METHODS FOR | NCREASI NG THE | ON PERMEABI LI TY OF CONTACT LENSES [1] This
invention is related to a nethod for naking silicone hydrogel contact

| enses wiwb 20nc7emsed i on perneability. BACKGROUND [ 2] pCm/use@e/soogear s,
soft silicone hydrogel contact | enses have becone nore and nore popul ar

because of tmTHdibsmxmnsm@mmm@mmﬂﬁy o%?/cbﬁ\ﬂrtg;a hi gh

oxygen perneability, a silicone hydrogel contact [ens allows sufficient
oxygen to perneate through the | ensLE)NSESe cornea with minimal adverse
effects on corneal health. In addition to high oxygen perneability, on-eye
novenent of the lens is also required to ensure good tear exchange, and

ul ti mat el [$01]t @hisriswentorgis oelated toeakbthbd for ifakink Giticerer iydrlgel dohtact [nsewitipf  t he
predi ctors of on-eye noyenent, because the perneability of ions is believed
to be dir%ﬂ?%?PﬁP8§3F?Wﬁﬁhl to the perneability of water. The nethods

descri bed herein produce ophthal mc | havi ng i nproved ion perneability
w t hout adversely affecting otheﬁiﬂQ%ﬁgéiﬁg% of the | ens. SUMVARY [ 3]

Descri bedobsr @i PecantoyedB! LrdsiliEde HyBobaaDhiast fehls have BROARARbE ahY nRfre 2N,
ophthal mc I'ens by adding a small "anount of an ion-perneability-enhancing
("1 P- enhanegvlagbecasy f dhi high ouygen|neemesbitionend enmfaricBy haying athighaoxygen

| ens-form it eri - i ild C ses,
wherei n DEERAL Sl MleohElyfaR) ot 130 afbs SRRSAXSIAATH pERRTho G0
formul a Ithe @8 X the-ckthey With minémali advetie effects ohi c@ndal hhealth, Iraadditigng@nhigh om
(-0-) orN,x wherein R is Hor Cl- C4 3%rél" l Lis @ direct b§ﬂ9 a

li near or ¥ BnRSREROIIY-cqheys| RoYmeat of At i a0 sefuirgd, 1o £BSUCS 18P AT val ent
al i phat i Gexkhafgs) wad homnateld] eakisureogood ¢bmeal Bedlthr Bl petinestility X¥8-one X¥4-the Wher ei n
X3 and R X4 are, independently, a |linkage selected fromthe grou

consi sti mg]ed(bcﬁors Of on-exg movemengbecause thepeggneabpity) of iong jig beligved. to 9 ere%tly 1]
-N- G- NH- 1pr(98rtioln51| to the permeability of water. The methods described herein produce ophthalmic
lenses having improved ion permeability without adversely affecting other properties of the

lens.

SUMMARY
[003] Described herein are methods for increasing the ion permeability of an ophthalmic
lens by adding a small amount of an ion-permeability-enhancing (“IP-enhancing”)
hydrophilic vinylic monomer or macromer into a lens-forming material for cast-molding
silicone hydrogel contact lenses, wherein the IP-enhancing vinylic monomer or macromer is

represented by formula I;
CO—X!-L-X?—-Y
:< I
Z
%l
wherein X! is a direct bond, an oxygen atom (-O-) or — N—_ wherein R’ is H or C;-
Cyalkyl;
L is a direct bond, a linear or branched C;—C;o alkylene divalent radical (or so-called

divalent aliphatic hydrocarbon radical), or a divalent radical of —X’~E-X"—, wherein X? and



-FINNGN, OIl -0-CNH, 00000 IEILITTIIT -HN-C-O0-, -S-CNH, -0-C,
-C0-, -S-, and -HN-C S E is an al kyl ene divalent radical, a

cycl oal kywodpriadi™al , an al kyl cycl oal kyl diradical, an &Chgyisasglosder adi cal ,
or an aryl diradical with up to 40 carbon atons, wherein E optionally can
have ether, thio, or amne |linkages in the main chain; Yis

R
-(R1-0) p and R3 are, independently, a

| i near orkﬁr%fahc eé%m@&pa ﬁﬂk%en%%agd ?dﬁn F%i SFYP Cogpigting ﬂh endentTy, a
nunber fronPORto 100, R rein tme gum of (n+m+p)0|sR'2 to 100,0and Ris
hydr ogen, —acG;N-Gfl aL-k)qI— k.c»giy_ agycal , a.nﬁNZd_sNhydr Q_g_qﬁ_@LImat hyl .

[4] In accordance with the |nvent|on a Fens I's obtained by curing the

| ens-form ng mﬂterl al in é’ nold to foﬁmtheol ens and renovi ngOthe | ens from
t he nol d. —THE—Cesartt antS+ErsNiasS —am+0e+eaeeel—0-e-n _gera[ﬁtaab\LmN-t—ﬁ—cg);npar ed to
a control lens produced froma | ens- form ng material having identical

conposi tion (E)GEQ:phlky‘lbﬁd’ldluileﬂthﬁilda?ﬂ&ﬂ?ﬂ@ﬂﬁylflﬁ}aéﬁbﬂy&d aﬁkﬁ&@ﬁﬁﬁ(&l @fadfEBehPmer of
the formul a l rwﬁ advant ages of the invention wll set “forth rn part in

the descralffard diragicaliorsag) \fésfadl%a“'ihrvpﬁaf*? cqubpn atb@s,dblwm@ dptionallytsan

descri pt iHafe ethdr, tHB}’orbﬁmh@ﬁﬁl&Eéi lpmel% tafie Of the aspects described bel ow.
The advantages descri bed bel 6w wi | e realized and attained by means of

the el ementsyapd go Rt E}@a cpll @ i pee n; nged
clainms. It is to be_@jgh—ger—s(?g‘o )ltp l!ka)ot ﬁéré{lﬂggf gr e%gﬁ%aljﬁewgr ap&gle Cription
and t he flinkdram branchiett @i-Coalkderss ahdh) mrunarpeare,xampleﬁdemlﬁmﬂmﬁ%&lr oai oky only
and are restrictive. TAI LED, DE | PTI ON ef ore the ophthal mc

| enses a ﬁb kel theasum af ggﬂfgélf %FﬂjﬁgRé’édr Bb‘é&yérf’genr 8 qltp“b"’ékﬁr?dép‘gﬁbod t hat
the aspeGhdcallQagri bed bel ow are not |imted to specific conpounds,

synt hetic nethods, or uses as such may, of course, vary. It is also to be

under st ood tgqghgdk-@e,t,gfmtﬂgl ogy used herein is for the purpose of
describing particular aspects only and is not intended to be limting.

[6] 10 ¢ o SREGIdAL @ Afel idRnfidie aCieﬁé 55 obibd 9! Loie hENGEGHGEM |1 be
made to a nunber of terns that shall be defined to have the followng
meani ngs:matgriz] inla meldsp form thetlend andwﬁnnovaws theskeais fromitheemolde The resuitanblensind t he

appended I

referent s!l (a\%ﬁ} [e@rsea{ Hgﬁg&&ggﬁﬁt@l&%% cfont?ljéls leg{]ﬁreord \{/‘\n&geﬁdd}% 1&{{3?? %xarrpl e,
r ef er encendtaial havinpnidentical congdositieos emept_t witlamt dfe Mhmclﬂguﬁmylreundsnomﬂ oners,

o e Elne PP S DR e GE BT d iy R R
descri pt idegribfiéd WHES fdlIBRs %ﬂ&ﬂ%pmll%ebbﬂo@\&mﬁ ttféfdeﬁhbﬁmi ABEBe R&GEH S and

i nstances where it does not or exanple, the phrase "optional tinting

agent" mbxmsactieraf tbwpeqthéqswgbeé@elﬁw c aéYanaaaPﬁﬂﬂscrtb@d Belewenl be rf@l]zeCUm ess
defined qfherth&fpy "i‘ﬁe'ani\st £ A Gaherid) @E&:ﬁ‘ﬁlﬁé@oh& Ip%& f?‘éﬁ’l A5 dhave the
same neani ng as comonly understood by one o nar inthe art to
whi ch t hiagpdndedeelaimesn Ibsltorbgyndmomtpatdaoddthb iforcgrghg)mnetahdesﬁrlst@dxmidﬂbe t he
ss .ot herw se tood to have

Ibﬁ'e' ? Yﬁ”} E%vvﬁo%véﬂs‘g%%%i“ﬁé;scﬂf%ﬁﬁ b el S Buly abf ad RRERRTiARE, K

1 24 ,
SL?ECFE o h:yﬂ”, o ﬁy:e, ﬁ?é@%?‘%ﬁ%‘?%%\?ﬁ?’ﬂ%? b e LSOE:& o oty
ot L s U8  BeBrtnt iqpnthaiate fesSrang; mosfods e GlsciossdARgeReibed b BB 1 ai ni ng

f rom one yh@er§tbod ®arth® Bspaits B&scribédblibly 2k Aott 18hiEd t@@pd&ﬁicgfoﬂipbuncﬁssyuﬁﬁﬁh herein
has the formula -NRR , where R and R are, indep endentlkll ydr ogen, an

al kyl gr Gegthods,or yses a8 §Hch grayqf.conrgm Yoy THS 2l thbe Andeystenrss atéhe GHRACIABY ei n
refers t kyl
B B R S L

| east t hrlisdtingar bon at onms. Exanpl es of cycl oal kyl groups include, but are
not limted to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. The
term "het erocycl oal kyl group” is a cycloal kyl group as defined above where
at | east one of the carbon atons of the ring is substituted with a

het er oat om such as, but not limted to, nitrogen, oxygen, sul phur, or
phosphorus. The cycl oal kyl group can pe substituted or unsubstituted. The
cycl oal kyl group can be substituted th one or nore groups including, but
not limted to, alkyl, alkynyl, alkenyl, aryl, halide, nitro, am no, ester,
ket one, al dehyde, hydroxy, carboxylic acid, or al koxy. WD
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[0014] The term "aryl" as used herein is any carbon-based aromatic group

i ncluding, but not limted to, benzene, naphthal ene, etc. The term

"aromat i cwoabsl@7it™el udes "heteroaryl group,” which is deCirnsdoiassani
aromatic group that has at | east one heteroatomincorporated within the
ring of tfn@ﬁ]alhi)ﬂﬁdp@clﬁédﬁ'dﬁandzﬁﬁaeﬁ@&lﬁiﬁls‘?ﬁat lﬁﬁfo@vr F@ér@ﬂ@é will h%ﬂet Puref Not
limted to, nitrogen xty sul fur, and phosphor us. e aryl group can be
subst i tutq$®ﬁth§hgﬁﬂbﬁﬁf meééphavnéleefpwqmgemgqmmn be substituted with one or
nmore groups_including, but not limted to, alkyl, alkynyl, alkenyl, aryl,

hal i de, rPOHolt mustrks, neted dhat, ascuseddn the spshifigetionhardr dmyappaaleabcnayms cthaci d, or

al koxy. tes m X ed heregin is corrposed
of one or AL ks £ i G MHEVIRCAAL Bliry BREASENRIRL Borkeky Aty paRS S

I i near orotllmmch@hlusCIor(e‘ztaraplk,ydefemmtmd‘annomnfer’bmlindésmﬂ(ﬁxres[ SHhB]of Aoré €r m
"al kyl ene_gm ne" ‘%ljﬂjﬁ i er ein is a group conposed of one or nore repeat
units havt ?rf?éne‘f' PHLYS 8¢ Ra) IlR- where Ra is a linear or branched

Cl- ¢4- al fro‘I;nl t and Ris h ydrogen, an a | group, or an
aryl gr ohé&ﬁ gﬁt e °f er9pfio Vbo‘ﬁ%“‘s that f %os“H%erqé‘F“ﬁ]yl ées&rlb‘?‘%&'ﬁe‘ﬁr Fpl ecul e

conposed oaturastaec@cmmamorbeup %ﬁ@ﬂﬁt’t’he GESQHﬂlcﬁalﬂclﬁlﬁ:s HSBREAwIRR: A edthfiehyde,
ketone ester, anhydride, or carbox lic acid group 18] The term

" di car borfj circumstanee eccyesy aud rinstances ‘ghe@w does pas| mwea hfselua&?f“OPmaCO
groups. el £RHO M 5tqmntfng9g&§y ed?uaﬁptdﬁ‘ega?eée& present as an al dehyde,

ket one, ester, anhydride, or c i c acl roup. [0019] The term"silicon
group” a e (0] (o) S t. | east e

O OUD" 20Tt iied 3OS DB BOTRTGE, Rl B lRre,
groups, weanieg téeonahénly ugdemslqzxsl lgyaome lod otdirearys skikk irothe ditftd evhaoht thls[lﬁ)@ﬂﬁk}rA

hyd f t [ b t. 10
et cont BN g <PGhe dptiant i el Y pH Aeckemi: pBeb G o i

can be th!icﬁ(cafb‘dﬂshbhlb@@:hdé?@fddl@hév@@hd%ll&ﬁﬁ@h@\éﬁfﬁﬁ%]szatI on of at |east one
hydrophilic nononmer in the presence of or in the absence of additional

MONONET S [G01] Phe fERA r“@lk?l”sas Qseddleréih @55 blahtHet o8 uBbramchBd S MladedBydrobatBehl] A
S|I|cone hydr ogel " ers to a hydrogel obtained by copol ynerization of a
pol yrer i Zypef ddm@émbpe Atogsngich §F mgthyt ethah apromyd isqpronyd iebwynisehutylng

vinylic ke 0 r

i1 cone. aaak Hendh hebl KBRY, QIR &y SRR BB PHiGRA, SRy e |
descri bedika Attoser alkyld groppiisadnaitkyl frenpodntaiking fromlohe trosiecarkeanditéys. associ at e
with water than with lipids. [0023] The term"fluid" as used herein

i ndi cat e40a1hhThatermt‘aninalgriup” espsed heredr hab Itheforngulh FKRR 3 wherptR dnd Rf 8©24]  As
used here ef erence to curlng or polynerizing of a

pol ynerli @dgrﬁhp@gqge&éhgﬁkyhérpgq ORI AU hat the curing (e.g.
B A A T B S .

X-ray irradiati m cro e irradiation, .and er mal curln or
et ini ¢ dBhg it PO o o B b ke L G e

[ 0025] AcorﬂBdSb@leSf at |é@Beffee %aﬂb@HVatﬁﬂls eEidirﬁﬁlesV@c%lbalk?}Q FRAUPE theludatbut & nbte

pol ymerized actinically her mal Y or chemically. Low ol ecul ar wei ght

typi cal | Jimiied i cm}e?rexgé %lpwau arclapentyih exrlohexyd, qthakhertson Sheterapsloalkyb26] A
"vinylic 7o) I 9 i

conmpound gﬁg %c CIOQ&EP%GP%%?%%F‘?%’%g{hgrref?le t oﬁ%ll?gmaeﬁcgmggr?t \ﬁgs (gg yneri zed

act i ni calring js suhgitatedivitly adnctetolaemmllch s, butowt Hwited o} aitrogen, gmgen,wplpbm by neans

aver age | ecul ar.we ess an Y/ | t ons [

"ol efini g’ﬁ?ﬁp orﬂﬁsgl{etﬁyg{%glgylggr%qp can N lﬁgﬁ"ﬁ? &4 uﬂsé’P ¥ t%te‘lg J”ée eld og%yfs%ﬁ%pe and is
i nt ended ch® be REKIRELISWAR Yong 00 Wise gmﬂpeﬁn&ludmgabuﬂ gadimitddeto;> GG atkiypylp.
Exerrplary ethylem | 1y unsaturated rou nc evvltho ljmtation
acryl oyl 2 shé'é’]@)hag g%, nitip,| gipinoy peir; etgil aé‘i‘?w e, dydigrnerarsxydic geitlaPhi ng
groups. [agggg}s] A’ hydroph| lic vi nyllc nononer," as used herein, refers to a
vinylic nononer that is capable of formng a hom)pol ynmer that i s water
sol ubl e or can absorb at |east 10 percent by weight water when fully
hydrated. [0029] A "macroner"” refers to a nediumto high nol ecul ar wei ght
conpound or pol yner that contains fu(r’}pti onal groups capabl e of undergoing
further polynerizing/crosslinking redactions. Medium and hi gh nol ecul ar
wei ght typically neans average nol ecul ar wei ghts greater than 700 Dal t ons.
In one aspect, the macroner contains ethylenically unsaturated groups and
can be polynerized actinically or thermally. [0030] A "prepolyner" refers
to a starting polyner that can be cured (e.g., crosslinked and/or




pol ymeri zed) actinically or thermally or chemcally to obtain a crosslinked
and/ or pol yneri zed pol yner having a nol ecul ar wei ght nuch hi gher than the
starting wolzyrmn71794n "acti ni cal | y-crossli nkabl e prepol yrer/uscabas®2t o a
starting polynmer which can be crosslinked upon actinic radiation or heating
t 0 obt ai noe14¢r OSThd ke Sarpielay i } Pl r than
the star '[[ in #Ppol yner . [%031}&?I\l}ta)légiclg?%ﬁﬁvgng%#ﬁg?mgicg%f)%ﬂngﬁ%%agri al

(i ncl udi riygt %mﬁ'é‘ﬁé?,i bengane npaphhaiend, cetara e teminsfaromaticliabsd inedndsis ihetembnt s t o

t he nunbef.s,mav . i.ght I i se ecifi.cally .noted or
unl ess tggg?@hg&@%ﬁg %Pgﬁdééﬁldl ca?(g %@%etﬁ%%s? gtapﬁ%nﬁi heigr%tﬂ'@tlf}?oﬁﬁ’%?tﬁfor "
ref ers t ovithiccthe ming af thelradmativi groupt Bxamalds ofiheteromsm} inckidechud BER/ME limited

pol ymeri zing.. reaction by the ugse_.of light, Suitable photoinitiators

i ncl ude, Zt%/’\’/i ﬁ ﬁrgg?n, ﬁ%ﬁ“aﬁ“@fhr; %‘gnﬁl’cﬁ’ﬁwoﬂgt hy € AHe BrOUR 3P bR pUbstifiEsh 8hone, a

benzoyl pinasbstitiee. The aig grbup bandBepainabORRK Bhe SBOM lgrdipt ﬂi(;éﬁildh@?ﬁlﬁ%t(’ e§ r)
an rgacure(r

types, and .l rgacg{ryﬁg) types such _as Darocure(r) 1173,

2959. [ 00#ied top kypyli dlkeqyb aryl, thalides mitrocaming tester, katone. aidehyde; hydsaxes
radi cal ch@eg)licakiung afidd.or pol ynerizing reaction by the use of heat
energy. Exanples of suitable thermal initiators include, but are not

limted t , 2 j - 43 | LE ' ' -

met hyl pr o[gﬂalrsl]gn[ t]??ﬁg?i Gaéﬁygen%ad}gdg?sp%%&?e%@rpﬁé g{nolélhl%%“rnpﬁgee? ,O-f%é?g%(?né)é% such
as benzoy¢peplamix having thefprmhla -(R")O:, wheresRrie a lisgre ot branchied Ci{@z+aikylent mid i at or
i s azobi %ii%ﬁ?xﬂtl%%‘i trile (AIBN). 100341 "Tinting agent," as used herein

includes, but is not limted to, a dye or a pignent that can be

' ' A Lens, formng material . [0035] A
anci i ctieh "ae it (Bl S S A T R ompdp 2 6P g P ng or

el i m nat irgp@atQinits hdviidy thé Rgmutae(RIY,DRE, Awviete R i€ & tiaéE @ biafighed 5T, akyldAgin termis
known in,t&e i{é‘; 104(])36] "Sur f ace dification" or "surface treatnment"”, as
used her & fom hd, Hy apdyBs ydrogen.jap jalkyhgieun, 863 4Yl88WPd i n a surface treat ment
process g‘or a surface nodification process) prior to or posterior to the

f or mat i of08f1 t hdhgtermccarbonyl” ghpsed herein ig acBayn eigmpleculs pemersed ot @ kOsur f ace
of the arg}duf.l Thel &arbyE Brdup! calt ARCHrERnPEL R ARBEIRRAKABID &BE AHYdreLo0f the
article, (3) the chemcal nature (e.g., electrostatic charge)” of chem cal
groups osabbrylicagid atwpof the article are altered, or (4) the surface
properties of the article are otherwi se nodified. Exenplary surface

t r eat ment04i8bceJbe serimnicactmonyl s usgdeheanein i$ & igraupdortmglecules comhiposed of Bt nent by
energy ( a plasm, ,a static.electrical charge,  irradiati.o or. ot her
ener gy sSutepthelBRRaarted bl iSRG it o RSN ke Bnoner
or macr orREeErS arthgdgdel brecarbokliccaeidyfron article, nol d-transfer coating process
disclosed in U S. Patent No. 6,719,929 (herein incorporated by reference in
}ts enL | eu1y) . the te%rﬁlC‘Q[lrwﬁ gfdupﬂasd)ﬁs_ewengieismg F?agemt &r I\gate&ga é:glgﬁgs;ﬂg of aﬂall ation
or making contact |enses proposed in U. S. Patent S. 6, an

6, 822, 01628t R0P &iligon AOBy phitealicgn W“Péf“él?’%ﬂ’@é%mieﬁ Witheanie o mars akyleggups,

rei nf or c gRherhhikyl @RupECan DR A AMe OF Sifbeaed in U.S. Patent Application No.
60/ 811, 949 (herei'n incorporated by reference in its entirety), and LbL
coating. édisz_@f ef o 4 dropb1aSeterto & PoilAER: MbRANTRA CaPAIR6ASE Rst D RIRHEY
processes, ih which an ionized gaS is applied to the surface of an’ article.
Pl asma gawight afidvserovdesiings dolhdihydrated Ar bydieget rmaseril neanebd wbtajned nbyu. S.

Pat. Nos. 312.. , . j [« rpar at. | n

referenc® f’@q’ﬁrelzza B ?%grrr% %gléfg“e?ga%‘ﬁ’rgéf%r%% @Q g%}ﬁgﬁlﬁcﬁg‘og@n%éﬁg’re rﬁg‘{sglgcﬁ 8 Exrand

ni t r ogen,in the yigrence@f additionabmbnansess and@®d hafromepivr bptisdinkmpof 4 pepolwaed her ei n,
refers to a | ens used on or about the eye or the ocular vicinity. Exanples
of opht had02IFAl eilfdsie ihydiogele, refers t@mmehydvbgel iobiaired by copdyphatatiorens a hard or
soft), an jnt r,a%cul ar lens, a corneal onlaﬁy, or other |epses that are used
on or ab®bmerizbleramppsitigiComprisiag at least Are SilicongyeARginingY MY UE MONYIROr laf or s t o
a struct yhg dnBalicsiRRoR@inlgdfRFonR oPA sibdnBlcBnt@inM@Prpolymepye. A contact |ens
can correct, inprove, or alter a user's eyesight, but that need not be the
case. A contact |lens can be of any appropriate nmaterial known in the art or
| at er devel oped, and can be a soft lens, a hard lens, or a hybrid Iens.
Typically a contact |ens has an anter4i or surface and an opposite posterior
surface and a circunferential edge where the anterior and posterior
surfaces are tapered off. [0039] "Water content” is the percentage by

wei ght of water in a contact lens when it is fully hydrated. The water
content (9% of contact |enses is neasured using an ATAGO CL-1 Refractoneter
or an ATAGO N2-E Refractoneter. [0040] The intrinsic "oxygen perneability"
(Dk) of a material is the rate at which oxygen will pass through a
material. In accordance with the invention, the term"oxygen perneability

Y - v o e o o o T



conprises (i) at |least one silicone-containing vinylic nononmer or nacroner,
| east one hydrophilic vinylic nononer; and (iii) at |east one

| P- enhancwogowuivatyt9pc nonomer or nacroner represented by PConusee1a/059021
Co-)O L-x2-y (z | R | wherein Xi is a direct bond, an oxygen at om

(-0-) Or [ﬂm “PHGbRHiRc, Ras Lised Hefdin, Qes'krlb&% ﬁLtJéMAI 2l ar (lpaTtIO}'I thetedt tga{t 039 nd, a

(ii) at

i near

branc ed Cl1-Cl0 al kyl ene di val ent SO- cal

al i phat i cre?fl}']bllaﬁfé‘éﬁtbd‘hthr%fé@n)wlthdml@ di val ent radi cal of - X3- E- X4- ,

X3 and

R X4 are, independently, a |linkage selected fromthe group

consi st i 0231 Theterm-‘Wuid” as usedrhekdin indCates thaRa Eaterial islcapalileGsf, flowing like a

liquid.

[0024] As used herein, “actinically” in reference to curing or polymerizing of a polymerizable
composition or material means that the curing (e.g., crosslinked and/or polymerized) is
performed by actinic irradiation, such as, for example, UV irradiation, ionized radiation (e.g.,
gamma ray or X-ray irradiation), microwave irradiation, and the like. Thermal curing or

actinic curing methods are well-known to a person skilled in the art.

[0025] A “monomer” means a low molecular weight compound that can be polymerized
actinically, thermally, or chemically. Low molecular weight typically means average

molecular weights less than 700 Daltons.

[0026] A “vinylic monomer,” as used herein, refers to a low molecular weight compound that
has an ethylenically unsaturated group and can be polymerized actinically, chemically or
thermally. Low molecular weight typically means average molecular weights less than 700

Daltons.

[0027] The term “olefinically unsaturated group” is employed herein in a broad sense and is
intended to encompass any groups containing at least one >C==C< group. Exemplary
ethylenically unsaturated groups include without limitation acryloyl, methacryloyl, allyl,
vinyl, styrenyl, or other C=C containing groups.

[0028] A “hydrophilic vinylic monomer,” as used herein, refers to a vinylic monomer that is
capable of forming a homopolymer that is water soluble or can absorb at least 10 percent by

weight water when fully hydrated.

[0029] A “macromer” refers to a medium to high molecular weight compound or polymer
that contains functional groups capable of undergoing further polymerizing/crosslinking
reactions. Medium and high molecular weight typically means average molecular weights
greater than 700 Daltons. In one aspect, the macromer contains ethylenically unsaturated

groups and can be polymerized actinically or thermally.

[0030] A “prepolymer” refers to a starting polymer that can be cured (e.g., crosslinked and/or

polymerized) actinically or thermally or chemically to obtain a crosslinked and/or

|valent

wher ei n



RO 11T -NNGNH, OR [tI-HN-CGN, OIl -0-CNH, 00000
Pttt -HN-G0-, -SSCGNH, -0-CG, CB -S-, and -FING S Eis an
al kyl ene wpwealigrmi7onadi cal , a cycl oal kyl diradi cal, an alPkylusgeilonsdozy|
diradical, an alkylaryl diradical, or an aryl diradical with up to 40

car bon atM[ﬁneri%tﬁﬁcﬂyxﬂerﬁla@ﬁlglma&lﬂar%‘%m%ﬁ%h?ﬁéﬂ@lrthaﬁ hfe%t B Rl\}]”kages

in the main chain; I'S L -(RR2-0)m¥

and R3 ar é“’t‘q"ﬁlﬂéﬁ&ﬁﬂ@mhl?PfeEOID’mﬁ"eaﬁ eggrto Brséﬁ!mgel@IWMIQ ¢@ylllnn-‘eqsslarkddn m
and p are h@&ﬁ@@&gﬁ%ﬁ% h S,

(n+m+p) ISpO 0 r é%tlﬂé’ﬁibﬁ{ Cl)rfr é%msgmgd%ﬁgn Vm@fn ﬁt’ cular weé%ritc al |

and Z is m\ﬂ!lrlttgllenthmthnmahy\gpolymer vr/nerer n the sili cone hydrogel cont act I ens
obtai ned by cast-nolding of the lens-formng material with the 1P-enhancing
vinylic n{ﬂOﬂir]réModnculmawerghé’rofod polymefio nniterial (indl@ding monoRERASE ehati@meric
perrreabrlrt are toa | ens produce omac trol .

| ens- f or maﬁé a&rsg’tn% 45 h%e'tnh %%&'eﬁgmg ﬁ@gh&(’&ch{‘?f ?”E‘gﬁb gasothsEWiseicr oner
of the f apasifi@lly notbd oraihldss @stitpohdtisnsliflichd @hdfaiser i al to produce the |ens;
and c. renoving the lens fromthe nold. [0045] One or nore conpounds of the

formul a 1[0632] Abeptatisigitator’ tdi@s |t6NsS chentitdl rlﬁatnﬁﬁtﬁfdsarladiﬁzél RoQHHEiRg Bndlo} | CONE
hydrogel contact lens with increased ion permeabilit The con%act | ens has

an i ncr e ROBMCTIZAL FraFtiAndY the usp Oébﬁl}iarsé’@bﬂ@llo%‘“%@msrl udeeviithqyt Himitatian, f r om a
control fyapmm atn{eﬁﬂfl W'emgPUtdl@th choaf, the vbibo ?hes hiadVvidighe! dgnti cal
concentrations of ynmeri z e conponents excep it conpouhd of
formul a Ih)/dromdeh%ubml@nyld(etoeqsl)qmo@m&e'dest aruhhr@cme®styrﬁas rsuehray Dmdmrer@al

i ncl udi nql%éggg%gg@%§8ng the formula | has an ion perneability that is
4

20% 30% G or % gr eat er than the control lens. In one aspect,

t he opht | enses..progduc d here ve an.l nof

Coef fi ci gﬁ‘iﬁ} S‘hegpa aimtréastre Bot? egmﬁa tﬁatrﬂ?&} dlﬁ%‘e‘f@?ﬁiﬁ?% APL a5t

about 2. fpolynitfzihg meicr by tieGkeeofelivan®rietzypr EXaipids| ()f Aitable Asdrmalbiitiatdds 0 X | e
vention, the |P-enhancing

me/ m n. 046] In accordance with th

vinylic H’Efn‘bﬁerbuéf“enﬁ%‘r B‘Hﬁ?daé‘? herzpbis réi“acp imethylpentanchitpilg 3.7 320kl c@p Y. The
hydr ophi |mé§h}%r9¢hﬂedlﬂﬂé)l1d2§’-&oﬁ§| Yﬁh@?@llﬁﬂﬁmeﬂikrﬂ&)o' p&GBAHL Qck é‘sOFB%%SFPr chain
conposed of “et hyl ene_ oxi de and yl’ene oxide units, or other hydfophilic
pol yrer s PRiogige, and therikeain sogwhpeats fgethymilaiWIWerlemommebutyrommle (AIBN).

pol ydi net hayl acryl am de (PDVA), etc. The nol ecul ar wei ght of the

hydr ophi I[DQ&%F‘BQ{M&@QH&M&SWS% aneih lincludes, duteis actimited toredygair paligayane thet oxi de
can have cgng%om‘eo #rgtred %Eﬁ?g rljeg b'gm&%ape?gl’ nore preferably 200 to 5,000,

and even nore pr era A eanot her aspect, Yin formula | is

a residu ol ye gol ha i ng..a _mol ecul.ar f 500 to 2,500,
and Z IS?PI@ISIT&“ % B'ﬁ%ﬂeb orre a pectagcheft\}%llglr’ltl °a%6%6’gdf?8’§aﬁ%%g t he
formul a Iellmaﬁubgaonjﬁleblluhgtmrgwbunefmtwodr@nismsEmdh B XtiTeing is knsovndh tHeartent
conmpounds having the forrmula | can be used, where the hydrophilic group Y
are the J0086] (Swefape Maltifefih" baviunficatrelithém?, aRtuséhe@€it) MeansBhg ah artidle one
aspect, two conpounds haying the fornula I e used, where for each
conpound haybses tiegied,in a susfaee FeatmeRs prosess (of %e&émoeﬁcwr PECRS) BHE 1Py col
havi ng ap%&ﬁ&% ﬁi‘é fWﬁiaﬂGﬁ oftthe Mletﬂvallép@)a%h%héisrhpbh&i {3RhEGIad ofWd ght  Of

t he poly ene resi due for each ound i's different. For
exanpl e, amé](za ¢h9mgf@l mhyla@n@sgbytemto thehelr ef theaartilej @hthegghemical

o ol yor R i it et FonBRERIRS of e hiiind BRGRAARIR, nas "ot

formul a lorgan tlbesmfabarpmﬂnfesouﬁ the nanixle iaed oﬂleumnemodrﬁedaﬁxheplmyepmfaed

according to an roced rson skilled t he ar For
ool e tebeAl bRl SS el 0ot ol AndeP 50 PORiBEE Beielithy (Y e,

nmonof unctpiemal a siftic réleaﬁfcﬂd:h@:@é Mﬂ&dmioﬁﬂﬂ oitley aﬁelrgybawcsp clditficd] 'trééﬂnerfltbl nRd | onal
group selected fromthe group consisting of isocyanate, am no, epoxy,

hydr oxy! ,grafénggofcydrophidie monomsrs 05 BCTOEgE anty e swfatCﬁ of aw prigle; BOKIRBMEF havi ng
a second F %‘ﬂr&@?sl iU QP irf 0TS Paichii€o. W, 119,900 Endrdih HeofpoRfidd B RberélcO P and
selected fro he group consisting of isocyanate, am no, epoxy, hydroxyl,
acid chloride, azlactone, and thiol group. [0049] Various nonofuncti onal
term nated PEGs can be obtai ned frombcom"rercr al vendors. Preferred

nonof uncti onal -term nated PEGs are those PEGs with one am no, hydroxyl,
acid chloride, or epoxy group at one term nus and a net hoxy or ethoxy group
at the other term nus.



[ 0050] The anount of the conpound having the fornmula | used in the nethods
descri bed herein can vary dependi ng upon the identity and nol ecul ar wei ght
of the hywoaphid7imogroup, the lens-formng materials seCeatsedo/0adit he

desired ion perneability. In one aspect, the anmount of the conpound having

t he for miksentirdtyd, the ikRrpdpaich o'?%e}&}thh%brﬁmnto erﬁfs%n?lm&ho‘hrfgmnﬁlgﬂg lgacﬁ% to

about 2.5% by weight in the Iens formnul ation [0 The conpou avi ng
the for mUFBse§ Prapopss| ifmbk$. zBatenki Nos. 3631929 cand -6, &Mlﬁg(hmwnmc@mratcﬂ by oduce

an ophth ens le fluid
t hat Ioi nclaljﬁg%cgsf @r thgl;{gé% tlte?iggafrés?%f?}uctg (?cr)ln[1131 ; %ﬁ 1S %%Q?%%lsglogesorwré Z%? g

| i quid, ocfxprdlcatmlnt Nat 6@{8119949€(ha’cmr mcdirpd)mmdﬁfy &ferémesmnhs aates),Sandt hBL

| ens-f or u is.not limt an actinjcall
crossl i nkrgagﬁﬂ‘l %’Fy%p fgﬁ%ff]’e %\wnglﬁ,p{%{:ﬁfsgs ?SSB’h?rP?etf’se\% fyyhieh ﬁ‘bxorrer s
can be uaeﬁzé@aeisrapbnedmkl& dubface (ﬁﬁﬁaﬁlcleERlaﬁH&)a Qﬁe@zfnd hirsbesyMy dongitivhdaed | €
nonomer s M t are not limted to g&ll-substltuted | oner al kyl
(Cl1 to Csc;esc( I‘I)Oé?:%wya't"egs ReeNRsy 3525 5% F“iduﬁ,é $thnerhich prg| incarpryatedt her s,
Cl to C3 by b ratrincactivd ﬂggnqde%asqk pfe@]‘ab(l?a 1;&’(1%) éﬂg%@ Akdnét 3 gﬁ'rogen
N-vinyl pyrrol e, Nvinyl-2-pyrrolidone, 2-Vinyloxazollne,

2-vinyl - szagmmrammrtamzol i n-5-one, 2- and 4- vinylpyridine, am no(lower

al kyl)- (where the term "am no" al so includes quaternary anmoni unj,
mono( | owdPOXI KOphihdlmis) lehwives used khptejn, agfers do @l lonsewsedi ok o abdutdhg I:xwmrrthe

al kyl) (ne I

N-vi nyl - % Mlt&% ﬂ}@%é ér:]flo g%h%%g letnﬁég_ I{&lﬁ% bﬁ(l)aéég?tq%%%d%é aICFBr eferred
hydr ophi |(hard er S‘DﬁI) ian imreocut@rlsnsas eoriéaNordayyet dtirdrdensss thsriackeusebir, about the

N, N- di ne;w%/ acryl am de (DMVA), 2-acrylanmidoglycolic acid, 3-

acryl oyl &M Nd™¢ %‘?%BIEHB‘IY N- hydr oxyet hyI acryl ani de,

NAtri s(hy th yl]- acr

N- et hyI @ﬁiyﬁe %%Qnmeﬁ?ff 13 Y36 ret até@%yaplscqﬁi@www DWEYFT OFddhe, 1-
net hyl - coﬂiséthws%ec&re@u IrﬁﬂIow@psuer Inﬁérwéyesﬁgﬂfesuhmaeﬂ&u%npw thelchgdone,

S5-met hyl -3 - nethyl ene-2-pyrrolidone, S -ethyl-3-nethylene-2-pyrrolidone,

1- n- pr opyeentact Agns g kefapy aw(mr@tqm@l known in the art or later developed, and can be

i Psg;)(r)g%a;sf élﬁnéa?% ?’ ene%iwf’/?’?% rqugﬁyép,wally a contact lens has an anterior surface and

1-i sopr opayn]ppsesmetmyﬂemresuifawaud)h ictameferefitial -eldpe wherB- the ahtgtienand2pgsterionl | done,
1-tert-butyl- 3- e-2-pyrrolidone, 2-hydroxyethyl nethacryl ate (HEM),
2- hydr oxﬂé& arﬁf:arpyregf’ﬁn( HEA) hydr oxypr opyl acryl ate, hydroxypropyl

net hacr , I anmoni um r acr e

v oont dPIARk “Wale Fsert e SR AGRS Ay SRR FEh oA 0! P EPRVE Bl et hy!
met hacr yl ﬁteﬁ DM&EMaIer cghmeqw)l om&tdmc enb@t B médvied Wdinyi Yy ATAGPYLLP! | done
(NVP), al cohol AP@/Q%“ di ne, N-vinyl formam de, N-vinyl acetani de,

N-vi nyl |I€e(§f|3?t6‘ﬁ9tF%ﬂﬁaﬂé’*T AT acet ani de, al I yI al cohol , N-vi nyl
caprol act a Qrgw and m xtures t her eof Iglf 054] Any suitab

si | i cone-I00AH Thaintrisiei “Ayyeee permiabitit’s (k) ofasatswial is theaate Bbwmléaxxgﬁn HE

i nventio ref i i i s

i nel ude \%at hEt’ﬁO?dutﬁBl:x :éfnnn%}grla‘? & Rebrashcs Wit RBGARASR It R onéeh(beHRéagﬁW
N-[tri s(tPk)ein h'yﬂemnteowya) mateyllabompythtac(t fhens M eaos g anpadﬂlt oxygen permeability

N[R[ Ir fg?:j:%{}%% %ﬁ%@%ﬁ %%ngl (ﬁ'fﬁ E%ll)} Of(% % %'o%gng (aEWerage thickness

N[ tri s(digvert thy|agdahtydirg Inea@ybealdcydramgpyla] co(lnsaieh)camétybcaﬂbsdﬁbed in Examples.
E-E»E ﬁyrygzq?x gé{héeggeabml_t{ g(c}qgr}%fpngt hYllgg)l(plr ssecf( X units or} Iarsrlerls yw arrng’)Q cP ﬁngal 1)-2-

3- (bis(t | | | ami d
(NJ\F(b:zEZaELydrO mhpmhﬁm&xhﬁhgj]}m%y oXy) pr opy ) acryl ami de;

(bis(tri 5[@6413/’ el Iast &d}@mxlbm ¥ BRA, Odbal 1ea<syarnﬁ@a}ah ls e PRS BWbhi@Es e de;

N, N-bi s[ dr oxy- 3- bi s trlnethY y)nethylsily Fpropyloxyipropyl
acryl am dull pmss(tm:ough a spec1ﬁc lens or materi w1th an average thickness of t [in units of mm
hydroxy-3-(3-(tris(trimethylsilyloxy)silyOpropyl oxy)propyl)-2-net hyl
acryl am de; N (2-

hydr oxy- 3- ( 3- (trls(trlnethyIS|Ionxy)§|Iyppropyloxy)propypacrylanlde

N, N- bi s[ 2- hydroxy3-(3-(tris(trinethylsilyloxy)silyl)propyloxy)propyl]-2-net
hyl acryl am de;

N, N- bi s[ 2- hydr oxy3-(3-(tris(trimethylsilyloxy)silyl)propyl oxy)propyliacryla
m de; N42- hydroxy-3-(3-(tbutyldinmethylsilyl)propyl oxy) propyl]-2-nmethyl
acryl am de;

N42- hydr oxy- 3-(3- (tbutyl di met hyl silyl) propyl oxy) propyl | acryl am de;

N, N- bi s[ 2- hydr oxy- 3- (3- (t butyl di met hyl si | yppr opyl oxy) propy11l- 2- et hyl



4,276,402, 4,327,203, 4,341,889, 4,486,577, 4,543,398, 4,605,712,
4,661,575, 4,684,538, 4,703,097, 4,833,218, 4,837,289, 4,954, 586,
4,954, 58wWoxp010141, 5,034,461, 5,070,170, 5,079, 319, BPOIASZ@LH5H2B46, 946,
5,358, 995, 5,387,632, 5,416,132, 5,451,617, 5,486,579, 5,962,548,

5, 981, 675gvebthe 3Ra Bding massired, ?ﬁggé’lﬁfhﬂsnﬁlbﬁlﬁlﬁtyﬂs éd?ﬁ@ﬁt%ﬁlgl @c‘ﬂre@ééd rn?fnﬁfs%@ce in
their entlretles) pol ysi | oxane-cont ai ni ng macroners discl osed Uus

Pat ent NJRarren/mmgvhese; bagrers/gim 7is defingd gs fempaxygem / (%r)@?ﬁ(mmdi&)bbi(h% ed by
reference in their entireties). D and triblock macroners consisting of
pol ydi net @AM |Ti1‘6xd?fe P&HﬁFabWth{%génedﬁmsdégﬂ@mﬁ ovith $he Benoax (Riffusioy. For

exanpl e, AREAGHE YD ,

pol yet hyl eneoxi de oﬂf;’ﬁ& ?Ril‘g %)%Sélrdleeteb l?)edkb){)gml ltnﬁyl?lcekns‘etl)&“( §& can be
used her efohows enhance oxygen perneabi lity. Suitable nmonofunctional

hydr oxyl -functi onal i zed sil oxanecontai ning vinylic nononers/macroners and
suitable multifunctional hydroxy)fumct(Aondt¥dxzed sil oxane-contai ning vinylic
nononer s/ macromers are comercially available from Gel est, Inc,

NMorri svi |where RA.= rate of ion transport [mol/min]; A = area of lens exposed [mm2]; dc =

concentration difference [mol/L]; dx = thickness of lens [mm].

[0043] Described herein are methods for increasing the ion permeability of an ophthalmic
lens. The invention is partly based on unexpected discovery that by adding a small
percentage of an IP-enhancing vinylic monomer or macromer into silicone hydrogel lens
formulations, the ion permeability of resultant silicone hydrogel contact lenses can be
increased significantly while the water content and the oxygen permeability of the lenses are
not significantly changed, i.e., the changes in water content or oxygen permeability (Dk) is
less than about 8% relative to control (change in water content over the water content of the

control lens or change in Dk over the Dk value of the control lens).

[0044] In one aspect, the method for increasing the ion permeability of a silicone hydrogel

contact lens comprises:

a.  introducing into a mold a lens-forming material, wherein the lens-forming material
comprises (i) at least one silicone-containing vinylic monomer or macromer, (ii) at least one
hydrophilic vinylic monomer; and (iii) at least one IP-enhancing vinylic monomer or

macromer represented by formula I;
CO—X!'-L-X?—Y
% I
Z
II{V
wherein X! is a direct bond, an oxygen atom (~O-) or —N~—_ wherein R’ is H or C;-
Caalkyl;
L is a direct bond, a linear or branched C1—-C;o alkylene divalent radical (or so-called

divalent aliphatic hydrocarbon radical), or a divalent radical of -X*-E-X*-, wherein X° and



[ 0056] Another class of preferred silicone-containing macroners is
silicon-containing prepolyners conprising hydrophilic segnents and

hydr ohphowOcosiegm®nt s. Any sui tabl e silicone-contai ni ngPpTA[SRI1PBI031 Wi t h
hydrophilic segnents and hydrohphobic segnents can be used herein. Exanples
of such silicone-containing prepolyners include those described |m

commonl y d 8 1

7,238, 750m£%521ﬁﬁggﬁ?ﬁc%m%ﬁkaggosgﬁg[gt?%nbghée)%% g &fmzrlﬁgn %a‘m i cat?on Nos.
US 2008-001 3ﬁ5 A, U 4@08 01&8 988 A, US 2008£0ﬂ%3003 Al, E

2008- 023445¢—N—-, US—2 G&>92317981 -—Naﬂd C OFFENH-Y—ENRe SNH —
application No 61/ 180, 4 9 and 61/ 18Q, 453; al | of whi ch are incor porat ed
her ei n by refer||ences in thieir enti retﬁes [ @057] A lens formﬁg mat eri al

f or maki ng‘@ﬂﬁ%‘dhrhy‘d?c@eﬂﬂ'E'nsesp'cﬁn—ai-sﬁ—chpHSs,eaxﬂ “hyidv ophobi-e;
nmononer. By incorporating a certain amount of hydrophobic vinylic nononer
inalens fOlErIiS agalﬂmlbmdlaile;nttrhrﬁcaﬂmodyalbhlkﬁlduadleafl,edddlle;ac}(cmau:yl dirgdibdl, us of

el asticit resul ta nmer roved. Near|y an

myr oot dPiesldiis i cuBfcd Frthotbald 4B Sabit BOms: v n & SaA ¥ phobi ¢
vinylic rianoesdrsthio6d dutlife lifkagesdh themtin tHaff;t ed to, methyl acryl ate,

ethyl -acryl ate, propylacryl ate, i sopropyl acryl ate, cycl ohexylacryl ate, 2-
et hyl hexyl acylsal(R!-OypHRY OFHRTLY) 2R whepdif R TRE,NAQAr Y &k Cindependently, _
propyl net hacryl ate, vinyl acetate, VI nyl propi onate, Vi nyl butyra e vi nyl
val erate llnSQI‘yQTé?ﬂ%lCh@hCDQOp]kEln@, and nyin mﬂlmamdmdependBytly,obemBnMIfmm Olao

| oni tpp! bt g t ol |
ot 1 ot HaP; St B SRTar LR R 1 T ARERY Mdhbtn, G sovinmelGRs o ™

i sobor nyIrad’rml leadryl ate, trifluoroethyl nethacryl ate, hexafl uor o-i sopr opyl
nmet hacryl ate, hexafl uorobutyl nethacrylate, and any conbination thereof.
[0058] A pol griehydzageh er meiplosi ti on for making sil | cone hydrogel |enses can
al so conprise one or nore crosslinking agents (i.e., conmpounds with two or
nore acryl gwherpi the silidvhe @ydrogelosrtact th9bbtsihedtiecasianibidingion the érBLPEniad Wi t h

nmol ecul ar WEI ht, | ess _than 700 Daltons). Exanples of preferred
cross-|i rﬂ@"ﬁ @nt%e Preohanging, ipHis, Mmopgmsry ol maﬁowa pE&hen{araHiag] Yasopn

diacryl atlﬁ‘oreagéd Bh PYnRABGHYS&RIpaftlias b bttt ’lengfpl%dhé‘éaetgdrﬂ/ﬁ(ébnt%l%lfaﬁxﬁng

di et hyl enegl ?/col di acryl ate, tetraethyl eneglycol dinethacrylate

tri et hyl enaseylalwishoug ﬁalmnymamyhfemwwnmegmwmner dithecformdy Lat e,

di et hyl enegl ycol di nethacryl ate, trinethyl opropane trinethacryl ate,

pent aer ytbhr i mlngtt@tlpMmmgnwembto phidagtibelens; Andii net hacryl ate, vinyl

nmet hacryl ate, ethyl enedi am ne di net hyacryl am de, et hyl enedi am ne

di acryl aré de,rengivméln@bn%ﬁmtmam@l ate, triallyl isocyanurate, triallyl
cyanurate, allylnethacrylate, allylnethacrylate, 1, 3-

bi s( met hd@t4p] &ne dopprepmpounds oBths foremtadicas b¢ addedirhthe dink form)ing) aterist ame, N, N -

RIEJI[\IhtheEfH?I g{;{; J g&?i;qyg{o&gl C(NP:% m{s wrlﬁhl)ﬁc%gssetdh%gr lln?ea. ﬁil%/ The contact lens

- et hyl endas anehdiasddy lornpeiieabildy Rompaiedred trrCdopitrainielo prodpyel) frdm la Sonfrot et r aki s

trimethyl sil ox i.sil oxane, 1, 3-bi s(met hacryl am dobuty1)-1,1,.3,3-tetrakis(t
I(,l met hyl prrmj%l})%{ )v(zjlthout a compound of the (formula I (l¥av%1g Sentlca cc?ncentrahons of ali (

di si | oxang lneﬁzéble%?rﬁ)wé:ﬁsr@x@éiﬁE&%%o@ndjof%rﬁmta% rlad%leiﬁthﬁlb EkhYirsddcaxy) di si

oxane, 1, bi s( met hacryl oxyet hyl urei dopropy1) - -tetrakis(trinethyls
| oxy)d i fiom a) lers famingh shatesigbiineidingna comppunds | avmaoﬂ@f Eﬂrméla khassan |iohki ng
agent is Y504.) gyl A yl ate,
et hyl ene 13153%1 ?%gdrgr@tgjé %21’(4& 35?) é%é)?%gzoééété’e%?r{ 'ﬂf&‘&%%?%é T 3

met hyl enelq»esadiewphthahmc ldnsesaalrcbdpbed lsawwhmraatlenoﬂmx Diffuaéd Goefbgiamu(Dabe. The

U r ospblEat SRS Rolobm RS h-r A i RERABEREhT 3 10 FrRiEied FPbm about

0.05%to m@%fe@ﬁyamsmbﬁ @ﬁi@?ﬁbﬁmm n the range from about 0 1%to
about 2% [0059] It nust be understood that a pol ynerizable conposition for
maki ng silicone hydrogel |enses can al so conprise various conponents, such
as, for exanple, polynerization initiators (e.g., photoinitiator or thernmal
initiator), a visibility tinting agent (e.g., dyes, pignents, or mxtures
thereof), a pol ynerizabl e UV-absorbi agent, a polynerizable |atent

UV- absor bi ng agent, antim crobial agents (e.g., preferably silver
nanoparticles), bioactive agent, |eachable lubricants, and the |ike, as
known to a person skilled in the art. [0060] Exanples of suitable
photoinitiators include, but are not limted to, benzoin nethyl ether,

di et hoxyacet ophenone, a benzoyl phosphi ne oxi de, 1-hydroxycycl ohexyl phenyl
ket one, or Darocure(r) or Irgacure(r) types, for exanple Darocure(r) 1173
or Irgacure(r) 2959 Exanples of benzoylphosphlne |n|t|ators i ncl ude

o o ~ o~



[0066] Virtually all materials known in the art for making nolds can be
used to make nolds for preparing ocul ar | enses. For exanple, polyneric

mat er i al swo=tin7a®opol yet hyl ene, pol ypropyl ene, pol yst yiremajs2Bmego2cyclic
ol efin copolyners (e.g., Topas(r) COC from Ti cona GrbH of Frankfurt,

Ger nany a[mM@ﬂm&rdah&VWﬂlﬁfh%ﬁeremZ&P ﬂ@@f&hﬁ@ﬁg%ﬂgﬁ{&)}m@{ K4S ﬂ'ﬂe{rg?em cal s

LP, Louisyville, , or the |ike can be used. O Rher materials al | ow WV

light tra Eﬁ?rg’é‘iaoh ot hydrpehiliss sigup s‘fhcﬁ'habyfimdnhqg@hasmllahd aspybysttiylene [ 0067]
Once the t he |l ens:form ng
mat eri al éllgdaﬁﬁl{rag{wmg%g taln doﬁfg %ﬂ " B{rééga%gg%r[&) ngrlr%?’ RIGG 0T and
ul ti natelcg}hﬁtfhélYﬂ@mhlllchmlmﬁnknmm imrthcona:lnchudhg sshepglgVinyipyrtadidbhe)n St ep

will vary heI form ng material. In one
aspect, %gﬁﬂﬁﬂﬂypgﬁ/w {“n er Im‘gl ‘f’r‘ﬁ) fﬂ}eé‘aﬂiogh'é‘lz g&b‘ﬁﬁ?ﬁ‘ si ng
one or novaey acwélhi hﬂd)ﬂe)aspe’ct}stbé payaam@emmlcemhmld Molebsiat weightest 19pQyps, the
nol d cont@éﬁgnﬁlt Stag] re ¢ be exposed to a spatial IImtation of
actinic r 1 81y RTE yy#ﬂlgrﬁozse héndpF‘@ﬂdF‘gfﬁé’FefefF‘WYcﬁOHéﬁ 25508 anothehe nol d
cont ai ni nEpde & i FoullOr 1%'?&16@%9%6]84&3@@1@ g%ol%binﬁ%ﬁﬂe&lﬁr% t bf5oghsler to
cure the lens-formng nmateri al I n "ot her aspects, energy used to
cure the 3¥Nsaddrigmeivhat erial is in the form of rays di rected by, for
exanpl e, a mask or screen or conbinations thereof, to inpinge, in a

spati al | 09434 i somecagpastsntyver or rente eorappundsdiavinghierfigrroulevbtan hstefsedwted)rqnmce pher al
boundary. t iat.ion achi eved
by using ﬂzlamngss E%grgpdn?rl%gﬁg Bﬁ%e k%(lslﬁ@u§%aﬂr?g% %n%‘%lggﬁaélnberuéaféﬂ‘ '(eﬁhefras ked
regi on) dwdrophifidgmiupy aze lhv samqagbmehhleechrtmgmgra diffierait @tblecalyi @eight. dA one

schemati cal I illustra P 627,124 (herein
i ncor por a?f%eﬁ ?Oé‘fpé’f’“é‘i? V'i“ﬁ t}letfg""&#l farr%’tli# ‘a‘ﬁﬁ% ﬁ?F&§R'é‘B°‘|“\§‘gt% cbsrfn?falél( a wel
defined pad mafpalsestmeﬁmrdf pWyEtHylEﬁhﬁglyH&Fﬁ@/Kr%da fEREN4AY- wemﬂ o€BEU @Y2,308ed for

t he crossllnklng is radiatjion ener radiation, visible |ight, gamm
radi at i onvhegsire ey Bplepulen Weighthobthet PR{%WI‘C“P yeal residue tfae eaqha%ﬂnmqu% iener gy
pr ef er ablayrbgh NGr bfartfie WHh P R epo@e&waaé 898d1.3hd YoRBhial %ﬁglgtbcﬁ?gla)ee?fffaﬁger on

t he one hand to achi evé good triction and on the ot I ci ent
use of t Igdycelnignipyfirs @@ﬁ@]md is 10i8 and heonglecutne weighti oCpaiyesliyténe glychlein the

| ens-for exposed to |ight having a wavel ength greater than
300 nm g?gg?er f%‘hgisgl(@onm greater than 320 nm greater than 330 nm

370 nm o108y Cauies 8 S8aGh LR B ef Bor ol R e Ot S B T

used to fabdokdifig @rady pfoestifds kﬁ@\@ﬁto‘fa person ekl ledhiatthsard Foesiample, ﬁemwambﬁctu ng
the nold and Iens formng material. The tine the lens-form n(rzj mxture is
exposed t&mufel éﬁéﬂogwb&mﬁewaﬁaet&gyaw nctéongl terminated palysthylege &dvighl t o
150 m Nuthefing bk hiRkE furlclisal ?Fouﬁ%le'l@!:te& RoRChigfb @3nsidtihg| FSSocl 4R, %m%qUé" 60
m nutes, |ess than or equa m nutes, | ess than or equal to

m nut es, ep@@/shxdfmqyl @feldecqmmta@lastom, aud thiol “flihcﬁwmyltcan@@rr@ehma se@pmi rom1
to 30 se [ 0 t

per neabi I'| y gQ &go%)%gaﬁgﬂnﬁtnﬁg?lsﬂ %Siftﬁ{!létgﬁ 4 %&g)e a‘;t%{eigl?lmngl%o%rﬁ@r
propert i esnsisting bfisdogamte, Biainocepary hedromd, a:temhimtde,aazmdtohq ahdéhidbgeowpl es, t he
| ens’ water content and oxygen perneability remain essentially the sane
when one [@49hWakous anmmﬁmdﬁodamcmgatbd] BEG 9 canbecobkaimadefrans eemmercjat oghdos. t he

| ens vs. e contr wi t ho avi the.fo | a I n one
npect . FHRST ool e PER o Bieageeh 18 og Brinca TR dskbocs
the | ens chRfde NorpyPL Brdar dresRi feintiMusdikiPh @hethdkdNor/ &hox3d giolip Qi dhd mhelt he use
of conpounds having the formula | result in the formation of clear |enses,
whi ch istm8WBer inportant feature. In one aspect, depending on the
conposition of the silicone hydrogel formulation, the preferred water

content d9050hEhg ameunit of theryparpuad Baviumghe formlah usdyincthe mathadatdescribed gr eat er
t han 70. t
pr SC| de t OSMD Fég[ig&nar %IQ% tp?ld:eﬁ‘ﬂ% E&eh g?@mérsﬁlgglﬁ ggtﬁ%f]}é{@ﬁ% S%Pu ar eoand

description of how the conpounds, conpositions, and nethods descri bed and
cl ai mred herein are made and eval uated, and are intended to be purely
exenpl ary and are not intended to |limy the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with
respect to nunbers (e.g., anounts, tenperature, etc.) but sone errors and
devi ati ons shoul d be accounted for. Unless indicated otherw se, parts are
parts by weight, tenperature is in Cor is at anbient tenperature, and
pressure is at or near atnospheric. There are numerous variations and
conbi nati ons of reaction conditions, e.g., conponent concentrations,
de5|red solvents solvent nlxtures tenperatures pressures and other

. M b1 v o, . "




[0076] Formulation A is nade by the follow ng procedure. For |ightstream
(LS) lens casting, L-PEG 2000 and 1-propanol are mxed first. After

vort exi ngwban11@7midnut es in the M ni Vortexer, CE-PDVS, TPRI&SkM0/oBNA and
Darocur 1173 are added. For DSM | ens casting, no L-PEG 2000 is used in the

formul ati @8.lenktfernifd WaRriaf RledeqdafaNhe d@Q}eBQE% &)E}g%%llll% b B aJ]D)'gthJLg ABBE)

and rolled slowy for about 2 hours before t ion Is used Tor
maki ng | efisst ofthe spmeound havipg thetformmilat issipltd ebave 3%yjr weight, preferabiy frorens from

formul ati gy, .y%tt@aﬂgﬁg.g\%rbgq%;gﬁ in':tgéig'fl %E_%lﬂgr}EA nodi fied with PEG additives

I s studied. perinents a ried out 0d‘dy t he maxi mum per cent age of

pol yet hyl . t P ar. PEG m xt ur.e havi,

di fferent ﬁﬁ%] gﬂcﬂufégélpgm%?gaﬁég #%at?”%uéaﬁﬁﬁ%%?ego‘?{% ‘g%il?ﬂs?}%?‘b‘flgrmaﬁ‘? n A

whi | e st i folpradubé e bpighathizdens! eftedens-fRGndviaRABCaf Weva 23Beherizstie fimdwadter ) and
PEG VA 110%l @re Eurch sed from Al dri.ch-Si gma an?, used as received. The
conposi t i RS Phexamplrs 2 FYRIAT afispirsion A sol¥emiice fiquidpsiadne]t at p temapsgature o
prepared bow 50 PQ. ThSorhd/hdpedis the RS-tz Matetial BRAAEL HIVIs {Pﬂlitbé‘to, an .
pol ypropyl ene nol ds under UV irradiation (Philips F20T12 bul b, an’i ntensi ty

of 5.4 mAetnigallypeesslinkable prepplymerz00 radi oneter), curing time is 10m n).
[0078] The foll ow ngﬂeaddi tives are evaluated (Table 1): (1) PEG MA2080/ H20
at 0. 5% di00%] 7ay, sfteie hxdraphilic pingjsamenomess eanl beowted herin 1 make the lenses. 0. 5%

PEG MA 2 [0, s REGH o) % 0 %

PEG- MAL 10%%@ e Qoroirapiller g Kot Aetliee e Artef dilicd 6 %%5*/55" he

freeze drsubsglitPedGlawep @BQ1 (@atts Ctlo(nmtiyamtylates rhydtoayl-smbstititad [dveer nalikydtvimyh can be

cleared up b rAi 10 50C. . but t enses .are still cloud TABLE 1

e i 5o e Ty At Seaiisusotim €5 bSDREmB SR e BN bier . 7506

0. 5% or Ovilk3%p3treldone) e2windloxazoline, 2-vinyl-4,4'-dialkyloxazolin-5-one, 2- and 4-
vinylpyridine, amino(lower alkyl)- (where the term "amino" also includes quaternary
ammonium), mono(lower alkylamino)(lower alkyl) and di(lower alkylamino)(lower
alkyl)(meth)acrylates, allyl alcohol, N-vinyl C; to C; alkylamide, N-vinyl-N- C; to C;
alkylamide, and the like.

[0053] Examples of preferred hydrophilic vinylic monomers are N,N-dimethylacrylamide
(DMA), N,N-dimethylmethacrylamide (DMMA), 2-acrylamidoglycolic acid, 3-
acryloylamino-1-propanol, N-hydroxyethyl acrylamide, N-[tris(hydroxymethyl)methyl]-
acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-methylene-2-pyrrolidone, 1-
methyl-5-methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-pyrrolidone, 5-methyl-3-
methylene-2-pyrrolidone, 5-ethyl-3-methylene-2-pyrrolidone, 1-n-propyl-3-methylene-2-
pyrrolidone, 1-n-propyl-5-methylene-2-pyrrolidone, 1-isopropyl-3-methylene-2-pyrrolidone,
1-isopropy!-5-methylene-2-pyrrolidone, 1-n-butyl-3-methylene-2-pyrrolidone, 1-tert-butyl-3-
methylene-2-pyrrolidone, 2-hydroxyethylmethacrylate (HEMA), 2-hydroxyethyl acrylate
(HEA), hydroxypropyl acrylate, hydroxypropyl methacrylate (HPMA), trimethylammonium
2-hydroxy propylmethacrylate hydrochloride, aminopropyl methacrylate hydrochloride,
dimethylaminoethyl methacrylate (DMAEMA), glycerol methacrylate (GMA), N-vinyl-2-
pyrrolidone (NVP), allyl alcohol, vinylpyridine, N-vinyl formamide, N-vinyl acetamide, N-
vinyl isopropylamide, N-vinyl-N-methyl acetamide, allyl alcohol, N-vinyl caprolactam, and

mixtures thereof.
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[0054] Any suitable silicone-containing vinylic monomers or macromers can be used in the
invention. Examples of preferred silicone-containing vinylic monomers include without
limitation N-[tris(trimethylsiloxy)silylpropyl]-(meth)acrylamide, N-
[tris(dimethylpropylsiloxy)-silylpropyl]-(meth)acrylamide, N-
[tris(dimethylphenylsiloxy)silylpropyl] (meth)acrylamide, N-
[tris(dimethylethylsiloxy)silylpropyl] (meth)acrylamide, N-(2-hydroxy-3-(3-
(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl)-2- methyl acrylamide; N-(2-hydroxy-3-
(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl) acrylamide; N,N-bis[2-hydroxy-3-(3-
(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-
hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl] acrylamide; N-(2-
hydroxy-3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyl)-2-methyl acrylamide; N-(2-
hydroxy-3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyl)acrylamide; N,N-bis[2-hydroxy-
3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-
3-(3-(tris(trimethylsilyloxy)silyl)propyloxy)propyl Jacrylamide; N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propy!]-2-methyl acrylamide; N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]acrylamide; N,N-bis[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]acrylamide; 3-methacryloxy
propylpentamethyldisiloxane, tris(trimethylsilyloxy)silylpropyl methacrylate (TRIS), (3-
methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), (3-methacryloxy-
2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane, 3-methacryloxy-2-(2-hydroxyethoxy)-
propyloxy)propylbis(trimethylsiloxy)methylsilane, N-2-methacryloxyethyl-O-(methyl-bis-
trimethylsiloxy-3-propyl)silyl carbamate, 3-(trimethylsilyl)propylvinyl carbonate, 3-
(vinyloxycarbonylthio)propyl-tris(trimethyl-siloxy)silane, 3-
[tris(trimethylsiloxy)silyl]propylvinyl carbamate, 3-[tris(trimethylsiloxy)silyl] propyl allyl
carbamate, 3-[tris(trimethylsiloxy)silyl]propyl vinyl carbonate, t-butyldimethyl-siloxyethyl
vinyl carbonate; trimethylsilylethyl vinyl carbonate, and trimethylsilylmethyl vinyl
carbonate). Most preferred siloxane-containing (meth)acrylamide monomers of formula (1)
are N-[tris(trimethylsiloxy)silylpropyl]acrylamide, and TRIS, N-[2-hydroxy-3-(3-(t-
butyldimethylsilyl)propyloxy)propyl]acrylamide.

[0055] A class of preferred silicone-containing vinylic monomers or macromers is

polysiloxane-containing vinylic monomers or macromers. A “polysiloxane-containing vinylic
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monomer or macromer” refers to a vinylic monomer or macromer containing at least one

4
Si—0

ehtylenically unsaturated group and a divalent radical of R 0 wherein R' and R? are,
independently, a monovalent C,-Cyo alkyl, a monovalent C;-C aminoalkyl, a monovalent of
Ci-Cio hydroxyalkyl, C;-Cio ether, C;-Cyo fluoroalkyl, C;-C,o fluoroether or Cs-Cis aryl
radical, -alk<(OCH,CH,),—OR?>, in which alk is C;-Cs alkylene divalent radical, R? is
hydrogen or C;-C¢ alkyl, and m is an integer of from 1 to 10; # is an integer of 3 or higher.
Examples of such vinylic monomers or macromers include monomethacrylated or
monoacrylated polydimethylsiloxanes of various molecular weight (e.g., mono-3-
methacryloxypropyl terminated, mono-butyl terminated polydimethylsiloxane or mono-(3-
methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-butyl terminated
polydimethylsiloxane); dimethacrylated or diacrylated polydimethylsiloxanes of various
molecular weight; vinyl carbonate-terminated polydimethylsiloxanes; vinyl carbamate-
terminated polydiméthylsiloxane; vinyl terminated polydimethylsiloxanes of various
molecular weight; methacrylamide-terminated polydimethylsiloxanes; acrylamide-terminated
polydimethylsiloxanes; acrylate-terminated polydimethylsiloxanes; methacrylate-terminated
polydimethylsiloxanes; bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane;
N,N,N',N'-tetrakis(3-methacryloxy-2-hydroxypropyl)-alpha,omega-bis-3-aminopropyl-
polydimethylsiloxane; polysiloxanylalkyl (meth)acrylic monomers; siloxane-containing
macromer selected from the group consisting of Macromer A, Macromer B, Macromer C, and
Macromer D described in US 5,760,100 (herein incorporated by reference in its entirety); the
reaction products of glycidyl methacrylate with amino-functional polydimethylsiloxanes;
hydroxyl-functionalized siloxane-containing vinylic monomers or macromers; polysiloxane-
containing macromers disclosed in U.S. Patent Nos. 4,136,250, 4,153,641, 4,182,822,
4,189,546, 4,343,927, 4,254,248, 4,355,147, 4,276,402, 4,327,203, 4,341,889, 4,486,577,
4,543,398, 4,605,712, 4,661,575, 4,684,538, 4,703,097, 4,833,218, 4,837,289, 4,954,586,
4,954,587, 5,010,141, 5,034,461, 5,070,170, 5,079,319, 5039,761, 5,346,946, 5,358,995,
5,387,632, 5,416,132, 5,451,617, 5,486,579, 5,962,548, 5,981,675, 6,039,913, and 6,762,264
(herein incorporated by reference in their entireties); polysiloxane-containing macromers
disclosed in U.S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875 (herein incorporated by
reference in their entireties). Di and triblock macromers consisting of polydimethylsiloxane

and polyalkyleneoxides could also be of utility. For example, methacrylate end capped
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[ 0079]

Sonme clear fornulations, as listed in Table 2, are chosen for

a nore

detail ed study of lens properties. An unexpected high ion perneability (IP)

val ue of wbaoa/od79hor

control

| enses produced with the PEG addi Pcyaseesioob®er ved. A

| ens without PEG MA is nade and had an | P value of 4.9. The Dk

val ues_ar polsthyildnasxiReblvEELy RREMFIsiMixhik-BIbcKp LM ient
2011/071790PCT/U82010/05902% TABLE 2 Fornﬂ*%tlon‘ﬂlég%?%%i ék&%bﬁé- MA 2080

Wat er ( colReFnhansFoRYEer pRaneabidity) Smh@ma@qfwtlonﬁ dydraxyldndtionalized sil dxang:
A 0. 75% Qniaaad §RN1id-S rdhomelndRrone O ad® Psuitable multifunctional  hydroxyl-

functionalized siloxane-containing vinylic monomers/macromers are commercially available
from Gelest, Inc, Morrisville, PA.

[0056] Another class of preferred silicone-containing macromers is silicon-containing
prépolymers comprising hydrophilic segments and hydrohphobic segments. Any suitable
silicone-containing prepolymers with hydrophilic segments and hydrohphobic segments can
be used herein. Examples of such silicone-containing prepolymers include those described in
commonly-owned US Patent Nos. 6,039,913, 7,091,283, 7,268,189 and 7,238,750, 7,521,519;
commonly-owned US patent application publication Nos. US 2008-0015315 A1, US 2008-
0143958 A1, US 2008-0143003 Al, US 2008-0234457 Al, US 2008-0231798 Al, and
commonly-owned US patent application Nos. 61/180,449 and 61/180,453; all of which are

incorporated herein by references in their entireties.

[0057] A lens forming material for making silicone hydrogel lenses can also comprise a
hydrophobic monomer. By incorporating a certain amount of hydrophobic vinylic monomer
in a lens forming material, the mechanical properties (e.g., modulus of elasticity) of the
resultant polymer may be improved. Nearly any hydrophobic vinylic monomer can be used.
Examples of preferred hydrophobic vinylic monomers include, but are not limited to,
methylacrylate, ethyl-acrylate, propylacrylate, isopropylacrylate, cyclohexylacrylate, 2-
ethylhexylacrylate, methylmethacrylate, ethylmethacrylate, propylmethacrylate, vinyl acetate,
vinyl propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride,
vinylidene chloride, acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyl toluene, vinyl
ethyl ether,  perfluorohexylethyl-thio-carbonyl-aminoethyl-methacrylate, isobornyl
methacrylate, trifluoroethyl methacrylate, hexafluoro-isopropyl methacrylate, hexafluorobutyl

methacrylate, and any combination thereof.

[0058] A polymerizable composition for making silicone hydrogel lenses can also comprise
one or more crosslinking agents (i.e., compounds with two or more acryl groups or three or
more thiol or ene-containing groups and with molecular weight less than 700 Daltons).
Examples of preferred cross-linking agents include without limitation tetraethyleneglycol
diacrylate, triethyleneglycol diacrylate, ethyleneglycol diacylate, diethyleneglycol diacrylate,
tetracthyleneglycol ~ dimethacrylate, triethyleneglycol dimethacrylate, ethyleneglycol

14
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- 0 :-nold: light Streanture with 330nmcut off filter, Intensity: 4 mwv/cm
; Curing wormenlir@r9sec. Exanpl e 4 [0080] Contact |enses WwCTlushéighsdoRr can be
obtained froma lens formnulation including a PEG additive using double
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val ues are al scggol?served for the | enses cured by the DSM curing process
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methylenebisacrylamide, N,N’-methylenebismethacrylamide, N,N’-ethylenebisacrylamide,
N,N’-ethylenebismethacrylamide, 1,3-bis(N-methacrylamidopropyl)-1,1,3,3-tetrakis-
(trimethylsiloxy)disiloxane, 1,3-bis(methacrylamidobutyl)-1,1,3,3 -tetrakis(trimethylsiloxy)-
disiloxane, 1,3-bis(acrylamidopropyl)-1,1,3 ,3-tetrakis(trimethylsiloxy)disiloxane, 1,3-
bis(methacryloxyethylureidopropyl)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane, and
combinations thereof. A preferred cross-linking agent is tetra(ethyleneglycol) diacrylate,
tri(ethyleneglycol) diacrylate, ethyleneglycol diacrylate, di(ethyleneglycol) diacrylate,
methylenebisacrylamide, triallyl isocyanurate, or triallyl cyanurate. The amount of a cross-
linking agent used is expressed in the weight content with respect to the total polymer and is
preferably in the range from about 0.05% to about 4%, and more preferably in the range from
about 0.1% to about 2%.

[0059] It must be understood that a polymerizable composition for making silicone hydrogel
lenses can also comprise various components, such as, for example, polymerization initiators
(e.g., photoinitiator or thermal initiator), a visibility tinting agent (e.g., dyes, pigments, or
mixtures thereof), a polymerizable UV-absorbing agent, a polymerizable latent UV-absorbing
agent, antimicrobial agents (e.g., preferably silver nanoparticles), bioactive agent, leachablé

lubricants, and the like, as known to a person skilled in the art.

[0060] Examples of suitable photoinitiators include, but are not limited to, benzoin methyl

ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-hydroxycyclohexylphenyl ketone,

or Darocure® or Irgacure® types, for example Darocure® 1173 or Irgacure® 2959.
Examples of benzoylphosphine initiators include 2,4,6-tri-methylbenzoyldiphenylophosphine
oxide, bis-(2,6 dichlorobenzoyl)-4-N-propylphenylphosphine oxide; and bis-(2,6-
dichlorobenzoyl)-4-N-butylphenylphosphine oxide. The amount of photoinitiator can be
selected within wide limits, an amount of up to 0.05 g/g of prepolymer and preferably up to
0.003 g/ g of prepolymer can be used. A person skilled in the art will know well how to
select the appropriate photoinitiator. Examples of thermal initiators include, but are not

limited to, 2,2’-azobis (2,4-dimethylpentanenitrile), 2,2’-azobis (2-methylpropanenitrile),
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2,2’-azobis (2-methylbutanenitrile), azobisisobutyronitrile (AIBN), peroxides such as benzoyl

peroxide, and the like.

[0061] In some aspects, the lens-forming material can further include a UV-absorber, a
tinting agent, an antimicrobial agent, an inhibitor, a filler or any combination thereof. In one
aspect, the ultraviolet absorber can include, for example, a benzotriazole or a benzophenone.
Many benzotriazole and benzophenone UV absorbers are known and many are commercially
available. The identity of the benzotriazole or benzophenone UV absorber is not critical, but
should be selected based on its characteristic UV cut-off to give the desired UV absorbing

property.

[0062] In general, the lens-forming materials and other components are mixed together in a
solvent prior to introduction into the mold. Examples of suitable solvents are water, alcohols
(e.g., lower alkanols having up to 6 carbon atoms, such as ethanol, methanol, propanol,
isopropanol), carboxylic acid amides (e.g., dimethylformamide), dipolar aprotic solvents
(e.g., dimethyl sulfoxide or methyl ethyl ketone), ketones (acetone or cyclohexanone),
hydrocarbons (e.g., toluene), ethers (e.g., THF, dimethoxyethane or dioxane), and
halogenated hydrocarbons (e.g., trichloroethane), and any combination thereof. The use of
water alone or in combination with other solvents can be used herein. For example, the
aqueous solution of the lens-forming materials can also include, for example an alcohol, such
as methanol, ethanol or n- or iso-propanol, or a carboxylic acid amide, such as N,N-
dimethylformamide, or dimethyl sulfoxide. In one aspect, the aqueous solution of the lens-

forming materials contains no further solvent.

[0063] In some aspects, the lens-forming material as described above is poured into a mold
with a specific shape and size. When the ocular device is a contact lens, the lens can be
produced using techniques known in the art. For example, the contact lens can be produced
in a conventional “spin-casting mold,” as described for example in U.S. Patent No.
3,408,429, or by the full cast-molding process in a static form, as described in U.S. Patent
Nos. 4,347,198; 5,508,317, 5,583,463; 5,789,464; and 5,849,810.

[0064] Lens molds for making contact lenses are well known in the art. For example, a mold
(for full cast molding) generally comprises at least two mold sections (or portions) or mold
halves, i.e. first and second mold halves. The first mold half defines a first molding (or
optical) surface and the second mold half defines a second molding (or optical) surface. The

first and second mold halves are configured to receive each other such that a lens forming
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[0081] Formulation B is prepared by using the sanme procedure as fornul ation
A, except that the TRI S-nethacrylam de used in fornulation Ais replaced

wi th TRI Svaceoyl@amisde in forrmul ati on B. Lenses with PEG adaiuscvmessmee made
fromfornulation Bwith one or two additives: 0.75% PEG MA2080 and 0. 75%
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propyl ene oxide. The |IP value increased from about r8l control-no PEG to
13.1 or 1moldinggprface pEamold palf is thersavitkforming isuréde afithh aredgbahd in ikBit Eortact

For mul at i @y (heheﬂg-?o%%tgﬁ jion Additive Mlds, cure B-control LS-glass
8.7 88.9 B 0. 715%WEG S-glass 13.3 89.3 B 1%0- PO Ma+0. 75%EG- MA2080

LS-gl ass haest Médndls of manufacturing mold sections for cast-molding a contact lens are generally
well known to those of ordinary skill in the art. The first and second mold halves can be
formed through various techniques, such as injection molding or lathing. Examples of
suitable processes for forming the mold halves are disclosed in U.S. Patent Nos. 4,444,711;

4,460,534, 5,843,346; and 5,894,002, which are also incorporated herein by reference.

[0066] Virtually all materials known in the art for making molds can be used to make molds
for preparing ocular lenses. For example, polymeric materials, such as polyethylene,
polypropylene, polystyrene, PMMA, cyclic olefin copolymers (e.g., Topas® COC from
Ticona GmbH of Frankfurt, Germany and Summit, New Jersey; Zeonex® and Zeonor® from
Zeon Chemicals LP, Louisville, KY), or the like can be used. Other materials that allow UV

light transmission could be used, such as quartz glass and sapphire.

[0067] Once the lens-forming material is poured into the mold, the lens-forming material is
cured (i.e., polymerized) to produce a polymeric matrix and ultimately the lens. The
techniques for conducting the polymerization step will vary depending upon the selection of
the lens-forming material. In one aspect, when the lens-forming material comprises a
prepolymer comprising one or more actinically-crosslinkable ethylenically unsaturated
groups, the mold containing the admixture can be exposed to a spatial limitation of actinic
radiation to polymerize the prepolymer. In other aspects, the mold containing the lens

forming material can be subjected to heat in order to cure the lens-forming material.

[0068] In other aspects, the energy used to cure the lens-forming material is in the form of
rays directed by, for example, a mask or screen or combinations thereof, to impinge, in a
spatially restricted manner, onto an area having a well defined peripheral boundary. For
example, a spatial limitation of UV radiation can be achieved by using a mask or screen that
has a transparent or open region (unmasked region) surrounded by a UV impermeable region
(masked region), as schematically illustrated in Figs 1-9 of U.S. Patent No. 6,627,124 (herein
incorporated by reference in its entirety). The unmasked region has a well defined peripheral
boundary with the unmasked region. The energy used for the crosslinking is radiation energy,

UV radiation, visible light, gamma radiation, electron radiation or thermal radiation, the
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to 150 minutes, in less than or equal to 90 minutes, in less than or equal 60 minutes, less than
or equal to 20 minutes, less than or equal to 10 minutes, less than or equal to 5 minutes, from

1 to 60 seconds, or from 1 to 30 seconds.

[0070] The methods described herein increase the ion permeability of an ophthalmic lens
without adversely affecting other properties of the lens. For example, as demonstrated in the
Examples, the lens’ water content and oxygen permeability remain essentially the same when
one or more compounds having the formula I are used to produce the lens vs. the control lens
without a compound having the formula I. In one aspect, the lens has a water content from
30% to 37%. In another aspect, the lens has an oxygen permeability greater than 70.
Additionally, the use of compounds having the formula I result in the formation of clear
lenses, which is another important feature. In one aspect, depending on the composition of the
silicone hydrogel formulation, the preferred water content of the lens is from 20% to 50%,

with an oxygen permeability greater than 70.
EXAMPLES

[0071] The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds, compositions, and
methods described and claimed herein are made and evaluated, and are intended to be purely
exemplary and are not intended to limit the scope of what the inventors regard as their
invention. Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts,
temperature, etc.) but some errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature, and
pressure is at or near atmospheric. There are numerous variations and combinations of

reaction conditions, e.g., component concentrations, desired solvents, solvent mixtures,
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PEGL100 [0072] Oxygen permeability measurements. The oxygen permeability of a lens and oxygen
transmissibility of a lens material is determined according to a technique similar to the one
described in U.S. Patent No. 5,760,100 and in an article by Winterton et al., (The Cornea:
Transactions of the World Congress on the Cornea 111, H.D. Cavanagh Ed., Raven Press:
New York 1988, pp273-280), both of which are herein incorporated by reference in their
entireties. Oxygen fluxes (J) are measured at 34°C in a wet cell (i.e., gas streams are
maintained at about 100% relative humidity) using a Dk1000 instrument (available from
Applied Design and Development Co., Norcross, GA), or similar analytical instrument. An
air stream, having a known percentage of oxygen (e.g., 21%), is passed across one side of the
lens at a rate of about 10 to 20 cm® /min., while a nitrogen stream is passed on the opposite
side of the lens at a rate of about 10 to 20 cm® /min. A sample is equilibrated in a test media
(i.e., saline or distilled water) at the prescribed test temperature for at least 30 minutes prior to
measurement but not more than 45 minutes. Any test media used as the overlayer is
equilibrated at the prescribed test temperature for at least 30 minutes prior to measurement
but not more than 45 minutes. The stir motor’s speed is set to 1200+50 rpm, corresponding to
an indicated setting of 400+15 on the stepper motor controller. The barometric pressure
surrounding the system, Ppeasured, is measured. The thickness (t) of the lens in the area being
exposed for testing is determined by measuring about 10 locations with a Mitotoya
micrometer VL-50, or similar instrument, and averaging the measurements. The oxygen
concentration in the nitrogen stream (i.e., oxygen which diffuses through the lens) is
measured using the DK1000 instrument. The apparent oxygen permeability of the lens

material, DKy, is determined from the following formula:

DKgpp =Jt/(Poxygen)
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0. 75%°EG 2080PP 0. 75%°EG 2080PCTA 1%PEGL100+0. 75% PEG2080 Mol ds used PP PP
PP PCTA PP 1 2.86 5.86 5.1 6.22 5.99 2 3.64 5.53 3.25 6.56 5.99 3
WO 2011/071790 PCT/US2010/059021
Where J=oxygen flux [microliters O, /cm? -minute]
Poxygen =(Pmeasured “Pwater Vapor)=(%0; in air stream) [mm Hg]=partial pressure of
oxygen in the air stream
Preasured =barometric pressure (mm Hg)
Puater vapor =0 mm Hg at 34 °C (in a dry cell) (mm Hg)
Pyater vapor =40 mm Hg at 34 °C (in a wet cell) (mm Hg)
t=average thickness of the lens over the exposed test area (mm)
DKapp is expressed in units of barrers.
[0073] The oxygen transmissibility (Dk /t) of the material may be calculated by dividing the
oxygen permeability (Dk,pp) by the average thickness (t) of the lens.

[0074] Ion Permeability Measurements. The ion permeability of a lens is measured
according to procedures described in U.S. Patent No. 5,760,100 (herein incorporated by
reference in its entirety. The values of ion permeability reported in the following examples are
relative ionoflux diffusion coefficients (D/Dy) in reference to a lens material, Alsacon, as

reference material. Alsacon has an ionoflux diffusion coefficient of 0.314X 10~ mm%minute.

Example 1
[007S] A silicone hydrogel lens formulation, formulation A, is composed of about 33% of
chain-extended polydimethylsiloxane (CE-PDMS), 19% TRIS-methacrylamide (TRIS-MA),
23% dimethylacrylamide (DMA), 0.5% 2-hydroxy-2-methyl-1-phenyl-1-one (Darocur 1173)
and 24.5% 1-propanol (1-PrOH). A small amount of N-(carbonyl-methyoxypolyethylene
glycol-2000)-1,2-disteearoyl-sn-glycero-3-phosphoethanolamine, sodium salt (L.-PEG-2000)

may also be added.

[0076] Formulation A is made by the following procedure. For lightstream (LS) lens casting,
L-PEG-2000 and 1-propanol are mixed first. After vortexing for 3 minutes in the Mini
Vortexer, CE-PDMS, TRIS-MA, DMA and Darocur 1173 are added. For DSM lens casting,
no L-PEG-2000 is used in the formulation. The bottle is placed on a roller (model No LJRM,
PAULO ABBE) and rolled slowly for about 2 hours before the formulation is used for

making lenses.

Example 2
Preparation of silicone hydrogel contact lens from formulation A with PEG-MA
[0077] Formulation A modified with PEG additives is studied. Experiments are carried out

to study the maximum percentage of polyethylene glycol methacrylate (PEG-MA) or PEG-
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WO 2011/071790 PCT/US2010/059021

MA mixture having different molecular weights that can be incorporated into formulation A
while still achieving clear lenses. PEG-MA 2080 (Mw 2080, 50% in water) and PEG-MA
1100 are purchased from Aldrich-Sigma and used as received. The composition of the lens
formulations are shown in Table 1. Lenses are prepared by using the full-cast molding of a
lens formulation in polypropylene molds under UV irradiation (Philips F20T12 bulb, an

intensity of 5.4 mW/cm? (measured by IL1700 radiometer), curing time is 10min).

[0078] The following additives are evaluated (Table 1): (1) PEG-MA2080/H,0 at 0.5% or
0.75% when using 1-propanol as solvent. (2) Mixtures: a: 0.5% PEG-MA 2080/ H,0 and 2%
PEG-MA1100; b: 0.75% PEG-MA 2080/ H,O and 1% PEG-MA1100; c: 0.75% PEG-MA
2080/ H,0 and 1% PEG-MAS526. At 0.75%, the freeze dried PEG-MA2080 leads to cloudy

formulation. The formulation can be cleared up by warming up to 50°C, but the lenses are

still cloudy.
TABLE 1
PEG-MA 526 | PEG-MA 1100 | PEG-MA 2080 Water formulation Lens
1 0.5% or 0.75% | 0.5% or 0.75% | clear clear
2 1% 1% cloudy hazy
3 3% clear clear
4 4% cloudy hazy
5 1% 0.75% 0.75% clear clear
6 2% 0.5% 0.75% clear clear
7 3% 0.75% 0.75% cloudy hazy
8 [1% 0.75% 0.75% clear clear
Example 3

[0079] Some clear formulations, as listed in Table 2, are chosen for a more detailed study of
lens properties. An unexpected high ion permeability (IP) value of above 10 for lenses
produced with the PEG additive is observed. A control lens without PEG-MA is made and

had an IP value of 4.9. The Dk values are similar between lenses with or without PEG

additives.
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5.39 2.97 7.33 4.61 8 4.3 4.82 3.74 6.3 5.72 Average 3.94 5.76 4.06 6.68
5.40 STD 0.57 0.55 0.73 0.58 0.62 Exanple 8 [0085] In this exanple, the
i npact ofwBB@1zddisvi ve on I P value is studied using | enPe3/uso@o®sooai t h
met hane-air |inear plasma coating or nethane-nitrogen |linear plasma
coating. As listed in Table 7 and T@aBerd, |F val ues increased for |enses
havi ng PEG additive. For nost of the conditions, the IP value increase is

stati sti caFénhugtion PEGANT | PEGISYD Waldt (IR T FolfGton | Lens IP Dk
MA MA from PEG- | observation casting*
1100 2080 MA 2080)

A 0.75% 0.75% Clear LS 10.3 | 88
A 1% 0.75% 0.75% Clear LS 14.6 | 83
A-control clear LS 49 88

*Mold: GLASS-mold: light Stream (LS) cure with 330nm cut off filter, Intensity: 4 mw/cm?;
Curing time=110 sec.

Example 4
[0080] Contact lenses with high IP can be obtained from a lens formulation including a PEG
additive using double sided molding (DSM) process . As listed in Table 3, unexpected high
IP values are also observed for the lenses cured by the DSM curing process using
poly(cycloalkylenedialkylene terephthalate) (PCTA) molds at a light intensity of 5.4 mW/cm?
(measured by IL1700 radiometer) with Philips F20T12 bulb for about 10minutes. Lens
formulations (formulation A) containing 0.75% PEG-MA2080 or 1% PEG-MA1100+0.75%
PEG-MA2080, yielded much higher IP values.

TABLE 3
Formulation / Lens | Additive IP H,O Content | Dk
Description (% by weight)
A-control 7.45 34 89
A 1% PEG-MA1100 10.4 33 89
A 0.75% PEG-MA2080 10.4 30 85
A 1% PEG-MA1100+0.75% PEG-MA2080 12.6 37 86
Example §

Formulation B with PEG additives
[0081] Formulation B is prepared by using the same procedure as formulation A, except that
the TRIS-methacrylamide used in formulation A is replaced with TRIS-acrylamide in
formulation B. Lenses with PEG additives are made from formulation B with one or two
additives: 0.75% PEG-MA2080 and 0.75% PEG-MA2080 plus 1%EO-PO-MA. EO-PO is a
copolymer of ethylene oxide and propylene oxide. The IP value increased from about 8.7

(control-no PEG) to 13.1 or 15.1 (with PEG), while the Dk remained unchanged.
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TABLE 7 Lens No.* lon Perneability Control 1% PEG MA1100 3% PEG MA1100
1% PEG MA1100+0. 75% PEG- 1VI A2080 1 4.99 5.01 6.65 4.92 2 4.57 3.59 8.16

6.9 3 4. ABOR0BM71790 PCT/US2010/059021
TABLE 4
Formulation / Lens | Additive Molds, cure | IP Dk
Description time *
B-control LS-glass 8.7 |88.9
B 0.75%PEG-MA2080 LS-glass 13.3 | 89.3
B 1%EO-PO-Ma+0.75%PEG-MA2080 | LS-glass 15.1 |92.8

*Mold: GLASS-mold: light Stream (LS) cure with 330nm cut off filter, Intensity: 4 mw/cm?;
Curing time=110 sec.

Example 6
[0082] Formulation C is prepared from 25.92% Betacon, 19.25% TRIS-methacrylate, 28.88%
dimethylacrylamide (DMA), 1% 2-hydroxy-2-methyl-1-phenyl-1-one (Darocur 1173) and
24.95% ethanol. Formulation D is prepared from 18.44% Betacon, 27.05% TRIS-
methacrylate, 29.51% dimethylacrylamide (DMA), 0.8% 2-hydroxy-2-methyl-1-phenyl-1-one
(Darocur 1173) and 24.2% ethanol.

[0083] The compatibility of PEG-MA is investigated. The lenses are made by DSM curing
process using PP molds. IP values are provided in Table 5. 1.5% and 2% PEG-MA2080
resulted in the formation of cloudy formulations C and D. If PEG-MA1100 is used in
formulations C and D, the maximum percentage amount of PEG additive that can be used
before the formulation becomes cloudy is 10% and 13.8%, respectively. If the mixture of
PEG-MA2080 and PEG-MA1100 is used, when 0.75% PEG-MA2080 is used, it is desirable
that the percentage of PEG-MA1100 not be higher than 8% in either of formulations C and D.

TABLE 5
Formulation / Additive Molds | Cure IP | Dk
Lens Description time
C PP 30min |6 75
C 1% PEG-MA MW 1100 +0.75%PEG- | PP 30min | 9.1 |70
MA MW2080
D PP 30min | 3.7 | 76
D 1% EO-PO-MA+0.75% PEG-MA2080 | PP 30min |72 |75

Double side curing using PP molds at the intensity of 5.4 mW/cm* (measured by IL1700
radiometer) with Philips F20T12 bulb. Curing time is 30min.

Example 7
[0084] In this example, the impact of PEG additive on IP values is studied using lenses
coated with methane-air rotary plasma coating. As shown in Table 6, except for one
condition, IP values increased for lenses with the PEG additive. The IP value increase is

statistically significant at 95% confidence level (based on one-way ANOVA analysis).
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TABLE-6
l
Ion Permeability
Lens No.
Control 1% 0.75%PEG | 0.75%PEG | 1%PEG1100+0.75%
PEG1100 2080PP 2080PCTA PEG2080
Molds used PP PP PP PCTA PP
1 2.86 5.86 5.1 6.22 5.99
2 3.64 5.53 3.25 6.56 5.99
3 4.44 6.25 4.3 6.28 4.35
4 4.51 6.08 4.25 7.44 5.18
5 3.55 5.54 4.87 6 5.64
6 431 6.57 4.02 7.31 5.69
7 3.92 5.39 2.97 7.33 4.61
8 4.3 4.82 3.74 6.3 5.72
Average 3.94 5.76 4.06 6.68 5.40
| STD 0.57 0.55 0.73 0.58 0.62
Example 8

[0085] In this example, the impact of PEG additive on IP value is studied using lenses coated
with methane-air linear plasma coating or methane-nitrogen linear plasma coating. As listed
in Table 7 and Table 8, IP values increased for lenses having PEG additive. For most of the

conditions, the IP value increase is statistically significant at 95% confidence level.

TABLE 7
Ion Permeability
1% PEG-
Lens No.* 1% PEG- 3% PEG- MA1100+0.75% PEG-
’ Control MA1100 MA1100 MA2080
1 4.99 5.01 6.65 4.92
2 4.57 3.59 8.16 6.9
3 4,73 5.37 7.90 7.09
4 4.63 5.02 7.71 6.87
5 4.88 7.72 6.48 5.69
6 4.33 3.80 7.45 5.19
7 4.37 6.99 7.59 5.58
8 4.75 4.73 6.06 torn
9 Na Na Na 6.09
AVG 4.66 5.28 7.25 6.04
STD 0.23 1.43 0.75 : 0.83

* Methane-nitrogen plasma coating.
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6.06 torn 9 Na Na Na 6.09 AVG 4.66 5.28 7.25 6.04 STD 0.23 1.43 0.75 0. 83
* Met hane-nitrogen plasnma coating. WD 2011/071790PCT/ US2010/ 059021 TABLE 8

Lens No. *woOaniiRgntseabi l ity PCT/US2010/059021
TABLE 8
Ion Permeability |
Lens No.* 1% PEG- | 3% PEG- 1% PEC-
Control MA1100+0.75% PEG-
MA1100 MAI1100values MA2080
1 4.11 4.32 5.81 5.43
2 4.25 3.24 6.42 5.34
3 4 4.00 6.61 4.92
4 4.52 3.24 5.80 349
5 4.49 6.53 6.86 4.66
6 4.28 3.67 6.44 5.11
7 4.34 6.56 5.83 3.57
8 3.99 6.86 6.68 4.17
AVG 4.25 4.80 6.31 4.59
STD 0.20 1.57 043 0.76

* methane-air linear plasma coating

[0086] Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this application

in order to more fully describe the compounds, compositions and methods described herein.

[0087] Various modifications and variations can be made to the compounds, compositions
and methods described herein. Other aspects of the compounds, compositions and methods
described herein will be apparent from consideration of the specification and practice of the

compounds, compositions and methods disclosed herein. It is intended that the specification

and examples be considered as exemplary.
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Control 1% PEG MA1100 3% PEG MA1100val ues 1% PEG MA1100+0. 75% PEG
MA2080 1 4.11 4.32 5.81 5.43 2 4.25 3.24 6.42 5.34 3 4 4.00 6.61 4.92 4

4,52 WO 2011/071790 PCT/US2010/059021
What is claimed:
1. A method for increasing the ion permeability of a silicone hydrogel contact lens, the

method comprising:

a. introducing into a mold a lens-forming material, wherein the lens-forming
material comprises (i) at least one silicone-containing vinylic monomer or macromer,
(ii) at least one hydrophilic vinylic monomer; and (iii) at least one IP-enhancing

vinylic monomer or macromer represented by formula I;

CO—X!—I—X?—Y

=< I

Z
. I}'
wherein X' is a direct bond, an oxygen atom (—O-) or —N—, wherein R’ is

H or C;-C4 alkyl;

L is a direct bond, a linear or branched C,—C; alkylene divalent radical, or a

divalent radical of —-X’~E~X*—, wherein X* and X* are, independently, a linkage

T S5 F
selected from the group consisting of -O—, —N—, —C—N— —N—C—,
Fa P i I
—N—C—NH—, —HN—C—N—, —O0—C—NH—, ~—HN—C—0—,
i W
—S§—C—NH—, —0—C—, —C—0—, _S— and —HN—C—S—

E is an alkylene divalent radical, a cycloalkyl diradical, an alkylcycloalkyl
diradical, an alkylaryl diradical, or an aryl diradical with up to 40 carbon atoms,

wherein E optionally can have ether, thio, or amine linkages in the main chain;

Y is ~(R-O)n—(R>-O)m—(R? -O)p-R, wherein R, R’ and R’ are,
independently, a linear or branched C,-C;-alkylene; n, m and p are, independently, a
number from 0 to 100, wherein the sum of (n+m+p) is 2 to 100; and R is hydrogen, a

C;-C4 alkyl or alkoxy radical; and
Z is hydrogen or methyl.

b. curing the lens-forming mixture to produce the lens; and
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3.24 5.80 3.49 5 4.49 6.53 6.86 4.66 6 4.28 3.67 6.44 5.11 7 4.34 6.56 5. 83

3.57 8 3.99 6.86 6.68 4.17 AVG 4. 25
WO 2011/071790 PCT/US2010/059021

c. removing the lens from the mold,

wherein the IP-enhancing vinylic monomer is present up to about 3% by weight and is
sufficient to provide the resultant lens with an increased ion permeability compared to
a control lens while not significantly altering the water content and the oxygen
permeability of the resultant lens.

2. The method of claim 1, wherein the lens has an ion permeability that is at least about
40% , preferably at least about 50%, even more preferably at least about 60% greater
than the control lens.

3. The method of claim 1 or 2, wherein Y comprises a polyethylene glycol chain
segment or a copolymer chain segment composed of ethylene oxide and propylene
oxide units,

4, The method of claim 1, 2 or 3, wherein Y comprises a polyalkylene oxide having a
molecular weight of about 100 to 10,000.

5. The method of any one of claims 1 to 4, wherein Y comprises a residue of
polyethylene glycol having a molecular weight of 500 to 2,500, and Z is methyl.

6. The method of any one of claims 1 to 5, wherein there are two different compounds
having the formula I, wherein for each compound Y comprises a residue of
polyethylene glycol having a molecular weight of 500 to 2,500, wherein the molecular
weight of the polyethylene glycol residue for each compound is different.

7. The method of any one of claims 1 to 6, wherein the silicon-containing vinylic
monomer comprises N-[tris(trimethylsiloxy)silylpropyl]-(meth)acrylamide, N-
[tris(dimethylpropylsiloxy)-silylpropyl]-(meth)acrylamide, N-
[tris(dimethylphenylsiloxy)silylpropyl] (meth)acrylamide, N-
[tris(dimethylethylsiloxy)silylpropyl] (meth)acrylamide, N-(2-hydroxy-3-(3-
(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl)-2- methyl acrylamide; N-(2-
hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)propyloxy)propyl) acrylamide; N,N-
bis[2-hydroxy-3-(3-(bis(trimethylsilyloxy)methylsilyl)-propyloxy)propyl]-2-methyl
acrylamide; N,N-bis[2-hydroxy-3-(3-(bis(trimethylsilyloxy)
methylsilyl)propyloxy)propyl] acrylamide; N-(2-hydroxy-3-(3-(tris(trimethylsilyloxy)-
silyl)propyloxy)propyl)-2-methyl acrylamide; N-(2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy)propyl)acrylamide; N,N-bis[2-hydroxy-3-(3-
(tris(trimethylsilyloxy)silyl)propyloxy)propyl]-2-methyl acrylamide; N,N-bis[2-
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4.80 6.31 4.59 STD 0.20 1.57 0.43 0.76 * nethane-air |inear plasma coating
[ 0086] Throughout this application, various publications are referenced.
The di sclweuna®7of90t hese publications in their entireti @sTaseiloesmby

i ncorporated by reference into this application in order to nore fully

describe the _chgurpgquarie(ma;sy'mi@m)saﬂ@brw&?gﬁoﬁﬁa LhRE,; Ngﬁ-ei n. [0087]
Various nodificatiops d variations can be nade to the conpounds,

conposi tions & Oﬁé'?ﬂ%&&“&é@&ewﬁ@ﬂﬂmﬁ’%ﬂ%ﬁmﬂ72'lagtbﬂ(ﬁcaflamid¢;HN3[2eorrpounds,
conposi ti ons apgrogesndsuteSinki \ ' I8 RELE A

consi deration gf O’t@ra\ejosgeélﬁ? i ?gﬁ?gﬁyl%ﬁ(ggg@gﬁqug@l%ﬁg’ Ig’g}rr%%{%ﬁl gr,oxy'
conposi ti ons arfd-(retridimethyisilyeropsdoxydprepyt]-2-inethiykacryldreideted Neigfe- t he

1A et hod 1 or e eeE LB e R RS OBy R &b 1 Do ogel
contact |ens, ptdpglpemerhettlyldisilguane itgtrimethylstiyloogsiBipiepyil RethadryliR) (FRE),

| ens-form ng ?}gte{i al ., V\I?E‘Wfl n the Iens-f@)gfgtir_ng mat erial conprises (i) at
| east one si| 1€ BSEaTYRFEE Ry HGXARYI Py biseFinsthylsderomethylsiane) (it | east

one hydr ophi | hethawymlx'yq-Hyampmbpyl@}@%r&pgmiA(tr?ﬁetlhﬁsla@h()_@i%e,'f

; ) “meiGN6L10
vinylic nono represented by fornula co-)0-L-x PR

wherein Xl i 5%2'3;’4@”)2){%{1%%{:90%%)@;@@/#i%ﬁ@}ﬁﬂ(quﬁoyy)mpmﬁbﬂmemg- is Hor C
i val ont 1 adi EefiabrloRydnllcr ficn b 0550 Ao A, 500 and X
are, i ndependérimethylsidyl)nropyhimyl carbonate, 3-(vinyloxycarbonylthio)propyl-trisftrin@®Rlyl-R 0 11 |
:) qlq'l Oge: ?ﬁ[ ??fiforﬁ(?mﬁr@%—%Fi?('ﬂ'ﬂnqu}ﬁgio%/)isﬁ}g]p(x?gpy-v?ﬂyi cafrg\all_mate-, 9: Ny -NG, R

[tris(trimethylsiloxy)silyl] propyl allyl carbamate, 3-[tris(trimethylsiloxy)silyl]propyl

vinyl carbonate, t-butyldimethyl-siloxyethyl vinyl carbonate; trimethylsilylethyl vinyl

carbonate, and trimethylsilylmethyl vinyl carbonate), or any combination thereof.

8. The method of any one of claims 1 to 7, wherein the silicon-containing vinylic

macromer comprises a monomethacrylated or monoacrylated polydimethylsiloxane; a

dimethacrylated or diacrylated polydimethylsiloxane; a vinyl carbonate-terminated

polydimethylsiloxane; a vinyl carbamate-terminated polydimethylsiloxane; a vinyl

terminated polydimethylsiloxane; a methacrylamide-terminated polydimethylsiloxane;

an acrylamide-terminated polydimethylsiloxane; an acrylate-terminated

polydimethylsiloxane; a methacrylate-terminated polydimethylsiloxane; bis-3-

methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane; N,N,N',N'-tetrakis(3-

methacryloxy-2-hydroxypropyl)-alpha,omega-bis-3-aminopropyl-

polydimethylsiloxane; a polysiloxanylalkyl (meth)acrylic monomer, or any

combination thereof.

9. The method of any one of claims 1 to 8, wherein the hydrophilic vinylic monomer

comprises a hydroxyl-substituted lower alkyl (C; to C3) (meth)acrylate, a hydroxyl-

substituted lower alkyl vinyl ether, a C; to Cs alkyl(meth)acrylamide, a di-(C;-Cs

alkyl)(meth)acrylamide, an N-vinylpyrrole, an N-vinyl-2-pyrrolidone, a 2-

vinyloxazoline, a 2-vinyl-4,4'-dialkyloxazolin-5-one, a 2- and 4-vinylpyridine,

amino(lower alkyl), a mono(lower alkylamino)(lower alkyl) and di(lower
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NCNH, -FINCN, -0-CNH, -HNCGO--, 0000 ILITIITT SCGNH, -0-C,
-C0-, -S-, and -HN-C S, E is an al kyl ene divalent radical, a

cycl oal kywodpriadi™al , an al kyl cycl oal kyl diradical, an &Chgyisasglosder adi cal ,
or an aryl diradical with up to 40 carbon atons, wherein E optionally can

have et her, t hikylantio)doweralkyl)ihapacyla, indlyn@idhot BRNGVinyl C, to &; i S

-(R1-0)/ 1-(@-@%@8{_%53 -0).p-R wherein R, R2, and R3 are, independently, a
| i near or braf ! _?‘lﬁivé’l'ﬂﬁ'gné?c?ﬂlkﬂ?@ﬁﬂ opay ombinedenthereht |y, a nunber
from O to1gl00 ThehfRiHaH Bf by n%%ﬁél@iﬁnds(lrld'?]*'\pl%]er%iﬁtt%h Qrog,ﬂgr?cetvﬁgﬁc Jﬁgﬁangilydr ogen, a

Cl-Ca al kyl or alkoxy radical; and Z is hydrogen o curing the
| ens-form ng §PRpLsee N{Nrdpnesesillaceylamide (IIM4), MiNedimyllylmethacrylamide (DMMA),

2011/ 071790PCH/ . LCar ' h romth | d., erein the
| P- enhanci ngc-\gi'anﬁl I cgﬁﬁgﬁé%@g '%We?aéjgr@n%rl)%{%%g%bﬁihy s %@h’ag?rglﬁ?‘\{%hd IS

suf fici ent toApltrs{hydleoxymethyhmethyldatrylamide, Nithdthyds3-methylessBgyrraidomegnmeabi ity
conpared to a_gontro eng while nat significantly altering the water
content and tﬁ@ygi'%hﬁleﬂ‘é?ma“ﬁnfﬁ"B?t'hglr’ge'm %¥ ng 'HY"‘]’IB{‘?g?’qfth 2 met hod of
claim1l, wher @iethylene-2lpsirolidvns, SmethPFs-RRMhyRAO pifrdlidoRéts-dtsyl AtmétBisde- about

40% , prefer a%l y af, . |l east about 50% even nore preferably at |east about
60% gr eat er t EHWP‘f‘ﬂé’“E’oln{“PEﬂpy\'%ﬁ@t.hy%Pe'?ﬁ@TWﬂoﬁ%d'IUPTOE}’laﬁ'WFtilylﬁPe'%', wherein Y

conprises a p@k«flfdhyé,qngoggd aﬁ%;%@éng.z- eqr.is@prsmgta{gfﬁxyele%eb%i n segment

conposed of ethyl ene oxi nd propyl e oxl de units. hod of
claim 1, 2 or pgroligaes, dimbuiylcompthyleres2-gympalidoed, kyerehetyb3cmgthyleae2ng a

T to 4, whor cPfroyeng Aot Ehhledatndal uual Lo lFRAER Rl 08B g o °

nmol ecul ar wei gidroxyprdpPlacrydate, hydOxymaomy! deihscrpete (HPM A, trife¢hytarinhanduno - any one

of claims 1t wherein there are dif.ferent c ounds ,havi ng t he
Cormuia T, whBrEow HonTaE O uE BRI PLES! HePae A SRt nyl ene
gl ycol havi ngdmdiiiasikbety] WRIHEY 2R DMUENMA), 21,2601 mefiedraae (Gvea)nRL ecul ar

wei ght of the pol yethyl ene gl ycal residue for each conpound is different.
7. The net hodVEyl-ZRYTAidan Jedllykalgohoh vimylpyridipe iNrvinplformamide N-righk ai ni ng
vinylic nono S8 ; -vinvl-N- i -
NEETES(tri ot Rl o ey YT Lo apsiamide: NviniN-methyl acctamide allyl alcohol, N

N tri s(di met hyingkeprplasiahgriinysompinptiamshertef( net h) acryl anmi de,

N[ tris(dijgeth ' ' I t [yl am .

N[t rio( ditlet h?ﬂ‘%ﬁ%‘!‘s B4 ﬁés of éﬁ‘**a?é%@?‘%%%&‘?%ﬁeﬁy?°ﬁmn 3,3‘"‘“’“*‘1 further

N- E ﬁ Ihydr oxly- Bqtgﬁiseﬁ)iégdphbmetﬂmbméd yl oxy) met hyl si | yl') pr opyl oxy) propyl ) - 2-
met hyl acryl anj de; - , . . ,

hydr oxy. 32( 3. (bt SEed pEAToPS P e § - iehersin e hydrophobisyRReyEpssmRTisss

acryl am de; thylacrylate, ethyl-acrylate, lacrylate, i lacrylate, cyclohexylacrylate,

N, Nbi S| 2- hydr OXy- - (a- (i S(t 1| MECAYT i Tyl Oxy) MEt Nyl i 1y1)- E‘ryoaﬁry% “oxy) pr opy1]
-2-met hyl acr yetwihgeylagrylate pneshdmpthagrpiate. ghylmethagrdate, proptmsthadrylateoxy )

met hyl si | yOpr I r . yi:amivde: .

N- ( 2- hydr oxy- gf_?ﬁ(/l?)@?t%{t?’eipvsl@ﬁ'd%%ﬁ%[ léllﬁﬂ})ﬁ@aﬁ, _vmyl valerate, styrene, chloroprene,

si | yl') pr opyl oxinylnhixpide,) viRdidetctoploride rapiybomitdle; 1-huteds, htytddi_gnw? 3-(3-

(NJ,[ rNI_ EI( tSE ;?ﬁ;g%&%&%{ogﬁgf\% ltc}lgerng,p\){llly?)ét)ﬂgflpertl%gy]:}e}tﬁl%;c}ﬁle)?yq‘étﬁiﬁithio-carbonyl-
(tris(trimet hymiottyiansthairiate,)isvbomyl Methdcpylap)ttifluctodiByil Methaagtayd, am de;

N, N- bi s[ 2-
[ hexafluoro-isopropyl methacrylate, hexafluorobutyl methacrylate, or any combination

thereof.

13. The method of any one of claims 1 to 12, wherein the lens-forming material further
comprises a crosslinker.

14.  The method of claim 13, wherein the crosslinker comprises tetraethyleneglycol

diacrylate, triethyleneglycol diacrylate, ethyleneglycol diacylate, diethyleneglycol
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hydr oxy-3-(3-(tris(trinethylsilyloxy)silyl)propyl oxy)propyl]acryl am de;
N-[ 2- hydroxy-3-(3-(t-butyldi nmethylsilyppropyl oxy) propyl]-2-net hyl

acryl am &0 2bii2}71790 PCT/US2010/059021

hydr oxy- 3- (3- (t-butyl di met hyl si | yppropyl oxy) propyli acryl am de;

N, N- bi s[ 2- hy ddiaeiytate, Btrahyleneglycyll dithetkichytats, ittisthylereplytshdymethavpylate,- 2- met hyl
acryl am de;

hydr oxy- 3- ( 3- e&hygméxcal Yimeteiate Jisiplpgsiue) simetpgm et rimetlopsopane

3-met hacryl OXanﬁétH&Y}‘lzR@rﬁeﬁta&&ﬁﬂﬁfoqjteﬁ'hﬂné’t}i@d?ﬁate blsphenolAdlmethacrylate vinyl
tris(trinmethylsilyloxy)silylp nethacrylate S,

( 3- net hacr y| osaethacrylagy etkylsmslmlmmkhwlwée,teﬁhy sﬁyp@mdmwe\w%w si | ane),
(3 reLhacty! aierdr dbAUAQYIRI AU VRO ARG, alif YR, Bk Flelrgeyia) | ane.

2- ( 2- hydr oxy eligmygthagyletey 1,8:bisfmpethgeyilanid ¢propyket, hy 1 3stetrakis(irimethyldilexy)ane, N- 2-

nmet hacryl oxyethy1- 0- (net hyl.- bi s-.tri met.h il 0 tQ I banate
e e SN Gi STt e M s R ARl Sl R

3- E Vi nyl( oxycaletrllagllayéb}iéai:@)aaﬁ@pNlN’t-ethﬁcfnhbusxﬁahdicyylﬁnide,>I;s}lﬁs(Namahacrylamldo-
3-[tris(trimethylsilox pr Vi car te, 3- .

[tris(trinet hyTQW'del {% J&F&? sil M%FII%Q%ggrg’ﬂigmet%acry‘am‘d°butyl)'

3-[tris(trimetyhyy ﬁteltnﬁkﬁ (%rf’rhétﬂﬂfllllb& kllo\khﬁ'éy | 3%@J(Wﬁﬁi@o?ropyl) 1,1,3
t - but yl di et hyl - si | oxye vin carbonate; trineth thyl vi nyl

car bonat e an@tnaklﬁﬁmﬁb}’lglquy drlﬁélphﬁylle W3 hy(m%acwéﬂmtéylure&opmy >ddmbinati on
thereof. l?e%raﬁ@&mgthﬂgll&%1s(?lg§angfanﬁ le8hBRationt thefeof. %Fﬂéfeh@d f:lla?s
silicon- contalnln croner’ conprises a nononet hacryl ated or
monoacryl at ed hpkxhyalgeln‘eis hqztaéﬂth}dbnagigqol)adnmae,ha(ctlyleacglrbOBrdI@r)dm,yI at ed

Uinyl car barmet EReAC E i BT Rt Bttt FR G, o @

pol ydi met hyl Shﬂl@l&ﬁ@&yaxﬁnrﬁetth@l@l Waﬁlﬁl’aﬁﬁartaﬁy’ mrﬁlﬁhmdn}ﬂmquodl met hyl si | oxane; an
acryl am de-term nat ed ng ¥§5|I?xa e; .an Iate ternl%ng

pol ydi met KHy! siThemsted o MH%PHB tldo {&r eﬁﬁ%@ﬁ IR YT e

bi s-3- net hacr, QBYdrbér o tyrdin &1y afiiah@rs RFbial
NIV raﬁ&@?@é 5 2 pOYRER6VBN &M&wv gRg

met hacr yl oxy- 2géngdn dohjitonmfiller,air pryecosrbingtiontherest ani nopr opy! pol ydi net hyl sil o
xane; a pol ysiloxanyl al kyl (nmeth)acrylic nononer, or any conbination
thereof. 9. The nethod of any one of clains 1 to 8, wherein the hydrophilic
vi nyli ¢ nononer conprises a hydroxyl-substituted | ower alkyl (ClL to C3)
(meth)acrylate, a hydroxyl-substituted |ower alkyl vinyl ether, a G to C3
al kyl (meth)acrylamde, a di-(C-C3 allcyl)(neth)acryl am de, an

N-vi nyl pyrrol e, an N-vinyl-2-pyrrolidone, a 2- vinyloxazoline, a
2-vinyl-4,4"-diallcyl oxazolin-5-one, a 2- and 4-vinyl pyridine, am no(l ower
al kyl), a nono(lower al kylam no) (lower al kyl) and di (| ower

al kyl am no) (1 ower al kyl) (neth)acrylate, an allyl alcohol, an N-vinyl Cl to
C3 al kylam de, an N-vinyl-N- C to C3 al kyl am de, or any conbi nation
thereof. 10. The nethod of any one of clainms 1 to 9, wherein the
hydrophilic vinylic nononer conprises N, N-di nethylacryl am de (DWVA),

N, N- di met hyl net hacryl am de (DVMMA), 2-acryl am dogl ycolic acid,

3-acryl oyl am no- 1- propanol, N hydroxyethyl acrylam de,

N4t ri s(hydr oxymet hypnet hyl ] -acryl am de, N nethyl -3-nethyl ene-2-pyrrolidone,
1- ethyl-3-nethyl ene-2-pyrrolidone, 1-nethyl-5-nethylene-2-pyrrolidone,
1-et hyl-5- nethyl ene-2-pyrrolidone, 5-nethyl-3-nethyl ene-2-pyrrolidone,
5-et hyl- 3- net hyl ene2- pyrrol i done, 1-n-propyl-3-nethylene-2-pyrrolidone,

1- n- propyl- 5- net hyl ene-2- pyrrolidone,

1-i sopropyl-3-net hyl ene-2-pyrrolidone, 1-isopropyl-5-nethylene-2-
pyrrolidone, 1-n-butyl-3-nethylene-2-pyrrolidone,

1-tert-butyl-3-nethyl ene-2- pyrrolidone, 2-hydroxyethyl nmethacryl ate (HEMM,
2- hydroxyet hyl acrylate (HEA), hydroxypropyl acryl ate, hydroxypropyl

met hacryl ate (HPMA), trimethyl anmoni um 2- hydroxy propyl nethacryl ate

hydr ochl ori de, am nopropyl nethacryl ate hydrochl ori de, di nethyl am noet hyl
met hacryl ate (DMAEMA), glycerol nethaggylate (GVA), Nvinyl-2-pyrrolidone
(NvP), allyl alcohol, vinylpyridine, Nvinyl formam de, N-vinyl acetam de,
N-vi nyl isopropylam de, N-vinyl-Nnethyl acetam de, allyl al cohol, N-vinyl
caprol actam or any conbination thereof. 11. The nethod of any one of
clains 1 to 10, wherein the lens-formng material further conprises a

hydr ophobi ¢ nononmer. 12. The net hod of any one of clains 11, wherein the
hydr ophobi ¢ nononmer conprises nethyl acryl ate, ethyl-acryl ate,
propylacrylate |sopropylacrylate cyclohexylacrylate

o, o, I



