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

Rel ated Applications 5 This application clains priority from US provisional
application Serial No. 60/863755, which is incorporated by reference inits
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 made of hard materials. One popul ar contact |lens material used for
daily and weekly wear is Etafilcon, based on 2-hydroxyethyl nethacryl ate

(O 20, 2 EpAHERE. PR Ke o R my T AS T §pRoE Ohe

confortable |l ens. Cont act | enses pRdEUDING POLIYCARR hydr ogel s have been
di scl osed. Silicone hydrogel contact |enses allow greater anpunts of oxygen
t han conventional |enses (such as HEMA based | enses) through the lens to

t he eye. Hog;grl ;t @e éi | icone materials are not 20 inherently wettable, and
coatings an 1 s have been used to inprove the wettability of
the lenss Micin bid @pﬁ&@tldﬂ'&éﬁﬁmtﬁoﬁ%ﬂﬂbﬂﬂjs Probviondeasica®dn SQIE NY. | i cone
hydrogel contact |enses, caused by the shearing force between the eyelid and
the materi al60/863RES, Ivdnieh isenoprparnigd by referente in ikcanlirstet to be di scovered. 25
Summary of the Invention The present invention relates to a conposition
conprising a polynmer conprising at |east one vol une excluding 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 osnotic driver. The present invention further relates to a nethod

conpri si ng i ncor pbis&npyy that cp@ta%ttlensss eATEDe R R LRBIE Y HiSIy. il Yakious poptast on
at | east)(ong,5UOFLLHebn commercially produced for many years. Hydrogel contact lenses are very

popular today. These lenses are often more comfortable to wear than contact lenses made
of hard materials.
One popular contact lens material used for daily and weekly wear is Etafilcon,
based on 2-hydroxyethyl methacrylate (HEMA) and a small amount of methacrylic acid.
15 The acidic moiety increases the hydrophilicity of the HEMA material, making a more
comfortable lens.

Contact lenses made from silicone hydrogels have been disclosed. Silicone hydrogel
contact lenses allow greater amounts of oxygen than conventional lenses (such as HEMA
based lenses) through the lens to the eye. However, the silicone materials are not

20  inherently wettable, and coatings and wetting agents have been used to improve the
wettability of the lens. Mucin balls are known to develop in the wearer of some silicone
hydrogel contact lenses, caused by the shearing 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.



Description of the Figures 10 Figure 1 is a diagram of the dynam c vapor
sorption anal yzer used in the Exanples. Figure 2 is a graph of the relative
mass | oss of control |enses and | enses of the present invention as a
function of time. Figure 3 is a graph of the relative nass |oss of three
commercially available | enses and a sanple of healthy human cornea as a
function of tinme. 15 Description of the Invention As used herein, vol une
excl udi ng pol yner are polymers conprising hydratable polyanions which by
virtue of charge repulsion in the charged state and the size of the anionic
groups have the ability to exclude other groups fron1the surface on which
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Sui tabl e ani oni c groups include phosphates, phosphonates, borates,
sul f at es, sa$m¢ainadre£§:r conbi natl ons thereof and the like. In one enbodi ment

the ani oni c grou rlses e sul f gna 0 .1 n_anat her

enbodt ment . the ST DR g agon SEBRF e 8% B8 SrilhdBe incORO gt 18 <
may be for g f/diﬁﬁb%ﬁ@lﬁ&lhg?)oﬁ}/ﬁhh@nﬁ 6r GPMABRE Sne WMbk@fecONpri se the hydratabl e
pol yani on groups and at | east one reactive group, which permts

i ncorporation of the reactive anionic nononer into the volume excluding

pol ymer. Exanples of suitable reactive anionic nononers include 30 RL-A 2
Wherein R i Pescriptianabf the Ripwep, L is a linking group and Ais an anionic
group as defined above. Reactive groups, R, include groups that that can
undergoyfree r adFrg%ke apd{ tﬁﬁgraﬁ?&ﬂtﬁé‘ﬂfnaﬂﬁl: V&Eﬁfr'sé@hbﬁ @nal??é?%@&ﬁﬁa%h@ﬂxam les.
pol ymeri zation, ring opening polynmerization and the" i ke. Non-| ?lng
exanpl es of freeFigadi 2&la grapledf the rdammassrimsuxfeomwtlmsas:aqd lehees of the

present invention as a function of time.

Figure 3 is a graph of the relative mass loss of three commercially available lenses
and a sample of healthy human cornea as a function of time.

15

Description of the Invention
As used herein, volume excluding polymer are polymers comprising hydratable

polyanions which by virtue of charge repulsion in the charged state and the size of the
anionic groups have the ability to exclude other groups from the surface on which they are

20  incorporated. In one embodiment, the hydratable polyanions will possess an excluding
volume greater than that possessed by carboxylate groups at physiological pH, such as
those between about 5 to about 8. Suitable anionic groups include phosphates,
phosphonates, borates, sulfates, sulfonates, combinations thereof and the like. In one
embodiment the anionic group comprises at least one sulfonate group. In another

25  embodiment, the anionic group is sulfonate.

The volume excluding polymers may be formed from reactive anionic monomers
which comprise the hydratable polyanion groups and at least one reactive group, which
permits incorporation of the reactive anionic monomer into the volume excluding polymer.

Examples of suitable reactive anionic monomers include :

30
R-L-A



styryls, vinyls, vinyl ethers, ¢ _6al kyl (neth)acryl ates, (neth)acrylam des,
Cl. 6al kyl (net h) acryl am des, N-vinyllactans, N-vinylam des, C2_i2al kenyls,
C2_12al kenyl phenyl s, C2. i 2al kenyl napht hyl s, C2.6al kenyl phenyl Cl _6al kyl s, O-
vi nyl carbamat es and O vi nyl carbonates. Non-limting exanples of cationic
reactive 10 groups include vinyl ethers or epoxide groups and m xtures
thereof. In one enbodinent the reactive group conprises (neth)acryl ate,
acryl oxy, (meth)acrylam de, and m xtures thereof. As used herein
"(meth)acrylate"” includes both acrylate and nethacrylate. Non-limting
exanpl es groups capabl e of undergoi ng condensati on pol ynerization include
al cohol s, esters, carboxylic acids, isocyanate anhydrides, groups, capable
of halide YheminBiiaasmshve gr@@@#éﬁsﬂ%@wgr%lnﬁ@éﬁdéan@amwﬁpmﬁ% aftved eof
and the likg,  Non limting exanples of groups capable of undergoing ring
openi ng polynerization include cyclic derivatives of hydroxyl and am no
carboxycyl i c aci Reactiey glaups, &R lintlade gpapd that t@atanundengolfiee radital @ad/or

conbi nati ons thereof and the like. Non limting exanples of groups capabl e
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Ilnklng group conprisin tute unsu stl ut'e ene |ng 1-12
car bon at ongyryld) wﬁiylsl;mmybethsmr @j @tl{yl(metlh)aamatad(m@b]aygﬂmms, oxazol i nes,

substituted_ and unsubstituted ete cli RS . uit bl e substltuents

i ncl ude ary$! ﬁaﬁ?ﬁl&’?ﬁgé uides, h-yioyll b Vméﬂ%ﬂﬂgis €A¥Si ons t her eof
and the |ikg o t nor branched
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of the pr ESEIII'IYICBH’WEIHteS(and Baviey lchgbohatesniNen- Hﬁﬂnqm)nmf(omﬁ)lirdacﬁva/\her ein
R2iss ected fro 2 wherenl an |
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comononers to formthe volume excludin ynmer. Suitable vol une excl udi ng

pol ymer s matheteaf. eAauseﬁ kmxede“(nwﬂy@rplhteﬁmcada:k bcrthmw@ltﬁt and rsethaagylgieas t he

desired concentr n of hydr abI e ni.on resent .at the substrate
surface. This na 0'6 p. ﬁﬁtqf HBJ ergom condensation polymerization

include alcohols, esters, carboxyhc acids, isocyanates, anhydrides, groups capable of halide
15  displacement, such as phenyl chloride, combinations thereof and the like.

Non limiting examples of groups capable of undergoing ring opening polymerization
include cyclic derivatives of hydroxyl and amino carboxycylic acids, cyclic ethers, cyclic
esters, cyclic amides, combinations thereof and the like.

Non limiting examples of groups capable of undergoing ring opening polymerization

20 include cyclic ethers, cyclic esters, cyclic amides, combinations thereof and the like.

L is a divalent linking group comprising substituted and unsubstituted alkylene having
1-12 carbon atoms, which may be straight or branched, polyethers, oxazolines, substituted
and unsubstituted heterocyclic groups. Suitable substituents include aryl, amine, ether,
amide, hydroxyl groups, combinations thereof and the like. In another embodiment, L

25  comprises straight or branched alkylene group having 2 to 8 carbons. In one embodiment

the reactive anions of the present invention have the formula

H,C=C(R2)-CO-(CHz)s-A



" e

oligonmers of 3 or nore repeat units onto the substrate or by incorporating
pol ymer having a nolecular weight within a wi de range. Accordingly, the

vol une excl udi ng pol yner may be an oligoner having a nol ecul ar wei ght of at
| east about 500, or may be a polyner 10 having a nol ecul ar wei ght of at

| east about 1000, and in sone enbodi ments, between about 1000 and several
mllion, as neasured via any of the well known nethods in the art such as
GPC, viscosity and the like. Mxtures of volunme excluding pol yners havi ng

di fferent nol ecul ar wei ghts may al so be used. For exanple, in sone

enbodi nents it may be desirable to use a m xture of volunme excl uding

pol ymers, with each of the polyners 15 having different nolecul ar weights.

| n one non- Wheiein Ryissalseigr dom -Hikdhe-GH2GQ-Ed5)rAgwhers nHg ge infeges helevegh oups
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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.



In sonme enbodi ments the vol une excl udi ng polymer may al so forned from
reactive anionic nononers where L conprises amne functionality. These am ne
functional reactive anionic nononers have a bal anced charge, and nay be
desirable for substrates where low swelling is desired. However, to achieve
the desired osnotic effect, 10 at |east about 20 wt % of the vol une

excl udi ng pol yner should conprise repeating units derived fromthe reactive
ani oni ¢ nononers. The vol unme excl udi ng pol yners conpri se between about 20
and about 80 Wt % repeating units derived fromreactive anionic nonomner(s)
and in sonme enbodi nents between about 40 and about 75 wt % 15 The volune
excluding polyners may also include conobnoners. The combnoners

di stributed throEgeries ehwitoblegeactivg anigaic sepnesieyniveludp, biprapgs | llmlw&t@uef ng
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pol ymer fﬁy““@@?ﬁgﬁﬁﬁﬁgf%gi%ﬁ%ﬁ%&ﬁﬁbr MRk s hdlcpf OPerties simlar to those

of the l'ens a contact I ens conprising silicone,
the cononomer nhysoe antodimenik ez \mlmh@eicluchn@bolgmearﬂagmsbénﬁned)ﬁromay be a
pendant hydrophobi c group, such as a pendant sil oxane, 25 I'n one
embodi nent, re@ﬁéve&@mwspgmﬁﬁwlﬁée R L fB%ﬁ|alnmrydroph. lic
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t hose mnon&&%ﬁ?f&ﬁwre&tvalaﬁloa&rm&ﬁcﬁnaéOup (CH2=CRCOX) wherein R is H or
CH3, and X i1s 0 or N, h are also known to polynerize readily, such as

N, N- di net hyl acr Th@mldme(emmng@obynbrmmympﬂigel betweznreonty2(harel (bdang) wi'gl ycer ol
met hacryl at ?epeatm u%rltg)c%rlt Qiyflronq%arg:%% 1%H?c(:rlndnomer(s) and in some embodiments
between about 40 and about 75 wt %.

15 The volume excluding polymers may also include comonomers. The comonomers
may be distributed throughout the volume excluding polymer in any way, including
randomly distributed, distributed in blocks or a combination thereof. In one embodiment,
when comonomers are present, they are distributed through the polymer so that they do not
provide substantial gaps in the volume excluded by the anionic groups. In embodiments

20 where the volume excluding polymer is associated with the lens via affinity interactions,
the volume excluding polymer may include blocks of comonomers with properties similar
to those of the lens polymer. For example, for a contact lens comprising silicone, the
comonomer may be a hydrophobic block, such as a hexylene, or may be a pendant
hydrophobic group, such as a pendant siloxane group.

25 In one embodiment, the comonomers may be selected from monofunctional
hydrophilic monomers, such as, but not limited to acrylic- or vinyl-containing monomers.
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 relatively easily.
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5 hydroxyet hyl acryl am de, polyethyl eneglycol nono(neth)acryl ate,

met hacrylic acid and acrylic acid. Hydrophilic vinyl-containing nononers
whi ch may used as the conobnoners include N-vinyl am des, N-vinyl |actans
(e.g. N-vinylpyrrolidone or NVP), N-vinyl acetam de, N-vinyl-Nnethyl
acetam de, N-vinyl-Nethyl acetam de, N-vinyl-Nethyl 10 formam de, N-vinyl
formam de, 2,2-di nethoxy, 1-hydroxy acrylam de, hydroxynethyl diacetone
acrylam de, N acryloyl norpholine, hydroxyl nethylacrylam de, conbinations
t hereof and the like. Qther hydrophilic nononmers that can be enployed in the
I nvention include polyoxyethylene polyols having one or nore of the

term nal hydroxyl groups replaced with 15 a functional group containing a
pol yneri zabl e doyIrdihBRg’ omwm@ntmn@d@om%w e&eemgmqm@s cortpiningy| at ed
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equi val ent P suc as i socyanat 0 acryrate

("I'EM'), t Ckroynetpalyinsizy aceiile, uthlay N N&ﬁﬂnamyyidrpiamﬁdw(cmMﬂe,, 2-hpdrbgawstiyioy |

chloride, vin Ibenzo | chloride, or the like, to produce a Léethylene

pol yol havi mgfhasrslats Mf%ycfeéelrﬁlﬁhqwrb@tey%@wd@ém@ybm@tﬂmw@ng %ups bonded
¥
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vinyl car baae¢le acithnoner s dlsclosed |n U.S. Patents No. 5,070, 215, and t he
hydrophi | i c oxazol one . nmonomers disclosed in U S Patents No. 4,910, 277.
Ot her sui tabl e hUFERkiF VESARARIRE momomErs Whish may Hicdrie ﬂﬂf‘o"W%‘I@iﬁf led in

e ot e SR T S05SPABAARRE sCRIU SR LSPSAIR el oo 1
nmet hacryl anaodﬁmdd}l%avmbdl-w mythyl\hmﬂn};ib I‘di-cfnwl-aheﬁlyl, acetamlde N—vmyl-N ethyl
et haoT Y | cIOBEMBIOeaRryIY oBRBIieN bt METIAYar bRyFErRIT PO LR Pt de.
excl udi ng. palS g EETRNE KOS ngﬁrséf‘ihf’hh@ Sﬁfﬁ?ﬁgeg?mé‘e%??"fénﬁ%“@“ﬁup,
car boxyl , hthdreokaid the dikp, or mi xtures thereof.
Other hydrophilic monomers that can be employed in the invention include
polyoxyethylene polyols having one or more of the terminal hydroxyl groups replaced with
15  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"), toluylmeta isocyanate (TMI), methacrylic anhydride, methacryloyl
chloride, vinylbenzoyl chloride, or the like, to produce a polyethylene polyol having one or
20 more terminal 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
25  will be apparent to one skilled in the art.
In one embodiment the comonomer comprises at least one hydrophilic monomer

selected from DMA, HEMA, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
NVP, N-vinyl-N-methyl acrylamide, N-methyl-N-vinylacetamide, polyethyleneglycol



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 the polyanionic 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 O Il /R3 -CN R4 10 where R3 and R4 are independently sel ected
fromH, stratight or branched Cl-12 alkyls which nay be ether substituted.

I n one enbodi nent the vol une excluding polyner is formed fromthe foll ow ng
mononers in the foll ow ng anounts: nononmer Mol. % based u on all reactive
comonents Enbodi nent 1 Enbodi nent 2 Enbodi ment 3 Reactive ani oni c nononer
2-100 30-60 40-55 Ami de containing cononqgner, 2-80 15-45 25-45 rboxylic
aci d cont ai nfiRgometharrypiemeihacodic ackhasryhe rcify il yde‘eﬁsfl%ﬁtmlﬁgec'gylgo 10- 30
15-25 cormn%gglrama@e ThsnolLaene ALk yier may al so conprise at |east
one hydr ophobi cofrononer é|fn adéél}%tlﬁon orsmiclgrﬁstead of the above |isted

hydr ophi | i ¢ nononbraothengmbbdineat, the Volomnexciodiogpobnte somphest doalomomersy be
used as well as .any ot her hydr.ophobic .non rs ich are known to be useful
For the manPIGHONG b oot oAl L OUBARoE Y | By Ry Hesoua iRV BY PR cont act
| enses ors | Qbgmoforhbls 0 Whse BRREHAD Bhde ik R-B d6Hs'd@Rh&I iive! 4 MR Bmprise
excluding polyner to have a ™ structure with the hydratable polyanion groups
ext endi ng ouét leasb ome &midp otaybarylib acido mgdroxy hingase v theeprddpatiions o grauper may

hydratabl e pgalt%%ﬂé grgi ,rgalf'ggxy ff:taglrgldor %&ngr?é?ohfa‘ gog&ldydr{r%z:tly to R, as defined above.

Suitable amide groups have the structure
0

| —
—C—N__
R4

10 where R; and Ry are independently selected from H, stratight or branched C,.,; alkyls
which may be ether substituted.
In one embodiment the volume excluding polymer is formed from the following

monomers in the following amounts:

monomer Mol. %, based upon all reactive components
Embodiment 1 | Embodiment 2 | Embodiment 3

Reactive anionic monomer 2-100 30-60 40-55

Amide containing comonomer | 2-80 15-45 25-45
Carboxylic acid containing 0-40 10-30 15-25
comonomer

Hydroxy! containing 0-40 10-30 15-25
comonomer

15

The volume excluding polymer may also comprise at least one hydrophobic

comonomer in addition or instead of the above listed hydrophilic monomers. Any of the

silicone monomers described below may be used as well as any other hydrophobic

monomers which are known to be useful for the manufacture of biomedical devices, such

20 asrigid or hard contact lenses or IOLs.




backbone and are freely rotatable. Exanples of suitable structures include a
brush 5 structure, a branched structure a | oop structure and conbi nati ons
thereof. In a brush structure the hydratable pol yani on groups extend
pendantly al ong the pol ymer backbone for forma conb or brush structure. In
a branched structure, the hydratable polyanions extend pendantly fromthe
non-reaction termnal end of the volunme excluding polyner. In a |oop
structure the hydratabl e pol yani on groups are bound to the backbone of the
vol une 10 excluding polynmer in at |east two places formng a | oop or bridge
wi th the polyner backbone. The vol une excl udi ng polymer may be used on with

bi onedi cal devices. As use her.ei n, bi qnedi cal devi ces i.ncl ude those

desi gned 1o be LIBIORRFTEOTAEGR Gl dRErtby o5 IpUNIe FRsHAPE FOMC S 11 ui d
and in one eEhadi Rk tHRUFRAMAHIS §M?a1961_1 E}dﬁbgext@&ﬁﬁ%’b@tsfr&ﬁ tHOpSInbr BRYDGRS
include, without limtation, stents, inplants, catheters, wound dressings,

i nt er ver t ebrlaknethelembndimensthhhydratgble potyadienigrenps edtead wutfrom thepolyment and
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| enses. I n another enbodi nent the dévice is a soft contact lens, and 20 in

some cases atry¢tprecibe by drpubleglyanimn grevpd extend pendantivdileng the golystes bagkpope made

fromany materjial kn to he useful.therefor..  |n _ope,e Lment t.he
medi cal devifgre org s g‘é\%n?r rb(gﬁﬁtf]aﬁtmﬁgg?' I(:I)lnagb fﬁ%‘i‘f?ﬂé‘r“.‘“‘ﬁfg r ikwg?a?%)ll? B&y?lﬂgnsrret hods
for attachnmertendipbhddnely dRSE the iRd-réadiion i@rhehig BREE of Be VORIRNBAUIBNpoIWMEF. €Int he

medi cal device is a contact |ens. Those of skill in the art, using the

teachi ng of alpep mg_ﬁhe llgsiratﬁk_vﬂen@iy@ﬁiowgrqulpgérwueldtt@_tlwd)@plybqnﬁ@f ﬁree@étgne
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surface of tHaekwmbstrate, may be incorporated into a coating conposition
which applied to the surface of the substrate, may be inbjbed into all or
part 8 of the subderalungexchudingpolymeymay be ssrdan With hiomesical f¢dcssi »dsuised f r om

hL o e YRR Bl G 00, SALITALD L ARS1000 P FELRER R,
mammalian tissue or fluid and in one embodiment human tissue or fluid. Examples of
15  such devices include, without limitation, stents, implants, catheters, wound dressings,
intervertebral disk replacements, sensor devices, diagnostic equipment and ophthalmic
devices, including punctal plugs, ophthalmic lenses and ophthaimic inserts. In one
embodiment, the biomedical device is an ophthalmic lens including, without limitation,
contact or intraocular lenses. In another embodiment the device is a soft contact lens, and
20  in some cases a silicone hydrogel contact lens.
The medical devices may be made from any material known to be useful therefor.
In one embodiment the medical device is made from at lest one polymer. For simplicity
the methods for attachment will be described with reference to one embodiment where the
medical device is a contact lens. Those of skill in the art, using the teaching of the present
25  invention will be able to apply the present invention to other medical devices.
The volume excluding polymer may be covalently or ionically attached to at least a

portion of at least one surface of the substrate, may be incorporated into a coating

composition which applied to the surface of the substrate, may be imbibed into all or part



t he substrate polymer and the vol une excl uding polynmer will have reactive
groups capable 5 of reacting to forma coval ent bond. Any nethod capabl e of

form ng a coval ent bond which will remain stable during the use of the
substrate may be used. According, free radical reactions, condensation and
esterification reactions, ring opening reactions, and the like. If the

substrate pol yner does not have the appropriate reactive groups it can be
pretreated to generate the desired groups. In one enbodi ment, the vol une
excluding 10 pol ymer conprising a free radical reactive conmpound, and is
contacted with at |east one surface of the substrate in coating effective

anounts and der, coatin ffective conditions . to.coat.the desi

SUbstr at o S0 G St iR ooy Hre A A THOE FHBHY S RJBE FOB SHP e Sttt o
sol ution t ojsfraciel bﬂ:@&ﬁnﬁlﬂﬁlorﬁgﬁhé MhvRmesEsR: For exanple, the volunme

excl udi ng pol ynmer and any ot her desired 15 conponents such as initiators,

crosslinkers, colrmabmdimephothestthe rolumsaxpldingpolymerdbcovatently, attatlzidnboth
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a solveny. ofRa&MFRo WQbﬁ@l@rﬁ bohd. Hﬁynﬁ&oﬁ%ﬁpwbﬁf&%ngcﬁéd@leﬂt Bénd he

addi ti onal conpounds, such but not limted to hunmectants, wetting
agents, ant wmcbrvalhr@mam@tqb@mylg thheﬁeqféhc mbsizatemyﬂtmmdé énglor:hmgt frees

thereof to elut fuon1the art d tabl.e so A t QE
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when the bionmedical device is a contact |ens, suitable exanples of solvents

i ncl ude wat enetre@t@fét%ﬁqu e dggiredrgrounss én Brecmbediments thepvsilyime pagluding
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coating on the article surface. The coatlnP effective anount wil|l vary
dependi hy components such as initiators, crosslinkers, colorants, photochromic compounds,
stabilizers, chain transfer agents, humectants, wetting agents, antimicrobial compounds,
therapeutic compounds, combinations thereof and the like may be combined in a solvent.
In some embodiments, it may be desirable for certain of the additional compounds, such
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.



on the type of coating process sel ected. For exanple, for solution grafting
amopunts from5 about 5 weight% and in sone enbodi nents between about 5 and
about 10 wei ght % based wupon all conmponents in the coating solution. Those
of skill inthe art will be able to determ ne suitable ranges for other
coating processing using the teachings of this invention. The bi onedi cal
device is contact with the solution via any conveni ent neans. 10 Suitable
contacting means include spraying, dipping, wping, rolling, conbinations
thereof and the |like. The entire device nay be coated, one surface of a
device may be coated or only a portion of a surface nmay be coated. For

exanpl e, when the_ biongedical,device is.a. contagct.lens,, the entitre |lens my
be coated, only oﬁge gglgagleoefxcl[lﬂglg @E’ém?ﬁ?"}‘fgrp_c%%fc_i:ﬁl tf’? B?IVBQQEMPQH% eifﬁegﬁv? he
back curve Waiglint' &5 1&e®Rerelifa @c%ﬂgeffame%wumslaﬁ%m@m siTHcikehoRtprdadssr f ace
which is in contact wwth the eyelids and air), or only a portion of a

surface may beherendgpasing drothe etihpsustage.pbhe ¢asting eifestivieamagint Walt vanytdepending, er s

the iris, pupil, or conjuctiva). The device is.contacted w t he

ol vent | cont Phdhesps AERHGbE Hflsre G Ko frriif SOLEHER deiedfonppsiom
coating. $ui Ledlts wapmes, ahd ieSorhd@hbsimbMe betweeh Wwean stdhd sbobeer) weightds based
boiling points of the selected solvent, preferably between about and about

100C and 20 uperealpeanpongpisyin e ¢ating seluien. 1Fhosp af 86l ir teeriovillibpabloiet act
ti d will be a._lengt foti fici 10 ¢ f to th
(172 55 LRt o g1k B B4 Bl SRBR SO a0 e

enbodi nents wupeh@orabout | day, and in sone enbodi nments up to about 12
hours, and in anot her enbodi nent up to about 1 hour. Pressure is not
critical in the dbabtiompdichdeviemnisspniapievigh issatutipyianysonveHoRiyesanst hose

of skill {4n i 0 i a ressur .

t enper at llj? es %Qg?}ﬁée %%l)g%ééinlgﬁlzeaﬁlg g%’?@ S f}sﬁ{aérh%é dﬁ% %:éd E@‘é@ r?ﬁﬁlg’ ‘g(ﬁr(l)}?ﬁge{}onps) (ta}ﬁr%o of
time. |t shouhdlthedikepfihe ehtiicaidvichaiayt lracoardcatrtsushtonl Ddevideemahyelc@tatdre

pol yanion in the graft solution, reactiqn terrper;ture and tinme are all,

Pel ated, | ananbrHROTPRAE: SEESHY Haoake. Ber syl Aice BobigBisisal detineds 2
o eaees, LSTRMHER s Bhl i bLoA00C T STRLITR KTy oy
substrate uegenplpelitierah¢ Badki capveedhiek réstssorctha doined misd catimktival onthe frioad i n t he
presence lg) : ts&r%ace which is in contact with the eyelids and air), or only a portion of a surface may be
coated (for example a portion of either surface which covers the iris, pupil or conjuctiva).
The device is contacted with the solvent/coating polymer solution under conditions
suitable to form the coating. Suitable temperatures include those between 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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substrate. Suitable polynerization conditions will depend on the reactive
pol yani on groups selected. For exanple, for substrates containing hydroxyl
groups at or near the 5 surface free radical reactive hydratabl e pol yanions,
such as the potassiumsalt of 3- sulfopropylester acrylate (SPA), may be
graft polynerized using a catalyst which can abstract hydrogen atons from
adj acent hydroxyl groups such as ammoniumcerium (IV) nitrate (CAN).
However, any known grafting techniques which creates reactive sites on the
desired substrate may be used. The SPA and catalyst are mxed is a sol vent
which 10 swells the selected substrate to forma graft solution. The
concentration of reactive _polyanion groups may vary fromabout 5 to about

100 wei ght % andAltgmagnely hp sRAcHENPRlyafipn gonph ey b cortagisd withitbo subsirgtet 9% i n

t he coating i <k i: r L0 about 0.01
and about 1@/\%@&mﬁg%né@%%gg%déﬁ?rﬁé%ﬁ@%%*l%&ggmg?oéf &gl&gﬁ{s%ﬁd about
0.1 weight S$ttsased Sujisle pbiymeeizetidn ahditioas odll dépeat] oanke reattivepolpanéc| udi ng

pol ymer conponent reactive ani gni c nononers, and conononers). Crosslinkers
may be incl GHwaES ?eﬁeé%aﬁ%ﬁwﬁagsgaraw%rﬁgesaﬁmﬁwaowé’é@ml gEpps pkat neshthe The

anmount of c [ y A i¢he
SUbstratt Soiiht gt BYLNGAes mbap ol KRR LR s RPN R0

pol ynmer havbsulfppaopydestayacrylatt E8RyE), ntalide geaft pay merizak wingsd catalystpelnel cat e t he
substrate pol yner. network and no crosslinker, or veéy 20 little ¢cro i nker

ssl
may need t oABUAEEIATOR HARETOB APRHERXY hiHORES 58 38 SBHONNTE cPEUM A hre
f | i i . i inc t
roma_PolyHRfudRANS BoWetd! dly &Q%%?%fgr%té@ﬁﬂlqﬁgs #i5eh CRRIE il oehdldn at

| east one cros in the coatin tion’in an anount icien
provi de t hetheaksirabsubstvat nofy beased. i Tigeg $PA end catylystrule pexavbin @rsobenf whioht i ng

bet ween, t he ¢l udi,n | ymer an he substrate for the intended end
use. Fo}é exév bsgtgg?ﬁéﬁ?#%g?fgg‘é%(ﬂ%%? sp Og'uﬁg‘f F%cgntfgthnsotjie%cgwg act |ens,
the coatingpsRamba gf@gahmyt\!aggﬁ%%huﬁ% éb%ﬁle&QhWﬁ;anﬁWsa’iﬁ@b&}rlgoJlﬁx\éﬁts the

integrity necéssary pr ovi the desired benefit "across the rel evant
portion of fiem dbont50 taboat B0 weight’a ircthe seitinglcetution. ThedataBbst tsginésent in

SASHIMGRC TR TN I SR RE W T R e T T
are not |i mybqd 0l03 MGBERar] Relghe el 8pd the Webaht BPHR aBSF: hhdvolktheexanpl es
i ncl ude net hyl ene bi sacryl am de, ethyl ene gl ycol di net hacryl ate,
pol yet hy$ gy extluding 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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di nret hacryl ate, tetraethylene GDVA, diallyl tartram de, pentaerithratol
di acrylate, divinyl benzene conbinations thereof and the |like. For water
swel | abl e substrates, such as soft contact | enses, the water content of the
5 substrate nmay al so affect efficiency of the graft reaction. Accordingly it
may be desirable to adjust the level of grafting to achieve desired effect,
or to coat the substate with volune excluding polyner having a nol ecul ar
wei ght which is sufficiently high to prevent it from substantially
intercalating into the substrate pol yner network. The grafting process may
optionally include a pre-reactive step to provide the 10 substrate with
properties which will enhance the eff|C|enc of graftin For exagg %ﬁ t he
Y

substrate W%ln@a@%@eﬂwlqnﬁ@%a%’@m% eneralycal dppethacrylaiss poky s,
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agent . exa irect reactlon e acconp e use o
reagent or toemipisi the levedbf gxaftmmbashmvgdﬂupd effed:tj‘m te lcoaitethesmtayenwrth oolunel u me

the synthetic ntimcro makl n h a functi onal
aroup”on ¢ hEcHeBEs BB Binga RO leslor S fubig Setieien By arie BrvEs bORR i on
of a coupli ggsageat ml:e%alﬁﬁ-%rfﬁioqhe E’tﬂﬁtrﬁ’t'é nfer n@f iR, or al cohol “or thi ol
groups on the synthetic antim crobial peptide may be reacted directly with

i sot hi ocyanat e, &bygrafimigdepcdss kr;aglroqmynalkyondude alpreesuaive sp;ﬁ@rtt)@’rtb\udxrthphenoxy
ester, 0 chI ride, ehyde 0X 0X car honat e

nal { de, ' m Skt aith propssypny Beb S0l e iR R B B et e
25 I'n an al Lyhat s RTRALITE Moredse U doRCerd@EHH Sf f@d/tl\kée%rkh?ﬁsd .Suasie! i ng
agents useful for Coupling the cationic peptide or protein to the device's

surface i nchgaaivation beps arelkinpvn an therart and in¢ludsaoidatipngirorissi whisheproduces

(e T B Res a5l SRR PR R st i
(2- nor phol Iﬁ&amhyé Xé&tiBR YithTbdiRe, DhibRMOAPIHEreefakPEkLlikEde, or m xtures

thereof. The ]
is 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

12



carbodii m des also may be used with N hydroxysuccinimde or N

hydr oxysul fosuccinimde to formesters that can react with amnes to form
am des. Ami no groups also may be coupled to the polyner by the formation of
Schi ff bases that can be reduced with agents such as sodi um

cyanobor ohydride and the like to form5 hydrolytically stable am ne |inks.
Coupl ing agents useful for this purpose include, without |imtation,

N- hydr oxysucci ni m de esters, such as dithiobis(succinimdyl propionate),
3,3" - dithiobis(sul fosuccinimdyl propionate), disuccinimdyl suberate,

bi s(sul fosuccinimdyl) suberate, disuccinimdyl tartarate and the |iKke,

i m doesters, incl.udi,n Wi thout |im | 0 di net hyl i pi mat e, :

di f1 uor obenz%ﬂgo%g?ﬁdsg‘élf‘?/%y%f?r‘i‘éffctmt&@'WC{}RW&PC“IIPIH#{%??@F] 1,5-difluoro- 10
2, 4- di ni t r obRPEBRAUIBHRIBMMe!tb G518 estdrsl @AY 8@Steadt WAtk ahhings W fohaWinididsmi t at i on
gl ut er al dehyde, and bi s epoxides, including without limtation

1, 4- but anedi ol dAginacgrayps alsa may be caepled Wi thaplyynes ky thedgrmatianef Sehiff bases

recogni ze that . any, nupgber. of, ot her couplin t be ing on
he P inert ondi Bt eaEa il RUcRRIspEP RN PHEPhDRIENG HARE RO RAERT
surface dopeshp@blygieMlyritabls dinimdlitks! €RaplivCagdhRURS] foiChis puigosdineh@ie owitout 15
may be |ncorPorated into the polyner by ané conventional organi ¢ synthesis

1 4

net hods. Al limitaden, Wehydroxyeiceiaimide gateigr 9igh s dishiobis(supeinwaidpipmmonataie3,3 -

ddi ti f pol.yoerizable . . i ni-Ng.. ' i .
rononer m xt (RSB EUTPSFm R RIS Bho R BT 3irke. BSOSk BbniehE .,
any nononer Yaebut@ disltingnidyiaage arfilthd kel imiidestets] fchudthgl o/ifhpot Idniedtic; oup,

acid, acid chloride groups, carbodiim.des, amnes_and the |ike, 20 nay be
used. Reacti ¢ineiad adirima. piflverdsezenaagrivatives ecluding withprtdimiatiopel. 3 diffuqeo-
vol ume exg! ”2'4&%% é’&%ﬁefﬁ?&{mgﬁlm@&é&‘f hﬁ%@ﬂie‘é"! ih&lu&iﬁ}gwmout ﬁfﬁﬂ?ﬁ&f"t e. The
vol unme excl udi ng pol'yner 'may be assocI at Via ronfFc interactions, steric
i nt eract i ons gluadrhlidetytde, armik i gpdxidessincAdagrwithown limiaGme 1 g-gadedicd dadididyls,
ani oni ¢ charges, _interpenetratjon, conbjinations thereof and the like. In
this enbodi mether- Ppeodirsnoidlied inghe art pul repapniae thel amyamber sbhes Founlisg
selected to j I | i i r
substrate 15 Ean LR hdt¥ebiting O Bcthoial dublrfeenlPURTRVICRS ifad™
pol ymer under cofdhd device’shirfake dbdsawt coasinpoitatile cracfe groeps; elichnsmitalle lguslipag

polymer ip the desired amunt. Methods such as those disclosed. in US
b, 689, 40 BP9 leggEoTaEd o é“Fll?Otl??I}’Brzlzb’, ayongeniionaborganiogy ihesis B699%1 and

EP 1,287, OGOAI&Hﬁtively, the reactive groups may be introduced by the addition of polymerizable
monomers containing reactive groups into the monomer mixture used to form the polymer.
As are known by those in the art, any monomer with a labile hydrogen, such but not
limited to hydroxy! group, acid, acid chloride groups, carbodiimides, amines and the like,
20  may be used. Reactive gas plasma processes may also be used.

Alternatively, the volume excluding polymer may be associated with polymer
substrate. The volume excluding polymer may be associated via ionic interactions, steric
interactions, affinity interactions, adsorbtion, dispersive interactions, anionic charges,
interpenetration, combinations thereof and the like. In this embodiment, the comonomers

25 in the volume excluding polymer are selected to provide the desired interaction. In this
process the polymer substrate is contacted with a solution comprising the volume
excluding polymer under conditions which allow incorporation of the volume excluding
polymer in the desired amount. Methods such as those disclosed in US 6,689,480,
6,827,966, 6,451,871, 7,022,379, 6,858,248, WO 2004,060431 and EP 1,287,060, the
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13 disclosures of which, and all other patents and applications |isted

herein, is incorporated herein by reference. In another enbodi nent the

vol une excl udi ng pol yner may be incorporated via a nold transfer process.

Generally the nold transfer process would be used to incorporate 5 the

vol ume excl udi ng polyner as follows: coating a nolding surface of a nold or

a nold half with a coating effective anount of a coating conposition

conprising at |east one volunme excluding polyner; b.) dispensing the

reaction m xture conprising the polynerizable conponents sel ected to nmake

the desired substrate into the nold or nold half; and c.) curing under
able to faorm oated with the 10

condi ti ons sui esired su strated

coat i ng cowp(ggqtl?%eﬁ of which, ﬁﬁé éﬁﬁgﬂf ReSRRLS ap a}??ég?atyais(i@&drf@aelpds aePRoratedhe
coating qRﬁ Sih B! 9&%&#89 that it will swell in the substrate reaction

m xture. Fur eta relating to nold transfer coating may be found in

US- 2003- 0052424. Iftanetheceabodigienethh gdBinwi dxcludmggmpyementhay be ifcoperaéd sikial | i n

the art, and n the . sco e of t resent inve n. 15.1n one
onbod ment - A BBk AR S e SR BRicptHeuA b set o Beporale

surface of thevsubrld@hid gbcﬁy‘}n&%%ﬂoxﬁg (c64tlg Emb R S¥EPE oPA nlo®PbSd mold

dehydration of that surface of the substrate. For exanple, in one
enbodi nent vl with heoatirgstffeatiee armount od acadting doepesitivh eofaposing stilehstoac of t he

tact | which.is i tact i th t Lid bl
Compri ses. a Yeiyar Sfstudind PaiSier Lot e Shis Bt abRgrdb e - The 20
POl yani ons i gijfii 4le B ooty d1BCie@ ) IR th8 AEREUINBsMkd Rid eloilg of @M t he

tear film the water 'on the front surface of the contact |ens
evapor at es, hadhl andag emtingwnden cafdigatsisonable o formdhe émretﬂ stibstratedichated aith the

surface jhcreases above. th concen tion ti,ons jn the Thi s
oront oo UhC LGRS coRRYim d SORE CiroRimstts fed e dRSfd f e BEuhe Fhatine,
restore the ¢ sitiohrsué&mmplrﬂeﬁmsﬁaﬂ isPihe Qhbserdtel reAlGioh Mnikife WRhRter QBtailhe front
Il ens surface. Thus, in one 25 enbodi ment, the volune excluding polyners of

t he present felatiopte moldicansfas coating ay belfavd in USRH03E2#4-ei n, osnoti c
cati on concent r SATGrFoatE FeURE 2k eedrth e B ef il ip BRaR bR SedfiiEifen: .
scope of the present invention.

15 In one embodiment, the volume excluding polymer is incorporated on at least one
surface of the substrate in an amount effective to prevent or resist dehydration of that
surface of the substrate. For example, in one embodiment where the substrate is a contact
lens, the front surface of the contact lens, which is in contact with the eyelids during
blinking, comprises a layer of at least one anionic volume excluding polymer. The

20  polyanions in the volume excluding polymer associate with cations from the tear film. As
the water on the front surface of the contact lens evaporates, the concentration of cations in
the tear film on the lens surface increases above the concentration of cations in the tears,
This creates an osmotic imbalance, which draws water from the tear film to restore the
equilibrium concentration of cations to the water on the front lens surface. Thus, in one

25  embodiment, the volume excluding polymers of the present invention act as osmotic
drivers. As used herein, osmotic drivers are components that move water in or out of a
substrate to maintain cation concentration equilibrium between the substrate and its

environment.
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14 The amount of water drawn fromthe tear filmto the front surface of the
| ens may be controlled by the thickness of the coating of volune excl udi ng
polymer. In enbodi nents where the device is an ophthal m c device adapted to
rest between the cornea or conjunctiva and any part of the eyelids, the

vol ume excl uding polynmer is located primarily on the outer 5 5 umof the

| ens surface. Lenses with thicker |layers or may have a tendency to pul

undesi rabl e ambunts of water fromthe tear fluid. Thus, another enbodi nent
of the present invention includes devices which act as osnotic drivers,

mai ntai ning a desired water balance on or in the device. O her end uses for
such osnotic drivers include, but are not I|imted to wound heal i ng

materials, incl hh¢ agowtes svatgysiravm froprbe igee fitm o %ﬁf%ﬁ%ﬁf%?eﬂfﬂéﬁ]ég%mﬁbbe
T el SRS O BT A

may be used Inventron 1 nc

wi t hout | i mivlatd e deyiod er@h&munmoicy Agggedio ﬁ&twemnahac@uasbn ddﬁjl&ﬂtlva
styrenes, et h(il ene, propyl ene, acrg(@?t es_and nmet hacryl ates, . N-vinyl_ |actans,
acryl ani des ané Ay pat plie gy elidsdihe volume axsHiding n@ymarclﬁiqqaae dprimardy RRdhSAYter

aci ds asg We'S'un??ffﬁ%E% rs%?f?@é‘ﬁ?ens@wﬁﬁ’h&f@é%%"yéﬁyogr lavE Y, d%hb? S and

m xtures t héreo mers may I nc el’s an
hydr ogel s. lndatirableniratintyerttwandreirem tHecedri fhrid dT ke, ant&mmhcﬁhmemmﬂﬂmpméeﬁns,
| ymers used to nake soft conta nses, and

; ﬁ'ots2bL§edp?%%ﬁﬁélﬁeﬁldlauge‘egﬁsaﬁhwh Bt 88 osmefndriyess. mmaigy 3%68%@5. tabl e
ol y( et hy acrnas gl 6 NAGIGARE et A WEPLE SudlP t%‘%cﬁfﬁ*’%%gﬁa?m APER 0 ot es:
pol y( net h) admytedm) chomnd pedling rnzytbxi@ls hincladieg drepsihgsy ang thesapeatimbplghalmic
Cor natlPonsreseheh ST eRteral S50 FAAERENAEROHE st bod | US. 5. 790, 302, WO
0S5, 776,099, 0 LS TLBoRur id may v ust Oyt debegrels? suribliRy Hizpresen

Non- | i m ti ngnexdompiredidef wibdut linattiact pdl:ansteancﬂ oopulymens @f styrénecind debdtititedhr e
not limted to the fqrnul ati sof acqu on A, balafilcon A | yfilcon
A senof | | cO eGP BIPR e Gryiaes Pebmeocirtes, Ratart hoRms: shdpidss o
;5/\;11') 5?2'23215' o gféﬂ?acﬂbl&iﬁﬂgﬂa%ryl&ﬁ{rﬂg%cm{é%ﬁd%eﬁ?dci%ﬁi%chcid% adwell R poRfrdishes,

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.

15



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. 15 5,965,631, US 6,867,245, US 6822016, US 6849671, US 7052131. These
patents as well as all other patent disclosed in this paragraph are hereby
incorporated by reference in their entirety. Were the nedical device is a
soft contact lens, the polynmer will preferably be a hydrogel, and in sone
enbodi nrents will have water contents of at |east about 5% and in 5 sone
enbodi ments at | east about 20% Hard contact | enses are nade from pol yners
that include but are not limted to polyners and copol yners of

pol y(net hyl ) met hacryl ate, silicone (neth)acryl ates, quoro(neth)acryIates,

" epr esent at SSeRnsabding Sob TRl iHBah 15 es215s” o smmrnivns wrik

Patent 10 4,3 %ﬁ oftfeP Patleﬂttcﬁ?é?fsléh% tﬂlﬁigbgﬁgsraﬁ{ ark rB@re‘b? \rrrlgg’%c??tggn %g rORrenls FBfleiy'S! ng

known materials. exanpl e nses may b rigrd nmateri al
i ncl udi ng, \mtlmbutWIhemthamedwal dqvmdeysrmsh@bommthmsrmqugfmqmmyqtqﬁemhq bea
pol ycar bona ns . thereo

PPext bl o matGRoRFl SSRGS A o S AR A5t 60U A0 df s

si | i conesmatsghb @hhodednyd diGe¥PAtRNt 8d%, fluorocarbon materials and the i ke
or 15 conbinations thereof. Typical intraocular |enses are described in WD

0026698, WO 002+ pomtsl@gew@,ma@ faap F@Y&ermmﬂdadsbut ark: got lamizahto012;
ere es nentloned

4,872, 876; 863,464: 4,725 7. 4,7
in this appIHOEyé?qr%ﬁ“da¢°é’°1%‘fr§ng‘?lﬁ%?tgél Iﬁ‘ftg?f'r% 18‘?%@%‘3 )ﬁ VTS entirety.
I'n one embodjgRiinet)grdMRS! Mi@rBethérs Iy Retyidhenafd 'i)@@%ld%@ Whetd teSrepiPation

COI’T'pI’I sl ng at | east "one SI1 I cone contal ni hg conponent The term conponent

i ncl udes nomdmepreseniative oxampiemay pe @pmﬂymrél? 3000'19651%#86123%6(@1@1 Y.S. Paomtr

ot ecul g, VoL S IRSHATS LAk 1B %8k LUEGL Al B RS RS

as used her ekAmpRf ﬂ’l&f’reﬂs@s Mali be hade fieei ﬁgldwﬁatexhﬁl iRALNAE! Wizladi)t einGaapeund. 25
Prepol yners are partl ally polynerized nmononers or nononers which are capabl e

of further Pebimathylinethacsylatcapolystyfeaermelycerhoantsi erghe bkpand sombingtiente t hat
contains at tfmerec?ft A tlc[naﬁy, f%xlble ma‘ierlaTs 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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N I i

a nononer, macroner or prepolynmer. Preferably, the total Si and attached O
are present in the silicone-containing conponent in an anount greater than
about 20 wei ght percent, 16 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 polynerizable
functional groups such as acrylate, nethacrylate, acrylam de,

nmet hacryl am de, vinyl, Nvinyl |actam N-vinylamde, and styryl functional
groups. 5 Exanples of silicone-containing conmponents 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 r ef er@Wdnere prafereblyestaaien thay A0qieight ercentof thei tetal molsculns aveight ohthsi ng

Formia | ity 2R iaite pffidfhefi Lag koo RamaHonfnh praghlcc
i ndependentdomsist polyattrizalsenfitiona| gemipsrseeicis aceylge ompthacrybing watydarhida| Ky

groups, or nonoval ent aryl groups, any of the foregoing which nmay further
conpri se 15m¢thacylagndg, viryl, 1Vé&53@d=tm§¥nvwéﬁr@sé9,,an§ﬁwm fuggtipnal giogBky, al ky!

car boxy, al%%y ' [ 3 - @ . @%ﬁg L@ASs

t her eof ;5 an n&%%%sg%ong??%lggﬂ@t%ﬁnﬁgagg‘gltﬁ%rﬁrg?l%}%gﬁﬁfglé1 I - bl?g% g’f@ units
whi ch may ffisnhdarUSoRpr Nee. 3,808;1 78Adl201570s4 1 B 28N 4, FS53cohl ad k0,53 Bryod6 1

am no, oxa, carhoxy,_ al rhoxy, al koxy, am. do, carbanmate, . hal ogen or
conbi nat i on@’dtaﬁw&ﬂ)e%lfsg St baass Thes e raggs digpigseamany AT G £ hat
when b is %iﬁ@d’nek%ﬁﬁir@ng@o&nﬁorﬁntsdi stribution having a node equal to a stated
val ue; wherein at |east one R conprises a nonoval ent reactive group, and in

sone enbodi nent Suitablevsilarone nentaimghg3cdriponemtp incheleronmpeahdssf Famota ve gr oups.

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,

17



As used herein "nonoval ent reactive groups” are groups that can undergo free
25 radical and/or cationic polynerization. Non-limting exanples of free
radi cal reactive groups include (neth)acrylates, styryls, vinyls, vinyl
ethers, G _6al kyl (nmeth)acrylates, 17 (neth)acryl am des,

C, _6al kyl (et h) acryl am des, N-vinyllactans, N-vinylamdes, C2-,2alkenyls,
C2_i 2al kenyl phenyl s, C2-, 2al kenyl napht hyl s, C2-6al kenyl phenyl G . 6al kyl s, O-
vi nyl car banmat es and O0-vi nyl carbonates. Non-limting exanples of cationic
reactive groups include vinyl ethers or epoxide groups and m xtures
thereof. In one enbodinent 5 the free radical reactive groups conprises

th | | h | ani d d. ni t.h . Sui t abl
ronovar ent . al Ry et Rl s St tasr Bt eaiies " o™ ©
Cl6al kyl gr ogps,alkehylS: 1@, 3&lkényIpHRnpE,; CsHsReRSndphisls, Qi ARemMshernPEY Ralki s WOed

met hyl , ethyl, propyl, butyl, 2-hydroxypropyl, propoxypropyl,. )
pol yet hyl ene@wmadma;eswddﬁ&wi@mnms-t ﬁ@némltm@cmes pliqationig regssive

mbodi nent b j e R | ' | east 3
2 are sl ottt Flis SR SskSorbeRRRe SruER and SRhiY Bl B oROCRRINERD |
and in anot BRI Te@idhlremitive lesipIRoRYAERTine )ity 1a@] StPRxPAthdR)a0ftarti@e,tind

carbon atons. Non- |imting exanples of silicone conponents of this
enbodi ment i Aoktyess thereadt hyl - 2 15

hydroxy- 3 13- 11, Stugtd FonBRLRAbe ahd bt BRUBYERhda¥ Lh it SRS B fPOxY

2- hydr oxy- 3- (faligt pstupx YR OReDeydUpR P3tich tas butistitutatedndyinSuibstisytd & irleehyd, ethyl,

3- et hacryl oxypropyltris(trinmethylsiloxy)silane ("TRI'S"), L

3- met hacr y| oRigpY b b Shydrpretapy sproasxypreayhyodiethiieneqripropyl, combinations

3-net hackyl o met hyl disiloxane. In another enbodinent, bis 2 to
20, 3 toﬁ%S g%ép?rogms{%%%qg%bodi ments 3 to 10; at |east one termnal R

conpri ses a nonovai emd emeatimenteh grzetp oanB’ tshemomsivalent rgciRe @oep, andlaekhsd
from nonoval ent al kyl groups having 1 to 16 carbon atons, and in another
enbodi ment RofenisHSteditenm moneyalertabiol Srappy haYNg opgtosl Gearbyhatgmsmand inp yet

anot her 25 e@&ﬂ%r@%odirﬁeﬂt%o@n R ndvaleR Ayl §FTHE RAviRE oSOIBY Latbch AoARNRA! ent

reactive group,
limiting examples of silicone components of this embodiment include 2-methyl-,2-

15  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

20 3-methacryloxypropylpentamethy! 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

25  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



other termnal R conprises a nonoval ent al kyl group having 1 to 6 carbon
atons and the remaining R conprise nonoval ent al kyl group having 1 to 3
carbon atons. Non-limting exanples of silicone conponents of this

enbodi ment i nclude (nono-(2-hydroxy-3- nethacryl oxypropyl)-propyl ether

term nat ed pol ydi net hyl si |l oxane (400-1000 MN) 18 (" OH nPDMVS"),
nononet hacryl oxypropyl term nated nono-n-butyl term nated

pol ydi met hyl si | oxanes (800-1000 MN, ("nPDVS'). In another enbodinment b is 5
to 400 or from10 to 300, both termnal R conprise nonoval ent reactive
groups and the remaining R1 are independently selected from5 nonoval ent

al kyl groups having 1 to 18 carbon atons which may have et her |inkages

bet ween car b&H-mId S monamethaeryirxy Peapirbicrainated \rarponn-bpty] tespinaigd

enbodi nent, [ Rh o] rbonate or carbanmate of the
f or mul a: FoP%&gxelﬂT)ﬁ&%{a%%%@@Wﬁ)%?wi wherein: Y denotes 0-, S
or NH; R denot el aroyith egdoditeniBihy to 40 drsfroln 1@ to 30®@both teanidahR | corfprize 1.

15 The silicone-containing vinyl &ar bonate qr vinyl carbamate nppnoners
speci i cal | jponpyalenggeactive groups and the remaining R are independently selected from

1, 3-bis[4-(y : - di Si ST P

(vinyl oxf/lc a%ﬁ%{ﬂqﬁ ﬁgﬁy? g@ghgpg‘%{?ﬁ E&E %,Hrtr%@{ti é}@ﬁ%%ﬁ%?‘ﬁ P’gﬁ%??& llrﬁages

3-%tri sEtri bﬁtwlﬁyf’ll Sdr‘r)mxytgaﬁis:ayﬂl:l]}nayrf[mb?tlcoﬁipkilyé hala%drﬁnat e; st vl et hl

3-[tris(trimethylsiloxy)sily propyl vinyl carbamate; trimethylsilylethy

vinyl carbonate; tri mit#ptherEmbeaimEpt ope i foug B GomATEESs aayinylqarbnatg atiz || |

Cll HC=C | 4.z i-O Si-(CH2)4000-C CH2 CH3 CH3 CH3 20 25 \Were

bi onedi cal ew@gb\f\}htehfbnnﬁgﬁ us bel ow about 200 are desired, only one R
Formula II

10
T ‘P.
H2C=C—(CHp)q-O-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.

19



shal | conprise a nonoval ent reactive group and no nore than two of the

remaining R groups will conprise nonoval ent sil oxane groups. 19 In one
enbodi ment, where a silicone hydrogel lens is desired, the lens of the
present invention will be made froma reactive m xture conprising at | east

about 20 and preferably between about 20 and 70%w silicone containing
conponents based on total weight of reactive nononer conponents from which
the polyner is nmade. 5 Another class of silicone-containing conponents

i ncl udes pol yuret hane macroners of the follow ng fornul ae: Formul ae | V-VI
(*DA*D*Qa *DFDFEl; E(*DGD*A)a *DPGD*E or; 10 E(*D*A*D*G a *D*A*D*El
wherein: D denotes an al kyl diradical, an_ al kyl cycloalkyl diradical, a

cycl oal kyl di r adi-ene cmbpdimgert; where ailicgne Bydrggeldensyis despredgihe dens@fthenavi ng 6
to 30 carbo 3 3 ! i Lkyl v di.madi.gal , an
al kyl cycl ogﬁe%rﬁ %g"ieilgbd'? ggfp@ﬁlfg@ Q?H;%I{?F%‘{eﬁgféﬁggfoﬁﬁéﬁé gﬁ?iﬁfé‘}’% zgicyrngdi cal
havi ng 1 t opeferalsly betweah absut@0chndiTiO&dwtrsiicone oortainingaiohgroneith based ronastahe

| i nkages in th in chain; * denotes a_urethane or ureido linkage; a is at
least 1. A HEHHH gﬁreactafmwwerﬁewﬁ%fmt%frwad’vfe&r PohgRshis B12de.20 Formula Vi |

§|lk5|t t or3 f : uo; (()qsa%%ashflls%lg%sgi Sg%%&é%ig‘pn a\lﬁpr?grgl&its ﬁgldfgggggg%ﬁ%%&?dm&ss o
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



atons which may contain ether |inkages between carbon atons; y is at |east

1; and p provides a noiety weight of 400 to 10,000; each of E and E

i ndependently denotes a 25 pol yneri zabl e unsaturated organi c radi cal
represented by fornula: 20 Fornmula VIIl R12 i R13CH=C- (CFZT
-(X)c(2)c-(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 -O,Y-S or -NH; R14 is a divalent radical having 1 to 12 carbon
atons; X denotes -CO or -OCO; Z denotes -O or -NH; Ar denotes an
aromatic radical having 6 to 30 carbon atons; wis Oto 6; xis O or 1; vy
is 0 or 1; aﬁd Z.1 or 1. A preferred silicone-containing conponent is a
pol yur et hane Wﬁ%ﬂ% represented 10 by the following forrmula: Forrmula I X 0
O0OOoihihIl HOO+ h cH =FCCaH~c ocrrma-rrccHgH, ocH, aPDI H rr gcHY
s-(cJ ac". TOCH, cH-0CF jPN¢R‘e-nco-a:azOcoC-:ah Cd-hHHHCF~-L HHHHa
wherein R16 is a diradi'tal of a diisocyanate after renoval of the isocyanate
group, such as tRECHFGHSHWOX)iks@hotogeRit-—socyanate. Anot her suitable
silicone containing macroner is 15 conmpound of formula X (in which x + vy is
a nunber in the range of 10 to 30) forned by the reaction of fluoroether,
hydr oxy-t erm nat ed pol ydi net hyl si | oxane, isophorone diisocyanate and

i socyanat oet hyl methacrylate. Formula X.JII 0 O-~NH-O-~( Sdvt ei OhsSSAei ~~~0"
NH} 1~0 erecR/Cs 2y frogrs pr methak -a k- hodroseppan 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

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

o]

NH
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O0 0 O-~NHk'" ~(SMC20)i,Sddei O}I"™ NHO > NH 21 Oher 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 nethacrylates cont ai ni ng ether and siloxanyl Iinkanges and

crosslinkabl e non cont ai ni ng pol yet her ol Qxa rou . Any
of the foregoing §1 licgag;srudaipin coralpé%enﬁsesu&gaﬂla g’s %H’é@? W%B Qi ni ng
conponent i nyoRd &estU&ﬂ"s vR0-9614) 799 %uéhea%%éc\{&n@s %Bh't'élﬁuriwol?élﬁﬂaﬁ@ 'iEny'aﬁ@le%E

| east one hydrophilic conponent. Hydrophilic nonomers can be any
hydr ophi | i ¢ etbew déseyarteupotydlubanatse hydrocasbompkly flupdnagd ether @@pai}wg@laoﬁe

monomer o, SUERURY o SpRPT RReroAbhits orik donant g b abereBR Pabi BB rithng
agents, 45 Baweﬂﬁ‘drmav@aegr@ﬁ BY Site RRiupiav iR Az eh 210n StdPREE td A RPmARE
polynerlzable functional group are used, théir concentration should be

limted as ddéhmsswsaw@ar@nmtm| 8IS 200260906383 deisentloe hdvophglic sitoxdnydi r ed

dul The t " fer t
Tonomer s conPETHENIATRAHIE efbind Tkt e RIS ghi y
reactive. Sueéhtilﬁﬁl?q;@wemee altdl Pollysicxahyll Rbi. MRIVTRRSTAERINPWsiloRai@l cHier | ze

20 rel atively easi "Acryllc type" or "acrylic-containing" nononers are
1

t hose mononeglso b@mealu agithgysilieons C@zmawng:cgnmnt lpdazm@nm wherein Ris H or
0, 1 O, G082 SO RS IR Rt 22
met hacryl at e Hydropilicaoreinits cmm@rqﬂtmﬁﬁoplﬂﬁc mhm&ﬂay@eﬁ@gb e abeful to
nononet hacryl ate, nethacrylic acid and acrylic acid.
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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Hydr ophi lic vinyl-containing nononers which nmay be incorporated into the
silicone hydrogels of the present invention include nononers such as N-vinyl
am des, N vinyl lactanms (e.g. N-vinylpyrrolidone or NVP), N-vinyl-N nethyl
acetam de, Nvinyl-N 22 ethyl acetam de, Nvinyl-Nethyl formam de, N-vinyl
formam de, with NVP being preferred. Qther hydrophilic nononmers that can be
enpl oyed in the invention include polyoxyethylene polyols having one or
nore of the term nal hydroxyl groups replaced with 5 a functional group
contai ning a polynerizabl e doubl e bond. Exanpl es incl ude pol yet hyl ene

gl ycol , ethoxyl at ed aIkyI gl ucosi de, and ethoxylated bi sphenol A reacted

'Socyanat oet HN! scriamd A iy B e narfide AR P TN ViR 41 o
chl oride, vi gﬁ%@azoyl chl oride, or the i ke, to produce a polyethyl ene

pol yol haV|ng one or nore termnal 10 pol ynerizabl e ol efinic groups bonded
to the pol yet hyl efthepbydrophitip nmmgtnets thitti aag besmpldyed in thgdhvension andbadent e or

ester groups. ,Stil urt es are th h dro car r
el or o hbenattyehlate bORM R TRLER, o niork SF R BRRR sty Bups BoRERTNRS
hydrophi l§ c @mﬁémgmu?mﬁmﬁﬁﬁg Qb@l@h@&@ﬁ)lé Bo%l@boff@tmwﬁnclﬁd8lo 277.

ic mononers 15 wil W;aﬂ.&ziﬁparent to one skilled in

O her suitable dro
the art. In metédmglmt et ot Asphelbiasideonshahogiod bisobomt Arsaeid v o

N- v; ny:_lENArrecgh rgrnilrﬁqam%g‘é&%g taé e[mi%_ ﬁﬁi X%’M tsgﬁgaﬁo%mﬁg?ggtﬁw enegl ycol

nmononet hacr ymethbérylatde1EeICy, nimlqac@aicmnhmlwﬁmthaery&wl @hlokide Orifylesipeei nent t he
hydr ophi | i ¢ monomer conprises 20 DVA. The hy droghi lic nonomers nay be

present in achipine, Péﬂi’@élkéf togmeriee & polieieniemgly ol paving pee epmers eenBal ance of
Dt of or ably ervinEarfERHS gRoprt bRty ol RRTERG MRy psBR i s ¢
in the reactduch as oarpanaiios caeeg@apept abl e. For exanple, in one enbodi ment
25 |l enses of the present invention conprise. a water content of at |east
about 30% and i nStll 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
%.
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anot her enbodi mrent between about 30 and about 70% For these enbodi nents,
the hydrophilic nononmer may be included in anmounts between about 20 and
about 50 wei ght 23 Reactive and non-reactive wetting agents disclosed in
US2003/ 0162862, US05/06640, US2006/ 0072069, W2006/ 039276 may al so be

i ncl uded. When wetting agents are used it may al so be desirable to include
a conpatibilizing conponent. Suitable conpatiblizing conponents include
those neeting the conpatibility test disclosed in 5 US2003/0162862. Any of
the silicone conponents descri bed above nmay be converted into

conpati bilizing conponents by incorporating conpatibilizing groups, such as
hydroxyl groups, in _their structure. In some enbodinments, the Si to COH
ratio is |ess thdifeahmandipnireactygovatiingrgeakdlissiesed EhUaBORY0 1028620 about

10: 1. Non- | iRddtd i i L.z C nen in .
(oo oy TS P48 OB 060 BBl O3 % AIPRL A i i
pol ydi net hylapehte ¥aneed 40GaylA80bMYsirable @rintRIYE compatibiliaitlo-compoyetito Byitablé 3-

1,3,3,3-tetranmethyl -1 -[(trimethyl silyl)oxy]disiloxanyl]propox ropyl ester
.[. Si GVA" compat1bl¥zmg cc£n(1ponents 1nt¥1ude th%se) meggng the compatl%ll]lt?f tes@ dis}:/I]OFs)ed 1Fr)1y

2- hydr oxy- 3- Y P o —f ] ] ' 1 lan :
conbi nat ixgons@dﬁg&gé?@egf]d& Iﬁﬁéﬁ tﬁlé)élgi C 81%%%#%?}%% dg%%g%éﬁédg qﬁ%%:ﬁé éidg-{v@rted tnto

col orants, poatpatibitieicompopaitntls incetpkitingzempatibilizing lpaoupst surhab aydrag@nt s,
hunect ants, wetting agents, antinicrogéfl conmpounds, therapeutic congounds,
Conbi nat | on<"oWSy B RAGITHE. (7 RAFEpoefmsnisethe S¢ [ QBratin it Iges thamahquy d>:1,

m xture. In i t i 1. ]S e far i ‘s

addi ti onal a?:lg%(gﬁlgggﬂ such&gg{, fll)gz'? X}?logl?lﬁ?m!b{oglglln?gl L%’ECP %ﬁf) gC%mg%t??rllzéng
agent s, ant icvhpooditainchae fmono2-hydivey dpaethaay Lappopplprapd ethex teumémtddher eof

to elute fromthe artjicle. A DO rizati tal yst e included in
the readfi O,p&wﬁmg&g{sﬂ%@e é@@}ﬂ@%i C@?Irﬁéﬁ@ 0:1?“ é‘x‘?%gﬁ‘éﬁgm&ﬁ'&pbunds such
as lauryl pgfaxX e RRREal(RRAQNI 1SS )oxy REQTRRN leBter “SIGMA”

a20bi Si SObULWE oI o el ey Doxy Rt geﬁﬁ%‘?g‘sﬁi@g@di cals at
nmoder at el y &-bydrbed3 ineethardbyy mepylaxbroppditos(timéthylsiloxgysitaanpscomithatimgs
aromatic al pga-%k%grﬁxg ket ones, al koxyoxybenzoi ns, acetophenones,

acyl phosphi H8ST6 Higdhe BE.1)i sacyl phosphi ne oxi des, and a tertiary amne plus

a di ketone, m Xt U{&RtidECERpotAS JubR as, lcblofantd, :tht%El'iI%hﬁé’ @oxﬁﬁ&ﬂﬂk,%%aﬂ?ﬁzers,
photoinitiators are 1-hydroxycycl ohexyl phenyl ketone, 2-

15 chain transfer agents, humectants, wetting agents, antimicrobial compounds, therapeutic
compounds, combinations thereof and the like may also be included in the reactive
mixture. In some embodiments, it may be desirable for certain of the additional
compounds, such as, but not limited to humectants, wetting agents, antimicrobial
compounds, therapeutic compounds and mixtures thereof to elute from the article.

20 A polymerization catalyst may be included in the reaction mixture. The
polymerization initiators includes compounds such as lauryl peroxide, benzoyl peroxide,
isopropyl percarbonate, azobisisobutyronitrile, and the like, that generate free radicals at
moderately elevated temperatures, and photoinitiator systems such as aromatic alpha-
hydroxy ketones, alkoxyoxybenzoins, acetophenones, acylphosphine oxides,

25  bisacylphosphine oxides, and a tertiary amine plus a diketone, mixtures thereof and the
like. Illustrative examples of photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-
hydroxy-2-methyl-1-phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-
trimethylpentyl phosphine oxide (DMBAPO), bis(2,4,6-trimethylbenzoyl)-phenyl
phosphineoxide (Irgacure 819), 2,4,6-trimethylbenzyldiphenyl phosphine oxide and 2,4,6-
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hydr oxy- 2- met hyl - | - phenyl - propan- | - one, bi s(2, 6-di met hoxybenzoyl)- 2, 4-4-
trimet hyl pentyl phosphi ne oxi de (DMBAPO), bis(2,4,6-trimethyl benzoyl)-phenyl
phosphi neoxi de (Irgacure 819), 2,4,6-trinethyl benzyl di phenyl phosphi ne oxi de
and 2,4,6 24 trinmethyl benzoyl di phenyl phosphi ne oxi de, benzoin methyl ester
and a conbi nati on of canphorqui none and et hyl

4- (N, N- di met hyl am no) benzoate. Commercially available visible |ight
initiator systens include Irgacure 819, Irgacure 1700, Irgacure 1800,
Irgacure 819, Irgacure 1850 (all from Ci ba Specialty Chem cals) and Lucirin
TPO initiator 5 (available from BASF). Commercially available W

photoinitiators.includ rogur 1173 nd_ Dar.ocur, 295 I ba Specij.al t
Chem cal s) - "TRECEBERIVS AR RneBIiAg xfB oo Rh R e 200 2 BB PRSH &) o5
in Vol ume | chmplfighiabhd AddedtRyISi-(NON-dibRehyRaflinG Pentetitd. ODbHmEroidliyosvaflable
Phot opol yneri zati on, 2d Edition by J. V. Civello& K Dietliker;, edited by G
Bradl ey; Joksiblgvipktjindiatbr Spyiems dedrdacure 98, Irgdeurel Wi00; liganure $8Q0s bigagute t he

reaction m re in ff.ective.,amunt init{at hot A i zati on of
the reacti oﬁtl?Iri%qﬁprgﬁ%éfaéglfﬁf)?’oﬁbggﬁﬁ‘flaﬁ’b&%?’(?al&jo HB%??@ ]éi}a%%l ght per
100 parts of avaflable ifNgn BIAIS(FDTEComBQJrMHIW Waﬂbbl@ mj\Obhéthﬁlitiz_{t%Qﬁélﬁdh Dhpobtd B 782N

be initiated using the appropriate choice of heat or visible or wultraviolet
i ght or ot 1o Dt 20Shants Reccealtt Chenpefipmaieseardorhermmhranitiion sdch may

Al ternati vel i niti;ation b n .\ a bd i r_.using,
for exanpl e,b¥g S%I%ggﬁiog%@ea@%l}@ e\j\iﬁegﬁc’g&%ﬂ#&% ?(fq't-titr%ﬁ %?é}?ési%asughl,ca%%émmc
preferred i Mhbiopblheriaitton, RHIRLNGPHOS FhTReetod Ee Diettiket cdited by G. Bradley;
bis(2,4,6-trinmethyl benzoyl)-phenyl phosphi ne oxide (Irgacure 819$r)) or a
conbi nat i on Jgfn Wiléy@n‘éﬁyw eFhERIK: 1PREnhe Ritiagnids used ipithq rpagrion mixture in

di met hoxybe - S A-f]. | ] i i ) '

anot her Wen‘%’é@%&%nﬂﬁ“ﬁw{é t%’ré%lﬁg%q%lf’ %gg{y&{r%@l&g%f&gﬁglm% ‘ﬁgﬁ%ﬁgg\/ ?rgﬁ{}lﬂ)g :ugl e

| i ght acti vati embodt 2farpsf weigkcher 100 bad0sf regctive monomer. Polymerization of the
bis(2,4,6-trimethyl benzoyl)-phenyl phosphine oxide (lrgacure 819(r)). These
reactive ni X¢agHeR mgyraranthedpitiagd uswgithe anproprigte Fhoigerofheaicdr vasiblg ogi | uent .

S bl R 0ok BB RORIAL OL0 ARIRA: HEF s 1 (1
cont act anglAdervativelyimdttatioadan be aomtugictiatithoat a phaoin2fatdriing: fdrl exatpleced
Ut S RO Hovever when 3 photoiriator & beed, Tt prefbred inidators e " "
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
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enabl ed the effective force during i nmersion and enersion to be obtai ned.
The contact Iens sanples were cut into strips of 3.3 mmw de. A naxi mum of
3 strips can be cut off one contact lens. Then a load is hooked at one
extremty of the strip and crocodile clip clanps the other extremty
(weight + hook = 88.9 0.5ng). This allowed the sanple to 25 remain
straight during the analysis and prevent the lens fromfloating in the probe
solution or curling. The advanci ng and recedi ng contact angles were

determ ned by reading the force at the point of imrersion and enersion of
the sanple and were cal cul ated using Young's equation: 5 Cos Qai. -F - YP
where: F = neasured.force 0a/, =.advancing/receding. cantact angl.e. y
= surface t eWWBPGHSETSHS Eé 5%19 aﬂ‘?ﬁ’fjﬁ apd RS YD tbﬂ %nﬁgpmwg?%'rngd?ﬁfee%rf’g%%#wb&% m
10 The hyst e@siringebheCaivatding S RYedPEs M hided Werel RESRIINE KB HAE tiRNTI €
fromthe advancing contact angle. The sessile drop contact angles reported
in Exanpl es fodceat tlvmcentr@agmeesiommmgnerawn@lﬁﬂ@m& idgivere spledamdasingAngl e
met er and teghni que X Scientific Instrunents, 15 Ronans, France) The
equiIibriun138?%%sg%%$gﬂts were neasured in phosphate buffered saline at 20C
usi ng the techni que described in Synthetgc Hydrogels 1, Copol yners of
Hydroxyalkyl Acrylates and Met hges§),ates: Water Binding Studies, P H
Corkhill, AMJolly, CONg & B J Tighéﬁ)Ponner 1987, 28, 1758-1766. 20 It
will be appreﬁia;ﬁd that all .of Q@@ tests specified herein have a certain
amount of i WheFeht T BEesurd froe Wlbr dingly, results reported herein are not

to be taken as absol utg,, =UivhEdisg/rd2bdinpUbRAt @Rl (BNJes based upon the
precision of the particular test:

v = surface tension of probe solution (mN/m)

P = perimeter of test strip (m)

10

The hysteresis was 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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In order to illustrate the invention the follow ng exanpl es are included.
These exanples do not |imt the invention. They are neant only to suggest a
met hod of 25 practicing the invention. Those know edgeabl e in contact |enses
as well as other specialties may find other nethods of practicing the

i nvention. However, those nmethods are deened to be within the scope of this
invention. 26 In the exanples, the follow ng abbreviations are used: AA =
acrylic acid ACMO = acryl oyl norpholine 5 Am = acryl am de AMO = nor phol i no
acrylam de CAN = ammonium cerium (IV) nitrate DAT = diallyl tartram de 10
DVA = N, N-di net hyl acryl ami de DMAEMA = N. N-di net hyl am noet hyl nethacryl ate

HEA = 2- hydr oxyethyl acryl n‘i?lg A = 2-hydroxy propyl acrylate 15 NaAMPS =
sodi um 2- (acryl ar#o‘b)’-eﬁa‘ﬁﬁfeﬁy'i rfg@gﬁégé‘&pmd‘?%@ a"RléP?/Sii’: sodi um

vinyl sul fonate NI PA = N-isopropyl acrylam de N PAm = N-isopropylacrylam de
NVA = N-vi nyhAcerariaeid0 NVMA = N-net hyl - N-vi nyl acetami de  NVP = N-vi nyl

pyrrolidone s_Rhho ate.,buffered saline solution SPA = 3-sul phopropyl
acryl ate pot‘ggg{(amaggﬁ(?ﬁm?ﬁ&ﬂﬁget et rahydrofurfuryl nethacrylate 25 TRIS =

N-(tris(Rydroxymet hyl ) methyl) acryl ani de
Am = acrylamide

AMO = morpholino acrylamide
CAN = ammonium cerium (IV) nitrate
DAT = diallyl tartramide
10 DMA =N ,N-dimethylacrylamide
DMAEMA = N ,N-dimethylaminoethyl methacrylate

HEA = 2-hydroxyethy| acrylamide
HPA = 2-hydroxy propylacrylate
15 NaAMPS = sodium-2-(acrylamido)-2-methylpropane sulphonate
NaVS = sodium vinylsulfonate
NIPA = N-isopropyl acrylamide
NIPAm = N-isopropylacrylamide
NVA = N-vinylacetamide
20 NVMA = N-methyl-N-vinylacetamide
NVP = N-vinyl pyrrolidone
PBS = phosphate buffered saline solution
SPA = 3-sulphopropy! acrylate potassium salt
THF A = tetrahydrofurfuryl methacrylate
25  TRIS = N-(tris(hydroxymethyl)methyl) acrylamide

Examples
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Exanpl es 27 Exanples 1- 23 G afting solutions were formed by m xing

net hyl ene bi sacrylamde with water to 0.5 weight % The reactive anionic
nmononmer listed in Table 1, below, and CAN, were added in the anounts |isted
in Table 1. Three different | enses Lenefilcon A |enses made 5 according to
Exanmpl e 2 of US-2005-0070661 | enses; Dailies (Nelfilcon A a PVA based
contact lens commercially available from G baVi sion) and SeeQuence

(Pol ymacon, a pol yHEMA based contact | ens comrercially Bausch and Lonb)
were contacted with a grafting solution for the tinme and at the tenperature
listed in Table 1 and out-gassed with nitrogen. Each of the grafting

sol ution n‘ixtureﬁ (Exgrrpl es 5 8, 10, 15 and 20), were a 10 50:50 nol ar
m xture of ¢t lad3ppnoners. The | enses were removed fromthe grafting

solution and pla i [ B %ﬂm'e :

angl e was neasure ialtl(f% ?@%élﬁ}%g‘% ‘g%h?ﬁ b&ggﬁ?l%mggﬁeg\?v %ﬁ@‘ yrraflviwgpéwtg%? t:Et%t
angl e for cdni meight 8isdde refnitok aneméc monomentisted el Tabkehl ,tHedowgr afdt CAY, were

sol ution were al so, measur ed. and reported.in Table 1, | ow. .15 28 Tabl e
OB Roact | AR RBTORES ISP i L TS ST o EAney CoRrs 7SeS Retoner
(© (hr) SCAMcéc_)rdiGl@)to(@()am’pﬁé)Q%5@@@0%'“65?%}13 £M54ife 18%€oR2CK] PUA- based 44
15 29 CE2 Saline washed* 66 34 32 1 1 0.05 46 44 2 SPA 40 1 0.10 52 45

7 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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320.0541 374 420.10 40 382 5 SPATRIS 40 1 0.05 65 33 32 6 1 0.05
44 37 7 7 NaAWPS 40 1 0.10 52 33 19 8 NaAWPS/TRIS 40 1 0.05 49 26 23 9
TRIS 40 1 0.05 40 38 2 10 NaAMPS/ SPA 40 1 0.05 43 39 4 Lenefilcon |enses
CE3 - - - - 543519 11 1 0.05 46 40 6 12 SPA 40 1 0.10 57 36 21 13 2
0.05 46 35 11 14 2 0.10 58 38 20 15 SPA/TRIS 40 1 0.05 68 34 34 16 1 0.05
53 21 32 17 40 1 0.10 50 40 10 18 NaAWPS 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

Pol ymacon lenses CE4 - - - - 107 41 66 22 SPA 40 1 0.05 86 41 45 23 NaAWPS
40 1 0.05 102 40 62 The | enses from Examples 1, 2, 6, 7, 12, 16, 17, 22 and
23 were tested for the presence of 5 su fqr as an indication of physical
proof of grafting. 29 For each of the gr | enses, sulfur was detected in

the | enses of Ean§§ef lRﬂgﬁﬁQ, 7] Rxn . Adv. | Ree. ‘
# Anionic Temp. | Time | % cA | ca Hysteresis
Monomer (°C) | (hr) | CAN © © (®)
(0.045mol)
Nelfilcon lenses
CEl ex packing - - - 44 15 29
CE2 | Saline washed* 66 34 32
1 1 005 | 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| NaAMPS 40 Pt T | 3 i9
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 S8 38 20
15 SPA/TRIS 40 1 0.05 68 34 34
16 40 1 0.05 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 0.05 86 41 45
23 NaAMPS 40 1 0.05 | 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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12, 16 and 17. Sulfur was not detected on the |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 also noticeable. Sulfur 5 was not present on any of the
non-grafted control lenses. It is believed that the chem cal nature of the
(pol yvi nyl al cohol -based) nelfilcon I ens, which has a higher nunber of
surface hydroxyl groups, provides nore reactive sites for the grafting

pol yneri zati on, which accounts at least in part for the significantly

i nproved hysteresis displayed in Exanples 1, 3, 4, 9 and 10. C?aft

pol yneri zati on_of bpt h SPA 10 Na S showed dr tlcal r ci ng
contact angl esf %‘?Pcﬁ)‘?gpﬁrgé' edsIﬁI“t?é’sS“IA#I‘/E‘éfas g?ﬁf)“rt?ﬂ)’t“itg% Iegn% Pi son
i s Conpar atipe | EXR4PY, eS@Ifﬁrr\ﬁ?IsfrIoItﬁé’t@ctI?@BﬁtﬁeIl@ﬁs mamwés@daﬁ@ish sal ine for a

simlar period to that used in the grafting process). As shown from
conpari ng CHESecdutnGEIP A ehichshayhgvebem amdulcagy Dﬁéleesfam@lft orcf sigrealCihapilar

I I hol t he. hyst I
a1 ext i orB g GRS BRITHR AT S AR et i ERER oA TOAg e (Sulfur
hyst er esiss (i bRSerkdn ah$ oRElfk Hbf-gried WH@D] NAANPS was used as the vol ume

excluding polyner better hysteresis was obtained where reaction conditions
were nore vi goitoabel(qveéthaathemhgmal n@twtqfélnﬁ trehpénryaeleobel-bsedogligeonsBas,

I 2h E SPA, b i
was achi oved it PirsBA R r Mkt bl Foh b peRiseS ity PRH i R Gb Ve
Bxanpl es 5 7rbinag dblyastreli, Mideh A@BSRS of @ CRIFDRE 3id seni XA pRo2ad

es )

| enses of Exanp 6 and 10 were placed into 5 cmx 5 cmglass cell

and taken t Hiys@esis demayedan Examples dy3.25 Yapd I1@s GT@fé polymenizatinrovfehody SRy magi ¢
vapour S ptﬁﬁ@g%@&ﬁ fh(%ﬁ)cﬂ{}élo%p ﬁ%h&% &a?agleﬁ Y34 ﬁ?%t}'—:r\ilies%gﬁl‘é’@. e

Figure 1.° At ear sys e Was an a- sens

i cr obal anceappiopriald cwhtral fofcempardyoniy 0@paratpabkenglt 2n@alsildongnohangss in
sanmple mass to less than 1 part in 10 mllion, The m crobal ance was housed

in a preci sevishedmithplingfor a shailanperiod taydntasad & the erastng process) wAs sbovehsur ed
very high baﬁ&h'cgﬁp%x%btﬂ b¥d ‘é\ﬁeewc?%@?qggtﬁgsgd{{c?% gvle%?f%{ HehadiBPolySlRl | Ve

hum dity. Dry gas was contr
alcohol on the hysteresis.

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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controller 3 and saturated vapour gas flows were controlled using nmass fl ow
controller 5, and vapour humdifier, 5. Humdity and tenperature probes, 6,
were situated just below the sanple and reference holders, 7 and 8,
respectively, to give independent verification of 5 system performance. The
DVS was fully automated under control froma dedicated m croconputer, not
shown. The conditions in the chanber were controlled as foll ows, tenperature
was rmaintained at 25C and humdity was controlled in a cycle of 40 m nutes
at 98% relative humdity, followed by 2 mnutes at 40%relative humdity
for 100 mnutes. 10 After the full humdity cycle, the glass cells

containing the | enses we the VS cabi net . and. pl ac on the
o aye of on TRugE eameLATRe EIAT IR QM S Rova e Cnaa S TRSE AR dr op
Cont act Angl &ni¥eli&"s a:fé%’étu?&tb@ %lkfuk Gad AASWS M%%ﬁtrollé%lﬁ@x{gsmﬁéﬁﬂﬁﬂoﬁtﬂﬁﬁ ed

next to the DVS cabi net and the change in contact angle was nonitored. The
resul ts are adoapoirhuFiidifies 52 Huisidgth ans tanspeFitgnerpeols, 6, heereniteaded jusiobeldy

ahydrai cd BB SORETFRIS BIGeTA fFespratvRo BLhe BB A o

hi gher - dsor ag@f SYARALGN THRISVS Ghad FACHAANEE uhdlrchatrol4RSHh A%keartpglie and

little furthér change. Figure 2 shows t'hat the | enses coated wth ionic SPA
and AVPS noroirercompytenyved skowm.eat er affinity for water than do the untreated

it 11 appear s, nEIEARHBNS i fr GharCwaogre BT R) A SHIOH MR eat od
preferenti al h¥inta§RARAD §4Ct %§d FRNAIRY Sas %oﬁtilolﬂ::'a% dehud ro?hb %ﬁﬁt@@éﬁfﬂs@% rdbdtive

dynam cs of conmercially available untreated | enSes 5 (ACUVUE ONE DAY(r)
brand cont adiuniiditgdell¢wahbe? ainbtey atehidh tffheblve Hunndnmﬁwﬂaﬁm)lutes DAI LI ES(r)

B1 COOVPAR BLE. PROSEEAR, Pl BIBHEY ehiF bt efichEde pomaimmi i o EbP REd e
Geaar bed T 1L R o ORI e P et
placed int rmlghmnphmtm;d[)a@dropﬁomm émglerMetﬁt WX Baentibmbrstaimeatsd t he
relative n'as&mllé)nss rance? fgggteg next to ?}?eaﬁ‘d"s cabmet 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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regul ar intervals throughout the humdity cycle. Figure 3 shows the results
fromthe analysis of three comercially avail able | enses. A sanple of
heal t hy human cornea was tested using the same procedure. 5 Exanples 28-29
Etafilcon | enses (ACUVUE brand contact |enses, conmercially available from
Vi st akon) were renoved fromtheir packaging and rinsed with distilled

dei oni zed water to renove saline. A coating solution was nade having the
conponents in the anobunts shown 10 in Table 2, below Table 2 Conponent Ex
28 Ex 29 Water (HPLC grade) 100 100 SPA 10.44 gm O NaAMPS 0 7.90g PEG ac
late 0 1.50 g CAN 0.15 0.15 Kpersulfate 0.5 0 MA 0.13 0.13 The

nononer (s) (ani oni c. nononer and,c 0 if us reldl ssol ved 50 15
gm of wat er eXeREH IAPISTEG RAS W&?Vﬁﬁt?&goége ’E&Pﬂ‘d’ﬁé‘?f‘sf ﬁ’é SHFAR'D Y AF Greatse %tnut es.
The CAN, fg%ﬁl%f HRPSLE %ubﬁgl{o%t RGuMAMSI R, %g&els),vs@lews fhd J&@ulfstfﬂﬁﬁ RO gm of

water. The lenses to be coated were immeérsed in the CAN solution, and the
mononer sol usnatysisve{shimd demmercisltyeavaiiable doises. | Hsamplefod hmlﬂiydnmmtqongaa was
solution. Nifro s bubbl ed t hrough the coating solution. The m xture
was kept at § gﬂg%g”@ﬁﬁéFﬁ U r eam of nitrogen was bubbl ed 20 through

t he coatiqg sol ution. After 4 hours the |enses were renoved fromthe coating
sol ution andgj dwth distilled water for 20 mnutes with gentle
stirring. Th’k‘%ﬁ%em@e bR Lot RerlEE 3B Hlc8liby SEhilhk SN L e
wash step was repeate coa enses wer e p aced in snall vrals

cont ai ni ng s¥istdkenpatretre@ovédfron. their psokagiag and elnsegitveith Hisd el ddiotibal lvat22QC

for about 20 m nutes. ) ) ) .
remove saline. A coating solution was made having the components in the amounts shown

10 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

15  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

20 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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32 The hysteresis for the coated and uncoated | enses were neasured. The
hysteresis for the SPA coated | enses was 3, conpared to the hysteresis of
26 for the uncoated etafilcon |enses. 5 Exanples 30-31 The | enses made in
Exanpl es 28-29 above were clinically evaluated agai nst untreated ACUVUE(Tr)
ONE DAY brand contact |lenses (etafilcon A). The clinical 10 evaluation was
a single masked (patient), random zed, study with twenty patients

conpleting the study. The enrolled patients nmet the followi ng criteria: aged
18 years or great, habitual daily soft contact |ens wearers, with a best
visual acuity of at |east 6/9, synptonatic score >0.19 on CLDEQ (Nichols et

al., 2002) and w l]i to.adhere to t instructions set in i cal

ot ot ocol - The. subf i RS ERAGHE srbfhd gt entoned Shes Verdmerated Thdarerss

al l ergies, di3@RSSPA caftbd léﬁséacwus@r cbxﬂP@r@&t&t’hch iteRkkiof 2B ol et ﬁﬁébaﬂardade 3 or
greater) ocul ar tissue anomal y and currently using any ocul ar

medi cat i on ottaBlggn éembes. medi cation with ocular inplications. The patients
wore the three lens types in a randomorder for 3 days, with assessnent
made on the afternoon of the third day. A mnimumtw day period was 20

al | oned fore the next |lens type was eval uated. Bul bar hyperaem a,

pal pebr al rogﬁm@&%—%ﬁb corneal staining were graded using the CCLRU
grading scale to 0.1 scale unit resolution. No mcrocysts, straie, folds or
infiltrates were Thsknwsdnaligrin kgamples £8i28laboTthwepatineatly evauatdd againdtenses on

ti f the 25 foll nf ort
dryness. bur wdrgeacA COTRER GNETEA Tarriid daftash s GEOBA THRRUAI | ngs. vier o
mede upofy | NddiBR vab lsiel SRallcR (b ARt rafBéthizcd Sy RN Ry pferidie day  up

to 6pm) and evening (fromb6pmto contact lens renoval) In a g book. Tabl es
3-5 shows témnpetingtheegdyt s. Patients al so recorded the nunber of hours the

T oL e B 0l SRl SRl g bl BB Rl A,
Exanpl e 31 (&Q¥PomtRalRE weahss witfa BesBiBhA 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
15 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
20  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
25  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

30  lenses of Example 28) 11.05 + 2.81 hours, Example 31 (AMPS-coated lenses of Example
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33 29) for 12.01 2.45 hours and control |enses of Conparative Exanple 12
(uncoated etafilcon lenses) for 10.90 2.79 hours per day. Table 3

Subj ective Ratings upon insertion Ex # Confort Dryness Vision MSD M SD M SD
30 78 22 83 17 77 26 31 88 15 86 14 88 16 Uncoated 75 23 78 19 81 21 5
Tabl e 4 Daytinme subjective ratings Ex. # Confort Dryness Vision MSD 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
Tabl e 5: Evening subjective ratings Ex # Confort Dryness Vision MSD M SD M
SD 30 59 30 58 31 65 33 31 76 27 72 29 80 21 Uncoated 58 32 54 32 67 31
10 The | enses of the present invention displayed confort, dryness and vision

whi ch were | east. a od, and in the ca of Exanple 31, better than the
uncoat ed cogéQr)(;Pr. &e\({”l i'Ize g@élrs %%“59@6“?@8@@?%?@“% SABRIEE 1{yneanisd
staining. 34

Table 3 Subjective Ratings upon insertion

%%l;?sﬂg uleﬁge}ifcﬁgl0(9%§§.Wu&fpegdmdr oxyet hyl acrylamde (in the

formof a 45

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
5
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
10

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

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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wat er), 40Ag (49.80%w) of sodium 2-acrylam do 2,2 nethyl propane sul phonate,
(inthe 5 formof a 50%solution in water) and 16.01 g (44.82%m ) of
N-vinyl pyrrolidone together with 0.8g (2%w) of potassium persul phate
(K2S208) initiator were dissolved in a mxture of 80 ms of acetonitrile
and 120 ms of water. The m xture was introduced into a three- necked
reaction flask equi pped with stiffer, water condenser and nitrogen sparge
and heated by an electric isomantle. The reaction m xture was heated to a
tenperature of 70C 10 for a period of 60 m nutes. The reaction m xture was
precipitated into an excess volune of acetone, filtered and dried in a
vacuum oven at 60C giving a 67%yield (26.5g). Recovered pol yner was
dissolved in PBS to forma O Owt % solution of polynmer. The polyner

di ssol ved readi | ypwhhplegent| e agitation on an orbital shaker. 1 00m of the
0.1 % polymer solutron was added to a 200mL aut ocl avabl e pol ypropyl ene

pl astic screwt op 35 (Td8eanthelr2-hydmxyeticlvurlamide tindanfomatof] esolution in

comerci al ly avaj l,abl ohnsqgn Johns.qn sion Care, lnec. were placed
Thro-H st osetBlthiDeg 4o BN PEC e 2 0 S 8 2 R BRI e suBhpndlElfufed
into a 209l fhasttd 0% coR\GS M wARE)ANE96.012 044 §IeweITIRUIVIS pyRBlidkiR togtiiewed
on. The container was placed into an autocl ave. The contai ner and | enses

were aut ocl aitbd-$5(2het) Of potaptnm persubpbpigtKor Osbinitdgomiverg dissolyed o mixtyie
cont ai ners 20 1 ved .fr ve, an e_pol [ | uti
repl aced byV\%EEQ nﬁ)‘%%tea}%gtr@grsliﬁ a(r}\lﬁ]tltr%g?nlgh%g%%%gs?g I(ggglxt\{/l\rﬂarvé Was ﬁg%c/: §? %t &}Rﬁ%ﬁ' PBS

for at |east pboMed@eicsioR bk @uirsictiaviti smret,heat@%nd@{sawﬁirﬁtm%m dpadde dnflast two
changes of PBS. Tweezers were used to handle and transfer t | enses.

Lenses wer e healediby an plgoteicnsanmmsle ndbie reaciion mixtyieneds henied e i derapdratuteond 7GC
this progcess. 25 The.coefficient of friction of the- es was neasured as
Fol | owh. Tk nidyA BERERE RO PEUEs  TheRatidn TR R oS iafein pedh S Paame of
I nstrunents, ?&&%ﬂﬁltex%wahéﬁﬁle@i}{jévé&ﬁﬂltcﬁﬁén aPb0 i dHn! A6 Gictpeugd for the
measurenent of coefficient of friction. The test | ens was® placed on a

convex support and the coefficient of friction neasured as the |lens slides

at a 35 sli diregowpaEsblphebwaddisdoidden PRSAL farnt 90d104%Iohtiondf pbyaen. The
substrate (Meljnex(r) . (polyethylene terephthalate) film (DuPont) in the
presence of &olvuwsr disselyvedyreadily, vt gentie-paitstion pa p privial shiakes. o} 00md £ thed). Lei on

(Novartis q)%f}ﬁ‘lems&lﬁ?ion was added to a 200ml autoclavable polypropylene plastic screwtop

15  container. 1IDAY 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

20 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.

25  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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For each sanple ten repeat runs of 20mm di stance was neasured. At |east two
5 lenses were run under these conditions and the data fromthe | enses were
averaged. The COF for the lenses of this Exanple 32 were 0.161 0.013.
Conpar ati ve Exanple 8 Exanple 32 was repeated, except that PBS w thout any
pol ymer was used as the 10 sterilization solution. The COF of the untreated
| enses was neasured to be 0.47. 36 Exanples 33-42 Exanple 32 was repeated
usi ng the conponents and conditions listed in Table 6-8 bel ow COF was
measured for Exanples 36, 37, 39, 40, 42, 44, 45, 47, 49, 50 and 52, and is
shown in Table 9, below. 5 Table 9 Ex# CCF 36 0.224 37 0.204 39 0. 224
40 0.175 42.0.295 44 0.262. 45 0,229 47 43 49 0.291

0.200 Thus, tiRgPes ol MRIMITHE pafer TN echossh St ?te@ﬂélqeé ses_of

E_Be gr (elsJent ('fﬂéf‘%g}{yléﬁ@ ter%lﬁﬁilﬁﬁé'\l?ﬁlrﬁ (©O0pddiFRNthe prIRHRY 8fa RitFicaty Mi@fdd’ 00 co

(Hypotears® artificial tear solution (Novartis Ophthalmics).
For each sample ten repeat runs of 20mm distance was measured. At least two
5  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

10 sterilization solution. The COF of the untreated lenses was measured to be 0.47.

36



M'Ste" MOOMGN Cai O ~-HOAC as >~ J > 0 d~~~~ *ad <C dd wa a
aa> >"'" 000 O"" "CNO1L 0OO0OO0OO0OOO0O0OOOOO >NNNNNNNNMOdd d-
d d- 7TNCo70d N ~i OCOOO0O0OOG NUODO mM Od 7700000
ON N OCOOOOOOCON R OOOOONOOOO ONNOO.. M UOOO
OO0O00 00 00 co0OoOd OO.b ~Qr' N

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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W claim 1. A conposition conprising a polyner conprising at |east one

vol ume excluding polyner. 5 2. The conposition of claim1l wherein said

vol une excluding polynmer is formed froma reaction m xture conprising

opti onal conononers and at | east one reactive anionic nononer conprising at
| east one hydrat abl e pol yani on group. 3. The conposition of claim1l wherein
sai d hydratabl e polyanion group is distributed substantially uniformy

t hroughout said vol une excl udi ng polyner. 10 4. The conposition of claim3
wherein said reacW¢@&aihi oni c nononmers are of the fornmula : R L-A wherein
Ris a reactive group, L is a linking group and A is a hydratable pol yani on
group. 15 5. The conposition of claim4 wherein Ris a free radical reactive

Winyrs, vinyt et b & ORI EARRIR Ayt CHRIHAL (LA e SANE Beduaing

G _6al kyl (nepblyarsy! am des, N-vinyllactanms, N-vinylam des, C2-12al kenyls,
C2. 12al kenyl phenyl s, C2.12al kenyl napht hyls, | ) )
5 2. The composition of claim 1 wherein said volume excluding polymer is formed

from a reaction mixture comprising optional comonomers and at least one reactive anionic
monomer comprising at least one hydratable polyanion group.

3. The composition of claim 1 wherein said hydratable polyanion group is
distributed substantially uniformly throughout said volume excluding polymer.

10 4. The composition of claim 3 wherein said reactive anionic monomers are of the
formula :
R-L-A

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

group.
15

5. The composition of claim 4 wherein R is a free radical reactive group selected
from the group consisting of (meth)acrylates, styryls, vinyls, vinyl ethers,
C.salkyl(meth)acrylates, (meth)acrylamides, C;.¢alkyl(meth)acrylamides, N-vinyllactams,
N-vinylamides, C,.;alkenyls, C,.12alkenylphenyls, C,_j;alkenyinaphthyls,

20  CjsalkenylphenylCi.salkyls, O-vinylcarbamates and O-vinylcarbonates.

6. The composition of claim 4 wherein R is a free radical reactive group selected
from the group consisting of (meth)acrylate, acryloxy, (meth)acrylamide, and mixtures
thereof.

7. The composition of claim 4 wherein R is selected from the group consisting of

25  vinyl ethers or epoxide groups, alcohols, 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.

8. The composition of claim 4 wherein L is selected from the group consisting of

substituted and unsubstituted alkylene having 1-12 carbon atoms, which may be straight or
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20 C2. 6al kenyl phenyl Cv6al kyl s, 0O-vi nyl carbamates and O0-vi nyl carbonates. 6.
The conposition of claim4 wherein Ris a free radical reactive group
selected fromthe group consisting of (meth)acrylate, acryl oxy,
(meth)acrylam de, and m xtures thereof. 7. The conposition of claim4
wherein Ris selected fromthe group consisting of 25 vinyl ethers or
epoxi de groups, alcohols, esters, carboxylic acids, isocyanates, anhydri des,
groups capabl e of halide displacenent, cyclic derivatives of hydroxyl and
am no carboxycylic acids, cyclic ethers, cyclic esters, cyclic am des and
conbi nati ons thereof. 8. The conposition of claim4 wherein L is selected

fromthe group caonsistjng of substituteq and unsubstituted allcyl ene having
1112 car bon DEREHRE: P%?thwgmz inesy wéﬁtgmeg 8pd ua%l%ﬁﬂ%éﬁ@&ﬁmcaaﬁg gtaves and

oxazol i nes, .sMbsbiiddstigdeqnd unsubstituted heterocyclic groups and

conbi nati ons thereof. 9. The conposition of claim4 wherein Ais selected
fromthe group c8ndhscomgonfion phdaiphhwbsreipAos pientet frem tho gmupsonsstingatfes,
sul fonates apd conbi nati.ons thereof. 10. .The conposit.ion of. claim4
wher ol n A cBRPROES PEONBARES. SRE GBI SIGREISH SO0 PmbREPBEEE (1 on of
claim2 gherein 3ai ¢hé 8aapbsiGorPSl Qa4 WRBRIEA SoRPHSesidl Goast (el Bnate group.
H2C=C(R2) - Cx2- (CH2)n A 10 wherein R2 is selected from-H, -CH3,

- CH2CQOR- ( CH2) n- Al 1.whhbe eompasiioan] claine g evherdiresabractveandnd raonbmicrs Bavg the

hydr at abl e EOl nion group. 12. The conposition of claim 1l wherein Ais
selected fr group consisting of phosphates, phosphonates, borates,

sul fates, sulfonates and conbi nat HonscRIpcerfcHIFA The conposition of claim
11 wherein A conprises at |east one sulfonate group. 15 14. The conposition
of claim1l wherein said volume excluding polyner is an oligomer having a

nol ecul wei ght _of at,l eas t 0 5. C siyition of. claiml
conpri s? g at | eg’ilfret‘%z {foﬁe[fﬁgagﬁ)é? g@’i TE bcﬁ%@;'ﬁ PEETE TS FHAMEEEE | i ng
pol ymer haviggvesn 10h&8WnarA e igidkatgile beiganibhgroupbout 20 10, 000 and a second
vol ume excl udi ng golﬁner havi ng nol ecul ar wei ght of greater than o

12. The composition of claim 11 wherein A is selected from the group consisting

of phosphates, phosphonates, borates, sulfates, sulfonates and combinations thereof.
13. The composition of claim 11 wherein A comprises at least one sulfonate group.
15 14. The composition of claim 1 wherein said volume excluding polymer is an

oligomer having a molecular weight of at least about 500.

15. The composition of claim 1 comprising at least two volume excluding
polymers, a first volume excluding polymer having a molecular weight of less than about
20 10,000 and a second volume excluding polymer having molecular weight of greater than
about 100,000.
16. The composition of claim 3 further comprising at least one physiologically
compatible cation anionically bound to said polyanion groups.
17. The composition of claim 16 wherein said cation is selected from the group
25  consisting of Li+, Na', K', NHs", Mg", Zn®, Ag+, and combinations thereof.
18. The composition of claim 16 wherein said cation is selected from the group
consisting of Na®, K” and mixtures thereof.
19. The composition of claim 2 wherein said reactive anionic monomers is

selected from the group consisting of sodium-2-(acrylamido)-2-methylpropane sulphonate,
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about 100, 000. 16. The conposition of claim3 further conprising at |east
one physiologically conpatible cation anionically bound to said pol yani on
groups. 17. The conposition of claim 16 wherein said cation is selected from
the group 25 consisting of Li+, Na+, K+, NH4+, M+, Zn+, Ag+, and

conbi nati ons thereof. 18. The conposition of claim 16 wherein said cation is
selected fromthe group consisting of Na+, K+ and m xtures thereof. 19. The
conposition of claim2 wherein said reactive anionic nononers is selected
fromthe group consisting of sodium 2-(acrylam do)-2-net hyl propane

sul phonate, 41 3- sulphopropyl (meth)acryl ate potassiun1salt 3- sul phopr opyl

(rret h) acryl odi u 3-sul phopro I CI m sal t

- pot assi uﬁf@ﬁﬁ?pr@?y acé’lllla?ed’t?rt%ﬁk‘/‘ ¢ {’ 'SEE%ET)H?@C(F/‘V%Q sodHm 53l sal t
Of bi s- 3-sud_ Eﬁlgﬁ&ﬁb‘%ﬁ%ﬁﬁ&)&&?ﬁ@&f&%%ﬁ@ d1-‘i$bfa§§fﬁ!;h%ﬁh Sfbis- ﬁgulfopropylester
bi s- 3-sul f opropyl'es acrylate, styrene sulfonate and m Xtures
thereof. 5 @kthabylatgriposlciunosaliodf h:i—&wnif@pmmdﬁmn(nmh)dcrvtatmmlesedmﬂrudit 0
pol ymers co 0 and abo %.r units derived

b t bou
from reactlk’r}‘g Lﬁ‘l‘j‘fBH’logy ﬁ%ﬂgﬁg&acry te, Spfent Bgtietam%ﬁ“% 2 wherein said

vol ume excl udi n%@@ﬂé‘&fn@pﬁftﬁm Jf@[a'i‘iﬁ@ &E&&h@mﬂ%ﬁhﬁ@&dﬁd‘iﬁé‘b@l ﬁﬁi@édnﬁiri%g
bet ween about 20 to about 80 mbl % said 10 reactive ani oni ¢ nbnoners and

cononorer s latwpen diont2@adiabot 8% utiropratis® umitd derveil droncsactavedmenic onononer s,
fromO to about 40 nol % carboxylic acid-containing conmononers and fromO to
about 40 mof¥8M)Hfoxyl - cont ai ni ng cononomers. 22. The conposition of claim2

wherein said at 3eaphe QnepdERIBAMIIRIMQONRrEiBeGidalolurh®asdludifg pblyieendit | 1 C
vi nyl - cont ai ni né;fm)nomar sel ected fromthe group consisting of N 15 vinyl

am des, N vaWB IQBT BFPACHIOY MiNiyE capprising @etwer&pa @1 1I201p gbewi B0 raelés said de
2 201 Wt risey i R om é&mﬁﬁf’%ﬂéa@fﬂﬁ{}ﬁ% A B ST s e,
N acryl oyl arfiide R Alaii8y corhyrbngory, lfroie by hisuut W0 ave] Becashisky 6o abiurb@hta@ﬂﬁg t her eof .
23. The conposition of claim 30 ‘wherein said at | east one conononer
conpri ses comonomers and from O to about 40 mol% hydroxyl-containing comonomers.
22. The composition of claim 2 wherein said at least one comonomer comprises at
least one hydrophilic vinyl-containing monomer selected from the group consisting of N-
15  vinyl amides, N-vinyl lactams, N-vinyl acetamide, N-vinyl-N-methyl acetamide, N-vinyl-
N-ethy! acetamide, N-vinyl-N-ethyl formamide, N-vinyl formamide, 2,2-di methoxy, 1-
hydroxy acrylamide, hydroxymethyl diacetone acrylamide, N- acryloyl morpholine,
hydroxyl methylacrylamide and combinations thereof.
23. The composition of claim 30 wherein said at least one comonomer comprises
20  at least one hydrophilic monomer selected from the group consisting of N,N-
dimethylacrylamide, 2-hydroxyethy! methacrylate, glycerol methacrylate, 2-hydroxyethyl
methacrylamide, N-vinyl pyrrolidone, N-vinyl-N-methyl acrylamide, N-methyl-N-
vinylacetamide, polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid, N-
(tris¢hydroxymethyl)methyl) acrylamide, itaconic acid and combinations thereof.
25 24. The composition of claim 1 wherein said volume excluding polymer has a

structure seleted from the group consisting of brush structure, branched structure, looped

structure, or a combination thereof,
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20 at | east one hydrophilic nononer selected fromthe group consisting of
N, N- di net hyl acryl am de, 2-hydroxyethyl nethacrylate, glycerol nethacryl ate,
2- hydroxyet hyl net hacryl am de, N-vinyl pyrrolidone, N-vinyl-Nnethyl
acrylam de, N-nethyl-N vinylacetam de, polyethyleneglycol nononethacryl ate,
met hacrylic acid, acrylic acid, N (tris(hydroxynethyl)nethyl) acrylam de,
itaconic acid and conbi nations thereof. 25 24. The conposition of claim1l
wherein said vol une excluding polymer has a structure seleted fromthe
group consisting of brush structure, branched structure, |ooped structure,
or a conbi nation thereof. 42 25. The conposition of claim1l wherein said

por 1 onof Sai d 3ol JEPmpGUOR BRI WERIREH R Y BAAERr BBFs hEPs Bha at
| east one vgf. e@agﬁ{gqgiwg&kvﬁt}pﬁllégg%g'?ﬁoﬁg_@%gggmi on sufficient to act

as an osnotic driver. 27. The device claim?2 ein said device
conprises a first surface and a second surface and of said vol une excl udi ng

ol yner concentration varjes fromsaid first surface to said second.
Dot nee. S98 T Pt borel R Rkl PRivens? Bhd, Bt ot Ons B Mo rwc e i s

present son poldnGnh % cBRGnUibRGEROENSBIat: Ao RRotidArivdhe device of clai m 26
wherein said device is a contact lens. 30. The contact |ens of claim?29

wher e sai d first27shealswice of alaim @htwheoaiv said dednscomprifea adirstissffoseanddur i ng
use in contact with an | i f a cont.act |ens wearer.and sai.d secon
surtace. | s e eraes o SaieCysDnd SR MAL boly T e b B AR B ER R e 15
31. The conydate looaRl LREord arfltd0 Wherein said front contact |ens surface is
coated with said volunme excluding polynmer. 32. The contact |ens of claim 30
wher ei n t he conc®atThetdegive of claith @6 wdletaie said xolumsi exgludiig/padymessis gresenten at
the fr ?)t cont act Iﬁns gur.%gce. 33. The contact |l ens of claim 30 wherein
said v Iurreong(%eusd’ir eB TESI/ V%% located 20 within 5 um of said front

contact |ens surjfacge @4¢ice bielatfnbaeierdi®Bsid dbvied RidBodthcasei n said contact
lens is a contact |ens forned
30. The contact lens of claim 29 where said first surface is a front contact lens
surface disposed during use in contact with an eyelid of a contact lens wearer and said
second surface is a back surface disposed against the contact lens wearer’s eye.
15 31. The contact lens of claim 30 wherein said front contact lens surface is coated
with said volume excluding polymer.
32. The contact lens of claim 30 wherein the concentration of said volume
excluding polymer is greater at the front contact lens surface.
33. The contact lens of claim 30 wherein satd volume excluding polymer is located
20  within 5 um of said front contact lens surface.
34. The contact lens of claim 30 wherein said contact lens is a contact lens formed
from a hydrogel having a water content of at least about 5 weight%.
35. The contact lens of claim 34 wherein said hydrogel is a silicone hydrogel.
36. The device of claim 26 wherein said device 1s selected from the group
25  consisting of wound healing materials, and therapeutic ophthalmic dressings, and
intervertabrate disk replacements.

37. A method comprising incorporating at least one volume excluding polymer in

or on at least one substrate.
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froma hydrogel having a water content of at |east about 5 weight% 35. The
contact |lens of claim34 wherein said hydrogel is a silicone hydrogel. 36.
The device of claim 26 wherein said device is selected fromthe group 25
consi sting of wound healing materials, and therapeutic ophthal mc dressings,
and intervertabrate disk replacenents. 37. A nethod conprising

i ncorporating at |east one volune excluding polynmer in or on at |east one
substrate. 43 38. The nmethod of claim 37 wherein said incorporating is
achieved via a nmethod selected fromthe group consisting of coval ent or
ionic attachnent of said vol une excluding polyner to at Ieast a portion of

at | east one surfa coati.ng said vol xcl udi

pol yner onto at :{8 gf‘? F}E’%ﬁﬁaé@e{ h"sf%‘i“éa'gdﬁ ERNE 1535 ‘GV vig grpet EgQ/ol une
excl udi ng ps%le)éféﬁfﬁdnﬁlﬂﬁ n%lnhp &:Knsi%ﬁﬁé oPEovaRhfloSiR Al ifne R OF YA bRINRO Sai d

vol ume excluding polymer wth the reactive mxture fromwhich the substrate

is made, rexchiding ];mlymeaotat leastarpontiongoioal peastorersarfpcesithe eulstraty céatiagsaid part
of said subs rate i nati on t her eo thod f claim 37
Sherain oo B Erding POBMRE RO leab e Sitacetsaioord dmpind sl ' o0 ¢ ace
of sai d ssubgdifisé @xclﬂrﬁng E&?nﬁ?hﬁ@gll of aﬁJtéf HBAhbehaE ShdlydadiAny 4idWBlugec! udi ng
polymer is forned fromreéaction ani on| C nononers conprising at |east one

hydr at abl e gxeluding pohymerouith tt@erbmwemmrumfromewlgdoﬁp fSlSlmﬁgiemfeaCtmg a
Pher oo . 1o RINE RGN R S 167 Plebionne GhER ert oL st SR st R EB0R on-
group conprihg@esfat |east one sul fonate group. 44
39. The method of claim 37 wherein said volume excluding polymer is present on
10  at least one surface of said substrate.
40. The method of claim 37 wherein said volume excluding polymer is formed
from reaction anionic monomers comprising at least one hydratable polyanion group
selected from the group consisting of phosphates, phosphonates, borates, sulfates,
sulfonates and combinations thereof.
15 41. The method of claim 40 wherein said hydratable polyanion group comprises at

least one sulfonate group.
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