 1, 3 diol moiety (i.e., a
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VWBUT after shaking in third sanple of 1.2 m fresh PBS for another 12
hrs. (24 hrs. total) (seconds) 3 (control) 4,6 1,1 2,1 0,0 0,0 4

>20, >20 - w3 12@sdPd, 15 10,8 5 >20,>20 - >20,>20 >20, >2@1AB21b0H596
>20, >20

polyhydric alcohol with a backbone comprising at least three carbon atoms, the at least three
carbon atoms bonded in a chain as a right carbon atom bonded to a center carbon atom, the
center carbon atom bonded to a left carbon atom, wherein one and only one hydroxyl group is
bonded to the right carbon atom, a hydroxyl group is not bonded to the center carbon atom, and
one and only one hydroxyl group is bonded to the left carbon atom). Additionally, the polyhydric
alcohol of the present example can comprise a polyhydric alcohol having at least one 1, 2 diol
moiety, or having both 1, 2 diol and 1, 3 diol moieties. In the example where the polyhydric
alcohol is a polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety, at least a portion
of 1, 2 diol or 1, 3 diol moieties present in the polyhydric alcohol complexed with at least a
portion of boronic acid moieties present in the copolymer of the lens body (e.g., boronic acid
moieties present on a lens surface, within the bulk of the lens body, or both). Additionally, in this
example, at least a portion of boronic acid moieties present in the copolymer of the lens body
(e.g., boronic acid moieties present on a lens surface, within the bulk of the lens body, or both)
may not be complexed with 1, 2 or 1, 3 moieties of a polyhydric alcohol, i.e., the lens body that
is the polymerized reaction product may be an uncomplexed lens body. In one particular
example of a method, the uncomplexed lens body can be contacted with a polyhydric alcohol
having 1, 2 diol or 1, 3 diol moieties, and at least a portion of boronic acid moieties present in the
copolymer of the lens body can complex with at least a portion of 1, 2 diol or 1, 3 diol moieties
of the polyhydric alcohol, forming a complexed lens body.

[00153] The example can include a method of manufacturing a hydrogel contact lens body.
The method of manufacturing a hydrogel contact lens body can comprise: (i) providing a
polymerizable composition, the polymerizable composition comprising (&) at least one

polymerizable form of a boronic acid, boronic ester, boronic anhydride, or combination thereof;
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>20, >20 >20, >20 >20,>20 18,15 1 >20, >20 - >20, >20 >20, >20 >20,
>20 [00252] The | enses made from fornul ati ons containing a formof an

opht hal m &ad bot1/essept abl e acid (VPB, a pol yneri zabl e f ecmusborbresessi C
acid) displayed good initial surface wettability follow ng
aut ocl 5% P sol ution

v ilLle the | enses,made from, ,..

For G ae0ftes: o 3t Sndtbesr Rid Ko s e 81085‘211“# B eht 0 ) cast
acid, VPB, did not show ood . initial surface ility follow n
Gt o Mg i PO SEr TR, & GaPEE] e BRI ALY [ oFm St
PVOHfree PBS for 6 hours, the | enses nmade from fornul ati ons

cont air¢actien prgdugt/gheh ds @%wsmﬁkeswbdw@@g@ Ines bad formped ofhp | copalpErs. e
for an additional 6 or 12 hours in fresh PVOHfree PBS decreased the
sur f acepolph¢adminprisinggiolynteeizkd nsitssofabe ataleast nge pHPnetitabld forrs of theabbgonic
fromfornulations containing 3% VPB still retained good wettability

at t hacidnborohicteber, Yorahie arh)didd dr cdmbifafard Bledof,ipolynidrized knitsedfithe st laaky
on the wettability of the fornmulation 1 was conducted. Contact |enses

wer e Bﬁ@ﬁi’dr@ﬂnm dnbRaS aldérfisliats ofinck, byt &ile@Sndl@osslinkIag agdnt; Rpah €
2. As a control, commerciall y available BIOFINITY(r) contact |enses

wer e &{%eegnc()i;%f&g ggﬂ gél llexﬁkcbodgaga%aﬁ?é%%{bggfé%nagﬁﬁ le TQS '?Pxﬂnaéﬂoﬁpl’jm

| enses were th a 0.5% P

5 NS A8, ﬁvemw Liplh
i i ot aprepbiti ob R s ABR: 120 HiresSait i a@tn@z Aesiaighet sl abdhy,
the 24 hour tests. Two | enses were tested for the 48 hour test. All

| ensesere shaken at 35C at a speed of 100 rpmin 3.6 m PBS for the

indicated time_point. The test results are set forth in Table 7.
Tabl e [8015¢h nuThe @blgastone polymerizable form of the boronic acid, boronic ester, boronic

anhydride or combination thereof can comprise a polymerizable form of boronic acid, a boronic
anhydride, or a combination of a boronic acid and a boronic anhydride. The at least one
polymerizable form of the boronic acid, boronic ester, boronic anhydride or combination thereof
comprises a boronic acid. The at least one polymerizable form of the boronic acid, boronic ester,
boronic anhydride or combination thereof can comprise a polymerizable form of a boronic acid.
The at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or
combination thereof can comprise a vinylphenyl boronic acid, for example, 2-vinylphenyl
boronic acid, 3-vinylphenyl boronic acid, 4-vinylphenyl boronic acid, or a combination thereof,
The at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or

combination thereof can comprise a polymerizable form of boronic acid having the structure:
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and Tinme Point Formulation | | enses shaken 24 hrs. Fornulation 1
| enses shaken another 24 hrs. in 3.6 ml fresh PBS (48 hrs. total)

Control sRhekenidsséy s. Property VWBUT (seconds) 15 t@cZ@sidoebdsdd
Not tested Static Contact Angle (degrees) 35.6 35.3 35.7 Advancing

Contact Angle (degrees) 47.4 50.1 46.5 [00254] As shown by the
results in Table 7, the static an dvanci ng contact angl es of

o oM

[00155] The at least one polymerizable form of the boronic acid, boronic ester, boronic
anhydride or combination thereof can be present in the polymerizable composition at a
concentration from about 0.1% to about 10.0%, from about 0.5% to about 5.0%, for from about
1.0 to about 2.0%.

[00156] The at least one hydrophilic monomer of the polymerizable composition can
comprise a hydrophilic monomer having at least one vinyl moiety. The at least one hydrophilic
monomer of the polymerizable composition can comprise a plurality of hydrophilic monomers.
In one example, the plurality of hydrophilic monomers can comprise a first hydrophilic monomer
having at least one vinyl moiety, and a second hydrophilic monomer having at least one
methacrylate moiety.

[00157] The at least one crosslinking agent of the polymerizable can comprise a
crosslinking agent having at least one vinyl moiety. The at least one crosslinking agent of the
polymerizable composition can comprise a plurality of crosslinking agents. In one example, the
plurality of crosslinking agents can comprise a first crosslinking agent having at least one vinyl
moiety, and a second crosslinking agent having at least one methacrylate moiety.

[00158] The polymerizable composition can further comprise water. The water can be
present in the polymerizable composition in a molar ratio of one boronic acid moiety to 3 water

molecules. The water can be present in the polymerizable composition in an amount effective to
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| enses made froma formnul ati on contai ning an ophthal mcally
acceptabl e acid, and which were contacted with a solution of a 1, 3
pol yol w tWipas11hered 5 pendant hydroxyl groups, were deerisbiiedssssnd
found to be approximately equivalent to the control, i.e., the
comrerci al |y avai lable Bl OFI NI TYO | enses. EXAMELE 4 [ 00255] Cont act.
s e SOMEFeA, AUBAIE NP FhTIHS oY ORI o3 B0 OS GEPTE OTRLS acid
shown in Table 8. The indicated base formnul ations were previously
descr msaeiies AEagesmounts of pater gay @lreadydeweserldn sempencats f thenolmprsizable
effect of contacting solution concentration, the contacting solution
conpr icenpegitions theamamnt of additibnal3vgen ipanirediin Fhegrolyinecaizebls coraprtipn in order
hydr oxyl groups, on the wettability of |ens formulations containing
an oplidrhthé mimathl ptiaof é (Bt @Heeprasentcantbenicteminked for exanrple, asing @l Kark HischaD
2011/ 037893PCT/ 11S2010/ 019596 in the contacting solution. For this
st udy techhiqud., I3 cpe! y@mptd, tthe adnhy&asd chlile Retadt ohywdueie! TQrsrugeat Us etle
was PVOH with a wei ght average nol ecul ar wei ght of 146K to 186K,
87- 89@%@}&2&9&3{@ Pmpddifon RS &8 WaNEdA ARG Inked sdpfatB pdbhie ABM SHHORKEH ot
37C a speed of J}?OO rpom WBUT of the |enses was determ ned after
aut océg‘yé rghd after shaking for 24 hours. Table 8 Formulation 7 7
Test nditions Lens autoclaved in 2.4 m of PVOH sol ution of
i ndi cated concentration in PBS VEUTmaf hf:r aut ocl avi ng (seconds) WBUT
after shaking for 24 ructure

|

Structure IV

AN

[00159] The polymerizable composition can further comprise at least one silicone-

containing monomer, macromer or prepolymer. In this example, the presence of a polymerizable
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hours in 3.6 m PBS (seconds) 0.5% PVOH >20, >20 16,17 0. 25% PVOH >20,
>20 15, 16 0.1% PVOH >20, >20 10, 10 0. 05% PVOH >20, >20 15,14 0.01%
PVCOH >20, wdQoijsmes [ 00256] The | enses of formul ation 7 paufisgdianeded n
all the concentrations of PVOH sol ution showed good wettability

initially after. autocl aving. After shaking in PVOH-free.PBS for 24

nour s BEFeRREE, S T B PRbPBERIVR AT RO LA 1 95 PRt of

still sPowe,deéi %ﬁ%p'&i Phleesilivgﬁlt-%bitliin}ny'cogxﬁ\ul\{lp 11151 tie copolymer, i.e., the copolymer
polymeriz its e-containing p polymer, i.e., poly
further comprises polymerized units of the at least one silicone-containing monomer, macromer
or prepolymer, and the uncomplexed hydrogel contact lens body comprises an uncomplexed
silicone hydrogel contact lens body. The silicone-containing monomer, macromer or prepolymer
can comprise a silicone-containing macromer or prepolymer.
[00160] The silicone-containing monomer, macromer or prepolymer can have an average
molecular weight greater than about 1,000 Daltons, greater than about 2,500 Daltons, greater
than about 5,000 Daltons, greater than about 7,000 Daltons, greater than about 9,000 Daltons,
greater than about 10,000 Daltons, or greater than about 12,000 Daltons. The average molecular
weight can be a weight average molecular weight determined by nuclear magnetic resonance
(NMR).
[00161] The silicone-containing monomer, macromer or prepolymer can comprise a
silicone-containing monomer, macromer or prepolymer having ethylene oxide (EO) units present
in the backbone, the side chains, or both the backbone and the side chains of the monomer,
macromer or prepolymer. The silicone-containing monomer, macromer or prepolymer can
comprise at least about 10, at least about 15, at least about 20, at least about 25, at least about 30,
at least about 35, or at least about 40 ethylene oxide (EQ) units.
[00162] The silicone-containing monomer, macromer or prepolymer can comprise a
silicone-containing monomer, macromer or prepolymer having at least about 10, at least about
50, at least about 80, at least about 90, or at least about 100 dimethyl siloxane (DMS) units

present in the backbone, the side chains, or both the backbone and the side chains of the

monomer, macromer or prepolymer.
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1002571Cont act | enses were prepared with the polynerizable | ens
conpositions as shown in Table 9. Lenses were prepared using

pol ynmeri zabbhepgesmesi tion formul ati ons desi gnated as Foequlsadihopnsg
(control) and Formulation 9. Formrul ati ons were prepared by comnbi ni ng

the i ientga,in.the.indicated unit rt _ampunts, 1002581The upt ake
and 1 JUS3L"0r Sl A iGsE G g Binby B bR R Bice R AR FgBEK
specifically a formof PVOH froma.le made froma fo lation .
conpr PR P RBORCE P PB AR AS1 B1) 4058 XS M pioBsibpyes T side
acceptabl e acid, specifically a polynerizable formof an
opht h&h#ihs &F Pythabe baskheneand dhesida ppins\of the mouamest teepronpeiyir grepolymer, the
Formul ation 8 (control) 9 Ingredient unit parts (w) unit parts (w)
S| GVAsiisoGcgtdining semEoRel R Dk a ratio of the number of ethylene oxide (EQ) units
present to the number of dimethy! siloxane (DMS) units present. In such an example, the ratio of
the number of ethylene oxide units present to the number of dimethyl siloxane units present
(EQO/DMS ratio) can be from about 0.20 to about 0.55, from about 0.25 to about 0.50, or from
about (.35 to about 0.45.
[00164] The silicone-containing compound can comprise Silicone A, a silicone-containing
component the same as, or similar in structure to, hydrophilic polysiloxane macromonomer A
described in Example 2 of U.S. Patent Application Publication No. 2009/0234089 (Asahi Kasei
Aime Co., Ltd., Kanagawa, Japan).
[00165] The silicone-containing compound can comprise Silicone B, a silicone-containing

component as illustrated below, and having a molecular weight of approximately 1,500 Daltons

(Shin-Etsu Silicones of America, Akron, OH, USA).

O ) . -
i - Lo .
A O e e O . 8P _f.Si. NS
o ;
Silicone B
[00166] The silicone-containing compound can comprise Silicone C, A

monomethacryloxypropyl terminated polydimethylsiloxane (Gelest, Morrisville, PA, USA). A

structure thereof is:
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5 13 VMA 38 30 MMA 0 12 EGVA 12 0 TEGDVE 0.8 0.8 Vazo 64 0.3 0.3 VPB
0 3 [00259] The resulting reaction products (lenses) were hydrated
and aut oclvayesiihosys@d m of PCT/US2010/049596

~<.
<

_/ , \ s
\/\)s'./q'(}s' oy, ?\o%\s“o’):aw

Silicone C
[00167] The silicone-containing compound can comprise a single silicone-containing
compound or a combination of a plurality of silicone-containing compounds. The silicone-
containing compound can be present in the polymerizable composition at a concentration from
about 1% to about 65%, from about 10% to about 60%, or from about 20% to about 55%.
[00168]) The polymerizable composition can further comprise at least one polymer having a
1, 2 diol or 1, 3 diol moiety. The polymer having the 1, 2 diol or 1, 3 diol moiety can comprise a
polymeric wetting agent. The polymeric wetting agent can form an interpenetrating polymeric
network (IPN) or pseudo-IPN within the lens body.
[00169] The polymerizable composition can further comprise at least one monomer having
a I, 2 diol or 1, 3 diol moiety. The monomer having the 1, 2 diol or 1, 3 diol moiety can
comprise a hydrophilic monomer. The monomer can polymerize either as a homopolymer or as a
copolymer wiﬂl other components of the polymerizable composition to form an interpenetrating
polymeric network (IPN) or pseudo-IPN within the lens body.
[00170] The polymerizable composition can further comprise a non-reactive diluent. The
non-reactive diluent can comprise a water-soluble non-reactive diluent, i.e., a diluent which can
be extracted from the lens body using aqueous extraction media. In a particular example, the

water-soluble non-reactive diluent can have a 1, 2 diol or 1, 3 diol moiety. The water-soluble
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PBS. For the purposes of this experiment, the | enses were
subsequently soaked in PBS (20 m) for 3 autoclave cycles (20 mn.

per cycl e)won9qsiess to renove any | eachable materi al s pe@mistdigodogises
which could interfere with the anal ysis of PVOH by GPC

it o Pog SeEARaRAL A 0o, U BTl A B, AL oy amote

organlf sol vent or a solution of an organic solvent. Initially, three
| enseé 6?&essed as descri bed above were soaked in 3 ni of 100 ppm
PVOH sol ution in PBS (the form of PVOH used was MON OL(r) PVCH, 40-88
205K, [Wdddhydr %/zwmer;@@bléaewmsrt@npsamtfuahert [femetisfdya RhRgphosigheline
were transferred into fresh 100 ppm PVCH sol ution, and the
conceRMBATept ¢h whe fpveyampls rnethaarrayloxyeshyll enhosnhorsdeholing. sFf &yrmedf
out of was quantified by G°PC using a standard net hod. Based on the

c onc ephosphorylcholineRdHe ragrody mérizablp fereeof pliosphomdcimtiheltdr @as bak polymetized
points, the accunul ated uptake of PVOH per |ens was cal cul ated for

each forfeofpgtiosphorylvifaliae 1 The) pol Pl eritable UoAR bo/ph 6%5%1&1@@286&‘] thB %ofj’r\if&ized

upt ake by I enses of fornulations 8 (control) m) and 9 ("C) are

pl ot t gfml BF 'ﬂh@ph@ryé&%hﬁ@@&ﬁ‘ BEYatd?@ssflﬁc%Biet ﬁ)ﬂnn of Ipﬁ’ospﬁory‘dﬂ@hﬁe‘a nWﬁén nRde

using formulation (control), without a polynerizablé agent wth at

'f L PR BT AL AEhEn TR E s o Bﬁgqf’%bfe%w - 3%‘3’?%:;194%%
data %0‘1’9%55@? i %ghﬁgr°3aﬁ%fvuq§sg§%%ata?ﬁ§%%§%ﬁéf RPN LN

usi ng for con a| n VPB as, t he opht hal m c ta

ot e BB i ERe e BRE P IAn Eanet Siokt e Beleo RO APy age ThaneAs 5
pendant hydr ox rou CI ficall PVC]-l fromthe solution over

t he T&f&%ﬂﬁéﬂ& %kw%&w é%t?é Qg %ﬂagt S AFoRyInaRg thetsoh and g} Brgducsa
17.9 pgl PVOH/ | ens, over the 10 daﬁ/ EXAMPLE 6 [00261] Contact | enses
ver e PRlEp&ized rogctian peadpstethat is pplehalmicglly. a¢pspieble itensparsht G, ititlaari eppughe
(control) and 9, such as described in Exanple 5. For purposes of this
st udyto yspés oyt &ing s Yhep he phospiwndéhofioe camprnentris p@saan th tBe pelymerizable
eval uated. [00262] Si xteen individually packaged | enses made usi ng

f or mu¢catpositon 3the paySerigbie qmppsitiedcanoatairdesabanvietoal 603 €@/w) of a single
individually in a 5000 ppm PVCH solution in PBS (the form of PVOH

used Gasld\mowdrﬁc) alEBHCHilvGt, 8802 tokhbir8bh bYO1-0l ¥R @hydrithécohsiNEREntyer e
soaked for 7 days after aut ocl avi ng to fully saturate themw th the

1, 3 polyyl W TH: Riynh@Rable 20MpREtRMt cah YEHIRK ¥bm éé%%mtlht'ar tThk Snitiator can

experinment a formof PVOH After soaking for days, the individual
| ensegmiiise ath&da® chitif A, 8OVE | Lol t 5
t ransf g\rﬁ?esd at o110 m o? n%lﬁ&éfiﬁ?gl ni ng amq%g th&fbal ﬁﬁtﬁjat gta v

| east;,Bipgndant hydroxyl groups and stored at 350 for t he duration
of the study At each of the time points, a sanple of the PBS was

r enov om eac d anal zed u GPC.. An | e r%r{a! n
af t erl%ﬁ tl‘l'H]anaI Vi |poyymeslng2? ﬁ%od °8 c?rhﬁ’r@‘gra OLPIRGEF Yinting dgent, & lo kcg
2011/ 037893PCT/ US2010 96, and th were retur ned to storage
2t 350 4 ATMPLIRGR REOE e e ecnt e ebcSlonber s 6 Gombinuiog berget con
using a standard met hod and calibration standards of 100 ppm 80.23
ppm SPIRYSE SopRlymerizsyle liing Agenti g, m&ywww ackery e d. coBORES Phe
PVOH rel ease by |l enses of formulations 8 (".") and 9 ("s") are

pl ot tRedymerizablg, tinging Agerd landwa polynerigibla Ut bleckeerladke ereedipleswherg the tinting
formulation 9 and 8 were both found to rel ease an average of 5.9 pg
PVOH dgents thei [ Vi iblockdreoif the edmbinationdhersof chinerifes thegodgmeartzable tirtsesgent, the
rel eased slightly nore PVOH over the course of the study, but not a
significant anount nore. The fornulation 8 control |enses did not
rel ease additional PVOH during the later tine points. The data from
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WO 2011/ 037893PCT/ US2010/ 049596 Table 10 PVOH Used Rel ease Tine

Poi nt WBUT (seconds) Static Contact Angle (degrees) Advanci ng Cont act
Angl e (deavgem)o9sdo PVOH, 98- 99% hydrol yzed 24 hour s pt/dseni804935% 6
47.4 0.5% PVOH, 98- 99% hydrol yzed 48 hours

polymerizable UV blocker, or the combination of the polymerizable tinting agent and the
polymerizable UV blocker, the copolymer of the lens body further comprises polymerized units
of the tinting agent, polymerized units of the UV blocker, or polymerized units of the tinting
agent and of the UV blocker. The tinting agent, the UV blocker, or the combination thereof can
comprise a crosslinkable tinting agent, a crosslinkable UV blocker, or a combination of a
crosslinkable tinting agent and a crosslinkable UV blocker. In the example where the tinting
agent, the UV blocker, or the combination thereof comprises the crosslinkable tinting agent, the
crosslinkable UV blocker, or the combination of the crosslinkable tinting agent and the
crosslinkable UV blocker, the copolymer of the lens body further comprises crosslinked units of
the tinting agent, crosslinked units of the UV blocker, or crosslinked units of the tiﬁting agent
and of the UV blocker.

[00174] In the present example, the contact lens mold assembly used to cast mold the lens
body can comprise molding surfaces, including an anterior surface and a posterior surface. At
least one molding surface of the mold assembly can comprise a thermoplastic resin. The
thermoplastic resin can comprise a polar thermoplastic resin, a non-polar thermoplastic resin, or
a combination of both a polar thermoplastic resin and a non-polar thermoplastic resin. Examples
of polar thermoplastic resins include ethylene vinyl alcohol (EVOH) and polybutylene
terephthalate (PBT). An example of a non-polar thermoplastic resin includes polypropylene
(PP). The thermoplastic resin can comprise a thermoplastic resin having at least one 1, 2 diol or
1, 3 diol moieties, such as, for example, PVOH. The at least one 1, 2 diol or 1, 3 diol moieties
can be capable of complexing with at least a portion of boronic acid moieties present in the
polymerizable composition, the polymerized reaction product, or in both the polymerizable

composition and the polymerized reaction product.
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12 to 15 35.3 50.1 0.5% PVOH, 98- 99% hydrolyzed 5 days 12 to 13 36.4

49. 8 0. 25% PVOH, 98- 99% hydrol yzed 24 hours 15 to 20 35.5 72.5
0. 25% PVOy0 9811/091396 hydr ol yzed PCT/US2010/049596
[00175] In the present example, the uncomplexed lens body can have an advancing contact

angle less than about 100°, a modulus from about 0.3 MPa to about 1.0 MPa, an ionoflux less
than about 5x10° mm*min., an oxygen permeability of less than about 110 Barrers, and
equilibrium water content from about 35% to 65%. In another example, the uncomplexed lens
body can have an advancing contact angle less than about 60°, 2 modulus from about 0.4 MPa to
about 0.7 MPa, an ionoflux less than about 4x10? mm?min., an oxygen permeability from about
55 Barrers to about 100 Barrers, and an equilibrium water content from about 40% to 65%.
[00176] The method can further comprise the step of contacting the uncomplexed lens body
with a complexing solution, and complexing at least a portion of 1, 2 diol or 1, 3 diol moieties
present in the complexing solution with at least a portion of boronic acid moieties present in the
copolymer of the lens body to produce a complexed hydrogel lens body. The complexing
solution can comprise at least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol
moiety. The complexing of the boronic acid moiety with the I, 2 diol or 1, 3 diol moiety is
equivalent to “attaching™ an ophthalmically acceptable acid to PVOH, as previously discussed.
The complex can be permanent or semi-permanent, such as optionally allowing for slow release
of the complexed polyhydric alcohol from the lens body during use, which may enhance comfort
during lens wear.

[00177] The contacting and complexing step can be conducted as part of a rinsing or
soaking process conducted prior to placing the lens body in the blister package with a packaging
solution. Alternatively or additionally, the contacting and complexing step can be conducted by
contacting the lens body with a packaging solution comprising at least one polyhydric alcohol
with at least one 1, 2 diol or 1, 3 diol moiety as part of the step of placing the lens body in a

blister package with a packaging solution, and sealing and sterilizing the blister package.
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48 hours 10 to 13 38.4 62.0 0.25% PVOH, 98- 99% hydrol yzed 5 days 15
to 18 37.4 68.2 0. 5% PVOH, 96% hydrol yzed 24 hours 15 to 20 38.4
60. 8 0. 5%wWyeaki1/098%% PCT/US2010/049596

[00178] The method can further comprise the step of washing the lens body (e.g., the
complexed lens body or the' uncompiexed lens body) with a washing solution. The step of
washing the lens body can comprise contacting the lens body with water, an aqueous solution of
a volatile alcohol, or an aqueous solution essentially free of a volatile alcohol. The washing step
can comprise cleaning dust or debris from the lens body, extracting materials such as unreacted
monomer, partially reacted monomer, diluents, etc., from the lens body, hydrating the lens body,
or combinations thereof. The washing solution can comprise the at least one polyhydric alcohol
having at least one 1, 2 diol or 1, 3 diol moiety. The washing solution can be effective to clean
the lens body, to extract materials from the lens body, to swell the lens body, to hydrate the lens
body, and combinations thereof. The step of washing can be the same step as complexing the
lens body. The step of washing can be conducted in the blister package or in a lens tray
configured to hold a plurality of lenses during one or more processing steps.

[00179] The method can further comprise the step of hydrating the lens body (e.g., the
complexed lens body or the uncomplexed lens body) with a hydrating solution. The hydrating
step can comprise a separate step from the washing step, the complexing step, or the placing
step. Alternatively, the hydrating step can be incorporated into another step of the process which
involves contacting the lens body with water or an aqueous solution. The step of hydrating the
lens body can comprise contacting the lens body with water or an aqueous solution effective to
swell the lens body. The aqueous solution can comprise at least one polyhydric alcohol, the at
least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety. The step of
hydrating can be the same step as complexing the lens body, the same step as placing the lens
body in a blister package with packaging solution, or both. In other words, the lens body can be

hydrated in a separate processing step, the complexing solution can be used to hydrate the lens

71



hydrol yzed 48 hours <8 35.5 60.7 0.5% PVOH, 96% hydrol yzed 5 days 13
to 16 36.2 68.3 0. 25% PVOH, 96% hydrol yzed 24 hours > 20 38.4
63. 8 WO 2011/037893 PCT/US2010/049596

body, the packaging solution can be used to hydrate the lens body, or the packaging solution can
be used to both complex and hydrate the lens body.

[00180] In the method of manufacturing a hydrogel lens body of the present example, thé
method can further comprise the step of placing a lens body (e.g., a complexed lens body or an
uncomplexed lens body) in a contact lens blister package with a blister solution, and sealing and
sterilizing the blister package, thereby sterilizing the lens body and the packaging solution. In
one example, the lens body present in the sealed, steritized package is an uncomplexed lens body
following the sealing and sterilizing (i.e., boronic acid moieties of the copolymer of the lens
body are not complexed with 1, 2 diol or I, 3 diol moieties of a polyhydric alcohol in the final
packaged product). In another example, the lens body present in the sealed, sterilized package is
a complexed lens body (i.e., at least a portion of the boronic acid moieties present in the
copolymer of the lens body are complexed with 1, 2 diol or 1, 3 diol moieties of a polyhydric
alcohol).

[00181] The complexing of the boronic acid moiety with the 1, 2 diol or 1, 3 diol moiety is
equivalent to “attaching™ an ophthalmically acceptable acid to PVOH, as previously discussed.
The complex can be permanent or semi-permanent, such as optionally allowing for slow release
of the complexed polyhydric alcohol from the lens body during use, which may enhance comfort
during lens wear.

[00182] The complexed lens body of the present example can have an advancing contact
angle at least 5% less, at least 10% less, at least 15%, at least 20%, or at least 25% less than an
advancing contact angle of the uncomplexed lens when both the complexed lens body and the
uncomplexed lens body are tested after being hydrated and after soaking in phosphate buffered

saline for at least 6 hours.

72



0. 25% PVOH, 96% hydrol yzed 48 hours <8 38.1 68.3 0.25% PVOH, 96%
hydrol yzed 5 days 15 to 18 37.5 70.4 [00266] Use of all of the PVOH
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| i st edombindtidyl therkdf innthd palesetiiabledegpostiaf, wign bothytbé sonfd8eéddensdody and
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PVOH at the indicated concentrati on, autoclaved, and maintai ned at

room LamResak Wast d Rfurss days. The | ens packages were then opened and
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Bubbl grog‘ilnﬂ c? }or otI WOL[G suc SasV\ll’e\y dcer'\(gsg nmeg with bonc amdl or PVOH crosslinked
with a dialdehyde or polyaldehyde, or a combination thereof.
[00185] The form of PVOH can be a form of PVOH with a low molecular weight, such as a
form of PVOH with a molecular weight below about 75,000 Daltons. The low molecular weight
form of PVOH can comprise MOWIOL® 4-88 (MW=31,000 Daltons) or MOWIOL® 8-88
(67,000 Daltons) (Kuraray, Houston, TX, USA).
[00186] The form of PVOH can be a form of PVOH with a low level of hydrolysis, such as
a form of PVOH with a hydrolysis level below about 90%. The low molecular weight form of
PVOH can comprise MOWIOL® 4-88 (88% hydrolyzed) or MOWIOL® 8-88 (88% hydrolyzed)
(Kuraray, Houston, TX, USA).
[00187] The polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety of the
complexing solution can comprise catechol or a form of catechol. The form of catechol can

comprise a polymerized form of catechol. The polyhydric alcohol can comprise glyceryl
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PVOH Source PVOH Grade MW PVOH Conc. (wt. %9 Sam 1 day in PVOH
followed by O hrs. soaking in PBS 3 days soaking in PVCH foll owed by

0 hrs. soakod@iisrsBS 3 days soaking in PVCH fol | owed ploy/i2010/849596
soaking in PBS 3 days soaking in PVCH foll owed by 24 hrs. soaking in

PBS Bmgggmetﬁacry at@g(dI\QAE)Vg_l af Il’ll'll O\f\egcliyc%}/ol n‘%on%rﬁ?ethag&ﬁlfé. "the form of glyceryl

monomethacrylate can comprise a polymerized form of glyceryl monomethacrylate.

[00188] The polyhydric alcohol of the complexing solution can comprise a first polymer
having at least one 1, 2 diol or 1, 3 diol moiety. The first polymer can comprise a vinyl alcohol
copolymer, a glyceryl monomethacrylate copolymer, or combinations thereof. The copolymer
polyhydric alcohol can comprise a copolymer formed of units of vinyl alcohol and/or glyceryl
monomethacrylate and a hydrophilic or hydrophobic monomer. The copolymer of the polyhydric
alcohol can be formed of units of vinyl alecohol and/or glyceryl monomethacrylate and a
monomer with a bulky side chain. The copolymer of the polyhydric alcohol with a bulky side
chain can be effective to reduce the penetration of the copolymer into the bulk of the lens body
as compared to a vinyl alcohol homopolymer of approximately the same molecular weight. The
copolymer of the polyhydric alcohol can comprise a vinyl alecohol and vinyl pyrrolidone
copolymer, a vinyl alcohol and methacrylate copolymer, a vinyl alcohol and glyceryl
monomethacrylate copolymer, a vinyl alcohol and phosphoryl choline copolymer, a glyceryl
monomethacrylate and vinyl pyrrolidone copolymer, a glyceryl monomethacrylate and
phosphory! choline copolymer, combinations thereof, and the like.

[00189] The complexing solution can comprise the first polymer having the 1, 2 diolor 1, 3
diol moiety, and a second polymer physically entangled with (i.e., not crosslinked or chemically
bonded to) the first polymer. The first polymer, the second polymer, or both the first polymer
and the second polymer can comprise a wetting agent effective to increase the wettablilty of the
lens body, a comfort agent effective to increase comfort of the lens during wear, or both.

[00190] The method of this example can also comprise a method of treating a hydrogel lens

body. The method of treating a hydrogel lens body can comprise (i) providing a polymerizable
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in PBS Adv. Contact Angle (degrees) WBUT (seconds) Adv. Contact
Angl e (degrees) WBUT (seconds) Adv. Contact Angle (degrees) MOW QL
4-98% - 2%k0Qp1303s8l. 8 1.5 20,3 79.8 5.6 5, 5, 10 78. pdyidibédn49596

composition comprising (a) at least one polymerizable form of a boronic actd, boronic ester,
boronic anhydride, or combination thereof; (b) at least one hydrophilic monomer, and (b) at least
one crosslinking agent; (ii) cast molding the polymerizable composition in a contact lens mold
assembly to form a polymerized reaction product that is an uncomplexed hydrogel lens body
formed of a copolymer comprising polymerized units of the at least one polymerizable form of
the boronic acid, boronic ester, boronic anhydride or combination thereof; polymerized units of
the at least one hydrophilic monomer; and crosslinks formed by the at least one crosslinking
agent; wherein the uncomplexed hydrogel lens body has an advancing contact angle less than
about 120° a modulus less than about 1.6 MPa, an ionoflux less than about 7 x10-3 mm2/min.,
an oxygen permeability of less than about 120 Barrers, and an equilibrium water content of at
least about 30%; and (iii) contacting the uncomplexed tens body with a first complexing solution
comprising at least one polyhydric alcohol having at least one 1,2 diol or 1,3 diol moiety and
complexing at least a portion of the at least one 1,2 or 1,3 diol moiety present in the first
complexing solution with at least a portion of boronic acid moieties present in the copolymer of
the lens body to produce a complexed hydrogel lens body.

[00191] In a particular example wherein the hydrogel lens body comprises a hydrogel
contact lens, the method of treating a hydrogel lens body can further comprise (iv) after the
contact lens has been contacted by the first complexing solution and subsequently worn by a
user, contacting the contact lens with a second complexing solution comprising at least one
polyhydric alcohol with at least one 1,2 diol or 1,3 diol moiety, and complexing at least a portion
of 1,2 diol or 1,3 diol moieties present in the second complexing solution with at least a portion
of the boronic acid moieties present in the lens body. The polyhydric alcohol of the first

complexing solution can be the same as the polyhydric alcoho! of the second complexing
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solution, or the polyhydric alcohol of the first complexing solution can be different from the
polyhydric alcohol of the second complexing solution.

[00192] This example is also directed to a hydrogel lens body. The hydrogel lens body
comprises a cast molded polymerized reaction product of a polymerizable composition reacted in
a contact lens mold assembly to produce a hydrogel contact lens body, the polymerizable
composition comprising at least one polymerizable form of a boronic acid, boronic ester, boronic
anhydride, or combination thereof; at least one hydrophilic monomer, and at least one
crosslinking agent; the hydrogel lens body formed of a copolymer comprising polymerized units
of the at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or
combination thereof; polymerized units of the at least one hydrophilic monomer; and crosslinks
formed by the at least one crosslinking agent; wherein the lens body has an advancing contact
angle less than about 120°, a modulus less than about 1.6 MPa, an ionoflux less than about 7x10°>
mm?*/min., an oxygen permeability of less than about 120 Barrers, and an equilibrium water
content of at least about 30%,

[00193] The hydrogel lens body can comprise an anterior surface, a posterior surface, an
edge and at least one transparent optic zone. The transparent optic zone can be configured to
correct vision.

[00194) The hydrogel lens body can be an uncomplexed lens body. The hydrogel lens body
can be a lens body wherein at least a portion of boronic acid moieties present in the copolymer of
the lens body are complexed with 1,2 or 1,3 diol moieties present on at least one polyhydric
alcohol, i.e., a complexed lens body.

[00195] The hydrogel contact lens body can be cast molded using mold surfaces formed of

a thermoplastic resin.
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[00196] The uncomplexed hydrogel lens body can have an advancing contact angle less
than about 100°, a modulus from about 0.3 MPa to about 1.0 MPa, an ionoflux less than about
5%10™ mm’/min., an oxy;gen permeability of less than about 110 Barrers, and equilibrium water
content from about 35% to 65%.

[00197] The complexed hydrogel lens body can have an advancing contact angle less than
about 100°, a modulus from about 0.3 MPa to about 1.0 MPa, an ionoflux less than about 5x107
mm?/min., an oxygen permeability of less than about 110 Barrers, and equilibrium water content
from about 35% to 65%.

[00198] The uncomplexed hydrogel lens body can have an advancing contact angle less
than about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about
4x10° mm?/min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an
equilibrium water content from about 40% to 65%.

[00199] The cbmplexed hydrogel lens body can have an advancing contact angle less than
about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about 4x10
mm?/min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an
equilibrium water content from about 40% to 65%.

[00200] This example is also directed to a hydrogel contact lens package. The hydrogel
contact lens package comprises: (i) a cast molded polymerized reaction product of a
polymerizable composition reacted in a contact lens mold assembly to produce a hydrogel
contact lens body, the polymerizable composition comprising (a) at least one polymerizable
form of a boronic acid, boronic ester, boronic anhydride, or combination thereof; (b) at least one
hydrophilic monomer, and (c) at least one crosslinking agent; the hydrogel lens body formed of a

copolymer comprising polymerized units of the at least one polymerizable form of the boronic
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boronic acid (VPB). Table 12 Formyl ation 24 25 Ingredient unit
MPa, an ionoflux less than about 7x10™ mm*/min., an oxygen permeability of less than about

120 Barrers, and an equilibrium water content of at least about 30%; (ii) a packaging solution;
(iil) a contact lens package base member with a cavity configured to hold the lens body and the
packaging solution; and (iv) a seal attached to the base member configured to maintain the lens
body and the packaging solution in a sterile condition for a duration of time equivalént to a shelf
life of the contact lens package.

[00201] The packaging solution can comprise at least one polyhydric alcohol having at least
one 1, 2 diol or 1, 3 diol moiety.

[00202] The at least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety
can be present in the complexing solution, the packaging solution, the washing solution, the
hydration solution, and combinations thereof, at a concentration of from about 0.01% to about

10%, from about 0.05 to about 5.0%, or from about 0.1 % to about 1.0%.

EXAMPLES
[00203] The following Examples illustrate certain aspects and advantages of the present
invention, which should be understood not to be limited thereby. All parts, percentages and ratios

are by weight unless indicated otherwise.
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parts (wt) unit parts (w) HEMA 76.85 76.85 MPC 14.53 14.53 EGDVA 0.7
0.7 Vazo 64 0.46 0.46 VB6 7.76 7.76 VPB O

WO 2011/037893 PCT/US2010/049596
Materials and Methods
[00204] The following abbreviations and corresponding compounds and structures are used

in the examples.
[00205] SiGMA =  (3-Methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)

methylsilane. A structure thereof is:
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[00206] Silicone C = Monomethacryloxypropyl terminated polydimethylsiloxane. A

structure thereof is;
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Silicone C

[00207] Tris = 3-[ Tris(trimethylsilyloxy)silyl]propyl methacrylate. A structure thereof is:
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3 [00270) An evaluation of the silicone-free | ens formnul ati ons was
conducted for tensile strength, nodulus, elongation, and PVCH upt ake.
PVOH upt akeobeansiebs st er sol uti ons was determ ned by GRErafse@n/okdsss
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MOW ODD 40-88 (MW - 205k) at roomterrperature for 24 hours. The
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shown in Table 13. WO 2011/0 893PCT/ US% 96 Table 13

Forrmul ation I D 24 25 Propertl Tensi | Strength (MPa) 0.63 0.94

Mbdul us (MPa) 0. 66 qg@ﬁ@ng@a-@(@nz)él&l—osl(c&h
CH3 OSI(CH3)3

Tris

[00208] DMA =N,N-Dimethylacrylamide.

[00209] VMA = N-Vinyl-N-methylacetamide.

[00210] MMA = Methyl methacrylate.

[00211] HEMA = hydroxyethyl methacrylate.

[00212] EGMA = Ethylene glycol methyl ether methacrylate.

[00213] EGDMA = Ethylene glycol dimethacrylate.

[00214] TEGDMA = Tri(ethylene glycol) dimethacrylate.

[00215] TEGDVE = Tri(ethylene glycol) divinyl ether.

[00216] VAZO® 64 = 2,2’ -Azobiz(isobutyronitrile).

[00217] UV 416 = Cyasortb UV-416 from  Cytec, 2-(4-benzoyl-3-
hydroxyphenoxy)ethylacrylate.

[00218] VPB = 4-vinylphenyl boronic acid.

[00219] PBS = phosphate buffered saline (20mM, pH=7.3 ).

[00220) NaCMC = Sodium Carboxymethyl Cellulose.

[00221] PEI 25K = Poly(ethyleneimine) solution Mw ~2500.

[00222] PVOH = polyvinyl alcohol (such as, for example, MOWIOL® series polyvinyl
alcohol, Kuraray, Houston, TX, USA, including MOWIOL® 4-88 (MW=31K), MOWIOL® 8-

88 (67K), MOWIOL® 18-88 (130K), MOWIOL® 40-88 (127K), MOWIOL® 40-88 (205K);
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[00224] PVP 1300K = Polyvinylpyrrolidone Mw ~1300K

[00225] MPC = 2-methacryloyloxyethyl phosphorylcholine (Lipidure®, NOF Corporation,

Tokyo, Japan).

[00226] VB6= VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-5,9,14,18-tetrone).

Preparation of Contact Lenses

[00227] Polymerizable lens compositions were prepared by mixing various combinations of
the ingredients and components as indicated by some of the tables below. The lens formulations
were formed into lenses in the following general manner.

[00228] Contact lens molds were injection molded from non-polar polypropylene resin
using conventional injection molding techniques and equipment. Each contact lens mold
included a female mold member that includes a concave optical quality surface for forming the
front surface of the contact lens, and a male mold member that includes a convex optical quality
surface for forming the back surface of the contact lens. The female mold member can be
understood to be a front surface mold, and the male mold member can be understood to be a
back surface mold.

[00229] An amount (about 60 pl) of the polymerizable lens composition was placed on the
concave surface of the female mold member. The male mold member was placed in contact with

the female mold member such that the polymerizable lens composition was located in a contact

81



unit parts (wt) unit parts (wm) unit parts (w) SIGVA 20.0 20.0 20.0
20.0 Silicone C 25.0 25.0 25.0 25.0 VMVA 30.0 30.0 30.0 30.0 DVA 20.0

20. 0 20. O wo 2011/037893 PCT/US2010/049596

lens shaped cavity formed between the concave surface of the female mold member and the
convex surface of the male mold member. The male mold member was held in position by an
interference fit between a peripheral region of the female and male mold members.

[00230] The contact lens mold containing the polymerizable lens composition was then
placed in an oven where the polymerizable lens composition was cured at a temperature of about
100 °C for about 30 minutes. After curing, the contact lens mold contained a polymerized
contact lens product within the contact lens shaped cavity.

[00231] The contact lens mold was removed from the oven and allowed to cool to room
temperature (about 20 °C). The contact lens mold was mechanically demolded to separate the
male and female mold members from each other. The polymerized contact lens product
remained attached to the male mold member.

[00232] The polymerized contact lens product was then mechanically delensed from the
male mold member to separate the contact lens product from the male mold member.

[00233] The separated contact lens product was then sealed in borate buffer saline solution
in a blister package to form a packaged hydrated contact lens. The lenses in the blister were
sterilized by autoclaving in aqueous solutions. The aqueous solutions used in autoclaving can

include wetting agents under evaluation.

Methods for Characterizing Lens Products

[00234] Water Break Up Time (WBUT). Prior to testing, a lens is soaked in 3 ml of fresh
PBS for at least 24 hours. Immediately before testing, the lens is shaken to remove excess PBS,
and the length of time in seconds that it takes for the water film to recede from the lens surface is

determined (e.g., water break up time (water BUT, or WBUT)).
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[00235] Advancing Contact Angle/Receding Contact Angle. The advancing contact angle
can be determined using routine methods known to persons of ordinary skill in the art, For
example, the advancing contact angles and receding contact angles of the contact lenses provided
herein can be measured using a captive bubble method. Advancing and receding water contact
angles of silicone hydrogel contact lenses can be determined using a Kruss DSA 100 instrument
(Kruss GmbH, Hamburg), and as described in D. A. Brandreth: "Dynamic contact angles and
contact angle hysteresis", Journal of Colloid and Interface Science, vol. 62, 1977, pp. 205-212
and R. Knapikowski, M. Kudra: Kontaktwinkelmessungen nach dem Wilhelmy-Prinzip-Ein
statistischer Ansatz zur Fehierbeurteilung”, Chem. Technik, vol. 45, 1993, pp. 179-185, and U.S.
Pat. No. 6,436,481, all incorporated in their entireties herein by reference.

[00236] As an example, the advancing contact angle and receding contact angle can be
determined using a captive bubble method using phosphate buffered saline (PBS; pH=7.2). Prior
to testing, the lens is soaked in pH 7.2 PBS solution for at least 30 minutes or overnight. The lens
is flattened onto a quartz surface and rehydrated with PBS for 10 minutes before testing. An air
bubble is placed onto a lens surface using an automated syringe system. The size of the air
bubble can be increased and decreased to obtain the receding angle (the plateau obtained when
increasing the bubble size) and the advancing angle (the plateau obtained when decreasing the
bubble size).

[00237] Static Contact Angle. Static Contact Angle can be determined using routine
methods known to persons of ordinary skill in the art. For example, the Static Contact Angle can
be determined using a captive bubble method, or using a DSA 100 drop shape analysis system
(Kruss, Hamburg, Germany). Prior to testing, the lens is soaked in pH 7.2 PBS solution for at

least 30 minutes or overnight.
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[00238] Modulus. The modulus of a lens body can be determined using routine methods
known to persons of ordinary skill in the art. For example, pieces of a contact lens having about
4 mm width can be cut out from a central part of a lens, and modulus {(unit; MPa) can be
determined from an initial slope of a stress-strain curve obtained by the tensile test at the rate of
10 mm/min in air at a humidity of at least 75% at 25° C., using an Instron 3342 (Instron
Corporation, Norwood, MA, USA).

[00239] PVOH Uptake. PVOH uptake from blister solutions can be determined, for
example, by gel permeation chromatography (GPC) after the lenses are placed in a blister
solution containing a PVOH solution at room temperature (RT) for a prescribed period of time,
for example, 48 hours. |
[00240] Ionoflux. The ionoflux of the lens bodies of the present lenses can be determined
using routine methods known to persons of ordinary skill in the art. For example, the ionoflux of
a contact lens or lens body can be measured using a technique substantially similar to the
"Tonoflux Technique" described in U.S. Pat. No. 5,849,811. For example, the lens to be
measured can be placed in a lens-retaining device, between male and female portions. The male
and female portions include flexible sealing rings which are positioned between the lens and the
respective male or female portion. After positioning the lens in the lens-retaining device, the
lens-retaining device is placed in a threaded lid. The lid is screwed onto a glass tube to define a
donor chamber. The donor chamber can be filled with 16 ml of 0.1 molar NaCl solution. A
receiving chamber can be filled with 80 ml of deionized water. Leads of the conductivity meter
are immersed in the deionized water of the receiving chamber and a stir bar is added to the
receiving chamber. The receiving chamber is placed in a thermostat and the temperature is held

at about 35° C. Finally, the donor chamber is immersed in the receiving chamber. Measurements

84



20.0 Silicone C 25.0 25.0 25.0 25.0 VMA 40.0 40.0 40.0 40.0 DVA 5.0
5.0 5.0 5.0 EGVA 7.0 7.0 7.0 7.0 TEGDVE

WO 2011/037893 PCT/US2010/0495%6

of conductivity can be taken every 2 minutes for about 20 minutes, starting 10 minutes after
immersion of the donor chamber into the receiving chamber. The conductivity versus time data
should be substantially linear.

[00241] Tensile Strength. The tensile strength of a lens body can be determined using
routine methods known to persons of ordinary skill in the art. For example, pteces of a contact
lens having about 4 mm width can be cut out from a central part of a lens, and tensile strength
(unit; MPa) can be determined from testing using an Instron 3342 (Instron Corporation,
Norwood, MA, USA).

[00242] Elongation. The elongation of a lens body can be determined using routine
methods known to persons of ordinary skill in the art. For example, the elongation (%) can be
determined using an Instron 3342 (Instron Corporation, Norwood, MA, USA).

[00243] Oxygen Permeability (Dk). The Dk of the present lenses can be determined using
routine methods known to persons of ordinary skill in the art. For example, the Dk value can be
determined using a modified polargraphic method, as described in A single-lens polarographic
measurement of oxygen permeability (Dk) for hypertransmissible soft contact lenses, M. Chhabra
et al., Biomaterials 28 (2007) 4331-4342,

[00244] Equilibrium Water Content (EWC). The water content of the present lenses can be
determined using routine methods known to persons of ordinary skill in the art. For example, a
hydrated silicone hydrogel contact lens can be removed from an aqueous liquid, wiped to remove
excess surface water, and weighed. The weighed lens can then be dried in an oven at 80° C under
a vacuum, and the dried lens can then be weighed. The weight difference is determined by
subtracting the weight of the dry lens from the weight of the hydrated lens. The water content

(%) is the (weight difference/hydrated weight) x100.
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EXAMPLE 1

[60246] A series of contact lenses were prepared with the polymerizable lens compositions
as shown in Tables 1 and 2 below. Formulations were prepared by combining the ingredients in
the indicated unit parts based on the weight of the ingredients in the formulation.

[00247] An evaluation was conducted of possible agents to use to attach to the boronic acid
motety present in the lens. Lenses containing a polymerizable agent with at least one boronic
acid moiety, specifically VPB in the formulation used, were prepared using the ingredients and
amounts shown in Tables 1 and 2 below, and then autoclaved in aqueous solutions of various
compounds shown in Table 3, to determine which of the compounds would attach to the surface
of the lenses. Sodium carboxymethyl cellulose (Na CMC), agar, glycerol, and polyvinyl alcohol
(PVOH) were evaluated. Samples lenses 1-12 used Formulation 1, wherein the lenses were
autoclaved in 1.2 ml of the indicated solution. Samples 13-16 used formulation Formulation 2,
wherein the lenses were autoclaved in 2.4 ml of the indicated solution. In Table 3, data is

reported for two consecutive tests performed on the same lens.
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[00248] WBUT results for the prepared lenses autoclaved in the indicated test solutions are

set forth in Table 3 below.
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Table 3

Sample | Wi% Compound Initial WBUT WBUT after brief | WBUT after 1
(wiw) in Test (seconds) PBS rinsing week in original
Solution (seconds) solution (seconds)

1 1% Na CMC 2,2 0,0 0,0

2 0.1% Na CMC 1,1 0,0 0,0

3 1% Agar 2,2 0,0 0,0

4 0.1% Agar 1,1 0,0 0,0

5 1% Glycerol 0,0 0,0 0,0

6 0.1% Glycerol 0,0 0,0 0,0

7 1% Sucrose 0,0 0,0 0,0

8 0.1% Sucrose 0,0 0,0 0,0

9 0.5% PVOH 20,20 20, 20 20, 20

10 1% Glycero/PVOH | 20,20 20,20 20,20
(1:100)

11 0.1% Glycerol/PVOH | 15, 17 12, 15 20,20
(1:100)

12 1% Glycerol/Na 2,2 0,0 0,0
CMC (1:100)

13 1% PEI 25K 1,2 0,0 0,1

14 1% Jeffamine ED- 1,1 0,0 0,0
600 polyetheramine

15 0.5% PVP 1300K 1,1 0,0 1,0

16 1% Lipidure®-HM 0,1 0,0 0,0

[00249] Starches and other compounds with a structure where adjacent atoms have a

hydroxy! group bonded to each of the atoms, such as vicinal diols and compounds with a 1, 2
polyol structure, were expected to bind similarly to the boronic acid moiety, but this was not
found fo be the case. Other known comfort and/or wettability enhancing agents, including
polyetheramine, poly (vinyl pyrrolidone), and 2-methacryloyloxyethyl phosphorylcholine (MPC)
were evaluated as well and were found not to attach to the surface of the lenses. It was found
that only the solutions containing a polyhydric alcohol with a backbone comprising at least three
carbon atoms, the three carbon atoms bonded in a row as a carbon atom on the right, a carbon
atom in the middle, and a carbon atom on the left, wherein one and only one hydroxyl group is
bonded to the carbon atom on the right and to the carbon atom on the left, and a hydroxyl group

is not bonded to the carbon atom in the middle, produced wettable lenses. Without being bound
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by theory, it is belicved that this particular structure of polyhydric alcohol, when placed in
contact with surfaces comprising forms of opthalmically acceptable acids, including
polymerizable forms of boronic acid, binds unexpectedly well to these surfaces, resulting in
these surfaces exhibiting and retaining good wettability over extended time periods. In this study,
a form of PVOH, which has such a structure, was found to produce wettable lens surfaces when
used to treat lenses containing a polymerized boronic acid moiety. In these studies, the presence
of a wettable lens surface was considered to be an indication that the test compound (for this
study, a polyhydric alcohol with a 1, 3 polyol structure and which comprised at least 5 pendant

hydroxyl groups, specifically a form of PVYOH) was present on the lens surfaces.

EXAMPLE 2

[00250] A series of contact lenses were prepared with the polymerizable lens compositions
as shown in Table 6. A series of contact lenses were prepared with the polymerizable lens
compositions as shown in Table 4. Formulations were prepared by combining the ingredients in
the indicated unit parts. The amount of VPB is varied for purposes of this evaluation.

[00251] This study was conducted to evaluate the effect on water break-up time (WBUT) of
concentration of a polymerizable agent with at least one boronic acid moiety in lenses of similar
formulations. The PBS (phosphate buffered saline) used was 20mM, pH=7.3. One lens of each
type was tested repeatedly at subsequent time points; data reported (e.g.: 5, 6) is for the first and
second tests performed on the same lens. For the measurements of WBUT, after briefly washing
the lens with 5 ml PBS, the data for this time point were collected on the different lenses and
then the other time points. As to the test conditions of the lens tested in 1.2 mL PBS, lenses were

placed in 1.2 ml PBS and shaken at 37°C at a speed of 100 rpm. WBUT of the lenses was
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determined after autoclaving and after shaking for 6, 12 and 24 hours. Lenses of all formulations

were autoclaved in 2.4 ml of a 0.50% PVOH (MW 146K to 186K, 87-89% hydrolyzed) solution

in PBS.

Table 4
Formulation 3 4 5 6 7 1 2
1D {control)
unit unit unit unit unit unit | unit parts
parts parts parts parts parts parts (wt)
Ingredient (wt) (wt) (wt) (wt) {wt) (wt)
SIGMA 25 25 25 25 25 20 15
Silicone C 20 20 20 20 20 25 25
Tris 0 0 0 0 0 0 0
DMA 5 5 5 5 5 20 25
VMA 38 38 38 38 38 30 30
MMA 12 12 12 12 0 0 0
EGMA 0 0 0 0 12 5 5
TEGDMA 0 0 0 0 0 0.5 0.5
TEGDVE 0.8 0.8 0.8 0.3 0.8 0.6 0.6
Vazo 64 0.3 0.3 0.3 0.3 0.3 0.3 03
UV 416 0 0 0 0 0 0 0
VPB 0 1 2 3 3 3 3
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Table 5

Formulation

3
{(control)

Properties

Tensile
Strength
(MPa)

0.683

1.315

1.315

0.673+0.086

0.836+0.157

Modulus
{MPa)

0.641

2.625

0.612

0.675+0.008

0.716+0.010

Dry
Extractables
(wt %)

9.20

9.46+0.22

11.0+£041

lonoflux
(mm?*/min)

3.52

5.85

2.55+0.30

7.19+0.49

EWC (Wt %)

56.42

52.31

51.07+£0.70

56.13+1.27

Lens
Diameter
(mrn)

15.7,15.9,
15.9

13.7,13.9,
13.8

Elongation
(%)

223+10

213x15

CT (mm)

(.134+0.006

0.097+0.002

Dk (barrers)

54

Initial
Advancing
Contact
Angle
(degrees)

56.4

Advancing
Contact
Angle

62.2

Lens
Appearance

clear,
colorless

Delensing
Observations

easy to delens
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Table 6
Time Points WBUT after | WBUT after WBUT after WBUT after WBUT after
autoclaving briefly shaking in 1.2 shaking in shaking in third
(seconds) washing lens | ml fresh PBS | second sample of | sample of 1.2 ml
with 5 ml for 6 hrs, 1.2 ml fresh PBS | fresh PBS for
PBS* (seconds) for another 6 hrs. | another 12 hrs.
(seconds) (12 hrs. total) (24 hrs. total)
Formulation (seconds) (seconds)
3 (control) 4,6 1,1 2,1 0,0 0,0
4 >20, >20 - >20,>20 10, 15 10, 8
5 >20, >20 - >20, >20 >20, >20 18, 15
6 >20, >20 >20, >20 >20, >20 >20, >20 18, 15
1 >20,>20 - >20,>20 >20,>20 >20, >20

[00252]

The lenses made from formulations containing a form of an ophthalmically

acceptable acid (VPB, a polymerizable form of boronic acid) displayed good initial surface
wettability following autoclaving in 0.5% PVOH solution, while the lenses made from
formulations that did not contain the ophthalmically acceptable acid, VPB, did not show good
initial surface wettability following autoclaving in 0.5% PVOH solution. After shaking in fresh
samples of PYOH-free PBS for 6 hours, the lenses made from formulations containing 1%, 2%
and 3% VPB showed good wettability. While shaking for an additional 6 or 12 hours in fresh
PVOH-free PBS decreased the surface wettability of the lenses containing VPB, the lenses made

from formulations containing 3% VPB still retained good wettability at the end of the study.

EXAMPLE 3
[00253] An in vitro kinetic study on the wettability of the formulation 1 was conducted.
Contact lenses were prepared with lens formulation 1, which was described in Example 2. Asa
control, commercially available BIOFINITY® contact lenses were used (CooperVision Inc.,

Pleasanton, CA, USA). Formulation 1 lenses were packaged singly in 1.2 ml PBS (20mM) with

a 0.5% PVOH solution (made using MW=146K-186K. PVOH 87-89% hydrolyzed, 99.9%
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purity), autoclaved (30 minutes, 121 °C, }, and kept at room temperature for 2 days, then
packaged singly in blisters using 3.6 ml PBS (20mM) per package. One lens was tested for the
24 hour tests. Two lenses were tested for the 48 hour test. All lenses were shaken at 35°C at a

speed of 100 rpm in 3.6 ml PBS for the indicated time point. The test results are set forth in

Table 7.
Table 7
Formulation ID Formulation 1 Formulation 1 lenses Control
and Time Point lenses shaken 24 shaken another 24 hrs. shaken 24 hrs.
hrs. in 3.6 ml fresh PBS
{48 hrs. total}
Property
WBUT (seconds) 15t0 20 12t0 15 Not tested
Static Contact 356 353 35.7
Angle (degrees)
Advancing Contact | 47.4 50.1 46.5

Angle (degrees)

[00254] As shown by the results in Table 7, the static and advancing contact angles of
lenses made from a formulation containing an ophthalmically acceptable acid, and which were
contacted with a solution of a 1, 3 polyol with at least 5 pendant hydroxyl groups, were
determined and found to be approximately equivalent to the control, i.e., the commercially

available BIOFINITY® lenses.

EXAMPLE 4

[00255] Contact lenses were prepared with the polymerizable lens compositions as shown
in Table 8. The indicated base formulations were previously described in Example 2. This study
was conducted to evaluate the effect of contacting solution concentration, the contacting solution
comprising a solution of a 1, 3 polyol with at least 5 pendant hydroxyl groups, on the wettability

of lens formulations containing an ophthalmically acceptable acid when the lenses are autoclaved
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in the contacting solution. For this study, the 1, 3 polyol with at least 5 pendant hydroxyl groups
used was PVOH with a weight average molecular weight of 146K to 186K, 87-89% hydrolyzed.
The lenses were placed in 3.6 ml PBS and shaken at 37°C at a speed of 100 rpm. WBUT of the

lenses was determined after autoclaving and after shaking for 24 hours.

Table 8
Formulation 7 7
Test Conditions
-| Lens autoclaved in 2.4 ml of PVOH | WBUT after WBUT after
solution of indicated concentration autoclaving shaking for 24
in PBS (seconds) hours in 3.6 ml
PBS
(seconds)
0.5% PVOH >20, >20 16, 17
0.25% PVOH >20, >20 15,16
0.1% PVOH >20, >20 10, 10
0.05% PVOH >20, >20 15, 14
0.01% PVOH >20, >20 55
[00256] The lenses of formulation 7 autoclaved in all the concentrations of PVOH solution

showed good wettability initially after autoclaving. After shaking in PVOH-free PBS for 24
hours, the lenses that had been autoclaved in 0.5% and 0.25% PVOH still showed acceptable

wettability.

EXAMPLE 5

[00257] Contact lenses were prepared with the polymerizable lens compositions as shown
in Table 9. Lenses were prepared using polymerizable composition formulations designated as
Formulation 8 (control) and Formulation 9. Formulations were prepared by combining the
ingredients in the indicated unit part amounts.

[00258] The uptake and release of a 1, 3 polyol with at least 5 pendant hydroxyl groups,

specifically a form of PVOH, from a lens made from a formulation comprising an
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ophthalmically acceptable acid, specifically a polymerizable form of an ophthalmicaily

acceptable acid (VPB) were evaluated.

Table 9
Formulation 8 (control) 9
Ingredient unit parts (wt) unit parts (wt)
SIGMA 25 25
Silicone C 20 20
DMA 5 13
VMA 38 30
MMA 0 12
EGMA 12 0
TEGDVE 0.8 0.8
Vazo 64 0.3 0.3
VPB 0 3
[00259] The resulting reaction products (lenses) were hydrated and autoclaved in 20 ml of

PBS. For the purposes of this experiment, the lenses were subsequently soaked in PBS (20 ml)
for 3 autoclave cycles (20 min. per cycle) in order to remove any leachable materials from the
lenses which could interfere with the analysis of PVOH by GPC chromatography. For
manufacturing purposes, the three additional autoclave cycles could be omitted, as could
extraction with an organic solvent or a solution of an organic solvent. Initially, three lenses
processed as described above were soaked in 3 ml of 100 ppm PVOH solution in PBS (the form
of PVOH used was MOWIOL® PVOH, 40-88 205K, 88% hydrolyzed). At each time point of
the study, the lenses were transferred into fresh 100 ppm PVOH solution, and the concentration
of the PVOH solution that the lenses were transferred out of was quantified by GPC using a
standard method. Based on the concentration of PVOH remaining present in the solutions at the

time points, the accumulated uptake of PVOH per lens was calculated for each time point.
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[00260] The PVOH uptake by lenses of formulations 8 (control) (“w™) and 9 (“4>) are
plotted in FIG. 3. As shown by the results in FIG. 3, the lenses made using formulation 8
{(control), without a polymerizable agent with at least one boronic acid moiety, were found to
take up an average of 7.1 pg PYOH/lens during the first day, and 0 ug PVOH/lens after the first
day. As no additional PVOH was taken up by the lenses, only the data for days 1 and 2 are
included in the graph. The lenses made using formulation 9, containing VPB as the
ophthalmically acceptable acid, were found to continue to take up a 1, 3 polyol with at least 5
pendant hydroxyl groups, specifically PVOH, from the solution over the 10 days studied. The

lenses were found to take up an average of 17.9 pg PVOH/lens over the 10 days.

EXAMPLE 6

[00261] Contact lenses were prepared with polymerizable lens compositions of
Formulations 8 (control) and 9, such as described in Example 5. For purposes of this study, the
PVOH release by lenses of formulations 8 and 9 was evaluated.

[00262] Sixteen individually packaged lenses made using formulations 8 and 9 were
prepared. The lenses were soaked individually in a 5000 ppm PVOH solution in PBS (the form
of PVOH used was MOWIOL® PVOH, 40-88 205K, 88% hydrolyzed). The lenses were soaked
for 7 days after autoclaving to fully saturate them with the 1, 3 polyol with at least 5 pendant
hydroxyl groups, in this experiment a form of PVOH. After soaking for 7 days, the individual
lenses were blotted to remove any additional solution, and were transferred to 10 ml of PBS not
containing a 1, 3 polyol with at least 5 pendant hydroxyl groups, and stored at 35°C for the
duration of the study. At each of the time points, a sample of the PBS was removed from each

vial and analyzed using GPC. Any sample remaining after the analysis was returned to the vials
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PVOH, the total uptake of PVOH was |inearly concentration-dependent
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of PVOH by [enses mul at 1 ons contai'ni ng unit parts or
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I ense,?,pw?re repared with the pol ynmerizahl e | ens conpositions as .
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3- Vi nyl phenyl boronic acid (3-VPB, Sigma-Aldrich, Atlanta, GA USA),
3- et thactudly gwithio pivanyrghosfenioe ofibe studNARBA, afterddieall 0led6ss, tHeCormuibaivon 9
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pol yohveyigk hfad.o ey of S i ; -
POy Pavetgk o LBy ORMBRICRACA LR 9\ OkR hoavel B of BbaroRRfily T2l
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accept abl e aci contacting themwth the 1, 3 polyol with at

et R3S o AR B8R IE TS YA RSNl 5, N
contained an ophthalmically acceptable acid, specifically a polymerizable form of boronic acid
(VPB) and which were contacted by a solution of a 1, 3 polyol with at least 5 pendant hydroxyl
groups, were found to be wettable, while the lenses made with formulation 8, which did not

contain an ophthalmically acceptable acid but which had been contacted by a solution of a 1, 3

polyol with at least 5 pendant hydroxyl groups, were not found to be wettable.
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EXAMPLE 7
[00265] A series of contact lenses were prepared with the polymerizable lens compositions,

as shown in Table 10, using formulation 1, which was described in Example 2, as the base
formulation. The lenses of formulation 1 were contacted with a series of solutions of 1, 3 polyols
with at least 5 pendant hydroxyl groups, in this experiment a series of PVOH solutions with
varied hydrolysis percentages (mole %) at varied concentrations, and the WBUT of the resuiting
lenses was evaluated. Lenses of formulation 1, as described in Example 2, were prepared and
packaged in 1.2 ml PBS containing the indicated type of PVOH at the indicated concentration,
autoclaved, and maintained at room temperature for 2 days. The lens packages were then opened
and the lenses were transferred to 3.6 ml PVOH-free PBS, and shaken at a speed of 100 rpm and
a temperature of 35°C for the indicated amount of time. At the indicated time points, the water
break up time for the lenses was determined along with the static and advancing contact angles

(both determined using the Captive Bubble method).
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Table 10
PVOH Used Release WBUT Static Contact Advancing Contact
Time Point (seconds) Angle (degrees) Angle (degrees)
0.5% PVOH, 98-
99% hydrolyzed 24 hours 1510 20 35.6 474
0.5% PVOH, 98-
99% hydrolyzed 48 hours 12to 15 353 50.1
0.5% PVOH, 98-
99% hydrolyzed 5 days 12t0 13 36.4 49.8
0.25% PVOH, 98-
99% hydrolyzed 24 hours 15 to 20 35.5 72.5
0.25% PVOH, 98-
99% hydrolyzed 48 hours 10to 13 38.4 62.0
0.25% PVOH, 98-
99% hydrolyzed 5 days 15t0 18 37.4 68.2
0.5% PVOH, 96%
hydrolyzed 24 hours 15 to 20 38.4 60.8
0.5% PVOH, 96%
hydrolyzed 48 hours <8 35.5 60.7
0.5% PVOH, 96%
hydrolyzed 5 days 13to 16 36.2 68.3
0.25% PVOH, 96%
hydrolyzed 24 hours > 20 38.4 63.8
0.25% PVOH, 96%
hydrolyzed 48 hours <8 38.1 68.3
0.25% PVOH, 96%
hydrolyzed 5 days 15t0 18 37.5 70.4

[00266] Use of all of the PVOH solutions evaluated with these lenses was found to result in
lenses that maintained good WBUTs and good static and advancing contact angles for up to 5

days, suggesting the lenses remained ophthalmically wettable for the duration of the study.

EXAMPLE 8
[00267] A series of contact lenses were prepared with the polymerizable lens compositions

using formulation 1, containing an ophthalmically acceptable acid, specifically the polymerizable
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form of boronic acid VPB. The lenses were contacted with solutions comprising a 1, 3 polyol
with at least 5 pendant hydroxyl groups, specifically PVOH solutions with varied average
molecular weights, as shown in Table 11. The PVOH Grade listed in Table 11 includes the
degree of hydrolysis (98% or 99%). Lenses of formulation 1, which is described in Example 2,

were prepared and packaged in 1.2 ml PBS containing the indicated type PVOH at the indicated

concentration, autoclaved, and maintained at room temperature for 3 days. The lens packages

were then opened and the lenses were either tested to determine the WBUT or the advancing

contact angle (by the Captive Bubble method) of the lenses. Additional lenses were transferred to

3.6 ml of PVOH-free PBS and shaken at a speed of 100 rpm and a temperature of 35°C for 24

hours, at which time the WBUT and advancing contact angle (by the Captive Bubble method) of

the lenses were determined.

Table 11
3 days 3 days
PVOH 1 day 3 days 3 days soaking soaking
Soln soaking soaking soaking | in PVOH | in PYOH
PVOH PVOH MW Conc- in PYOH | in PVOH | in PVOH | followed | followed
Source Grade (wt " | followed | followed | followed by 24 by 24
' o )' by Ghrs. | by 0hrs. | by 0 hrs. hrs. hrs.
? soaking soaking soaking soaking soaking
in PBS in PBS in PBS in PBS in PBS
Adv. WBUT Ady, WBUT Ady,
Contact | (seconds) | Contact | (seconds) | Contact
Angle Angle Angle
(degrees) {degrees) (degrees)
MOWIOL | 4-98% ~27k | 0.50% | 81.8+1.5 20,3 79.8+56 | 5,510 78.7
MOWIOL | 10-98% | ~61k | 050% |808+0.1 ]| 18,10,5 | 748+62| 5,7,10 80.7
>20, 22,
MOWIOL | 20-98% | ~125k | 030% | g96:02 | 22 | 66811 25,18,30 | 68.4+6.5
20,23 25,220
i 0, —~ s > E 3
MOWIOL | 28-99% | ~145k | 050% | 549. 16| >20 |70L1200] 20 | 714226
Q%o 5 o > 20, 20, >20,
MOWIOL | 36-98% | ~195k | 0.50% | o901 04 | >20,>20 | 595270 | 20 | 60386
. aqos | 146k- o > 20, 57.8+
Aldrich | 98-99% | g | 999% | Np | >20,>20 | 10.1 15 t0 20 ND
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[00268] The average molecular weight of the form of PVOH was observed to influence the
water break up time of the lenses, with the higher molecular weight forms resulting in lenses

with longer WBUTs.

EXAMPLE 9

[00269] A series of contact lenses were prepared with silicone-free polymerizable lens
compositions as shown in Table 12. Formulations were prepared by combining the ingredients in
the indicated unit parts. Silicone-free lens formulations were made with and without the addition

‘ofan ophthalmically acceptable acid, specifically a polymerizable form of boronic acid (VPB).

Table 12
Formulation 24 25
unit unit
parts parts

Ingredient (wt) (wt)
HEMA 76.85 76.85

MPC 14,53 14.53
EGDMA 0.7 0.7
Vazo 64 0.46 0.46
VB6 7.76 7.76
VPB 0 3
[00270] An evaluation of the silicone-free lens formulations was conducted for tensile

strength, modulus, elongation, and PVOH uptake. PVOH uptake from blister solutions was
determined by GPC after the lenses were placed in 1.2 ml PBS blister solution containing 0.5%
MOWIOL® 40-88 (MW ~ 205k} at room temperature for 24 hours. The properties of the lenses

made using the Table 12 formulations are shown in Table 13.
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Tensile Strength (MPa) 0.6890.006 0.5770.14 0.6350.047 0.7460. 080
Modul us (MPa) 0.619-10.010 0.6280.010 0. 7660. 088 0.7910. 042

Elsoggzigi g%é%u@g%zo 165t h37 16424 173117 Di aneter (mpCT}]U’gzu’lw&ﬁ).s%

Table 13
Formulation ID
24 25
Properties

Tensile Strength (MPa) 0.63 0.94

Modulus (MPa) 0.66 0.76

Elongation (%) 151 202
PVOH Uptake by Lenses after 24 hrs.* (pg/lens) 33.1 190.6

[00271] The lenses made from the formulation containing an ophthalmically acceptable acid

(VPB) took up significantly more PVOH from solution after sitting in the PYOH solution for 24

hours.
EXAMPLE 10
[00272] A series of contact lenses were prepared with the polymerizable lens compositions

as shown in Tables 14 and 15. One set of formulations (10 to 13) was more hydrophobic in
nature as compared to the other set of formulations (14 to 17) as confirmed by the initial WBUT
results for the formulations. The content of the ophthalmically acceptable acid (VPB) in both sets
of formulations was varied (0%, 1%, 2% and 3% VPB). The level of uptake of the 1, 3 polyol
with at least 5 pendant hydroxyl groups (PVOH) over time was evaluated for each of the

formulations.
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Initial

(seconds) 15 >20 >20 WBUT after contacting w
sol ution aﬁgdg%ll @%Jﬁ%vvashi ng with 5 m PBS (seconds) >20

VBUT in PBS before contacting with PVOH sol ution (seconds) 0
to 2 0to20to20to 2 WUT after contacting with PVOH sol ution

et SHibloysoc

[ 00277] The MAPBA purchased from Conbi - Bl ocks appeared to be of very
| ow purity as the raw materi al

orange-red in color,

waslablestt i d chunk of materi al

rather than a white powder as expected. For this

reasorn, Hydrophobiel ileved 1that the Forpul ati op 19 lenses dctual lig
cont ai| ng@rhaktibess| than 3 unit parts of MAPBA, which in turn resulted
in the TapsegieMOt [Exhit Pidd (08) Joodii pRAS@R 1| T ¥nitheR (#BNT|aChBlhatks (W) e
PVCH JOTURI@MAANT [NOT Hglha NIy gogy gRet T apr T Ty, grter [0eMGgyg0
f(ﬁnt g&’l E(s’\ﬁﬂoh’é‘lpl 1I nl"VUistI ut If OT1 d.lj 'ObUUb ucTTt Qg-OUEI My V\fd.bl%..lo VW UTT
S A7 SR T Y 30.0 30.0 30.0
DMA 20.0 20.0 20.0 20.0
EGMA 5.0 5.0 5.0 5.0
TEGDVE 0.6 0.6 0.6 0.6
TEGDMA 0.5 0.5 0.5 0.5
Vazo 64 0.3 0.3 0.3 0.3
VPB 0 1 2 3
Table 15
Hydrophilic 14 15 16 17
Formulations
Ingredient unit parts (wt) unit parts (wt) unit parts (wt) unit parts (wt)
SIGMA 20.0 20.0 20.0 20.0
Silicone C 25.0 25.0 25.0 25.0
VMA 40.0 40.0 40.0 40.0
DMA 5.0 5.0 5.0 5.0
EGMA 7.0 7.0 7.0 7.0
TEGDVE 0.6 0.6 0.6 0.6
TEGDMA 0.5 0.5 0.5 0.5
Vazo 64 0.5 0.5 0.5 0.5
VPB 0 1 2 3
[00273] The resulting lenses were demolded, delensed, and each lens was packed in an

individual 20 ml glass vial. To hydrate the lenses, each vial was filled with 5 ml of PBS and

allowed to hydrate for 30 minutes. Following hydration, the vials and lenses received three flush

cycles, each cycle consisting of replacing the 5 ml of PBS with 5 ml of fresh PBS after the lens

had sat in the PBS for 60 minutes.

[00274]

PVOH uptake by the lenses was studied by combining 20 lenses of the same

formulation, wiping the surface water off each lens, and soaking the 20 lenses in 10 ml of a 200
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WD 2011/ 037893PCT/ US2010/ 049596 ot her | enses made from pol yneri zabl e
conpositions conprising a polynerizable formof an ophthal mc acid,

speci fi calwygé‘ﬁ%@%%ﬁeri zabl e form of boronic acid, eXhinﬁ@ﬁg”gﬁf&ﬁQ%

wettabilit eing contacted with the 1, 3 polyol east
5 pendant hydroxyl groups (in this experinent, PVOH), and retained
good it BBOH sojutimhtie PBS Ul dens rwas wddedl indjvidaallyed thei R WORBSIutiExxvader to2
[ 00278] A series of contact |enses were prepared with the

pol ymasréweabkle leases el stickingStogatharh@we AVOH ablugiord usedhwerpr200epim et
of the resulting unconpl exed | enses bodies forned fromthese

pol y meviDZ@olI % 2018898/ GILONSY ApfroR MRAD0D Daltdk, @nd 200 ppRl f MOWIOL® 20-98

Formul ation 22 23 Ingredient unit parts (w) unit parts (w) Silicone

C 40 PSJ'd)H,CW H%pfox. 146,000 Daltons, as indicated. For the first time point (time 0), the 20
lenses were removed from the PVOH solution immediately after the last lens had been added.
The remaining samples were stored at RT until their indicated timepoints. For the remaining
samples, at time points of 1 day, 2 days, 3 days, 7 days, 10 days, and 14 days, the lenses were
transferred to a fresh sample of PVOH solution, and the old PVOH solution was retained for
GPC testing to determine the PVOH solution concentration. The samples of PVOH solution were
analyzed by GPC using a Ultrahydrogel linear column (Waters Corporation, Milford, MA,
USA), with a mobile phase of 90% 0.1M NaNO; in H;O: 10% MeOH at a flow rate of 0.8
ml/min. with an injection volume of 200 pl, a column temperature of 45°C, and a refractive
index (RI) detector. Due to overlap between one of the PVOH peaks with a leached linear
polymer peak, peak heights were used to quantitate the PVOH rather than peak areas. In addition
to PVOH uptake, lens diameter and water break-up time (WBUT) were measured at times 0 and
14 days. The initial (time 0) WBUT was measured in PBS; the day 14 lenses were transferred to

PBS and stored in the PBS for 5 days prior to determining the WBUT. The values reported for

lens diameter and WBUT in TABLES 16 and 17 are based on a sample size of 5 lenses.
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14 Silicone B - 29 HEMA 3.5 - NVP 43 VMA 40 - DVA 4 - EGVA ( Et hyl ene
gl ycol methyl ether methacrylate) 6 7 EGDVA (Et hyl ene gl ycol
di met hacr |, gtk o Sses - PCT/US2010/049596
Table 16
Hydrophobic | Time 0 | Time0 | TimeO | Time 0 | 14 Days | 14Days | 14 Days | 14 Days
Formulations 10 11 12 13 10 11 12 13
Unit parts 0 | 2 3 0 1 2 3
VPB
With 20-98
PVOH
WBUT (sec) <8 10to13 | 13t016 | 9to12 | 15t018 | 12t015| 181020 | 17t0 20
Diameter
(mm) 14.58 14.57 14.46 14,22 14.69 14.57 14.46 14.04
PVOH
uptake
{ug/lens) 1.5 1.9 2.8 3.4 5.7 6.1 7.5 23.4
With 40-88
PVOH
WBUT (sec) | 12to 15 | 17t020 | 15t0 18 | 13to 16 | 15t0 18 | 13to 16 >20 18 to 20
Diameter
(mm) 14.66 14.59 14.42 14.12 14.61 14.53 14.46 14.04
PVOH
uptake
{ug/lens) 1.3 1.9 2.6 3.6 39 5.7 6.4 20.1
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EHVA (2- Et hyl hexyl nethacrylate) - 7 TEGDVA (Tri (ethyl ene glycol)
di met hacrylate) - 0.1 TEGCDVE (Tri (ethylene glycol) divinyl ether) -

0.4 VASO %0901%0978% VPB 2 0 Norbloc 0.9 0.9 RB 247 O. OJPC(}‘H%JZMWOMS%

Table 17
Hydrophilic | Time 0 | TimeO | TimeO | TimeO | 14 Days | 14 Days | 14 Days | 14 Days
Formulations 14 15 16 17 14 15 16 17
Unit parts 0 1 2 3 0 1 2 3
VPB
With 20-98
PVOH
WBUT (sec) n/d n/d n/d n/d 17t020 | 12t015 | 181020 | I5to 18
Diameter
(mm) n/d n/d n/d n/d 15.44 15.33 15.09 14.60
PVOH
uptake
(pg/lens) 1.0 1.7 2.3 1.3 8.5 7.7 7.1 11.6
With 40-88
PVOH
WBUT (sec) { 15t0 18 |  >20 >20) 15t018 | 18t020 | 1810 20 >20 181020
Diameter
(mm) 15.29 15.14 15.06 14.71 15.53 15.33 15.10 14.66
PVOH
uptake
(ug/lens) 1.1 1.6 2.1 2.5 4.6 34 7.6 11.2
[00275] The rate of uptake of the two forms of PVOH evaluated (the MOWIOL® 20-98

PVOH and the MOWIOL® 40-88 PVOH) are shown for the hydrophobic formulations (10 to

13) and for the hydrophilic formulations (14 to 17) in FIGS. 4 to 7. With both forms of PVOH,

the total amount of PVOH taken up by the lenses after the initial time point was greater for the

hydrophobic formulations. While higher levels of VPB content in the formulations was generally

observed to result in higher levels of PYOH being taken up by the lenses, the total uptake results

were not linearly concentration-dependent for the hydrophobic formulations with either form of

PVOH, or for the hydrophilic formulation with the 20-98 PVOH. For the hydrophobic

formulation tested with the 40-88 PVOH, the total uptake of PVOH was linearly concentration-

dependent based on the VPB concentration present in the formulation. The uptake of PYOH by

lenses of formulations containing 2 unit parts or less VPB appeared to reach steady state between
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WD 2011/ 037893PCT/ US2010/ 049596 Table 21 Formul ation I D 22 23
Properties Advanci ng Contact Angle (degrees) by captive bubble

64.213.7 dulus (MPa) 0.7610.02 0.7010.04 1o -
nm8/ m n. )A{gog(é%@%f%@:% 6710. 15 Equili brium Wat er Cont en{g’%ﬂ)@ﬁg ‘f”%‘%y
gravinmetric nethod 50.3110.44 48.80-10.52 El ongation (%

approximately 100 and 150 hours, while the formulations containing 3 parts VPB generally

required 250 hours or more to reach steady state.

EXAMPLE 11

[00276] A series of contact lenses were prepared with the polymerizable lens compositions
as shown in Table 18. In these formulations, different types of ophthalmically acceptable acids,
specifically different forms of polymerizable ophthalmically acceptable acids, were used. The
ophthalmically acceptable acids used in these formulations include 4- Vinylphenylboronic acid
(VPB, Alfa Aesar, Ward Hill, MA, USA), 3-Vinylphenylboronic acid (3-VPB, Sigma-Aldrich,
Atlanta, GA, USA), 3-methacrylamidophenylboronic acid (MAPBA, Combi-Blocks Inc., San
Diego, CA, USA), and 3-Acrylamidophenylboronic acid (AAPBA, Frontier Scientific Inc.,
Logan, UT, USA). The resulting lenses formed from these polymerizable lens compositions were
contacted with a 1, 3 polyol with at least 5 pendant hydroxyl groups, for this experiment, a
solution of 0.5% MOWIOL® 20-98 PVOH. After polymerizing the polymerizable lens
compositions comprising an ophthalmically acceptable acid and contacting them with the 1, 3

polyol with at least 5 pendant hydroxyl groups, the lenses were washed with 5 ml of PBS.
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30217 309163 Tensile Strength (MPa) 1.3610.04 0.990. 27
[ 00279] Fol | owm ng denol di ng and del ensi ng, the unconpl exed | ens bodi es

of fornul gt re contacted using conpl exing sol utj Lot
conpri si n&%g&ﬂ@%’g}%ol yhydri c al cohols conprising 1, th'gﬁﬂfszt(})lpmﬂsms
diol noieties in phosphate buffered saline, as shown in Table 22. The
p- GVA conpl exi ng sol ution conpri sekable 1B 5060wt/ wt sol ution of

pol y(gl yceryl nononethacrylate) in phosphate buffered saline; the
0. 5% GV MPC conpl|eBarmglation Ut | 8 conprpses a20. 5% welwt { sol ution of a
copol yner of glycdryl nononet hasy yllatwiand Z2mitmet hagityl oyl oxy et hyl
phosphoryl chol i ne |i n phosphat gahyf f er sal ipas angakde| 0. 5% GVIV NVP
conpl exi ng sol uti an (£OEREASSS @P- % WM Rkut | onwgf @ copol ymer of
gl yceryl nononet hem‘r‘%ﬁ;% anmd—yp Tyl —pypT ol T dgge. [ Thg, Gl“v-\I honopol yner
and copol yners werfe Fni-hotgse—trst ST prrerghHyecery
nmononet hacryl at e (!\/gL ’E‘?Cle y%’ir, Tr%gos:, 2511 JSAbb Fhe unconpl exed
| ens bodi es and cd '@s_ger_e_pﬁ@cej i?!o bl{ ster packages
along with the conpl My <ol ..B%n, s &8 eq A0t ol a9d at 121C for 20
m nutes, and al | ohed quiliBrare atd room tenperatdure] for 48 hours.
The advanci ng contadiEGENGE e| of 0.6he | hydbat ed Ubcoppl @&ed] and conpl exed
| ens bodi es were deTEGRMAEd usd.fg {hed.6apti vesbupbl@snef hod after
equi librating the |l ansshedi es 9.8 PBS por at p.easf 60.houfs. WO
2011/ 037893PCT/ US20104089596 Tapl e[22 g For mulgat1 pn gD Cens 1 Lens 2
Aver age Reducti on [TQRipBACOND! gxed % Redugtign Fprmg 23| in PBS
(unconpl exed) 555 AApRA 0 0 3 0
3-VPB 0 0 0 3
Table 19
Formulation ID 18 19 20 21
Properties
Tensile Strength (MPa) 0.689£0.006 | 0.577+0.14 | 0.635:0.047 | 0.746+0.080
Modulus (MPa) 0.619:0.010 | 0.628+0.010 | 0.766:0.088 | 0.791+0.042
Elongation (%) 22620 16537 16424 17317
Diameter (mm) 13.1 13.6 13.5 13.3
Initial WBUT in PBS before contacting with
PVOH solution (seconds) Oto2 Qo2 Oto?2 Oto2
WBUT afier contacting with PVOH solution
(seconds) >20 10 to 15 >20 >20
WBUT after contacting with PYOH solution and ‘
after washing with 5 ml PBS (seconds) >20 0to2 >20 >20

[00277] The MAPBA purchased from Combi-Blocks appeared to be of very low purity as
the raw material was a solid chunk of material that was orange-red in color, rather than a white
powder as expected. For this reason, it is believed that the Formulation 19 lenses actually
contained far less than 3 unit parts of MAPBA, which in turn resulted in the lenses not exhibiting

good wettability when contacted with the PVOH solution and not retaining good wettability after

being contacted with the PVOH solution and subsequently being washed with the PBS. All of the
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56.5 56.2 Form 23 in 0.5% p-GVA (conpl exed) 46.4 44.3 45.4 10.8
19.2% Form 23 in 0.5% GV MPC (conpl exed) 46.1 52.2 49.2 7.0 12.4%

Form 23 %901?/%87% NVP (conpl exed) 46.3 47.10 46.7

PCT/US2010/049596

other lenses made from polymerizable compositions comprising a polymerizable form of an

ophthalmic acid, specifically a polymerizable form of boronic acid, exhibited good wettability

after being contacted with the 1, 3 polyol with at least 5 pendant hydroxyl groups (in this

experiment, PVOH), and retained good wettability after subsequently being washed with PBS.

EXAMPLE 12

[00278] A series of contact lenses were prepared with the polymerizable lens compositions

as shown in Table 20. The properties of the resulting uncomplexed lenses bodies formed from

these polymerizable compositions are shown in Table 21.

Table 20
Formulation 22 23
unit unit
parts parts
Ingredient (wt) (wt)
Silicone C 40 -
Silicone A - 14
Silicone B - 29
HEMA 3.5 -
NVP - 43
VMA 40 -
DMA 4 -
EGMA (Ethylene glycol methyl ether methacrylate) 6 7
EGDMA (Ethylene glycol dimethacrylate) 0.2 -
EHMA (2-Ethylhexyl methacrylate) - 7
TEGDMA (Tri{ethylene glycol) dimethacrylate) - 0.1
TEGDVE (Tri(ethylene glycol) diviny! ether) - 0.4
VASO 64 0.5 0.3
VPB 2 0
Norbloc 0.9 0.9
RB 247 0.01 0.01
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9.5 16.9% [00280] Based on the averaged values for the two | enses
tested for each conpl exing solution, the conplexed | ens bodi es had
advancingéﬁéntact angl es ranging from about 12%to about é%?blome{

t han t he EH&@ﬁﬁm%ontact angl e of the unconpl exed | edSTHGEREP6
[ 00281] Appl i cant specifically incorporates the entire contents of al
cited references in this disclosur&ablgtther, when an anmount,
concentration, or other value or paraneter is given as either a
range, preferred range, ©smelatlon &t of upper prlef er@bl e yal #8s apd

| ower preferable values, this is to be underdgtood as specifically

di sclosing pll ranges forfeerfiesom any pair of| any upper range |imt
or pref er r epAdvasgingcaatag dpele (dogeees) bugapiive bubble + |or 643237 o | o8-2658 Lp
regardl ess ;gaﬁé)séparateLy sE1658%y ﬁﬂ%ﬂgma range
of numeri cab-vatues i tNGUEX G AN, 5 o1 agg § ”J%s SOG4l he
. - | Equilibri o t) b metric methqdy] 503 130.4 48,800,527
tric methqd, || 50314044
range 1s 1n e 1 tio St et 7 aft 9%63|u.egers

and fracti ops—wthim gk S h(u];a) Ts—ot—intenpgd; §ha 0?99%.27" ppe of
the inventi D‘n—b‘e—ﬁ“m"l‘eg—l‘o—l‘g i e speci it values recrted wiern defini ng
a range. [00282] O her enbodi nents of the present invention will be
appar those skilled, in the,art. from considerati on .of e .

o boeniazBE.; f PRl itk dsffidyt.ind 4Bhtint, B8 HRETUAR Ty dReRs o drmpiasiony
herein, It is intended that the present specificati,on and exanple e
consi dir S LoBRERD | BFTR dwrr@%rtgh salufionfe CORBRHENG NATISH rﬂog’hﬁ‘i’“‘{ Hlco o
invention being indicated by the follow ng clains and_equival ents

t her e¢Pmprisipg 202 dicbar7ig § it maistizs iroptwamgeraufiseed splineg psshawn in Sablg 2 The
nmet hod of manufacturing a hydrogel contact |ens body, conprising:

(i) preOMdi ngomplesing nesolutigh| eowprigassia i B.A%c omwpwit sisplgtion  of apolyéghyderyl
one polynerizable formof a boronic acid, boronic ester, boronic

anhy dmahemetracrytand)i inaphosphatch buffaéd saine] dms0.5%nEMAMARD kbnpleximg neoleion
and at | east one crosslinking agent; and (ii) cast nolding the
pol y mebinpaidsea CRHBO St/ Osdlitidnaol @nédolymee st pRteyRssmokthadrglafeo tid -
pol ynmeri zed reaction product that is an unconpl exed hydrogel |ens
body fresiEREyi&floxdy GRAPhYIPRbryiPBRAd fipA8sphate buffeky BRink 286 thid.5% GNIANIEP
at | east one polynerizable formof the boronic acid, boronic ester,

Por OnlEmBRRIAT SIROH ERRIRALA CRokN AR soRBbNTBE | ZSUpkBEF of At

| east one hydrophilic nmononer, and crosslinks forned t he at Teast

ON® I3 dlrltHsb e BRI iny MYHoRbhe! e ERELTBHSKAGinBY HoRBbIhRASGE Bade

in-house using 97% pure glyceryl monomethacrylate (Monomer Polymer, Trevose, PA, USA).
The uncomplexed lens bodies and complexed lens bodies were placed in blister packages along
with the complexing solution, sealed, autoclaved at 121°C for 20 minutes, and allowed to
equilibrate at room temperature for 48 hours. The advancing contact angle of the hydrated
uncomplexed and complexed lens bodies were determined using the captive bubble method after

equilibrating the lens bodies in PBS for at least 6 hours.
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an advanci ng contact angle | ess than about 1200, a nodul us |ess than

about 1.6 MPa, an ionoflux |ess than about 7x10-3 mm®/ m n.,

f s than about 120 Barters,
é?ﬁlllg%@?s 2. The nethod of claim1l,

| east one polynerizable formof the boronic acid, boronic ester,

per nmeabi | ivB
content of
at

about 30%

and an eqy,

an oxygen

crhBup R

bor oni c anhydride or conbination tFeble2¥ is a boronic acid having the
3. The nmethod of claim

structure:
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WO 2011/ 037893Per / MD10/ 04.9596 7. The nethod of claim5, wherein the
at | eaqut 4% lawer thisnige advenaing onjackengierat the wecomplaxed kens bedigsol yrer

conprises a silicone-containing nononer,

macr oner

or

pr epol yner

havi n{f0281) easapplicahtespetificdblylincotoratehihk entére sxittents O£a) citad) refsrenpesi in ghis

backbone, side chains

at

or bot

h.

macr oner

or

8. The nethod of claim5, wherein the
| edistlopme. diurthem méher antamaunt) gone@ntyatem, ormatheo mEne or pprampiet yeTpiven as

conprises a silicone-containing nononer, pr epol yner

havi ngitleer mathge, pfefdried ranpEber a it AtuppirghefeilcdalueER)d 100iet repirstie Riluds)
| siloxane (DMS) units present of from about

t he nunber of dinethy

0.20 s 3. t6De unferstbbe adT8icbi@idalff disdieying 4l r
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| ens nol d assenbly conprise a

t he cont act
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an advanci ng contact angle |ess than about

%-TS/ n“f%gé@a@%ﬂﬁrat@lyodiwgsed.a%&g%f Ilaﬂée Lpﬁlﬁnérﬁgpvﬁ{?&%ts r24tk] 'h%rein, unless
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ernnplasticg?esin. 1 Fﬁ

?Fe%&@dq;aﬁg?ﬂegérgﬁ% RQehaias

00, a nodul s from about

otherwise stated, the range is intended to include the endpoints thereof, and all integers and

fractions within the range. It is not intended that the scope of the invention be limited to the

specific values recited when defining a range.

[00282]

Other embodiments of the present invention will be apparent to those skilled in the

art from consideration of the present specification and practice of the present invention disclosed

herein. It is intended that the present specification and examples be considered as exemplary

only with a true scope and spirit of the invention being indicated by the following claims and

equivalents thereof.
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an oxygen perneability of |less than about 110 Barrers, and an

equi libriumwater content from about 35%to 65% 11. The net hod of
claim1l, rei e unconpl exed hydrogel |ens body ha n advanci ng
cont act a\#gﬁg%‘ﬁll@%@p% han about 600, a nodul us from aboutsPC%‘.'UA?2 Y
about 0.7 MPa, an ionoflux |ess than about 4x10-3 nun2/mn., WO
2011/ O®ha9sFlamed30101049596 an oxygen permeability from about 55
Barrers to about 100 Barrers, and an equilibriumwater content from
about 40%to 65% 12. The nethod of claim 11, further conprising

(iii) contagcti t he uncanpl exed, | epns bod jth a conpl exi ng sol ution
conprising FWEﬁﬁg?“@ﬂ@%ﬁﬁRW%%@%¥%¥ Wﬁﬁﬁb%nﬁhwghﬁngvgﬁgést one 1,2
diol or 1,3 . diol noiety, and conplexing at |east a portion of 1,2 or
1, 3 di ol Ml)ﬂqvé@“%?ég%me@wlecwp%‘ﬁﬁm MR ™ol ution with at |least a
portion of boronic acid noieties present in the copolyner of the |ens
body to produce 2k leashpine xpalymhsritablg eform epfs abbatynic 181d, Threomietdsted, béronic
claim1, further conprising pl aci ng the unconpl exed | ens body

i n a cont aahhyderds, drlcosbartipaihkagz Wi th a packagi ng sol ution, sealing
the blister package, and sterilizing the packagi ng solution and the

| ens body. 14. afllasst 6Bé akloghilicchaiomet,ZandWher ei n an advanci ng cont act
angl e of the conplexed lens body is at |least 10% | ess than an

advanci ng Contaﬁibﬁﬂﬁh@m@&ﬁhﬂﬁgH@ﬁﬂ%ﬁ&exed I 'ens when both the
conpl exed | ens body and the unconplexed | ens body are tested after

bei ng hydr Efrl)g&sﬁg{gldﬂi é 8@8@5&%@1& &n@@%}?}?@ﬁ%&&ﬂc{ f%é_?ﬂloﬁlaalskéhgalgé gJS t{'o%

| east 6 ho ens conpri si ng:

| d i g i d f | i zgb. iti
o et BERMIRELT RS LR, AP, Ry ELERCHR SPARSFACDL o

react ed a contac o Sse p a
| ens bod%l t he pol yneri zabl e conposition conprising WO
2011/ 3% %‘E’?ﬁg 0/ 049596 at | east one polynerizable form of

a boronic acid, boronic ester, boronic anhydride, or conbination
thereof; at |eaB8PIYBEZHY MM the @t Mesiosas: Polumerizable) formof he boronic acid,
crosslinking agent; the hydrogel |ens body fonned of a copol ymer
conpri si ng boronic gsierybeEGTiC Yy ditderos combinpiéonghereefast one pol yneri zabl e
formof the boronic acid, boronic ester, boronic anhydride or
conbi nati on t hepelgmerized units of the at least one hydrophilic monomer, and

crosslinks formed by the at least one crosslinking agent;

wherein the uncomplexed hydrogel lens body has

an advancing contact angle less than about 120°,

a modulus less than about 1.6 MPa,

an tonoflux less than about 7x107 mmzlmin.,

an oxygen permeability of less than about 120 Barrers, and

an equilibrium water content of at least about 30%.

2. The method of claim 1, wherein the at least one polymerizable form of the boronic acid,

boronic ester, boronic anhydride or combination thereof is a boronic acid having the structure:

112



pol ymeri zed units of the at |east one hydrophilic nononer, and
crosslinks formed by the at | east one crosslinking agent; wherein the

| ens body vanci ng contact angle | ess than abo <
nmodul us |8@§%F%§ﬁ§%bout 1.6 MPa, an ionoflux |ess than*ggééggy%%ﬁfs
m2 /mn., an oxygen perneability of |ess than about 120 Barrers, and
an equilibriumwater content of atx|east about 30% 16. The hydrogel
| ens body of claim 15, wherein at |east a portion of boronic acid

noi eties present in the copolyner oflthe | ens body are conplexed with
1,2 or 1,3 diol noieties present | east one pol yhydric al cohol,
and the |l ens body is a conpl exed lfe hody. 17. The hydrogel |ens
body of claim 16, wherein an adva pef cont act angl e of the conpl exed
| ens body is at |east 10% | ess than an advanci ng contact angle of a

| ens body of the same conposition bug_w thout the at | east a portion
of the boronic acid noieties pre&ﬂﬁf'Tnche WO

2011/ 037893PCT/ US2010/ 049596 copol yner conplexed with 1,2 or 1,3 diol
noities present on at | east one polyhydric al cohol, as determ ned by
testing hydrated | ens bodi es soaked in phosphate buffered saline for

at | egst 6 Theunghod 8f Them! gnshdpeifith®fat (dagti heclbydraptdiicehidnbiier admprizasta
one pol ynerizable form of the boronic acid, boronic ester, boronic

anhy diiy8@pRilic &RmBneAhd vy 4t MALERE viny] Aof@y, oni ¢ aci d having the
structure: 19. The hydrogel |ens body of claim15, wherein the |ens
body has an advanci ng contact angle | ess than about 1000, a nodul us
fromabout 0.3 MPa to about 1.0 MPa, an ionoflux |Iess than about 5

10- 3 ,m?2/ w\.n. biljt f t . 1 .
Rar oA, MR iy UEYERM BCLIRAR (hd Y Hacl 38 SIRARE Uhent mprises, g
The hyd Lo bod | ai ) i th | d hyd |
coﬁta%ﬁkggﬁ¥“%§%§“ﬁ§§%£ﬁﬂﬁg6§%g$%§h@8 ?gg;nangfecfggse?ﬁan gbéﬁ?EGOO,

a nodul us from about 0.4 MPa to about 0.7 MPa,

5. The method of claim I, wherein the polymerizable composition further comprises at least
one silicone-containing monomer, macromer or prepolymer, the copolymer further comprises
polymerized units of the at least one silicone-containing monomer, macromer or prepolymer, and
the uncomplexed hydrogel contact lens body comprises an uncomplexed silicone hydrogel

contact lens body.

6. The method of claim 5, wherein the at least one silicone-containing monomer, macromer

or prepolymer comprises a silicone-containing macromer or prepolymer having an average

molecular weight greater than about 2,000 Daltons.

113



WD 2011/ 037893PCT/ US2010/ 049596 an ionoflux | ess than about 4 x10-3
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barrers, and an equilibriumwater content from about 40% to 65%
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7. The method of claim 5, wherein the at least one silicone-containing monomer, macromer
or prepolymer comprises a silicone-containing monomer, macromer or prepolymer having at

least at least about 10 ethylene oxide (EO) units in its backbone, side chains or both.

8. The method of claim 5, wherein the at least one silicone-containing monomer, macromer
or prepolymer comprises a silicone-containing monomer, macromer or prepolymer having a ratio
of the number of ethylene oxide (EQ) units present to the number of dimethyl siloxane (DMS)

units present of from about 0.20 to 0.55.

9. The method of claim 1, wherein molding surfaces of the contact lens mold assembly

comprise a thermoplastic resin.

10.  The method of claim 1, wherein the uncomplexed hydrogel lens body has
an advancing contact angle less than about 100°,
a modulus from about 0.3 MPa to about 1.0 MPa,
an ionoflux less than about 5x10° mm®/min.,
an oxygen permeability of less than about 110 Barrers, and

an equilibrium water content from about 35% to 65%.

11, The method of claim 1, wherein the uncomplexed hydrogel lens body has
an advancing contact angle less than about 60°,
a modulus from about 0.4 MPa to about 0.7 MPa,

an ionoflux less than about 4x10™ mm%*/min.,
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an oxygen permeability from about 55 Barrers to about 100 Barrers, and

an equilibrium water content from about 40% to 65%.

12.  The method of claim 1, further comprising

(iii) contacting the uncomplexed lens body with a complexing solution comprising at
least one polyhydric alcohol having at least one 1,2 diol or 1,3 diol moiety, and complexing at
least a portion of 1,2 or 1,3 diol moieties present in the complexing solution with at least a
portion of boronic acid moieties present in the copolymer of the lens body to produce a

complexed hydrogel lens body.

13.  The method of claim 1, further comprising
placing the uncomplexed lens body in a contact lens blister package with a packaging

solution, sealing the blister package, and sterilizing the packaging solution and the lens body.

14.  The method of claim 12, wherein an advancing contact angle of the complexed lens body
is at least 10% less than an advancing contact angle of the uncomplexed lens when both the
complexed lens body and the uncompiexed lens body are tested after being hydrated and after

soaking in phosphate buffered saline for at least 6 hours.

15. A hydrogel lens body, comprising:
a cast molded polymerized reaction product of a polymerizable composition reacted in a
contact lens mold assembly to produce a hydrogel contact lens body, the polymerizable

composition comprising
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at least one polymerizable form of a boronic acid, boronic ester, boronic
anhydride, or combination thereof;

at least one hydrophilic monomer; and

at least one crosslinking agent;
the hydrogel lens body formed of a copolymer comprising

polymerized units of the at least one polymerizable form of the boronic acid,
boronic ester, boronic anhydride or combination thereof,

polymerized units of the at least one hydrophilic monomer, and

crosslinks formed by the at least one crosslinking agent;
wherein the iens body has

an advancing contact angle less than about 120°,

a modulus less than about 1.6 MPa,

an ionoflux less than about 7x10° mm? /min.,

an oxygen permeability of less than about 120 Barrers, and

an equilibrium water content of at least about 30%.

16. The hydrogel lens body of claim 15, wherein at least a portion of boronic acid moieties
present in the copolymer of the lens body are complexed with 1,2 or 1,3 diol moieties present on

at least one polyhydric alcohol, and the lens body is a complexed lens body.
17. The hydrogel lens body of claim 16, wherein an advancing contact angle of the

complexed lens body is at least 10% less than an advancing contact angle of a lens body of the

same composition but without the at least a portion of the boronic acid moieties present in the
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copolymer complexed with 1,2 or 1,3 diol moities present on at least one polyhydric alcohol, as
determined by testing hydrated lens bodies soaked in phosphate buffered saline for at least 6

hours.

18.  The lens body of claim 15, wherein the at least one polymerizable form of the boronic
acid, boronic ester, boronic anhydride or combination thereof is a boronic acid having the

structure:

HO” oM

19.  The hydrogel lens body of claim 15, wherein the lens body has
an advancing contact angle less than about 100°,
a modulus from about 0.3 MPa to about 1.0 MPa,
an ionoflux less than about 5 x107 mm?/min.,
an oxygen permeability of less than about 110 Barrers, and

an equilibrium water content from about 35% to 65%.

20.  The hydrogel lens body of claim 16, wherein the complexed hydrogel contact lens body
has
an advancing contact angle less than about 60°,

a modulus from about 0.4 MPa to about 0.7 MPa,
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an ionoflux less than about 4 x10™ mm?min.,
an oxygen permeability from about 55 barrers to about 100 barrers, and

an equilibrium water content from about 40% to 65%.
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