POLYMERI C COVPCSI TI ONS COVPRI SI NG AT LEAST ONE VOLUMVE EXCLUDI NG POLYMER

Rel ated Applications 5This application clainms priority fromUS provi sional
application Serial No. 60/863755, which is incorporated by reference in its
entirety. Background of the Invention It is known that contact |enses can be
used to inprove vision, and various contact 10 | enses have been commercially
produced for many years. Hydrogel contact |enses are very popul ar today.
These | enses are often nore confortable to wear than contact |enses nade of
hard materi al s. One popul ar contact |ens material used for daily and
weekly wear is Etafilcon, based on 2-hydroxyethyl nethacrylate (HEMA) and a

smal | anmount o ] j el Lety i per

nydrophi 1 ci ¢y O AMERERONPORTIIONG LD RF ST FEAT MR ART.GRE Vol e
Contact | enses made from silicongExXgpUpaNicrOINaviFgen di scl osed. Silicone
hydr ogel contact |enses allow greater amounts of oxygen than conventi onal

| enses (such as HEVA based | enses) through the lens to the eye. However, the

silicone rrat%rgl adé ar e not 20 inherently wettable, and coatings and wetting

agents have nprove the wettability of the lens. Micin balls
are knowg to devel@papphicitih MgaisSriosity ﬁ@tﬂﬂﬁ{aﬂdvi?sﬂﬁﬁl ylicagsl Seanthact | enses,
caused by the shearing force between the eyelid and the material. The

| ong-term efﬁﬂéSé%S%fwltwhmmeow@dbmefmenm Btpentiedly. 25 Sunmary of the

| nventi on The present invention relates to a conposition conprising a
pol ymer conprising at | east one vol une excl udi ng pol yner. The

pr esent invegyckgpuﬁdmfmeumfe@haﬁes to a device fornmed froma hydrated pol yner
and at | east one vol une excluding polyner in a concentration sufficient to
act as an osrmtlc driver The present inventjon further relates to
a method conpri silhi§ knaws thas cantasidenses F%@qu%éﬁml%pwsw@mwuw%r in

or on atpgle
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Figure 2 is papglaamhayaﬁhehelemdsa&e yienmasie doagertaifle wowtaraharl c&maa:sleam rhaelses
of the preser} |nvent|on as a function of tine. Figure 3 is a graph of
the relativée MeLdsof three conmmerci al | y avail able | enses and a sanpl e
of heal t hy human r t f

nvent i on G R R IBRIBAA uold (7 dotr P RESP Wl Tigdiog
conpri si ng Hmhdairabhgdrpmjrqlhﬁlmﬂhamwatemwm artdresmdl] athavigef nephicsilencid t he
char ged st at t he, size of the apianj.c, gr e the ablllt t o excl ude
ot her grlups s Meied fsedeesoh e inief o GhEFESTX Retirialr Bkt FipTone
enbodi rrent, cbﬁﬁoxli%i’éﬁhéb' e polyanions will possess an excluding vol une
greater than that possessed by carboxyl ate groups at physiol ogical pll, such
as those bet weeCambagtitenSestmadeidoam sificoBuhydabdeds lmvle@nem:d]gclosqu Sihadng derdrogel

phosphat es, phosphonat borates, sul.fates, sulfonates
Pher bof - and CORGSIFRES B SR ABBUPRARC RL 1 ) Ve BT SEMAY east
one sul f O”atb%s&lrl@hgés) thfbu%ﬁ%é’l%ﬁs #2881 ISR ver ttﬂ@sﬁ@b%ﬁteﬂél@'dﬂ: Aot

sul f onat e. he vol une excl udi ng” pol YNers nay formed fromreactive
ani oni ¢ 2ﬁDnonlmr@;rlt1Mw¢ttablmnpd c@émghenchycttlag apings wlqbanm osedgo dupvatht at | east

one reactive nco ora e reactive anionic
mononer 1 nt ot e el R BolscRS ki e g et B LGRia P aEPre.
ani oni ¢ NDONQRBfckel d&ﬂtdédﬁnses?’@adged-bﬁthe shearmg force between the eyelid and the material.

The long-term effects of this have yet to be discovered.

25  Summary of the Invention
The present invention relates to a composition comprising a polymer comprising at

least one volume excluding polymer.



Wherein Ris a reactive group, L is a linking group and Ais an anionic
group as defined above. Reactive groups, R, include groups that that
can undergo free radical and/or cationic polynerization, condensation

pol ymeri zation, ring opening polynerization and 5the like. Non-limting
exanples of free radical reactive groups include (neth)acrylates, styryls,
vinyls, vinyl ethers, G .6alkyl(neth)acrylates, (neth)acrylam des,

Cl. 6al kyl (et h) acryl am des, N-vinyllactans, N-vinylamdes, C2.12al kenyl s,
C2. 12al kenyl phenyl s, C2.12al kenyl napht hyl s, C2. 6al kenyl pheny1C1. 6all cyls, O-
vi nyl car bamat es and O-vi nyl carbonates. Non-limting exanples of cationic

et eof 1 one. oRBoBeRENeRboY Bulr AT B Ao bip et e aed B

acryl oxy, ( gkt SI&EE Y0188 cRAHdiRl pbHIRS id @Qéﬁeﬁtrﬁﬁ)nrb%?ﬂciaﬁrtg &t as an

"(meth)acrylate" includes both acrylate and nethacryl ate. Non-limting
exanpl es grosumesticckipEbl e of under goi ng condensati on pol yneri zation incl ude

al cohol s, esters,.,carboxylic. .aci.d i sQcyanat e anhydr.i des rqups  capabl e
of halide 15di splBEEREHY . MHR St STIF ok Rod ComBing TEPaREigat B3H and
the Iikes Ngfe {dliiink eREu@napplydser @l 0B6P2MISasE aRANILSIrAE. Uunder goi ng ring openi ng
pol ynmeri zation include cyclic derivatives of hydroxyl and am no carboxycylic
acids, cyclic ethers, cyclic esters, cyclic am des, conbinations thereof and
the like. Non limting exanples of groups capable of undergoing ring opening
pol ymer i zat Descripfionof tldeFigwes i ¢ et hers, cyclic esters, cyclic am des,

conbi nati ons thereof and the |ike. L is a divalent |inking group
conpri sifg subst ng‘rb}@ﬂisaeﬂcﬁagiﬁﬂmhé H}Ha%ﬁc %ﬂo@%b@'ﬁ@n laﬂé’lyflﬁ‘ udedlih tﬁé‘EQ&ﬁpl@ﬁ.om ’
whi ch may be straight or branched, polyethers, oOxazolihes, substituted and
unsubstit ut ed hetmuoeyidd graph ofiths rel@ive midsdoswif sontreldensss amblenske ofithel |

am ne, ether %gi.de, .h%dro I .8roglps, conbi nati ons thereof and the like. In
anot her enmbBESHRLAEVEN(io %S%éﬁlﬁP REEMYFy ai ght or branched al kyl ene group
having 2 to 8 carheps3 is ig@ple oIk eelhiRthadsNEss oAk ¥onARIGAE Bhilhkle Ikkasent
i nvention have the formula H2C=C(R2)-02- (CH2) 11-A Werein R2 is sel ected
from-H - CrislasapplecPhgalihp ruman cpinen @s a funstign of imeger between 2 and 8 and A
is as d?%i)ned above. In one enbodinent nis 2 to 6. The reactive

ani oni c noners are polynerized, either alone or with conmononers to form
the vol une peedrijtion @f BR! Mv@itionSui t abl e vol ume excl udi ng pol yners may have a
5 wide range of KQ'u@é‘dll!lééin‘,"%lgﬂk%xclﬁ@inh%Em?e? aﬁé}%lﬁﬁéﬂsrc%%pﬁgiﬂg%%fa?&b‘l@n of
hydr at abl e pol yanions is present at thé substrate surface. This nay be
acconpl i shegdolygnignsawhichdpy olittgrorfarhergefremilsen inothe chagedstateraind sheosizootithe

bst r at by. | i ng..pol i | ecyl i ght, Wi thi
wh do. 1 ange. SgNs Ry RgvE e dBUBY il fe e Moo e syt iy st
havi ng ag molRekioRdtedeintite cfbodimdRans h?&%ﬁ!dble?g) angfnsgﬁu PBSsess RPENENRingl O

havi ng a nol ecul ar wei Eht of at |east about 0, and in sone enbodi nents,
bet ween abouelung@Beaserdhaethet pissesstd hoearbexylate gmupe at phiyaiokegicad pl mechws| |
known met hods ip . the art ch as GRC. miscosity and the like M xtures of
vol ue excl (e BTy AL SHEPRD Sarviatls AEOHisefFarids mieBraiey ol so - be
used. For exRdsphénatésNbsatel, KMaed] sBdhited, ComMBihaliénsdBsrcbpdtiderht GikelSE éhe Xt ure
of vol ume excl uding polyners, with each of the polymers 15 having different
nol ecul ar weingpdigent ihe gRwnoETONP pImPLINYS ahlsasd ione pulfonateegreup.t In anofhwsi red to
have anigni | ose t. . te surface and al so spaced fromthe
substra ge) s%Wgél@g%g’%que%lg?&lg\%%)olﬁgili%{?ﬁ)t(':]%%i/ol ume excl udi ng pol yners, one

havi ng a rel ati vehy vblawersxtRdifgaiolaérg flayde fbasal frtvaRe /O nibicGOGhoigs a

second vol une_ excl udj ng polynmer with a high nolecul ar wei ght of greater than
100, 000 ni ghhigheompaige ﬂ@th?éfﬂ%ﬁﬁ?%@lpﬁ HEOURP pnd gldeash apsEcagtie Sraup.ydueh of
skill in th 1o IS - ' : ' j :

ol ure oxcl BIHS HEpitalidfol GESRe00aRink rRkED it e Veithe Biuding poiyaF
hydrol yti cal | y sEaihples afishiiablesoamive ahodicremandriverchmlel:y stable as wel | .
General |y a physiologically conpatible cation is ionically associated to the
ani oni c éroups. Wien the substrate of the present invention is an ophthal mc
devi ces such as §TE§\C°”taCt | ens, suitable cations include Li+, Nat Kt

NH4+, ng+, Zn+, Ag+, conbinations thereof and the like. In sonme enbodi nents,
the cations conprise Nat K+, NH4+ and m xtures thereof. Additional cations
may al so be present as salts in the solutions which are used with the

opht hal m ¢ devices of the present inventiQn, including but not limted to
Cat Mgt Zn+, Ag+ and the liKke.




Exanpl es of suitable reactive anionic nononers include, but are not limted

to of sodium 2-(acryl am do)-2-net hyl propane sul phonate, 3-sul phopropyl

(meth)acryl ate potassiumsalt, 3-sul phopropyl (neth)acrylate sodiumsalt"”

hi s 3- sul phopropyl itaconate di sodium bis 3- sul phopropyl itaconate di

pot assium vinyl sul phonate sodium salt, vinyl 5sul phonate salt, styrene

sul fonate and m xtures thereof. In sonme enbodi nents the vol une

excl udi ng pol yner may al so fornmed fromreactive anioni c nononers where L

conprises amne functionality. These am ne functional reactive anionic

nononers have a bal anced charge, and nmay be desirable for substrates where

|l ow swelling is desired. However, to achieve the desired osnotic effect, 10

at | east abgﬁl@f%R\M a 0gagtive awupol ifelinking GeNR gnd Al Iy 4B ANIORISATEUR Bhesfined

repeating u&%&g derived fromthe reactive anionic nononers. The vol une

excl udi ng pol'yners conprise between about 20 and about 80 wt % repeating

units derived frReactieagidups, Rrihclodegionpoiimy tha) cagngldergo Seeradicdladient s

bet ween about, 40 and about 75 wt % 15The vol unme excl udi ng _pol ynmers may al so

i ncl ude contAYSRSIROlY eI alRRsRBRISatioRRC BCIFAtIOR; THE RENING RAYREFALOAENY o| ume

excl udi el A\ : j ' L SEr:] | Jhuted in
g PRLYE N'oﬂflﬁﬁ%nﬁ@(am#l@%Bf’ﬂé&%dir’?ggrggmv% g%% MH&{;Q%%%?@M&%&E

bl ocks or a conbi nati on tHereo n one e I ment”, en co

present, thsyryds, eindissvinybethed, Clyatiydimetinaecryakesn@netsactyhatidesiey do not
provi de substantial gaps.in . the vol yme excluded hy the apionjic groups. In
erbodi ment sCe R R HIAE K %Fa@%?%&swﬂmﬁ?ss 2galiendsed with t he
l'ens via af &l Nhinyl Act) QAfkeniRSphIRHY T8 LSXELHAAH®RO rooay include

bl ocks of cgirfgnonlrle)}r@ﬁﬁt h %ﬁopeerr“% ngs @% rﬁrq%é{r to’”&hoge 1()6%1m§‘ﬁs’e | ens pol ymer.
For exanpl eyinflarbamatestiad O-Viepkabongtes. sNowy ligiitingomepleshd cetominocmetiveray be a

hyd hobi ¢ bl ock, h h I , b d hyd bi
o ey SRS TP Ao S s b BT BB BB Y RBE B oo
may be sel efh%?%cii@@ﬁ%dﬁﬁ%@ﬁfpfik&tﬁr%bcr?bgﬁ Q&?ldx&?(n@%ﬁﬂﬁﬂaﬁnjdé,%h A%nrlut not

limted to acrylic-"or vinyl-contai'nihg nondners. e term"vinyl-type" or
"vi nyl - cont tiersofgAs nsed dwersins “(methdacrylotetimebies both aery ltevandgnethasrylatey |  gr oupi ng

- CH=CH? d -al |y _hj ghl i ve. h_hydrophi.l i -
Vi ny T ~cont ai ni noNABTORGE AR EaPapln ) HadrSaing HdeRplpy Pelygerigation
"Acryli c-typelud@hlcoldsis, ¥hikG; @a?&%xggggas)s" iSIBRAARSE, AnkY Rides) Q8RipI RAABRI oF halide

containing the acrylic group: _ CIKI»Q wherein Ris H or , and Xis O
or N, whi chdigplaceaiest sikeioaspheiy! ghloyide combinaeergithgreofand thedikeN, N- di et hy|
acryl am de (DWVA),. 2s.hydroxyet hyl .net hacr yl.at EMA) , . al yceral t hacryl at e,
Ty oxyet byl mPREFSEEHELI ot EOUPEGDHNRD Futbieile prk Bl e BRI § ool
nono( net h) agehdetRlicRkfiagivid Chyded e Aichndifs Yarbsxyaglidlacids, cyclic B0k €

vi nyl - cont ai ni ng nononmers whi ch_may used as the conononers include N-vinyl
ani des, N vestsrs, cyelictammdes;, eorgbinatiopis thergof erdthedibhe or NVP), N-vi nyl acet ami de,
N-vi nyl - N- met hyl y,acet am de vinyl -N-et hvl acetam.de. N-vinyl-N-ethyl 10
For maun de. N vi nP™ B armes ob¥igiby S o P ARG ng SR gl piidtton
hydr oxyzet hinkludé agstic @fiRrsaey ik @BeBEcyct adidey, |lcombindB6m théredand hyelilexy |

met hyl acryl am de, conbi nations thereof and the |ike. Oher hydrophilic,
mononers that cah ivedizalgnidiking sioumromprismgsrositutedandamsyhstinesd alkylgnedmuing
€

pol yol s havi . ] (o] -enl it h 15
a functiona?qgf%@gng%n a.ﬁ?ﬁéﬁgqﬁgﬁéﬁgkﬁ?ggﬁﬁgg@@%P@g%bﬁ§§oﬁﬁﬁ Qﬁgguy%%lude
pol yet hyldenmdﬁmmbdti.tuted hetm;dcgiél&ﬂgrahﬂxsyl&xlcj;hhle &ﬂis?ﬁentamg&tehqﬂydmihe,cbﬂmr,spheﬂol
A reacted with one or nore nol ar equival ents of, an_end-capping group such as
i socyanat oeRfRiF: Rdrorat iprps: sowgunm ,thqr%ﬂf@w? Hhetlike; éfbw&wa?@b?%meyt;f

met hacryd i c L | i Y rd . t he
ke, 12 pr oHebe: Mo BF bAGH Alyiof kBl HEvind o0 S REYH, i nE e

pol yner i zabthe redctté ariiensgif thepsredeonidechtion hatveahe fidryatahy| ene pol yol t hr ough

| i nki ng noi eti es such as carbamate or ester groups. Still further
exanpl es are the hydrophilic vinyl carbonate or vinyl carbamate nononers

di scl osed i L. Sn. Pater o, 5,070,215, and the hydrophilic oxazol one
monomers di E@%@é‘&fﬁﬁﬁﬁ%ﬂ%& ents No. 4,910,277. Other suitable hydrophilic
mononers 25wi || be apparent to one skilled in the art. In one enbodi nent the
conononer conprises at | east one hydrophilic nmononmer sel ected from DVA

HEMA, gl ycerol nethacrylate, 2-hydroxyethyl nethacryl am de, NVP
N-vinyl - N-nmret hyl acryl am de, N-nethyl-N-vinyl acetam de, polyethyl enegl ycol
nononet hacryl ate, nethacrylic acid, acryl%c aci d,
N-(tris(hydroxynethyl)nmethyl) acrylam de, ¥itaconic acid and conbi nati ons

t hereof In another enbodi ment, the vol une excl udi ng pol ynmer conpri ses
conononers containing at | east one am de group, carboxyl, hydroxyl group, or
m xtures thereof.
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5 Conmononers of these types may have the R-L groups defined above, . and
further conprise at | east one am de, carboxylic acid or hydroxyl in place of
t he pol yanionic group or may have the am de, carboxylic acid or hydroxyl
group bonded directly to R as defined above. Suitable am de groups have the
structure 0 /73 -C R4 10 where R3 and R4 are independently selected fromH,
stratight or branched Cl.12 al kyls which nmay be ether substituted. I n
one enbodi nent the vol une excluding polyner is formed fromthe foll ow ng
nmononers in the foll owi ng anounts: nononmer Mol. % based upon all reactive
conponent s Enbodi nent 2 Enbodi nent 3 Enbodi nent 1 Reactive anionic
nmononer 2-100 30-60 40-55 Am de_contai ni ng conononer 2-80 15-45 25-45

Car boxyl i ¢ WhewgincBnisseleried fwormdhofidh. @M%bdﬂéh)nié,wberﬂws eR yieges hetyesn ng

comononer 05 40y 8 QiR id 25 defined above. In one embodiment n is 2 to 6.

The reactive anionic monomers are polymerized, either alone or with comonomers
to form the volume excluding polymer. Suitable volume excluding polymers may have a
5  wide range of molecular weights, so long as the desired concentration of hydratable
polyanions is present at the substrate surface. This may be accomplished by grafting
oligomers of 3 or more repeat units onto the substrate or by incorporating polymer having
a molecular weight within a wide range. Accordingly, the volume excluding polymer may
be an oligomer having a molecular weight of at least about 500, or may be a polymer
10  having a molecular weight of at least about 1000, and in some embodiments, between
about 1000 and several million, as measured via any of the well known methods in the art
such as GPC, viscosity and the like. Mixtures of volume excluding polymers having
different molecular weights may also be used. For example, in some embodiments it may
be desirable to use a mixture of volume excluding polymers, with each of the polymers
15  having different molecular weights. In one non-limiting embodiment, where it is desired
to have anionic groups close to the substrate surface and also spaced from the substrate
surface at least two distinct volume excluding polymers, one having a relatively low
molecular weight of less than about 10,000 and a second volume excluding polymer with a
high molecular weight of greater than 100,000 might be used. Other combinations will be
20  apparent to those of skill in the art using the teachings of the present invention.
The volume excluding polymers suitable for use in the present invention are
hydrolytically stable, and in some embodiments thermally stable as well.
Generally a physiologically compatible cation is ionically associated to the anionic
groups. When the substrate of the present invention is an ophthalmic devices such as a
25  contact lens, suitable cations include Li+, Na’, K, NH,", Mg", Zn", Ag+, combinations
thereof and the like. In some embodiments, the cations comprise Na*, K™, NH," and
mixtures thereof. Additional cations may also be present as salts in the solutions which are
used with the ophthalmic devices of the present invention, including but not limited to Ca’,
Mg', Zn", Ag" and the like.



15 The vol une excl udi ng polynmer may al so conprise at |east one

hydr ophobi ¢ conononer in addition or instead of the above |isted hydrophilic
nononers. Any of the silicone nononers described bel ow nay be used as well
as any ot her hydrophobi ¢ nononmers which are known to be useful for the
manuf act ure of bi onedi cal devices, such 20as rigid or hard contact |enses or
| OLs. In sone enbodinents it is desirable for the vol une excl udi ng
pol ymer to have a structure with the hydratabl e pol yani on groups extendi ng
out fromthe polynmer backbone. In another enbodi nent the hydratable

pol yani on groups extend out fromthe pol ynmer backbone and are freely
rot at abl e. Exanples of suitable structures include a brush 5structure, a
branched st r uct ukzamplppefsuitablgeeastize apignis spasomers ivakide Hayt @ nqt himited te, g,

t t t he: j |
backbone. f o St GLAREABEA XA AR BLA ATk e S PERAAOR M nRUBRE RIE PPLLT™!
hydr at abl e psthystimh sulg 3exlphograpehdaahjayryltosodilna salon- bie < sulplogrepytitaednaend of

t he vol une excl uding polyner. In a loop. structure the hydratahl e pol yanjon
groups are SioeANn. By hsulpherioprbitasonats di pipssiren, panyd sulphianaig sodipmsalt, viayht

| east t p 1 IR A he pol yner backbone.

The vol \lljprre %@ﬁ}ﬁjﬁla{e%mb%%§ﬁ%%ﬁﬁ%§%bagglﬁlg %S\r%%/da?% bi omedi cal devices. As used
herei n bi omedi caln wew eeisodimetts de tohaoseextdsdignpeolymer ey alsedomtisd ohn or on

either or both manpalian tissue or_fluid and . in_one %Hbog&nent human tissue
or fluid. ENARPICANINC NOBORATSHEIETE bSOMRRFSTAEINGUNGHRlY-nl beseiaBhne st ent s,

i nplants, ¢ f | I q@ﬁﬁ | I g&n% ,
sensor devi ?ggﬁéﬁ g"’g&‘ ﬁégg‘%{]#}goﬂg EI?%EEH%?S %alr‘{(ejtaop t ?@eﬁl{a@eﬂ g{lltlﬂélgg fBQ idﬁ%:ifhu I ng

punct al pl ugsstraphtvherlervw sivellsgss deniredp Hohalen, © achieee tise ddsired nemetivbefthictrent |

the biomedi cal device is an . gphthalmc |lens including wthout |imtation,
cont act br RrIEsHER 29 "1edh E60E Yol Tar xR hcrbae R e RIBe Reafie Wi
contact | engeri@ldroa? i refiBe GADAR MBornhdr§One hydrogel contact |ens.

The medi cal devices may be nmade fromany material known to be useful
t herefor. | n oneThorbadimeentluting pobdnerstordprsedetweenrabdet 20 amd atout 8 wténe

polymer. For sinplicity.the nmethods far attachne 111 be desctibed with
Fof erence. ¢ PEHEIEAISAPTER MRSV BRI BSHONEGH 8 OB e STRRALT s,
Those of skiddwebdabdi4@bhd abtit 19 wilig teaching of the present 25i nvention

will be able to aﬁpl y the present invention to other nedical devices.
The vol Uire excl u@hhgolpoieyerelndingypolmers val @lsoliyclode ¢andnoadry ‘Bhe copianers at

I t ti f at | t f f. th bst r.at . .

 meor por at ey R sy eps PR BBRBETVRGR RetebHEsperaR ey AT offeiee of the
substrate, pEMoRE diflibied, diskiBuRllin BlocReéita coibihdiRnIHASHS. AhdneembBNinRAt,
polynerized with the reactive m xture fromwhich the substrate is nmade, or a

conbi nat i onwbén edreonsesre aregurergys they are distributediibrpugle thespolirraersottha theyl damot

excl udi ng pal r i oval ent |y attache th.the substrat ol yper and the
Vol une excl OV spbgRE B ih e, FUbAE IRl ot AR BEERIE" dn BRI R 1o
form a zepvalbele thotslumbryciBingQdiyiaRabisodbted Withi tA1eAs &RV ili@acions] ch
will remain stable during the use of the substrate may be used. According,
free radi catherveliing exsiudinppelemenmay inchidy blegks of formemngmers Mathdqrppaities simper
openi ng reagt.hQns ke S s t «have the
appropri at eFOr‘jé’g%t?f\}@@%P%E@%’H"F lé%ljngxggagef Z#lr%eéggl gaéﬁteggg%rﬁﬁlﬁ%?%glﬁ ﬁég%d%hrséi red
groups. |n csRommieandyebia hidiephoblaisiecks xathdi atgxyRnparin@r becHpgidasi ng a free
radi cal reactive conpound, and is contacted with at |east one surface of the
substrate ihyfgéﬂlqbﬁggr@fll"séé‘fh%aB‘?ﬂﬂﬂﬁt%loéﬁ‘& &IRMRr coating effective

condi i s 10 OR odd Vi WBbAGHErs Shty RORlecGratb bumB Gt bt N

pol ymer “may be incorporated ih to a solution to facilitate the coating
process. Fohydrsptijit emonbinersy sdchrs, et ebtliinited @adcyyier oanihyboyntainigr meesnared

15conponent s, such as initjators, crosslinkers, col orants, photochrom
Conpounds,  SURISTR PR AT (VieY A0S BHIE GEARTCTR SHELIOARRIOmATB RN G B s

anti ni cr obi syt ' : i i fi_and the
li ke may b Finy FSRONE SO ORI AR Cor QTR Ml rc ?Qngggtgs‘%%ilﬁ a;nd’th%h?e‘ﬁ Usirabl e
for cert ai ncaftaihing nasiaimdromalknoonpo polgmerigeicdatevsly dastiy.not limted to

hunmect ants, wetting agents, antim crobial conpounds, therapeutic 20
conmpounds and mi xtures thereof to elute fromthe article. Suitable solvents
wi || dissolve the vol une excluding pol ynmer and ot her coating conposition
conmponents, but will not dissolve or substantially swell the bionedical

devi ce. For exanple, when the bionedical device is a contact |ens, suitable
exanpl es of solvents include water, acetonitrile, water m scible al cohols,
pol yet hers, conbinations thereof and the |ike. Specific exanples 25include
al koxy al cohol s, al koxy polyols, glycerol borate esters, conbinations
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The vol une excluding polymer is incorporated in the solvent in a coating
effective anobunt. As used herein a coating effective anount is an anopunt
sufficient to provide a coherent coating on the article surface. The coating
effective amount will vary depending on the type of coating process

sel ected. For exanple, for solution grafting anmounts from5 about 5 wei ght%
and in sone enbodi nents between about 5 and about 10 wei ght % based upon al
conponents in the coating solution. Those of skill in the art will be able
to determi ne suitable ranges for other coating processing using the
teachings of this invention. The bionedical device is contact with the
solution via any conveni ent nmeans. 10Suitable contacting nmeans include
sprayi ng, di ppi nderyliqing, of ‘Geniligpontaitng Haenunes iedhesfmanemery eontpiRing The

entire devi 0 d—*lf&? e i : rhonly a
portion of tg‘?%lg}%%?g"“ﬁagélg’e Ccoa )e(z%%ﬁl %)?%%re, ’\’Nf%lgdngﬁ%gb ‘%i%’?r‘e%?@a ai!isg’vi ce
i's a cont acknowens polymeerBtreddily| anh agbyNakmethgl faylamide(DMa) si-Hedrokyding | ens
may be coated (for exanple either the back curve which rests agn the cornea

h

and conj uctgthacrylate (FEENYAYglycesel pethecay e Stydoxyethylmethasrylamidet ne eyel i ds
d air)g i f f

port ron ot Py B b, SolyRuf kBt o AR e AR el rRE AP o

The devi ce dcsyliaeidicted with the sol vent/coating pol ymer sol ution under
conditions suitable to formthe coating. Suitable tenperatures include those
bet ween t he freddYHgPRINE vBWICPMgInRg Mpaorasrs whechapppuscdfs by CUPRNONEISS er abl y
bet ween aboy N Tell: )G . r k 15 and
about 50 C.1 uge glgﬁ'? gﬁ}ﬁpf%gpgggg%&%sf(ggegﬂ{@g)(@gbn? ?’%re S f]fqibvgflﬁelnt to
coat the susckmoedd, N-vingl-dkinethlyl alesiniidel. N-@onyi-2Gethyl aetanidy, Neinyp-N-ethgbout 2

days, in sope enpodj nments. up tQ t 1 _day,.and in sope .enhodi nent pto
about 1 holeraamigdiy r‘ﬁnﬁrfsflﬁaépld@ﬁ%%# HJ@HPXﬁpl -ﬁ&grabba?wfé?lﬁgﬁr ydppEelind i

not criti cak,d I-NQ - i ; i heR. iR

those. of skt EpABRden, fFEN Montolhd i A PRPLY INATARRE, ooy

t enper at ur etheraf/arehthblliget he reaction to be conducted in a shorter period of

i o houl d i, dth h I f the h bl
bolyani on 1t neOReARTER FmomPishiican o SRBLPEE i Reane TORDE ol ©
rel ated, angiy gkl PonGNIRIMY el Hord bt Il 9 aRAY HRASBREOWit:

increased tenperatures nay allow for shorter reaction tiires.
Al t er nat3 ved functitrel geaiptcon@inpng ¢ aolyorrigalde geublaborsk ompdetiadludét h t he

bstrat I i ' f ' diti . pol ized.in th
oresence. of PivenDe e atcahefilugs nBThuommiRt sid s BRRuuRRPIPETE 1A% bR "on
the reacti vgheRftinydBintardigaHRfented foftend-caffihg 8X0APRLUEh af 96cyaHMSEtht €S
cont ai ni ng hydroxYalém(groups at or near the 5surface free radical reactive

hydr at abl e pethgers TEM{)k ko luglmetreispeyanats  TMILs aethagtylR-anbpideids mephacededr
acrylate (SRA) .,my he araf Ly i zed. usi a cat t i ch can abstract
v ogen sc g St BpRd shioR e S0 FRE ot Blo0tke s SRy R POV Db Rk FERY)

ni trat ex( CAbbre tEleiiBNI8Ioly BeYzak RIS HIE fdups BohdRahs vty 16t sdlfaitesugieact i ve
sites on the desired substrate may be used. The SPA and catal yst are m xed

i s a sol venlinking mivietigs swohl as carbamate awesietigmubstrate to forma graft sol ution.
The concentrati og. eactiv o] ion grou may. v fro 5to
About 100 ver ght Sii iR ot e G R PR ety iR TR e,

wei ght % i n #bRoBesdisdBsedinl iSORatedtiI N 81080235, dndl the Bpdrophilid oramMibHes bet ween
about 0.01 and about 1 weight% and in sone enbodi nents between about 0.05
and about OmeneERERisclsBLidd S BamEND. A1 GAT Tof e suiiahle Pydropaila MASPEEE 15
excl udifg pehVERLnaRiP ' RilfcdSAGd € ani oni ¢ nononers and conobnoners).
Crosslinkers may ‘be 1ncluded i1 n the coating solutions of the present

appl i cati on. Thelnanmewnibodiman dsséanmdeemer derhpried atdehst onahydebppdicdhagpmegpon t he
article substrate sel ected. For exanpl es, ere the substrate is formed from
a pol ymer h¥lackg f&?@&fﬁ’%ﬂf@%ﬁ&%@%@“’ Iﬁét?‘é‘é},/\g& SdlygéﬂxéF in\%ﬁ?‘: deate the
substrate net i - : i i nker
may need 0 obE Hedart b Al RSB v ladein g b o BefigER 0
froma polymer having a neutral charge, it may be desirable to include at

| east one crosslinker in the coating solution in an anount sufficient to
provi de the desired | evel of coating integrity and permanence of coating

bet ween the vol une excludi ng pol ymer and the substrate for the intended end
use. For exanple, in an enbodi nent where fhe substrate 25is a contact |ens,
the coating should remain throughout the ar schedul e, and shoul d have the
integrity necessary to provide the desired benefit across the rel evant
portion of the lens surface. Wien a crosslinker is used, Suitable
crosslinker concentrations include fromO to about 3 weight %and in sone

- ~ 7




preactivation steps are known in the art and include oxidation process which

produces reactive sites,

reaction with potassium persulfate,
15Al ternatively,
or any group capabl e of
substrate surface which has been activated by a coupling agent.

reaction may be acconplished by the use of a reagent or

t hereof and the Ilike.
activated by a coupling agent,

a direct

i ncl udi ng but not

limted to plasna oxidation,
reaction with iodate,
R may be any group capabl e of being
reacting with a

conbi nati ons

For exanpl e,
reaction

that activates a group in the surface polynmer or volunme the synthetic
group on the

anti m crobi al
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agent .

synthetic anj
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(3-
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or m xtures
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above,
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react with amnes to forntanldes

pol ynmer by the formation of Schiff bases8
such as sodi um cyanobor ohydride and the [[i ke
Coupl i ng agents usef ul
N- hydr oxysucci ni mi de esters,
di t hi obi s(succi ni m dyl propi onate),

anm ne |inks.
limtation,

Am no

such

3,3 "

for—g hi-sypur pose i ncl ude,

&4

roups al so nay be coupled to the
that cgn be reduced with agents
torm 5hydrol ytically stable
Wi t hout
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tartarate and the |i ke,
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One ordinarily skilled in the art wll

recogni ze that any nunber of other coupllng agents may be used dependlng on

the functiomgl OF onps present on
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i nteractions,
ani oni ¢ char ges,
this enbodi nBHPONAIE ig 3
sel ected to B[tQA(ﬂedfﬁor‘idgﬁergﬁ

substrate i s cont act

i nterpenetratjon,

Ogdr g pot ymer ey be a uﬂAaFEUTMLTer|WEﬁ s
may be associated via ionic interactions,
af f The vyluinetegtdingPodymeadaar difd empribeapasi one hydisphabici ons,

Pnblnatlons t hereof and the |ike.
IiHemer wstead af tha aboys lisd hydesenivlic,
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GRORRINSite Anyof the

g e i Y

pol ynmer undemoacmelistwincts aretkinotvynad bewsdfalcfor ﬂmnmucﬁamtmé of bmmadiaahée\ewsl smih ng

polymer jn the desi anount
6, 689, 48¢) GapHE %Eaf%@%@it lgnses W?@g
1,287,060, the disclosures of whi

| i sted herein,

enbodi nent the vol unme excl udi ng pol yner

transfer process.

coating conposition conprising at

ch, and all

i's incorporated herein by reference.
may be incorporated via a nold
Generally the nold transfer process would be used to
incorporate 5 the volume excluding polynmer as follows:
surface of a nold or a nold half with a co

Zt

| east on

s such as those disclosed in US
$ 379, 6,858,248, WD 2004, 060431 and EP

ot her patents and applications

| n anot her

coating a nol ding
ing effective anmount of a
vol unme excl udi ng pol yner;

b.)

di spensing the reaction m xture conprising the polynerizabl e conponents

selected to make the desired substrate into the nold or

nol d hal f;

and c.)

curing under conditions suitable to formthe desired substrated coated with



151 n one enbodi nent, the vol une excluding polyner is incorporated on at

| east one surface of the substrate in an anount effective to prevent or
resi st dehydration of that surface of the substrate. For exanple, in one
enbodi nent where the substrate is a contact lens, the front surface of the
contact lens, which is in contact with the eyelids during blinking,
conprises a layer of at |east one anionic volune excluding polyner. The 20
pol yani ons in the vol unme excluding polyner associate with cations fromthe
tear film As the water on the front surface of the contact |ens evaporates,
the concentration of cations in the tear filmon the |lens surface increases

e STk L A R L

concentrat i Qiu&hrecRfth &i%ShyHPatziH]@ Euﬁbn gfbubb BxtbRdng oﬁtefﬁﬁn% ﬁcﬁ?ﬁer PdlBonel N
one 25 enbodi nent, the vol une exc udi ng polynmers of the present invention
act as osnotli an@thex\ﬁem@dlmsntdb@hbfdrembie rpolmrmtgr@lns reixtear Quafremdbcrpolwmat s that

nove water in out . of te to LN .cation con e ti.on
equilibri umbﬂ‘élquﬁé‘gﬁnq ] %5 ? aﬁﬁm}l éﬁ)‘i‘@&lﬁ ftures mclu Shount  of
wat er drawn str@itel Rerdn@Réd §ttdcmr& 2 15&1%&&@1&; artldondHi Ratidhs Hﬁ?edfe'l‘ﬁa'ﬂﬁiéhbe
controlled by the thickness of the coating of volune excluding polyner. In
enmbodi ment s stiketaes the by@retabh:eaql:sanm gphpsextendpendantiyalonttbe palymer beckbonet ween
t he cornea onjunct d.an ayt of th |.i d excludlng
ol yrer 5 NG PR B e e it Boodtdd o P AR BT B Uenocs
wi t h thi ckerexteay @esdamtly fm))‘n ﬂﬂ\(ﬁn&ei@lﬂﬂ%}ﬁﬁn&l enduf thewolieged &abldn@paivmes Iaf
water fromthe tear fluid. Thus, another enbodi nent of the present invention

i ncl udes devi leemstisiur thechydseatle pelyapion grauss gre brand tathei b@gk@naé@ ithee‘(!) Wit er
bal
e o 190, ok B B A5 R e el B B ol iy

dr essi ngs, a&naekddner apeuti c ophthal mc 10dre55|ngs |ntervertebral dISk

repl acenents and the |iKke. Exanpl es of polynmers which may he used to
form substrates skhictvabiree w@rluct%p@mgém@h A Wigqek arowith Aiamegécal dpviersutAs used
limtation l. I:

et hyl ene. pr@géﬁ{ gﬁé&dggfg %‘B 113{&&%%8{%%%@?&‘@ Wﬁﬁg %ﬁ% nﬁ |c§f &gelﬁ{e}‘ bF Bt
acryl am des mammagimdssny befluidaad 1m6meyérﬁlﬁnd1mem&1unmrt§shuecorefhdd NEkdrapley bi c
acids as well as pol yurethanes, pol yest ers, pol ydi net hyl si | gxanes and

mi xt ur ed St heSpebevaggs Anchude, w §uwﬂ91tfittwé4 staats riplange rathalges, ¥opnd gieesIAg%r ogel s.
I n one enbo 1 bl e
ol yer o - neEeahelACdE LB, RS Bideholic Wiyt sl oy @0 ©
to make har dieciosd, afluding pemsctal gdups| optithalmee bnamhdmphthalauc ir&bﬂt:e kwafrke cont act
| ens fornulatlo s of L @Iude 2 pQl yners co oly @

pol y( met h) ac¥shogtraent. th elomeditg! eicaisan ophy Cfegs daqly ngémeb%lﬁ Hydatigt.at es;
pol y(met h) agiy a@trqu aocﬁ éﬂséy lIﬁ%ﬁQﬁ@@érﬁ@odhﬂ%Mﬁé Hé’\llé@faslﬁasgﬁtc%ﬁtact lens, and
pol yvi nyl am des, V|n actans pol yurethanes, polyvinyl al cohol's and
conblnaﬂﬂonsnshaeemksaaﬂmonmmﬁhogdnnmmaﬂmmns described in US 5,710, 302, WO
9421698, EP 4061 998, 498, U. 6, 087, 415, U. S,

U.S.5, 776, 999, U. erﬁed?@égﬁ%lies pRYshe §' ¢ fiae agy matepip) K ?‘%Z%%ejfelﬂerefor

Non-1'i m ti ngnexaBRbedinkht #eikediQNtSGEe is%h’il%?rd‘n%mét%b?ﬂﬁrnhé?c Fed&nipULrAr e
not limted to the fornulations of acquafilcon A I'con A, galyfilcon

A, senofil cdhe metlmdnfquatimhmm wibhbe describehwith aefereBee ﬁdw;netqmtmillm@xaﬁimr@ﬁleof
suitable silic hy.dr ogel | ude, t hose, .di.scl osed in U S. .5 998 498

W03/ 22321, Tf ?é Vge wﬁ{]% ‘F ié'ﬁﬂ ﬁ§"‘“5 using theyigachipg of the present ;61
U S. 5, 849, Sﬁdenulah Sill béaﬁl@Seﬁ r@se%@ﬁw@ﬂt%n oIS 2L dMFc 849671, US

7052131. These patents as wel as all other patent disclosed in this
par agraph are her qlm@emchngnolmmer @ﬁéb@ﬁ@‘@alq:mlytcne@mc@mzitra@h@d tO\Méqa@tat he

medi cal device.is of t cont n mer. w || be a
hydr ogel , arﬂ?rtllcﬁl %Ia&(rzeagtr%&u ?ﬁ %fltﬁ ‘fbshg%e'%a)ét; Fncggar?{aeﬁ‘? n?%g Cgﬁ‘l east about
5% and in 5 afFesitsh atidEdppiiedto the 3sifacRPtie stiB%rate, may bdiditib&Dintadl of RIS €S
are made from pol yners that include but are not limted to pol ynmers and
copol ynmers of poly(nethyl)nmethacrylate, silicone (neth)acrylates,
fluoro(neth)acryl ates, fluoroethers, polyacetyl enes, and polyi m des, where
the preparation of representative exanples nay be found in JP 200010055, JP
6123860 and U.S. Patent 10 4, 330,383. Intraocular |enses of the invention
can be forned using known materials. For q?anple, the | enses may be nade
froma rigid material including, wthout mtation, polynethyl

nmet hacryl ate, pol ystyrene, polycarbonate, or the |ike, and conbi nations
thereof Additionally, flexible materials nmay be used including, wthout
limtation, hydrogels, silicone materials, acrylic materials, fluorocarbon




A "silicone-containing conponent” is one that contains at |east one [-Si-0-1
unit in a nononer, nmacroner or prepolyner. Preferably, the total Si and
attached 0 are present in the silicone-containing conponent in an anount
greater than about 20 wei ght percent, and nore preferably greater than 30
wei ght percent of the total nolecular weight of the silicone-containing
conponent. Useful silicone-containing conponents preferably conprise

pol ymeri zabl e functional groups such as acrylate, nethacryl ate, acryl am de,
met hacryl am de, vinyl, Nvinyl lactam N-vinylamde, and styryl functional
groups. 5 Exanples of silicone-containing conponents which are useful in

this inventi be found in U S. Pat, s. 3,808,178, 4,12Q,570;

4136, 250, Of e SMbIFRe of TRICheRply e 53 A she SAGUILS B TEom sHC e Sgste
These ref er gigeR, S SEIRSRatIBR VS (BX Bk Sfctfdsol ef i ni ¢ silicone-containi ng
conponents. Suitable silicone containing conponents include conpounds of

Formula | 10 RiRenmb@imends SiheRithRyolunRiexcindmgepoRimérgs conhdgntlydtached, bathect ed
from nonoval,ent. reactive gr s, smmnoval ent al kyl ups, or. nonoval ent, aryl
o oups. " anytErebsiERGer Y R e PR R Rel e il PR resPhrE e Har Py

sel ect eds f I 9MMeAAHRAY YornPA ciMdlerR$8ad. CANP Method@alatlle 6£f0RRINE a @dvaRiYbordM do,

car bamat e, carbonate, hal o?en or conbinations thereof; and nonoval ent

si | oxane chwhivh vatpmaigistedplel durog the uge ofdhe subsuate meaywiel ushd magcdrdinghiec

conprise fungtipnality sel.ected from al ., hydroxy,. am no, ox car ,
SRy car ol TR, GRigS e T ion BEENGRS mnd e RRIrSRTHY
20where b =]ikk, t1g tROfbstrdie pSlyher UsesUd Bavel RO dpprbptiatvh@Btite pHupd fiehin bban 0, b
is a distribution having a node equal to a stated val ue; wherei n at

| east one Rprefiedtpd Iosgenerptgiba dosiredrgrounsadn puecybedipeni the yoluse gxcledin®di nent s
bet Rl ¢ i | ent i . i
P ronoval Gnt PRURsP s Pap RIER 18 cIRAPNAL AN (o fREhd (Raf QiBred Wi ERAASRE, "

and/ or cati Qifaee pOtheFEb3tAES inQdatiNPEfdctive hindgnte ¥adh&e coitidy dectidéltsmlitions
reactive groups include (neth)acrylates, styryls, vinyls, vinyl ethers,
Cl_6al kyl ( nittwphidie gesitadsubstraiesifaser yl ani des, C1. 6al kyl (et h) acryl ani des,

N-vi nyl | act ans, i 1 ; I | . . I Sg. 1

C212al kenyl napht %‘%’EW@%Q@%‘%@% Hﬁ%yﬁ%égf%ﬁé?ﬁdﬁwixﬁ{)/)lpgg%{t)oa%]théaste g’ﬁd

0- vi nyl car bosuting prodden-Hor kkarhplg, i avhinesexefudaft podviner dndadly iodeerdesitids i ncl ude
vinyl ethers or epoxide groups and mxtures thereof In one enbodi ment 5 the

free ralf caforrRRERisvEChROBPiAsrEpssinkers. salormis Pheigehromie pympgynds,
e R
aryl groupsthesapetiticaconspdunts, tcatdihasions tharwoDarid thelikel naagtheydombadedyih a spivepty |
butyl 2 hydr oxypropyl. pr opoxypr apyl ., pol vet byl eneoxypropyl . conpi naj i ons
as, but not limited to humectants, wetting agents, antimicrobial compounds, therapeutic
20 compounds and mixtures thereof to elute from the article. Suitable solvents will dissolve
the volume excluding polymer and other coating composition components, but will not
dissolve or substantially swell the biomedical device. For example, when the biomedical
device is a contact lens, suitable examples of solvents include water, acetonitrile, water
miscible alcohols, polyethers, combinations thereof and the like. Specific examples
25  include alkoxy alcohols, alkoxy polyols, glycerol borate esters, combinations thereof and
the like. Specific examples include tripropylene glycol, ethoxy ethanol, methoxy ethanol,
dipropylene glycol, propylene glycol, alkoxy trimethylene glycol, N-propanol,

isopropanol, t-amy] alcohol, t-butanol, monoethyl ether, combinations thereof and the like.



In one enbodinent b is zero, one R is a nonoval ent reactive group, and at

|l east 3 RI are selected from nonoval ent al kyl groups having one to 16 carbon
atons, and in another enbodi ment from nonoval ent al kyl groups having one to
6 carbon atons. Non-limting exanples of silicone conponents of this

enbodi nment i ncl ude 2-nethyl -,

15hydroxy-3-[3-(1, 3,3,3-tetranmet hyl-1-[(trinethyl silypoxy]disiloxanylipropox
yl propyl ester ("Si GWA"),

2- hydr oxy- 3- met hacr yl oxypropyl oxypropyl -tris(trimethyl sil oxy)sil ane,

3- et hacryl oxypropyltri s(t ri rret hyI siloxy)silane ("TRI S"),

3- net hacryl oxypropyl bi |SI|O .rrethl ila and 20 . .

3- net hacryl oxyprog.é OéXIP‘b'yég onﬁg#]&ntﬁ%F&gFédaiaﬁgﬂtEng Hieetve 1o
20, 3 to 15 ghmolit. me@ﬁb&ﬁi ﬁ&ﬁtﬁg%ffk&wje(bmcﬁlht {s@aSmovnesdfEeRhi B prédide a
conprises a nonoval ent reactive group and the remaining Rl are sel ected from

monoval ent ak#lydrend coating dethe agicle susface The ¢nating efeeti veampunh wilh satyslepending

another 25 cRboM BERbr citne Ptk SsD FoPlalthis, et i RRul S ey

reactive gr Ou%uttsh@elgﬁth@ fand &1 §9nke¢mbidi et beH@en absn fSQtﬁd'a%Bﬁt HJ W¥ilgh©Qt Baked
having 1 to 6 carbon atons and the remaining R conprise nonoval ent al kyl

group havi ngupon @l gorepenssts inthaepating polpiion. t Thage ek sk intheqrt will hbeaheto

corponents s AL R o SbAP G RBR SIS Pt nest¥aoo. 000

MAN ) (" OH nmiElivBtign. nononet hacr yl oxypr opyl term nat ed nono- n- but vyl
term nated pol ydi net hyI si | oxanes (800-1000 MW, g nPDVE" ) . I n anot her
enbodi ment b is 5The bisgeedigel deviss Beopigctanth thssphtion vif 3y coRveigHpmdass

from 5 mboySHH EpfetimaRE il BRRtY, Bi3plds, Rl HIREC A UGS ERLAC
et her |inkagesd bﬁtlmeeﬂ‘heanmmeatoemﬂmbomﬂ, drigrsutface @ﬁmcﬂn“vuc&ﬁnhpbeagmned or

I n anot her enbodi nent, one to four ri ses vi.nyl carbonat e or
carbamat e of Ofler RasHARIPEA Syrficamay hewo_m 9 m@@em?wéyeat b biomegical dgvige iya

denotes O-, §(11;5t%;t i he%ngmgﬁ By BY B5RGE3nR o E)c{%y(lf th&lleh$ m]a%p% cog‘te foft; and

gis 0 or e sf I'’cone-contal ni ng" vi’'nyl" carbonate or Vi car mate
NONOMers s peexafrnlﬁla leltheri the batdtecurve which rests on the cornea and conjuctiva, or the front

(uimyl oxYiar BORFROTIG) SR Syl &F @%'Fl]acf%@pﬁ?a}r”ifq? SRR Pl Surface may be
3-[tris(tri méﬁaﬂ? SI&F% %%%Iﬁ‘% ia/ ?Sin]tloﬂro? Ritherdhitide WRER IR Sike m?nguﬁll or C?lyl.lCtIVﬁl |

4tris(trimet propyl viny carbarrate tri yl'si
vi nyl carbonate; fThe devihg/issiohgalcwdt\mm thvBmiybnttcaaﬂu@mlgmeaadutmﬁﬁﬂ%ndmons

H2C=C 0 CHSI?utab?e to fgrm the coatmg SUIQ.% e t%llnpgrlamg‘es m%lugognoge chween the freezing and

boiling points of the selected solvent, preferably between about 0 and about 100°C and

20 more preferably between about 15 and about 50 °C. The contact time used will be a length
of time sufficient to coat the surface to the extent desired. Contact times may be up to
about 2 days, in some embodiments up to about 1 day, and in some embodiments up to
about 12 hours, and in another embodiment up to about 1 hour. Pressure is not critical in
the coating reaction of the present invention. However, those of skill in the art will

25  recognize that elevated pressures and temperatures may enable the reaction to be
conducted in a shorter period of time. It should be appreciated that the concentration of the
hydratable polyanion in the graft solution, reaction temperature and time are all related,
and that higher concentrations of hydratable polyanion and/or increased temperatures may

allow for shorter reaction times.
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1H CH3 20 25 Wher e bi onedi cal devices w th nodul us bel ow
about 200 are desired, only one Rl shall conprise a nonoval ent reactive
group and no nore than two of the remaining RI groups will conprise
nonoval ent sil oxane groups. I n one enbodi nent, where a silicone
hydrogel lens is desired, the lens of the present invention will be made
froma reactive mxture conprising at | east about 20 and preferably between
about 20 and 70%w silicone containing conponents based on total weight of
reacti ve nonomer conponents from which the polyner is made. 5Anot her cl ass
of silicone-containing conponents includes pol yurethane nmacroners of the
follow ng formul ae: Faormulae IV-VI (*DA*D*Qa *DDFELl; E(*D*G'D*A)a
*DFG*DELl or; 10B{temenyely dhg reaotiye pplpaniomarouppmay be contpeigd Mathiebe sypsiptecy |

di r adi cal , I : o - cal I ' ' an aryl

di radi cal ot Pg%#%%@ﬁg&?%@%@@r %ﬂﬁqyﬁg%dgébﬁ%é%q‘ggﬁm G
denot es an eahbsyrhtediSuiable pblynerieytidroanlitions iviladémal onahe sdaktyve mytgdrni@l | cyl
diradical, 15 an aryl diradica r an al kylaryl diradical having 1 to 40
carbon at ongr%ﬁasmt%dﬁwxe'aﬁiea?% SEM@F&,S copfpiping hydsoryd erquiR ahisnsanthehe mai n

e S SSRSHES 1<IAIRLPE M Ste ol JNRAE ks dercl e o
sulfopropylester acrylate (SPA), may be graft polymerized using a catalyst which can
abstract hydrogen atoms from adjacent hydroxyl groups such as ammonium cerium (IV)
nitrate (CAN). However, any known grafting techniques which creates reactive sites on
the desired substrate may be used. The SPA and catalyst are mixed is a solvent which

10 swells the selected substrate to form a graft solution. The concentration of reactive
polyanion groups may vary from about 5 to about 100 weight%, and in some embodiments
from about 50 to about 100 weight% in the coating solution. The catalyst is present in
amounts between about 0.01 and about 1 weight% and in some embodiments between
about 0.05 and about 0.1 weight % based upon the weight of the catalyst and volume

15  excluding polymer components (reactive anionic monomers and comonomers).

Crosslinkers may be included in the coating solutions of the present application.
The amount of crosslinker included will vary depending upon the article substrate selected.
For examples, where the substrate is formed from a polymer having an anionic charge, the
selected catalyst may penetrate the substrate polymer network and no crosslinker, or very

20 little crosslinker may need to be used. In other embodiments, where the substrate is
formed from a polymer having a neutral charge, it may be desirable to include at least one
crosslinker in the coating solution in an amount sufficient to provide the desired level of
coating integrity and permanence of coating between the volume excluding polymer and
the substrate for the intended end use. For example, in an embodiment where the substrate

25  is a contact lens, the coating should remain throughout the wear schedule, and should have
the integrity necessary to provide the desired benefit across the relevant portion of the lens
surface. When a crosslinker is used, Suitable crosslinker concentrations include from 0 to

about 3 weight % and in some embodiments from about 0 to about 1 %. Suitable

crosslinkers include, but are not limited to dicapped polyethylene glycols, more specific
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_ R

SSOSi-(CH2)y- Al | u Au R' independently denotes an al kyl or
fluoro-substituted al kyl group having 1 to 10 carbon atons which nmay contain
et her |inkages between carbon atons; y is at least 1; and p provides a

noi ety wei ght of 400 to 10,000; each of E and El independently denotes a 25
pol ymeri zabl e unsaturated organic radical represented by fornula: Formula
VI R12 R13CFC- (CHOwW ( X) x-Pz--(Ar)y-R14- wherein: R12 is hydrogen
or nethyl; R13 is hydrogen, an al kyl radical having 1 to 6 carbon 5 atons,
or a -CO Y-R15 radical wherein Yis -0-,Y-S or -NH; 1214 is a dival ent
radical having 1 to 12 carbon atons; X denotes -CO or -000- Z denotes -0-

or -NH: Ar denotes an aromatic radl cal. havi ng rbon atons; wWis
to 6; x is exagplesingludemgthyiens bisagrylamide, qﬂw&ne:glycol dlmethacrylaraz pelyetbylexer!

The Tol|ow ot Berar & CRATR b OORE AN Py RO Aol TR ARAAL hikh °

ai i . c- Eaai , benzemdntdindtions theasifend tleHdkea, , Ent- ni Cachrrei 0)s-(cF9m ceN-R, 8-N
cco- GCHZOCFbai 20 g R G N CFZ 2030CHZ CH 11-1HHHI - 013043HHHH a
wherein RI6 is akehvaien wila HFalSowrhFaset stest l'?rléﬁiﬁ}éﬂ Waler eoent 96 thFanat e

group, S4ICNg S Ab e i@dirferl eﬁﬁfcw&in Bmé d:%#tﬁ)?.c W&%ﬁgglfnﬂh%ﬁﬁe ﬁ LBl e
silicone containing” nacromer ormul'a +yis
a nunber i ntotduust tredeved bf gafting tB&):hlfem d&sdedbyffedworrteaoatlthmsmstatd with o’emmer

Ihgggs );% ;{ ggwqﬁgi Hﬁg%? féqr(/grgghé :lﬁfr.lgl?%ﬂ% W%tholg (s) 161deln{l)sf Bc&atg ?Jg'eevegtnlcti from
NHAOCH2 CF2- éL@)ge:lgﬁally &E&%@&E@lﬁm At polymer network.
The grafting process may optionally include a pre-reactive step to provide the

10 substrate with properties which will enhance the efficiency of grafting. For example, the
substrate may be treated to increase the concentration of reactive groups. Suitable
preactivation steps are known in the art and include oxidation process which produces
reactive sites, including but not limited to plasma oxidation, reaction with potassium
persulfate, reaction with iodate, combinations thereof and the like.

15 Alternatively, R may be any group capable of being activated by a coupling agent,
or any group capable of reacting with a substrate surface which has been activated by a
coupling agent. For example, a direct reaction may be accomplished by the use of a
reagent or reaction that activates a group in the surface polymer or volume the synthetic
antimicrobial peptide making it reactive with a functional group on the peptide or polymer,

20  respectively, without the incorporation of a coupling agent. For example, one or more
amine or alcohol or thiol groups on the synthetic antimicrobial peptide may be reacted
directly with isothiocyanate, acyl azide, N-hydroxysuccinimide ester, pentafluorophenoxy
ester, sulfonyl chloride, an aldehyde, glyoxal epoxide, carbonate, aryl halide, imido ester,
tosylate ester or an anhydride group on the polymer.

25 In an alternative embodiment, coupling agents may be used. Coupling agents useful
for coupling the cationic peptide or protein to the device’s surface include, without
limitation, N, N’-carbonyldiimidazole, carbodiimides such as 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (“EDC”), dicyclohexyl carbodiimide, 1-cylcohexyl-3-

(2-morpholinoethyl)carbodiimide, diisopropyl carbodiimide, or mixtures thereof. The
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00 -,..ya's-7"1?1111Le-""--"NMSNl e20) 25Sftvl ecO LNH O O her silicone
cont ai ni ng conponents suitable for use in this invention include those
described is WO 96/ 31792 such as macroners contai ni ng pol ysi | oxane,

pol yal kyl ene ether, diisocyanate, polyfluorinated hydrocarbon,

pol yfl uorinated ether and pol ysaccharide groups. U S. Pat. Nos. 5, 321, 108;
5,387,662 and 5, 539, 016 descri be pol ysiloxanes with a 5 polar fluorinated
graft or side group having a hydrogen atom attached to a term nal

di fl uoro-substituted carbon atom US 2002/0016383 descri be hydrophilic

si | oxanyl nethacryl ates containing ether and siloxanyl |inkanges and

crosslinkabl e onmers .contai nin her and .pol.ysilgogxanyl groups. Any of
t he foregoi n&mggﬁﬁnﬁF%Qé%E@yéﬁﬁs% @ﬁLﬁB@8W53§°l$%X%Pﬁ ]Igéon)e/ cgnt a!oni ng Y
conponent i Nhjdibgyuf¥ittindide O Toieh Esta§ iHa CanfeXdt With dMnesoSPrmaiRddsse at

| east one hydrophilic conponent. Hydrophilic nmononmers can be any of the
hydr ophi | i ¢ monofvmine greuphalsompk besetnled togherariymsy by dhediosmation of Schfébaseas s

f suitabl hi i i ncl | j i nyl -
monomer . Sull FERIHRGSn o Res s 0o B SRR SO b S iR CROHRL B ¢ g
agents, 15 hay@yRiicalhQile BiriliecOiks! ICoupBPIOARAE Wdefil it thi® prfobéthchide, without

pol ynerizabl e functional group are used, their concentration should be
linmted as diimdtatiendN-hpdrosy uscipimide giters, sushadithiobisupeivinngy Prepienatd)r Bd-

nodul us. The term * vinyl -t " Lor Lt vinyl- cont.al niing. er .
A R S e s L S
reactive. Sugdbeyerdapitinirgidy] faythratostdahelikg imttvesefssinaliding) wthohidiRivddgoner i ze
20rel atively easijly. rylic-type" "acnﬁlic:containing" NMONONer s

. . . AC pe" or " .
are those noAbMRY adipimatendifiyorabenzeae gerivatiyes dpluding patematdiitation, ey difliore H

or CH3, d I ' nol | ge: ily, such as
N, N- di memyl ééc‘??ﬁ%m&%#eyn%’%@?f@? ﬁ?/%lrl %@f}%%n&ngglﬁgﬁ gﬁz{a‘t Eﬁtt ), glycerol
met hacryl at e gluerfiideliyalcysidbib epomdidacing ludirigdeithod lipdtatied hyHanagkdiot diglycidyl
nononet hacryl ate" et hacrylic . acid and acrylic acid. rophilic

d
vi nyl - cont ai Aihey AemerdiErsiixsiiled imghe pd wikh wpgwatl@aamhwnm%f sther geppling

e onta . T ey .  des.,
NV oot act B BAEBElled dUBEEAL By WA IR oSiE b B dohidh Wk e, des

acet am de, N-vi niflthd\devie! hydrfaae dbamot eontiin\suitytile Naetiveygrobps, such ditablbloviupg |
formam de, with NVP being preferred. her hydrophi|ic nononers that can be
enpl oyed!? n f19% beARGoRRITBRd iinie IﬂEFd@‘?b‘BFE%}kWFWV%‘ﬁEmB'dF%‘P%S FhymEHedor more
of the ter m AMerddMEIOXNL ricAUPBrofPhia B ithdallccy 6y U RBLAIBRRE ol AitRzable

contai ning a polynerlzabl e doubl e bond. Exanpl es i ncl ude polye yl ene

gl ycol , et hoxphained cahiayling leactres greupsintd tht hempinat suixtbiesyshe toford the palysr.

ith I i val ent f d- '
{Socyanat oet PR ALY RE AT Ry TRy 1Y LA AP, SFRHAEPY | oy
chloride, Vi nyiRgnsRYdrokflgPbudGeidOdcid E!‘ﬁo}i&&@oués? cRbBaihRies, a‘?ﬂhé’s%ﬁ)/thﬁﬂﬁe

pol yol having one or nore termnal 10 pol ymerizable ol efinic groups bonded
to the pdlyetraylbemsedoRyadtivegas plabmh ipricessgs may etsbds useith as car bamate or

t . Still t h | t he hydrophili¢c vinyl
car bonat e or vi e NRIhE VoS raF Ddfse p0haRst ey be Fsscciiied g polypier
5,070, 215, apghsthe. MhereRmMd dH&IRaZRILPRNer MBI RIsSciflicd GiLRAR ihidrddtidns, BRtient s

No. 4,910,277. Qther suitable hydrophilic nononmers 15w || be apparent to one
skilled in t hderagtions, affinity intergeteonspasiseitbient dispeesiveyiatesastionsanimmioeharges,

et hacr vt am EMEPRR S FoniohEMR o Bl die ot ORF lbRPent TR PRILER ae.
pol yet hybgned the oblueRidiacsolydéeare BEEREL foyirbeida eheldcaited Afteridtioh. agids | n

one enbodi ment the hydrophilic nonomer conprises 20 DVA. . The
hydr ophi | i ¢ Rissewdhepelipepeubsirate aneontacted withia splyute conprasivg tevolwpdpendi ng

monomer up. 1 o PRBRET ylerBpARTRH Tl el FbompPRUH SRE AR RCB b o

based upon apblysepfiothe dtsirddnidu@t.r BReHody SuchQRRiRIIe dissloaékindgs epsabige;, For
exanple, in one enb%?inent 25 | enses of the éresent i nventi on coagrise a

wat er cont enf.8g7,%86. 587 1aB83E,33008. 8 348, WA REDHEFOEHwdi Bl h28 hBehdleth about
30 and about 70% For these enbodi nents, the hydrophilic nononer may be

i ncl uded in amobunts between about 20 and about 50 wei ght % React i ve
and non-reactive wetting agents disclosed in US2003/ 0162862, US05/ 06640,
US2006/ 0072069, W?2006/ 039276 may al so be i@CIuded. When wetting agents are
used it may al so be desirable to include a conpati bilizing conponent.
Sui t abl e



conpati blizing conponents include those neeting the conpatibility test

di sclosed in 5 US2003/0162862. Any of the silicone conponents descri bed
above may be converted into conpatibilizing conponents by incorporating
conpati bilizing groups, such as hydroxyl groups, in their structure. In sone
enbodi nents, the Si to OHratio is |l ess than about 15:1, and in others

bet ween about 1:1 to about 10:1. Non-limting exanples of conpatibilizing
conmponent s i ncl ude (nono-(2-hydroxy-3-net hacryl oxypropyl)-propyl ether

term nated 10 pol ydi net hyl si | oxane (400-1000 MW ), "OH nPDVS",

2-met hyl -, 2- hydr oxy- 3-[ 3-

T O o1 AN N R R R T S8 O
2- hydr oxy- 3-yet; I ropyl oxypropyl -tris(trinmethyl sil oxy)silane,
conbinationgﬁ?ﬁgﬁgé¥£§ﬁ§&the | i ke. Additional components such as, colorants,
phot ochr om ¢ conpawndther ethbduditienteths volhfiehaicludinggrdfmer maebd meotporsat watks,

wetting agents,, antjm crobi conpounds,, t herapeutic ¢ ounds, .conbi nati ons
ther eof and RIS HAREY RS 5B A8 OLTeE ROCFEQETg 6o Hrse Br GO aCone.
embodi ment s, i Lo kR% e&@luﬁﬁ%‘ ﬂcﬁ‘ﬁh@r dsTEHSRY: tcéa'ltfhgc’cf mBM%%aﬂﬁifaEé QﬁﬁboTcPGipé’ilﬁBQﬁ ’

such as, but not limted to hunectants, wetting agents, antimcrobia

conpounds, thufwsitle acoatingmffeotivelamaurd offe xoatingsotripesition compaking et feagiront he
article. 20A pol yneri zati on cat St nma e included in the reaction

mxtar e, Thevfioms FetdiRk pefiner £ dSes STt Y sl rBRHS ROUPGHER T | aur yi
per oxi de, beﬂﬂ%ériﬁlﬁfe@ﬂnﬂﬁmﬂl@ QAEQRY fo REKCRE ROHRH  ubAHRDIngd ﬁl@tﬁ&’&é&l bPRIcld 1 1 €,

and the liKke, at generate free radicals at noderately elevate
t enper at ur eshalfanod phowaigimdeatondisynstseivabls teclorm sheadasirad sebstiatsd abgtdd esith the

ket ones, ., al koxyoxybenzoi ns,. acet ophenones,. acyl phosphi ne oxi des, 25
bisacylpH%sdﬁF'%gg%FﬂgyynhABSﬁmF§BFP§WVm§WfH@xﬁgﬁgmggépﬁgfgﬁg?CWF%%ures
thereof and {daghositie® -sudll thasil Wall sWell xXMeRhRSraRf reXMh PhiRtdré AF Qritier AeRils

1- hydroxycycl ohexyl phenyl ketone, 2- _
hydr oxy- 2- meteling o piebhipansfar gpating manbe fdynd (RUS-Hi0Ai08843benzoyl) - 2, 4- 4-

[ hyl I hij. ' . APO i S(2, 4,681 | b - ph I
Chosen meour s (RPRCRRIAE BbIe S YEAR Sk B e ot R e SRS
and 2,4, 6- {copatBt thy bRee#HVentibRhenyl phosphi ne oxi de, benzoin nethyl ester

and a conbi nati on of cagghorquinone and et hyl 4-(N,N-di net hyl am no) benzoat e.
Commer ci i | y avdnicapembedigient, ¢hq yojtme ex¢luding pelysies issisorpaatasoen stiepsteone 819,

| rgacure 1700, .11 ur 800. _|lragac 819, . lrgacure 1 l,. £r i ba
Speci al Ly - cruecs PSS b ah RARBH FRPe R bR et Ao R B
Commer ci al | ysuafead bedbk Subdvafeh FopieRarhpla] i@lohe e®bdiienDahekithe hubéGangla Baitagur

2959 (G ba Specialty Chemcals). These and other photoinitators which nmay be
used are di slenosedrom sydpeerre the eontams dans; which i isiconteel with the erghideduringat i oni ¢

& Anionic P | i.zati ' i tion by i vel gt liker;
edited by Ghﬂgﬁ(ria%’ é‘gi;%ﬁ%%r? l&%rg@%taln t l&%@‘?%&&“&é‘}%’q@é‘g@ﬁgegm Sator is
used in ithe petpaiomiin ecdhine excliding pblgadet ¥oaiaRUMLIS cdtionk fiokr tk €ear film. As

phot opol yneri zati on of the reaction m xture, e.g., fromabout 0.1 to about 2
parts by wei§ntvagsaonthrfrpetsusfags of the sentaet lenssyararatepdhs cracEBiEtionpf Gatiqngdn
reaction m [ Lt - US| Ik i or
Vioibl e or bk FR ofthe o bEHRE MELAR duoke FRRLREANEn SFRURD: Bl ulBaL T o
initiator usEds cihiesanatmytid imbdlanice) which drasanvhier fean dhcteadfiing toh@storeathe
photoinitiator ysjng, for exanple, e- 15beam ver when a photqinitiator
is used, theSqHldTam pePREE iR ealighdo SRS Ph gﬁmnhkenéw -,pf%%ran gac

bis(2,4,6:-tr} G e = : i i : a
combi patr on IR ey RS nE RASRIE St MR 1 82 8o

di met hoxybendrowety. - By dsed-herdimmishmplip drivegrs apphmsponers tat dove DMBAROPT odtred ai n
anot her enbodi nent the, net hod of pol nerizabgon initiatﬂon is via,visible
light acti v afubsigate o @el&taélp satoncon, ?nttelagf% pquulibrium between the substrate and 1ts

bi s(2, 4, 6-trijmihmkRenzoyl) - phenyl phosphine oxide (Irgacure 819V).

These reactive mxtures may be reacted "neat” or in the presence of a
diluent. Suitable diluents and reaction conditions are known in the art. In
the exanples the follow ng test nethods were used. Advanci ng and recedi ng
contact angles were neasured on a digital balance 25 (WHI TE El ectri cal
Instrunents) together with a noving stage (Ealing Optical Co) which enabl ed
the effective force during i nmersion and emersion to be obtained. The
contact |ens sanples were cut into strips1

& 3.3 nmwide. A maximumof 3
strips can be cut off one contact |ens. Then a | oad is hooked at one
extremty of the strip and crocodile clip clanps the other extremty (weight
+ hook = 88.9 0.5nyg). This allowed the sanple to remain straight during



Gak = advanci ng/receding contact angle () y = surface tension of probe

solution (MN'm) P = perineter of test strip (m The hysteresis was
cal cul ated by subtracting the receding contact angle fromthe advanci ng
contact angl e. The sessile drop contact angles reported in Exanpl es

24-27 were nmeasured using an automated Digidrop Contact Angle neter and
technique (GBX Scientific Instrunents, 15 Romans, France) The equilibrium
wat er contents were neasured in phosphate buffered saline at 20C using the
techni que described in Synthetic Hydrogels 1, Copolyners of Hydroxyal kyl
Acryl ates and Methacryl ates: Water Binding Studies, P H Corkhill, A MJolly,
CO Ng &B J Tighe, Polyner 1987, 28, 1758-1766. 20It w il be appreC| at ed that
all of the test @ﬁ@ewwcw@rdéawﬁavvethat@éﬁlraﬁmﬂl&rfmm'ﬁu@ce.qfﬁl@rlémm@bbe

error. Accor gﬁtﬁﬂie‘d 'b tﬁéﬁbéﬁquse@gfslée gﬁ’anﬁg ﬁluﬁ{e%xl?ﬁhmg o?;ﬁn%@‘iﬁ dnid d‘?r%]%?sl ute

nunbers, but NUNET | ranges € precrsi ar

test. wharethddevic®ig dnl amt}raaahfe deh&e ladaaed 1oQﬁsttHeewée@Ith@mmga @m&lﬂij]ilﬁﬁvzar e
i ncl uded. These exanpl es not limt the invention. They are meant  only to

suggest a mahhaw part obthg rea%ltdsq:ﬁhﬁ@mlw exqiHsing RAYMats decafed etk g8 the Quier
cont act ken%% gfth\él%rls sﬁ?faﬁ) I']?ernséso\?ﬁ ﬂ'hél&e?ﬁalyﬁﬁ (?Srfrfg&q'l gf%g% éﬁﬁyﬁgﬁllpf

practicing the rnvention wever, ose e thin the
scope of t hiundé¢sirabletaimaunts df m/atérefrcmr mqlbz&sﬂmd h’éhlisohﬂmhcrruynlaidhnemoﬁhecmsseat e

used: AA = acrylic,acid ACNO = acryl oyl nor pholine 5 Am = acry de AMO =
nor phol i no é%‘feyp%f@@‘d@%ﬁlﬂm%? BR 8rhag 83MOkK ¢Ir¥ers, ﬁﬂat“f‘tatﬂéng:w}ewe “&Itqul

tartram de Y, g}%%lg’ yl
nmet hacryl ate ﬁ%&éﬁb %Nﬂl}%rg%%?h(?/ E%%ﬂdqf%%ﬁ)ée :OTlf-I}Ek ‘%frsg%m%‘l? g’% a?ﬁayl ate
15 NaAMPS = lmuttldunMuﬁdheglir@rrnatm)lala-mﬁndlmg drespage asd thehgratie oplaki@mmc sodi um

vi nyl sul fon te NIPA = N-iso ropyl acryl am Nl PAm = N-i sopropyl acryl am de
NVA = essings Antarereby PRRCREERS Ian‘ﬂl-ﬁ’\? | acet anmi de NVP = N-vi nyl

pyrrol i done PBSE xalagra?tghﬁél?m'efgf&ﬁema?%Iugéa ©9bih b@uIRA sitab1S e RROREQRY |

acryl ate potassium
invention include, without limitation, polymers and copolymers of styrene and substituted

styrenes, cthylene, propylene, acrylates and methacrylates, N-vinyl lactams, acrylamides
and methacrylamides, acrylonitrile, acrylic and methacrylic acids as well as polyurethanes,

15  polyesters, polydimethylsiloxanes and mixtures thereof. Such polymers may include
hydrogels and silicone hydrogels.

In one embodiment where the biomedical device is a contact lens, suitable
polymers include polymers used to make soft contact lenses, and those used to make hard
contact lenses. Non-limiting examples of suitable soft contact lens formulations of include

20  polymers and copolymers of poly(meth)acrylates, including but not limited to silicone
(meth)acrylates; poly(meth)acrylamides, polyvinylcarbonates, polyvinylcarbamates,
polyvinylamides, polyvinyllactams, polyurethanes, polyvinyl alcohols and combinations
thereof, and those formulations described in US 5,710,302, WO 9421698, EP 406161, U.S.
5,998,498, U.S. 6,087,415, U.S. 5,760,100, U.S.5,776,999, U.S. 5,789,461, U.S.

25 5,849,811, and U.S. 5,965,631. Non-limiting examples of soft contact lenses formulations
include but are not limited to the formulations of acquafilcon A, balafilcon A, galyfilcon
A, senofilcon A, comfilcon and lotrafilcon A and B. Additional examples of suitable
silicone hydrogels include those disclosed in U.S. 5,998,498, W(003/22321, U.S,
6,087,415, U.S. 5,760,100, U.S. 5,776, 999, U.S. 5,789,461, U.S. 5,849,811, U.S.
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Lenefiicon A Ilenses nade 5 according to Exanple 2 of US-2005-0070661
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in Tabl es1, Bek@WhoditnentPdlli&st abouEX0%. Reacti ve Anioni c Mononer (0. 045nvol)
Rxn Tenp. (C) Tinme (hr) % CAN Adv. CA (0) Rec. CA (0)

Hard contact lenses are made from polymers that include but are not limited to
polymers and copolymers of poly(methyl)methacrylate, silicone (meth)acrylates,
fluoro(meth)acrylates, fluoroethers, polyacetylenes, and polyimides, where the preparation
of representative examples may be found in JP 200010055, JP 6123860 and U.S. Patent

10 4,330,383. Intraocular lenses of the invention can be formed using known materials. For
example, the lenses may be made from a rigid material including, without limitation,
polymethy] methacrylate, polystyrene, polycarbonate, or the like, and combinations
thereof. Additionally, flexible materials may be used including, without limitation,
hydrogels, silicone materials, acrylic materials, fluorocarbon materials and the like, or

15 combinations thereof. Typical intraocular lenses are described in WO 0026698, WO
0022460, WO 9929750, WO 9927978, WO 0022459. U.S. 4,301,012; 4,872.876;
4,863,464, 4,725,277, 4,731,079. All of the references mentioned in this application are
hereby incorporated by reference in their entirety.

In one embodiment the substrate is formed from a reactive mixture

20 comprising at least one silicone containing component.

The term component includes monomers, macromers and prepolymers.

"Monomer" refers to lower molecular weight compounds that can be polymerized to higher
molecular weight compounds, polymers, macromers, or prepolymers. The term
“macromer” as used herein refers to a high molecular weight polymerizable compound.

25  Prepolymers are partially polymerized monomers or monomers which are capable of
further polymerization.

A “silicone-containing component” is one that contains at least one [-Si-O-] unit in
a monomer, macromer or prepolymer. Preferably, the total Si and attached O are present

in the silicone-containing component in an amount greater than about 20 weight percent,
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and more preferably greater than 30 weight percent of the total molecular weight of the
silicone-containing component. Useful silicone-containing components preferably
comprise polymerizable functional groups such as acrylate, methacrylate, acrylamide,
methacrylamide, vinyl, N-vinyl lactam, N-vinylamide, and styryl functional groups.

5  Examples of silicone-containing components which are useful in this invention may be
found in U.S. Pat. Nos. 3,808,178, 4,120,570; 4,136,250; 4,153,641; 4,740,533; 5,034,461
and 5,070,215, and EP080539. These references disclose many examples of olefinic
silicone-containing components.

Suitable silicone containing components include compounds of Formula I

10
R1 [ R1_ R1
| | |
R1-Si—0-Si-{0-Si-R!
R"| R R
i Jb

where
R! is independently selected from monovalent reactive groups, monovalent alkyl
groups, or monovalent aryl groups, any of the foregoing which may further comprise
15 functionality selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinations thereof;, and monovalent siloxane chains
comprising 1-100 Si-O repeat units which may further comprise functionality selected
from alkyl, hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate,
halogen or combinations thereof;
20 where b = 0 to 500, where 1t is understood that when b is other than 0, bisa
distribution having a mode equal to a stated value;
wherein at least one R' comprises a monovalent reactive group, and in some
embodiments between one and 3 R' comprise monovalent reactive groups.
As used herein “monovalent reactive groups” are groups that can undergo free
25  radical and/or cationic polymerization. Non-limiting examples of free radical reactive

groups include {meth)acrylates, styryls, vinyls, vinyl ethers, C;_salkyl(meth)acrylates,
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(meth)acrylamides, Cy.¢alkyl{meth)acrylamides, N-vinyllactams, N-vinylamides,
Cz.1zalkenyls, C; 12alkenylphenyls, Co.j2alkenyinaphthyls, CagalkenylphenylC. salkyls, O-
vinylcarbamates and O-vinylcarbonates. Non-limiting examples of cationic reactive
groups include viny! ethers or epoxide groups and mixtures thereof. In one embodiment
the free radical reactive groups comprises (meth)acrylate, acryloxy, (meth)acrylamide, and
mixtures thereof.

Suitable monovalent alkyl and aryl groups include unsubstituted monovalent C; to
Ciealkyl groups, Cs-Cy4 aryl groups, such as substituted and unsubstituted methyl, ethyl,
propyl, butyl, 2-hydroxypropyl, propoxypropyl, polyethyleneoxypropyl, combinations
thereof and the like.

In one embodiment b is zero, one R' is a monovalent reactive group, and at least 3
R! are selected from monovalent alkyl groups having one to 16 carbon atoms, and in
another embodiment from monovalent alky! groups having one to 6 carbon atoms. Non-
limiting examples of silicone components of this embodiment include 2-methyl-,2-
hydroxy-3-[3-[1,3,3,3-tetramethyl-1-[(trimethylsilyl)oxy ]disiloxanyl]propoxy |propyl ester
(“SiGMA™),
2-hydroxy-3-methacryloxypropyloxypropyl-tris(trimethylsiloxy)silane,
3-methacryloxypropyltris(trimethylsiloxy)silane ("TRIS"),
3-methacryloxypropylbis(trimethylsiloxy)methylsilane and
3-methacryloxypropylpentamethyl disiloxane.

In another embodiment, b is 2 to 20, 3 to 15 or in some embodiments 3 to 10; at
least one terminal R' comprises a monovalent reactive group and the remaining R' are
selected from monovalent alkyl groups having 1 to 16 carbon atoms, and in another
embodiment from monovalent alkyl groups having 1 to 6 carbon atoms. In yet another
embodiment, b is 3 to 15, one terminal R' comprises a monovalent reactive group, the
other terminal R' comprises a monovalent alkyl group having 1 to 6 carbon atoms and the
remaining R' comprise monovalent alkyl group having 1 to 3 carbon atoms. Non-limiting
examples of silicone components of this embodiment include (mono-(2-hydroxy-3-

methacryloxypropyl)-propyl ether terminated polydimethylsiloxane (400-1000 MW))

18
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("OH-mPDMS"), monomethacryloxypropyl terminated mono-n-butyl terminated
polydimethylsiloxanes (800-1000 MW), (“mPDMS”).
In another embodiment b is 5 to 400 or from 10 to 300, both terminal R' comprise
monovalent reactive groups and the remaining R' are independently selected from
5 monovalent alkyl groups having 1 to 18 carbon atoms which may have ether linkages
between carbon atoms and may further comprise halogen.
In another embodiment, one to four R' comprises a vinyl carbonate or
carbamate of the formula:
Formula II
10
A 0
H2C=C—(CHy),-0-C-Y

wherein: Y denotes O-, S- or NH-;
R denotes, hydrogen or methyl; dis 1,2,3 or4; andqis O or 1.

15 The silicone-containing vinyl carbonate or vinyl carbamate monomers specifically
include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl|tetramethyl-disiloxane; 3-
(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane]; 3-[tris(trimethylsiloxy)silyl]
propyl allyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamate;
trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl vinyl carbonate, and

- -
O CHs CHs CHs

H20=(|:|)—“OCO(CH3)4“Si—O Si o Si (CH2)4OCO—g=CH2

CH, CHs CHs
— 125

20

Where biomedical devices with modulus below about 200 are desired, only one R’

shall comprise a monovalent reactive group and no more than two of the remaining R

groups will comprise monovalent siloxane groups.
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In one embodiment, where a silicone hydrogel lens is desired, the lens of the
present invention will be made from a reactive mixture comprising at least about 20 and
preferably between about 20 and 70%wt silicone containing components based on total
weight of reactive monomer components from which the polymer is made.

5 Another class of silicone-containing components includes polyurethane macromers
of the following formulae:
Formulae [V-VI
(*D*A*D*G), *D*D*E';
E(*D*G*D*A), *D*G*D*E' or;
10 E(*D*A*D*G), *D*A*D*E'
wherein:

D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atoms,

G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical,

15  an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may
contain ether, thio or amine linkages in the main chain;

* denotes a urethane or ureido linkage;

4 18 at least 1;

A denotes a divalent polymeric radical of formula:

20 Formula VII
| |
—(C Hg)y SiO+Si—(C Hz)y—
||?1 1 ||?1 1

P

R'! independently denotes an alkyl or fluoro-substituted alkyl group having 1 t010 carbon
atoms which may contain ether linkages between carbon atoms; y is at least 1; and p
provides a moiety weight of 400 to 10,000; each of E and E' independently denotes a

25  polymerizable unsaturated organic radical represented by formula:

20
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Formula VIII

R12
|
R1I3CH=C—(CHaw—(X)x—(@Dz—(Any—R14—

wherein: R is hydrogen or methyl; R" is hydrogen, an alkyl radical having 1 to 6 carbon
5  atoms, ora—CO—Y—R" radical wherein Y is —O—,Y—S— or —NH— R"isa

divalent radical having 1 to 12 carbon atoms; X denotes —CO-— or —OCO—; Z denotes
—O— or —NH—; Ar denotes an aromatic radical having 6 to 30 carbon atoms; w is 0 to
6;xis0orl;yisOorl;andzisOorl.

A preferred silicone-containing component is a polyurethane macromer represented

10 by the following formula:
Formula IX
i

9 p 9 o o WA 1% d i T
CH=C- GO -o&q:—m—n;ﬁocumocwmzoﬁy—ms-lﬁqcrg"{so)s—m@ OCN Ry g~ NEOCH,CHOCH, CH,OCN— RIE— NCO—CHCH,CO0C= Oy
CHy W H HoH A | i | {

Gy JHoH H M

wherein R'® is a diradical of a diisocyanate after removal of the isocyanate group, such as
the diradical of isophorone diisocyanate. Another suitable silicone containing macromer is

15 compound of formula X (in which x + y is a number in the range of 10 to 30) formed by
the reaction of fluoroether, hydroxy-terminated polydimethylsiloxane, isophorone
diisocyanate and isocyanatoethylmethacrylate.

Formula X

o}

0
0 o]

)ﬁf \/‘NHJLO/\/\(sMeZO)Z,SMeI/\/\OJL NH
b NH” ™ OCH,CF;— (OCF2)—(QCF;CFa),— OCF,CH,0

0 8] 0
)ﬁ( OV\NHJLO/\/\(SMZO)MSM:Z/\/\ 0’“‘ NH
0

NH
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Other silicone containing components suitable for use in this invention include
those described is WO 96/31792 such as macromers containing polysiloxane, polyalkylene
ether, diisocyanate, polyfluorinated hydrocarbon, polyfluorinated ether and polysaccharide
groups. U.S. Pat. Nos. 5,321,108; 5,387,662 and 5,539,016 describe polysiloxanes with a

5  polar fluorinated graft or side group having a hydrogen atom attached to a terminal
difluoro-substituted carbon atom. US 2002/0016383 describe hydrophilic siloxanyl
methacrylates containing ether and siloxanyl linkanges and crosslinkable monomers
containing polyether and polysiloxanyl groups. Any of the foregoing polysiloxanes can
also be used as the silicone containing component in this invention.

10 The reactive mixture may also comprise at least one hydrophilic component.
Hydrophilic monomers can be any of the hydrophilic monomers known to be useful to
make hydrogels.

One class of suitable hydrophilic monomers include acrylic- or vinyl-containing
monomers. Such hydrophilic monomers may themselves be used as crosslinking agents,

15 however, where hydrophilic monomers having more than one polymerizable functional
group are used, their concentration should be limited as discussed above to provide a
contact lens having the desired modulus. The term "vinyl-type" or "vinyl-containing”
monomers refer to monomers containing the vinyl grouping (-CH=CH;) and are generally
highly reactive. Such hydrophilic vinyl-containing monomers are known to polymerize

20 relatively casily.

"Acrylic-type" or "acrylic-containing" monomers are those monomers containing
the acrylic group: (CH,=CRCOX) wherein R is H or CHj, and X is O or N, which are also
known to polymerize readily, such as N,N-dimethyl acrylamide (DMA), 2-hydroxyethyl
methacrylate (HEMA), glycerol methacrylate, 2-hydroxyethyl methacrylamide,

25  polyethylenegivcol monomethacrylate, ;methacrylic acid and acrylic acid.

Hydrophilic vinyl-containing monomers which may be incorporated into the
silicone hydrogels of the present invention include monomers such as N-vinyl amides, N-

vinyl lactams (e.g. N-vinylpyrrolidone or NVP), N-vinyl-N-methy!| acetamide, N-vinyl-N-
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23 NaAMPS 401 0.05 102 40 62 The | enses from Exanples 1, 2, 6, 7, 12,
16, 17, 22 and 23 were tested for the presence of 5sul fur as an indication
of physical proof of grafting. For each of the grafted | enses, sulfur

was detected in the |l enses of Exanples 1, 2, 6, 7, 12, 16 and 17. Sul fur was
not detected on the I ens of Exanples 22 and 23 (SeeQuence/ SPA), which may
have been a peculiarity of the sanple or a sign of irregular grafting. On
the majority of the spectra, cerium (the initiator) was al so noticeabl e.

Sul fur 5was not present on any of the non-grafted control lenses. It is

bel | eved thaly (e GHER K@ inIPRHRy Forrhdial ALY el N0k RRng1e! 11 0
preferred.

Other hydrophilic monomers that can be employed in the invention include
polyoxyethylene polyols having one or more of the terminal hydroxyl groups replaced with

5  afunctional group containing a polymerizable double bond. Examples include
polyethylene glycol, ethoxylated alkyl glucoside, and ethoxylated bisphenol A reacted with
one or more molar equivalents of an end-capping group such as isocyanatoethyl
methacrylate ("IEM"), methacrylic anhydride, methacryloyl chloride, vinylbenzoyl
chloride, or the like, to produce a polyethylene polyol having one or more terminal

10 polymerizable olefinic groups bonded to the polyethylene polyol through linking moieties
such as carbamate or ester groups.

Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Patents No. 5,070,215, and the hydrophilic oxazolone
monomers disclosed in U.S. Patents No. 4,910,277. Other suitable hydrophilic monomers

15 will be apparent to one skilled in the art.

In one embodiment the hydrophilic monomer comprises at least one of DMA,
HEMA, glycerol methacrylate, 2-hydroxyethyl methacrylamide, NVP, N-vinyl-N-methyl
acrylamide, N-methyl-N-vinylacetamide, polyethyleneglycol monomethacrylate,
methacrylic acid and acrylic acid, In one embodiment the hydrophilic monomer comprises

20 DMA.

The hydrophilic monomers may be present in a wide range of amounts, depending
upon the specific balance of properties desired. Amounts of hydrophilic monomer up to
about 50 and preferably between about § and about 50 weight %, based upon all
components in the reactive components are acceptable. For example, in one embodiment

25  lenses of the present invention comprise a water content of at least about 30%, and in
another embodiment between about 30 and about 70%. For these embodiments, the
hydrophilic monomer may be included in amounts between about 20 and about 50 weight
%.

23



whi ch has a hi gher nunber of surface hydroxyl groups, provides nore reactive
sites for the grafting polynerization, which accounts at least in part for
the significantly inproved hysteresis displayed in Exanples 1, 3, 4, 9 and
10. Graft polynerization of both SPA and 10 NaAWPS showed dramatically | ower
advanci ng contact angles and hystersis values. The appropriate control for
conparison is Conparative Exanple 2 (nelfilcon lens that was washed with
saline for a simlar period to that used in the grafting process). As shown
from conparing CE1l and CE2, the washing step reduces the effect of |eachable
pol yvi nyl al cohol on the hysteresis. 150n the |enefilcon |enses,
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brand cont adtydrasydetones sy exdiongoigs scetaphenonsso asylpkasaligs pxidem L ES(r)
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placed in tH¥ ‘éwﬂﬁﬁddﬁFnYEWQE§§lﬁﬁ?éﬂﬂ?é*&géﬂggﬁgéggybéﬁﬁ4the relative

mass | oss of,.. M ikt e

s i 1y cycT el DyBEREY SHIADNBRFCY bikd Chthend R 2
commer ci al | ypheyghihedxide (Igacaes 319A, 2 Anpirenahylbaadyldiyphdaynpivsphing erideasd 0 ggi-ed
using the sanme procedure. 5 Exanples 28-29 Etafilcon | enses (ACUVUE brand
contact |enses, commercially available from Vistakon) were renoved from
their packaging and rinsed with distilled deionized water to renove sali ne.
A coating solution was nmade having the cogponents in the amounts shown 10in
Tabl e 2, below. Table 2 4




Conmponent Ex 28 Ex 29 Water (HPLC grade) 100 g 100g SPA 10.44 gm O NaAMPS O
7.90g PEG acrylate 0 1.50 g CAN 0.15 0.15 Kpersulfate 0.5 0 MbA 0.13 0.13
The nononer(s) (anionic nononer and conononer if used) were dissolved in 50
15 gm of water, and nitrogen was bubbl ed through the solution for 10

m nutes. The CAN, potassium persulfate and M)A were dissolved in the other
50 gmof water. The |lenses to be coated were imersed in the CAN sol ution,
and the nononer solution was added to the CAN solution to formthe coating
solution. Nitrogen was bubbl ed through the coating solution. The m xture was
kept at 50C, and a constant stream of nitrogen was bubbled 20 through the

Sohut  on_ and PRSI RAPBHPEreb e pUR BrreSnad FIGHRT atd SO RPPREGERE o
stirring. ThempRshuinehdiniddthyras(N BRdiakas 1ahinb)behasfe. otc&hfde&eﬂlmﬁabland the

wash step was re eated The coat ed | ensés were placed in small vials
cont ai ni ng islibledghtahitiatossyiems mchyde I@@amrecsla,ﬂdg@umﬂoﬁzheawe W irgaQoe f or

ver e moasur G0 g, 50 WL FEmr¥ Pk SeESebCRlmiedd FRALEIHGIEAMERC, oa to
t he hyst er egivail@ble 2oni BASFheCumaRasiglly ﬁaﬂﬁbllew ph@taﬁ@@ators include Darocur 1173
and Darocur 2959 (Ciba Specialty Chemicals). These and other photoinitators which may
be used are disclosed in Volume 111, Photoinitiators for Free Radical Cationic & Anionic
Photopolymerization, 2™ Edition by J.V. Crivello& K. Dietliker; edited by G. Bradley;
John Wiley and Sons; New York; 1998. The initiator is used in the reaction mixture in
10 effective amounts to initiate photopolymerization of the reaction mixture, e.g., from about
0.1 to about 2 parts by weight per 100 parts of reactive monomer. Polymerization of the
reaction mixture can be initiated using the appropriate choice of heat or visible or
ultraviolet light or other means depending on the polymerization initiator used.
Alternatively, initiation can be conducted without a photoinitiator using, for example, e-
15 beam. However, when a photoinitiator is used, the preferred initiators are
bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide
(Irgacure 819®) or a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO), and in another
embodiment the method of polymerization initiation is via visible light activation. A
20 preferred inttiator is bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 819®).
These reactive mixtures may be reacted “neat” or in the presence of a diluent.
Suitable diluents and reaction conditions are known in the art.
In the examples the following test methods were used.
Advancing and receding contact angles were measured on a digital balance
25  (WHITE Electrical Instruments) together with a moving stage (Ealing Optical Co) which
enabled the effective force during immersion and emersion to be obtained. The contact
lens samples were cut into strips of 3.3 mm wide. A maximum of 3 strips can be cut off
one contact lens. Then a load is hooked at one extremity of the strip and crocodile clip

clamps the other extremity (weight + hook = 88.9 £ 0.5mg). This allowed the sample to

25



5 Exanpl es 30-31 The | enses made in Exanpl es 28-29 above were
clinically evaluated agai nst untreated ACUVUE(r) ONE DAY brand cont act

| enses (etafilcon A). The clinical 10 evaluation was a single nasked
(patient), random zed, study with twenty patients conpleting the study.

The enrolled patients nmet the followng criteria: aged 18 years or great,
habi tual daily soft contact |lens wearers, with a best visual acuity of at

| east 6/ 9, synptomatic score >0.19 on CLDEQ (Nichols et al., 2002) and
willing to adhere to the instructions set in the clinical 15protocol. The
subj ects were non-astigmatic (<1 DC) and free of ocular allergies, disease,

active ocul ar _infecti significant (Efro rade.3 o reater) ocul ar..
tissue anona‘ieyqaéfhﬁraﬁ%{%ggﬂpg g}ﬁwﬁ’a’sqiaﬁ péewxrftotﬂifeg? fﬁ?ﬁhﬁ%%ﬁgdﬂ%b%prgg%fc’g%o@
medi cati on Wotduri9igl | PHe ddVRAJiR@ERPREdiIFContatt hRflESwRI Rtdrignddbyaeadifg thet Y pes
in a randomorder for 3 days, with assessnent nmade on the afternoon of the
third day. Afomgerathmpainicofdeynessien ard emersipg ofthegampleaidovere chlsulatediusingns t ype
was eval uat eg, , ul bar hyperaem a, pal pebral roughness and cor neal

st ai ni ng \Aergoﬁr?‘gaﬁi%%at}gf}‘ng the CCLRU grading scale to 0.1 scale unit
resolution. No mcrocysts, straie, foldspor infiltrates were observed during
the triald The patients rated th60$@ﬂ59ﬁn a continuous visual anal ogue
scale for the 25followi ng paraneters: c ort, dryness, burning/stinging,

visual clarity and photophobia. The ratings were nmade upon insertion (first
30 ninutes oY"X%Ea ),"Bﬁﬁgqrﬁ‘gh{'?ee@%}s})f the day up to 6pnm) and evening (from
6pmto contact |ens reﬁm%dd)vahdin?rdc@mngQ&lﬁact_ﬁﬁgﬂef{% 3-5 shows the study
results. Patients also recorded the nunber of hours the | enses were worn.

The average reported wearsurfage tehsiontof pradbeselstionémNas) f ol | ows: Exanpl e 30
(SPA-coated 30 | enses gf Exanple 28) 11.05 2.81 hours, Exanple 31

(AMPS- coat ed | enses oprPa? erofsejs)‘f%lp('fg.m 2.45 hours and control |enses
of Conpar@ti ve Exanple 12 (uncoated etafilcon |lenses) for 10.90 2.79 hours

per day. Table 3 Subjective Rati nqs upon insertion Ex. # Confort Dryness
Vision M SD M SDIh kptegesiywas calculated by subtracting the receding contact angle from the

advancing contact angle.

The sessile drop contact angles reported in Examples 24-27 were measured using
an automated Digidrop Contact Angle meter and technique (GBX Scientific Instruments,

15  Romans,France)

The equilibrium water contents were measured in phosphate buffered saline at 20°C
using the technique described in Synthetic Hydrogels 1, Copolymers of Hydroxyalkyl
Acrylates and Methacrylates: Water Binding Studies, P H Corkhill, A M Jolly, CO Ng &
B J Tighe, Polymer 1987,28,1758-1766.

20 It will be appreciated that all of the tests specified herein have a certain amount of
inherent test error. Accordingly, results reported herein are not to be taken as absolute
numbers, but numerical ranges based upon the precision of the particular test.

In order to illustrate the invention the following examples are included. These
examples do not limit the invention. They are meant only to suggest a method of

25  practicing the invention. Those knowledgeable in contact lenses as well as other
specialties may find other methods of practicing the invention. However, those methods

are deemed to be within the scope of this invention.
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22 83 17 77 26 31 88 15 86 14 88 16 Uncoated 75 23 78 19 81 21 Table 4
Daytime subjective ratings Ex. # Confort Dryness Vision

10

15

20

25

In the examples, the following abbreviations are used:

AA = acrylic acid
ACMO = acryloylmorpholine

Am = acrylamide

AMO = morpholino acrylamide

CAN = ammonium cerium (IV) nitrate

DAT = diallyl tartramide

DMA = N,N-dimethylacrylamide

DMAEMA = N ,N-dimethylaminoethyl methacrylate

HEA = 2-hydroxyethy| acrylamide

HPA = 2-hydroxy propylacrylate

NaAMPS = sodium-2-(acrylamido)-2-methylpropane sulphonate
NaVS = sodium vinylsulfonate

NIPA = N-isopropyl acrylamide

NIPAm = N-isopropylacrylamide

NVA = N-vinylacetamide

NVMA = N-methyl-N-vinylacetamide

NVP = N-vinyl pyrrolidone

PBS = phosphate buffered saline solution

SPA = 3-sulphopropy! acrylate potassium salt
THF A = tetrahydrofurfuryl methacrylate

TRIS = N-(tris(hydroxymethyl)methyl) acrylamide

Examples

27
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30 71 27 73 25 70 31 31 80 20 74 27 94 98 Uncoated 66 29 64 29 69 31 Table
5. Evening subjective ratings Ex # Confort Dryness Vision M SD M SD

Examples 1- 23

Grafting solutions were formed by mixing methylene bisacrylamide with water to
0.5 weight %. The reactive anionic monomer listed in Table 1, below, and CAN, were
added in the amounts listed in Table 1. Three different lenses Lenefilcon A, lenses made
5 according to Example 2 of US-2005-0070661 lenses; Dailies (Nelfilcon A, a PVA based
contact lens commercially available from CibaVision) and SeeQuence (Polymacon, a
polyHEMA based contact lens commercially Bausch and Lomb) were contacted with a
grafting solution for the time and at the temperature listed in Table 1 and out-gassed with
nitrogen. Each of the grafting solution mixtures (Examples 5, 8, 10, 15 and 20), were a
10 50:50 molar mixture of the listed monomers. The lenses were removed from the grafting
solution and placed in distilled water for 3-5 days. The dynamic contact angle was
measured and is reported in Table 1, below. The dymanic contact angle for control lenses
which were not contacted with the grafting solution were also measured and are reported in

Table 1, below.

15
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M SD 30 59 30 58 31 65 33 31 76 27 72 29 80 21 Uncoated _ 58 32 54 32 67 31
The | enses of the present invention displayed confort, dryness and vi sion
which were at |east as good, and in the case of Exanple 31, better than the
uncoated control. All |enses displayed acceptabl e novenent and | ow st ai ni ng.
Exanpl e 32 89 (5.38%) of 2-hydroxyethyl acrylamde (in the formof a
45% solution in water), 40,09 (49.80%t) of sodium 2-acrylam do 2,2

nmet hyl propane sul phonate, (in the 5formof a 50% solution in water) and
16.01g (44.82%w) of Nvinyl pyrrolidone together with 0.8g (2%w) of

pot assi um per sul phate (K2S208) initiator were dissolved in a mxture of 80
ms of acetonitrile and 120 m s of water.. . .The m xture was introduced into a

t hree- necked reaction flask equi p_ped Wi bl irrer, water condenser and
ni trogen sparge dngyheat g@aﬁyvean IReArfCc 1spmantie. ‘The regction mxture
was heated to a tery)erat pTg,Q, .fbfin?c pes, od ‘”tﬁ"-ﬁOR?ﬁ N ?ﬁere;lign%
reaction m xturewas 1[[11 qg@? b"ﬂhﬁ“@ﬁ oC&nﬁ 6A dc ?{}e fliltered
and dried in a valcuunJP ov8%4§1 E CGg ng a 6% yIi ¢ Bl @) ( L6.(‘5‘3)g)
Nelfilcon lenses
CEl ex packing - - - 44 15 29
CE2 | Saline washed* 66 34 32
1 1 0.05 | 46 44 2
2 1 0.10 | 52 45 7
3 SPA 40 2 0.05 | 41 37 4
4 2 0.10 | 40 38 2
5 SPA/TRIS 40 1 0.05 | 65 33 32
6 1 0.05 | 44 37
77| NeAMPS ) 40 MToa0 [ 52 | 33 9
8 | NaAMPS/TRIS | 40 1 0.05 | 49 26 2
9 TRIS 40 1 0.05 | 40 38 2
10 | NaAMPS/SPA | 40 1 005 | 43 39 4
Lenefilcon lenses
CE3 - - - - 54 35 19
11 1 0.05 | 46 40 6
12 1 0.10 | 57 36 21
13 SPA 40 2 0.05 | 46 35 11
14 2 0.10 | 58 38 20
15 SPA/TRIS 40 1 0.05 | 68 34 34
16 40 1 0.05 7 53 21 32
17 1 0.10 { 50 40 10
18 NaAMPS 50 2 0.10 | 18 13 5
19 60 2 0.10 | 42 36 6
20 | NaAMPS/TRIS | 40 1 0.05 | 82 21 61
21 TRIS 40 1 0.05 | 62 36 36
Polymacon lenses
CE4 - - - - 107 | 41 66
22 SPA 40 1 0051 86 41 45
23 NaAMPS 40 1 005 | 102 | 40 62

The lenses from Examples 1, 2, 6, 7, 12, 16, 17, 22 and 23 were tested for the presence of
5  sulfur as an indication of physical proof of grafting.
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Recovered pol yner was dissolved in PBS to forma 0.01wt % sol uti on of

pol ynmer. The polyner dissolved readily with gentle agitation on an orbital
shaker. 100mL of the 0.1% polyner solution was added to a 200nl autocl avabl e
pol ypr opyl ene plastic screwtop 15 container. 1DAY ACUVUE brand cont act

| enses, commercially available from Johnson & Johnson Vision Care, Inc. were
pl aced into Hi stosette biopsy cassettes. Three Hi sosette cassesttes were

pl aced into a 200mlL plastic screwtop container, and the contai ner top was
screwed on. The contai ner was placed into an autoclave. The contai ner and

| enses were autoclaved in the 0.1% polymer solution for 30 m nutes at 120C

The contai ners_were 2Q.renp fromthe ocl aye t he | ut

The, cont al ner s oL, 20, oI efl e idle, AUhocl ays Anf Lie ASLust, ol iy on
for at |eastyt y\Qa0ays Qﬁmr\ﬁas%ﬁﬁ%éﬁﬁ‘%iﬁb%%%ﬁlpﬁs'@aﬁﬁ'i3h at |east two
changes of PBS. Tweezers were used to handle and transfer the |enses. Lenses

wer e found t(Sed:cher‘SPAD,awlmehl ntafidiave bedngi peshiliatityneh tiesampleodr asigmaof irtegelar
process. 25 Th CI ent. of .friction of thelenses.was

PO ove. A g thf Ryie? PF i bt pebtn (i RGPy PR Styyputtur
Instrurrersts,wfmgg@serﬁ\@nta@ro&“mon@gﬂé@@bnq@l Risadi r table was used for the
nmeasurenent of coefficient of friction. The test |l ens was placed on a convex

support and t h& isbdiavied thanhthegthemidat natore afgkes(pobryingd atchbolk@sgd)menlféle@l lgns.a
sliding spe 3m\ m a.chosen _su

(Nl | nex () igh Pl BN eihet B S haRe bt ot BB PRI AR Y r e iRt o
| ubri cati ng &oftik ip8RnidrivROsE WHEEH dccalinth bi 164s8in pBBfor AR dignifBartyAHPESved

Opht hal mi cs). For each sanple ten repeat runs of 20nm di stance was neasur ed.

At |east twhysteresisshsplageddn Expmpleady 3,14 8cad d8nGireft pplymenidationeofchatiaSPAGAd t he
| T 61+
o035 OB PYEURE ol ARl bl b ABSR Bhall PR, 3R WEGE By P

PBS wi t hout zpp ém@{eydmfrov\ﬁ»s coiBPskisda id tlem;;&aﬁtueExehmzlatzl (aelfisd@nuthshat wize COF
of the untreated | enses was nmeasured to be 0.47. npl es 33-42

Exanpl e 32 wwashe@palhisabinaior agimias peeag isaat used inthe @rﬁfrmg prosess).sAeghawn Tabl e
0,581 9 i R S B R T e s Bl s
0.204 39 0. Z2éohdDothk Hyseresly. 295 44 0. 262 45 0. 229 47
15 On the lenefilcon lenses, modification with both SPA and NaAMPS provided

lenses with improved hysteresis (Examples 12, 13 and 17-19). When NaAMPS was used

as the volume excluding polymer better hysteresis was obtained where reaction conditions

were more vigorous (i.e. at higher reaction temperatures of 50°C or 60°C, longer reaction

time (2hr) and 0.10% initiator). For SPA, better hysteresis was achieved at lower SPA

20  concentrations.

Examples 24-27 and Comparative Examples 5-7

Ungrafted nelfilcon lenses from Comparative Example 2 and lenses of Examples 3,
6 and 10 were placed into a 5 cm X 5 cm glass cell and taken through identical humidity
25  cycles, using an automated dynamic vapour sorption analyser (DVS). A schematic of this
system is shown in Figure 1. At the heart of the DVS system was an ultra-sensitive
microbalance, 1, (Micrbalance Cahn 1D-200) capable of measuring changes in sample mass
to less than 1 part in 10 million. The microbalance was housed in a precisely controlled

constant temperature incubator, 2, which ensured very high baseline stability as well as
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0.143 49 0.291 50 0.162 52 0.200 Thus, conpared to the control which had a
COF of 0.47, the lenses of the present invention displayed significant

i mproved COF. Al.100 rEV W NN 817 INN tSS 1899 8 EL 9' I E paid: Idd
SE-LI NM 8cO I 1071 JAINL LO' 01 9FE E

accurate control of the relative humidity. Dry gas flow was controlled via mass flow
controller 3 and saturated vapour gas flows were controlled using mass flow controller 5,
and vapour humidifier, 5. Humidity and temperature probes, 6, were situated just below
the sample and reference holders, 7 and 8, respectively, to give independent verification of

5  system performance. The DVS was fully antomated under control from a dedicated
microcomputer, not shown.

The conditions in the chamber were controlled as follows, temperature was
maintained at 25°C and humidity was controlled in a cycle of 40 minutes at 98% relative
humidity, followed by 2 minutes at 40% relative humidity for 100 minutes.

10 After the full humidity cycle, the glass cells containing the lenses were removed
from the DVS cabinet and placed on the stage of an image-capture sessile drop contact
angle apparatus (Digidrop Contact Angle Meter, GBX Scientific Instruments,
Romans,France) located next to the DVS cabinet and the change in contact angle was
monitored. The results are shown in Figure 2. As shown in Figure 2, the unmodified

15  lenses showed a marked and progressive fall in contact angle as the surface rehydrated
whereas the grafted lenses of the present invention retained a higher degree of hydration
showed a much lower initial contact angle and little further change.

Figure 2 shows that the lenses coated with ionic SPA and AMPS monomers
showed a greater affinity for water than do the untreated hydrogels. The grafted layer did

20 not prevent dehydration of the lens, but it appears, maintained a higher degree of hydration

and rehydrated preferentially.

Comparative Examples 8-11

The dehydration/rehydration dynamics of commercially available untreated lenses
25 (ACUVUE ONE DAY® brand contact lenses (commercially available from Vistakon),
DAILIES® brand contact lenses (commercially available from CibaVision) and
BIOCOMPATIBLE PROCLEAR® brand contact lenses), and human cornea were
measured using the automated dynamic vapour sorption analyser (DVS) described in

Examples 24-27, above. For each lens measured, the lens was placed in the sample holder,
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excess moisture was removed, and the relative mass loss of sample was measured at
regular intervals throughout the humidity cycle. Figure 3 shows the results from the
analysis of three commercially available lenses. A sample of healthy human cornea was

tested using the same procedure.

Examples 28-29
Etafilcon lenses (ACUVUE brand contact lenses, commercially available from

Vistakon) were removed from their packaging and rinsed with distilled deionized water to
remove saline. A coating solution was made having the components in the amounts shown

in Table 2, below.

Table 2
Component Ex 28 Ex 29
Water (HPLC grade) 100 g 100g
SPA 10.44 gm 0
NaAMPS 0 7.90g
PEG-acrylate 0 1.50g
CAN 0.15 0.15
Kpersulfate 0.5 0
MbA 0.13 0.13

The monomer(s) (anionic monomer and comonomer if used) were dissolved in 50
gm of water, and nitrogen was bubbled through the solution for 10 minutes. The CAN,
potassium persulfate and MbA were dissolved in the other 50 gm of water. The lenses to
be coated were immersed in the CAN solution, and the monomer solution was added to the
CAN solution to form the coating solution. Nitrogen was bubbled through the coating
solution. The mixture was kept at 50°C, and a constant stream of nitrogen was bubbled
through the coating solution. After 4 hours the lenses were removed from the coating
solution and then washed with distilled water for 20 minutes with gentle stirring. The
wash solution was replaced with fresh distilled water and the wash step was repeated. The
coated lenses were placed in small vials containing saline solution (pH 7.4), sealed and

sterilized at about 120°C for about 20 minutes.
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The hysteresis for the coated and uncoated lenses were measured. The hysteresis
for the SPA coated lenses was 3, compared to the hysteresis of 26 for the uncoated

etafilcon lenses.

Examples 30-31

The lenses made in Examples 28-29 above were clinically evaluated against
untreated ACUVUE® ONE DAY brand contact lenses (etafilcon A). The clinical
evaluation was a single masked (patient), randomized, study with twenty patients
completing the study.

The enrolled patients met the following criteria: aged 18 years or great, habitual daily
soft contact lens wearers, with a best visual acuity of at least 6/9, symptomatic score >0.19
on CLDEQ (Nichols et al., 2002) and willing to adhere to the instructions set in the clinical
protocol. The subjects were non-astigmatic (<1 DC) and free of ocular allergies, disease,
active ocular infection, significant (Efron grade 3 or greater) ocular tissue anomaly and not
currently using any ocular medication or systemic medication with ocular implications.

The patients wore the three lens types in a random order for 3 days, with
assessment made on the afternoon of the third day. A minimum two day period was
allowed before the next lens type was evaluated.

Bulbar hyperaemia, palpebral roughness and corneal staining were graded using the
CCLRU grading scale to 0.1 scale unit resolution. No microcysts, straie, folds or
infiltrates were observed during the trial.

The patients rated the lenses on a continuous visual analogue scale for the
following parameters: comfort, dryness, burning/stinging, visual clarity and photophobia.
The ratings were made upon insertion (first 30 minutes of wear), daytime (rest of the day
up to 6pm) and evening (from 6pm to contact lens removal) in a log book. Tables 3-5
shows the study results. Patients also recorded the number of hours the lenses were worn.
The average reported wear time for the lenses was as follows: Example 30 (SPA-coated

lenses of Example 28) 11.05 + 2.81 hours, Example 31 (AMPS-coated lenses of Example
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29) for 12.01 £ 2.45 hours and control lenses of Comparative Example 12 (uncoated

ctafilcon lenses) for 10.90 £ 2.79 hours per day.

Table 3 Subjective Ratings upon insertion

Ex. # Comfort Dryness Vision

M SO (M SO |M SD
30 78 22 83 17 77 26
31 88 15 86 14 88 16
Uncoated 75 23 78 19 81 21
Table 4 Daytime subjective ratings
Ex. # Comfort Dryness Vision

M SO M SD | M SD
30 71 27 73 25 70 31
31 80 20 74 27 94 98
Uncoated 66 29 64 29 69 31
Table 5: Evening subjective ratings
Ex# Comfort Dryness Vision

M SO | M SO |M SD
30 59 30 58 31 65 33
31 76 27 72 29 80 21
Uncoated 58 32 54 32 67 31

The lenses of the present invention displayed comfort, dryness and vision which were at

0

least as good, and in the case of Example 31, better than the uncoated control. All lenses

displayed acceptable movement and low staining.
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Example 32
82 (5.38%wt) of 2-hydroxyethyl acrylamide (in the form of a 45% solution in

water), 40.0g (49.80%wt) of sodium 2-acrylamido 2,2 methylpropane sulphonate, (in the
form of a 50% solution in water) and 16.01g (44.82%wt) of N-vinyl pyrrolidone together
with 0.8g (2%wt) of potassium persulphate (K,S;03) initiator were dissolved in a mixture
of 80 mls of acetonitrile and 120 mls of water. The mixture was introduced into a three-
necked reaction flask equipped with stirrer, water condenser and nitrogen sparge and
heated by an electric isomantle. The reaction mixture was heated to a temperature of 70°C
for a period of 60 minutes. The reaction mixture was precipitated into an excess volume of

acetone, filtered and dried in a vacuum oven at 60°C giving a 67% yield (26.5g).

Recovered polymer was dissolved in PBS to form a 0.01wt% solution of polymer. The
polymer dissolved readily with gentle agitation on an orbital shaker. 100ml of the 0.1%
polymer solution was added to a 200ml autoclavable polypropylene plastic screwtop
container. 1DAY ACUVUE brand contact lenses, commercially available from Johnson &
Johnson Vision Care, Inc. were placed into Histosette biopsy cassettes. Three Hisosette
cassesttes were placed into a 200ml plastic screwtop container, and the container top was
screwed on. The container was placed into an autoclave. The container and lenses were
autoclaved in the 0.1% polymer solution for 30 minutes at 120°C. The containers were
removed from the autoclave and the polymer solution replaced by PBS. The lenses in the
Histocassetes were washed/stored in PBS for at least two days before performing the COF
analysis, with at least two changes of PBS. Tweezers were used to handle and transfer the
lenses. Lenses were found to have maintained their original dimensions following this

process.

The coefficient of friction of the lenses was measured as follows. A high sensitivity
tribometer (CSM Nano Scratch Tester, CSM Instruments, Peseux, Switzerland) mounted
on an air table was used for the measurement of coefficient of friction. The test lens was

placed on a convex support and the coefficient of friction measured as the lens slides at a
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sliding speed of 5 mm/minute under a load of 3mN/m a chosen substrate (Melinex®
(polyethylene terephthalate) film (DuPont) in the presence of a lubricating solution
(Hypotears® artificial tear solution (Novartis Ophthalmics).

For each sample ten repeat runs of 20mm distance was measured. At least two
lenses were run under these conditions and the data from the lenses were averaged. The

COF for the lenses of this Example 32 were 0.161+ 0.013.

Comparative Example 8

Example 32 was repeated, except that PBS without any polymer was used as the

sterilization solution. The COF of the untreated lenses was measured to be 0.47.
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Examples 33-42

Example 32 was repeated using the components and conditions listed in Table 6-8
below. COF was measured for Examples 36, 37, 39, 40, 42, 44, 45, 47, 49, 50 and 52, and

is shown in Table 9, below.

5 Table 9
Ex # COF
36 0.224
37 0.204
39 0.224
40 0.175
42 0.295
44 0.262
45 0.229
47 0.143
49 0.291
50 0.162
52 0.200

Thus, compared to the control which had a COF of 0.47, the lenses of the present invention

displayed significant improved COF.
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We claim:

1. A composition comprising a polymer comprising at least
one volume excluding polymer formed from & reaction mix-
ture comprising from about 30 to about 60 weight % at least
one reactive anionic monomer comprising at least one hydrat-
able polyanion group: about 15 10 about 45 wi % at least one
amide containing comonomer, about 10 to about 30 wi %6 at
least ane carboxylic acid containing comonomer and about
1010 about 30 w( % at least one hydroxyl containing comono-
mer.

2. The composition of claim 1 wherein said hydratable
polyanion group 1s distributed substantially uniformly
throughout said volunie excluding polymer.

3. The composition of claim 2 wherein said reactive
anionic monomers are of the formula:

R-I-A

wherein R is a reactive group. L is a linking group and A is
a hydratable polyanion group.

4. The composition of claim 3 wherein R is a [ree radical
reactive group selected from the group consisting of (meth)
acrylates. styryls, vinyls. vinyl ethers, C,_salkyl(meth)acry-
lates. (meth)acrylamides. C, _calkyl{meth)acrylamides. N-vi-
nyllactams: N-vinylanmides, C,_,-alkenyls,
C. ;alkenylphenyls.  C,_),alkenylnaphthyls,  C,_.alk-
enylphenylC|_calkyls. O-vinylcarbamates and O-vinylcar-
bonates.

5. The composition of claim 3 wherein R is a free radical
reactive group sclected from the group consisting of (meth)
acrylate, acryloxy. (meth)acrylamide, and mixtures thereof.

6. The composition of claim 3 wherein R is selected from
the group consisting of vinyl ethers or epoxide groups. alco-
hols, esters, carboxylic acids, isocyanates, anhydrides,
groups capable of halide displacement, cyclic derivatives of

hydroxyl and amino carboxycylic acids, cyclic ethers, cyclic
esters, cyclic amides and combinations thereof.
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#X3 1717 517 9t | ti 1 817 W claim 1. A conposition conprising
a polynmer conprising at |east one vol une excl udi ng pol ynmer fornmed
froma reaction mxture conprising fromabout 30 to about 60 weight %
at | east one reactive anionic nononer conprising at | east one hydrata
bl e polyanion group: about 15 to about 45 wt %al |east one amide
cont ai ni ng conononey, Tlﬂ:b@tuh QbR otlin BXMkeidorals deg &g %
wt %at

carboxylic acid ¢ Q &%s‘fﬂﬁpﬂﬁﬂ%blﬁﬂgeasﬁﬁ#fﬁmE'rlgsjunﬁ k‘ﬁﬁnbf claim

| east one hydrox
1 wherein szu d hy gﬁ% el &H?’tr %&EI@&BII or
substantial ly unll?réﬁf:]ll tH"HB}S RBuOX84p e oﬁﬁlhsélt\étﬁ dlangh nesybstiyner. 3.
The conposition ofites hfiftm’@ywdéEépwpbsaltﬁbqléb@wlwab dniremli ¢ nononers are
of the fomm a: R-L-8 ThiesrosnposRios ofi clesmc3 imherdn oujs. sclediad okt nki ng
group and A is a fgdirah laio@bi@ﬁhgafmqmsghgt@@ phosphoith@s cosmasi tion of
claim3 wherein Fédflﬁ m&me&i WdLoRfARHINE HEQHP el ected fromthe
il

I h
&6l ESF?LZEL?EC? il Gt ion 3 it A ¥ pliedgy s 1S

1(neth)acryl ami 1 lwen F9Y%ct ans; N-vi nyl ami des, C,_, , al kenyl s,
C2_1, al kenyl phenyl 510 Ghe Canqui\h t¢igmg |1 wherein’ said reactive

Ct6a| kenyl phenylGﬁn@mhkbesqmerwlnmytlt atf@amltles and O-vinyl carbona tes.
5. The conposition of_c erein Ris a free radical reactive
group sel ected front rflﬁle:g‘?é’f&gﬁ(g?{%’t r%g of (nmeth) acrylate,

acryl oxy, (meth)acryhasidr, iandledted fibas tHer eofii,, @‘HU’@

composi tion of cl ai mSuheheimdie hs SRliAR sﬁb&w&% ﬁmgﬁ {f

consi sting of vinyl §H§fﬁ éblgg m ro ps al coho érs,

car boxylic acids, sé rou abl e _of hallde
ﬁiﬁﬂv%mw&@% wr Ay FeRR iR ata ol el | de

di spl acenent, cyclld
acids, cyclic et Hbe grogyepnsising ed phasphates. plivsgbenalagl nwabisnat i ons

t her eof . 7. Thellbospsesiiondes add combmaBiothehatof.L i s sel ected from
the group consisting. ghesushghdsduhied! ahdnt 10 RréntA compriseed: al kyl ene
having 1-12 carbq IQ%QQQ;U Mk oBy. be straight or branched,

pol yether s, oxazol Ijaesy, ggﬁgog I of g Lr&ﬁﬁtgﬂah$¢|%lflocyc"c

d nbi t
Sheroin AT o aa eachiuiy BTN i AB ol EBHE Ty TG BP IS Sttt

phosphonat es, boﬁ‘dt”\éiwbé&b‘ﬂélt - sul fonates and conbi nati ons t her eof
9. The conposition ldf Thleatompositien eifrelane dnpermpesingtatl leagtivane

sul fonate group. voluk@.cxthelisgmadahtison firkt wblahm dxaMidingipolgai d
reactive anioni ¢ RRNOAEESa hayiech LW NI fedsl A BRBu I 0BDC {ndCH2 )

wherein R is Selleb%E(glq% (l;l?lgﬂd_éxc%nﬁ lycf?erlqg pLb%loldaé’ulc erlghp s a

i nt eger between
The conposition (5\‘[ %Ta&fﬁﬁlfﬁ U%)é] PR s " serect ed fr.om tr roup
consi sting of phospRatBg L(’Wﬂi’@ébhw‘éélm gé‘lf“élll‘ers"mélﬂfl”flaﬂéé L*'Sgl t hnat es
and conbi nat i ons cnkgriasfologically conepaiidipesiion sniosicadlysbenmbtonher ei n A
conprises at | eashidopdyswiohagratigs.gr oup.
16. ‘The composition of claim 15 wherein said cation is
sclected from the group consisting of Li+, Na™, K*. NH,™.
Mg*. Zn™, Ag+. and combinations thel eof.
17. The composition of claim 15 wherein said cation is
selected from the group consisting of Na™, K™ and mixtures
thereof.

41



a The conposition of claim1l wherein said volune excluding polymer is
an oligoner having a nol ecul ar wei ght of at |east about 500. 14.
The conposition of claim1l conprising at | east two vol une excl udi ng
polymers, a first volunme excluding polynmer having a nol ecul ar wei ght
of | ess than about 10,000 and a second vol une excl udi ng pol yner

havi ng nol ecul ar wei ght of gr eat er t han about 100, 000. 15. The
conposition of cl al urt her ri.si.n | .east on

physi ol ogical ly co rga.t |]Lef gogg:tors Hfoﬂ?%éai\xg@%ﬁtﬁ]dsi‘lg E2cHVpol yani on
gr oups. 16.  THEIXGRIBSNOMEH fseiscdedninom whe geoup sansdstéag pbn i s

sel ected from t heodiwupl-Gonglastidol 2ahetliylpropane hlphohéte, 3|\@ﬂ Zn+

ag+ and cogbl n?tplﬁ)@ﬁoﬁ}ﬂe(@@ﬂl ac Ilate &ﬁss‘iﬁ‘ﬂip%ﬁltt 13084] ’_g; Nat Kt

erein said cati C

and m xtures the gh)%c?ﬁl%( §@u oés]l%t'lﬂ{ %3‘?133@ %@ ia ®in said
§h§é’| SRR £ Brﬁ

reactive anionic$ PEAMEESET ng of
sodi um 2- (acryl ar@l’l@@} ydipradpiane salt mfoﬂmt-é -sulfoprbptegtenpy|
(meth)acrylate ptﬁnmds)aumlstel tdi-shdsmophalr @By bis-Baubpsdpsliader sodi um

salt, 3-sul phOpf%)étlgf m)eaegﬁ iRl AR Aftkiedtie P&ﬁaSS' um sal t

of b| s-3-sul foprop g acﬁ/(aamarl %hﬁret}h?@iaﬁ%t one-

bi s- 3- sul f opr opyl este
bi s- 3- sul f opr opyFBY %'Fo{lt?éltlﬁ,@é@ﬂ}m’@’éefliqwléﬁti‘l@mrﬁonate and mi xtures

t her eof 19. The conposition of claim1l wherein said at |east

oneam de- cont ai ni ng conononer has the structure where R3 and R4 are
i ndependent|y selected @romgt, straight or branched Cl_12 alkyls

whi ch may be et her subsﬂl twted 20. The conposition of claiml
wher ei n sai d cononorer¥ ri ses hydrophilic nonomers selected from
the group consisting of N, Nbdi net hyl acryl am de, 2-hydroxyet hyl

nmet hacryl ate, glycerol nethacryl ate, 2-hydroxyethyl nethacrylam de,
N-vinyl pyrrolidone, N-vi nyI N- met hyl acryl am de,

N et Py i | BRELOR 5 poaLY el saegh Y S9L IS o

met hacrylic acid ]v;
( hydr oxymet hyl ) n%fthﬁ‘? Camz GH\')’E padehmayae ethansibsoimiedat i ons

t her eof 21. Thelk aﬁtpmnpasmcm oftlaimllwhbiedebaid 2antbriopherge

excl udi ng pol ynmeforhgiSseés Bid Mﬁhllfcenﬁﬁio?ﬁér@%e‘léc%ﬂ tfﬂﬁ"n gh@%‘}oﬁgns' sting
of brush structy, lggti@nc rd‘lﬁfe‘fﬁgxftpc ﬁg@@f ajl' ﬁf‘? ur e,

conbi nati on there Sp]élln sai d
vol ume excl udi nd %%?Tef & }rﬁgr%‘lnnqe “@F}S]étf‘etzrlii’ yadharethoi t h at

| east a portion e&ry]gaude pdtwingl pyrrolidone, N-vinyl-N-methyl acryla-
mide, N-methyl-N-vinylacetamide, polyethyleneglycol
monomethacrylate, methacrylic acid, acrylic acid, N-(tris
(hydroxymethyl)methyl)acrylamide, itaconic acid and com-
binations thereof,

21. The composition of claim 1 wherein said volume
excluding polymer has a structure selected from the group
consisting of brush structure, branched structure, looped
structure, or a combination thereof.

22. The composition of claim 1 wherein said volume

excluding polymer forms an interpenetrating network with at
lcast a portion of said polymer.
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