TPos CorPY
NE- BASED LENSES Field

WETTABLE

of the Invention 5” This invention relates to silicone-based,

. bi omedi cal devices. In particular, the I nventi on provides
silicone-based, bionedical devices, such as contact |enses, that
exhibit inproved wettability as well as biocoﬁpatability.
Background of the Invention 10 Devi ces for use in and on the human
body are well known. The chemi TTABL@QREI@GN@-@QEWT%NSI%“ES of such
devices plays a pivotal .role in dictating the overall efficacy of the
devi ces. For exanple, many devices, including catheters, stents, and
I nplants require biologically non-foulin? surfaces,, neani ng that proteins,
lipids, and cells will not adhere to t éeld of thgdeventignsone cases, materials

for these 15 devices al.e. de 0 t . | - | 0.t arns. { h,
optimal t ransn ssi on, ﬂ‘g-‘“q’ﬁ“g‘i“. %ﬁ??st@asgﬁgﬁ%%sg?%g{ng%%@ C{E&‘acg ‘I"f g“u‘? a?P\}\ﬁ‘g?{’ Fhr?
use. I n these casggentibhphéVidérailicohé-Bhded! BiomedicalBeviced) Subie e LA I6Hsesd that
attenpt to-alter txgi%is_urface chaagai;;erl Snitll cg_ of tklgﬁhr_rgterl al's must be
made. 20 g tHmpeensd wett anivml as biopRrapal icularly contact

| enses many materials possess the desired oxygen perneability,
mechani cal and optical properties. yet are subject to rapid fouling.
Additionally, the surface energies Oﬁa%]ﬁ%?oﬁﬂﬂt&ftﬁé‘hﬁre n be so | ow t hat
the | enses are not sufficiently hydrophilic. meaning that they are not
wet t abl e by t ear Dévices fofosttiaand loanbhebumadsodyfare et dnoamne Thelchemizal be

unconfortable to wear 25 and may becone tightly adhered to the cornea

causi ng the pot erffompostign of the grtaces of sugh dayjeesiiiavs Rep1vsabrolg indlictating thgm
A nb f th . ' ' | '
Surface propert i cerir eyl heaided. WRE biabnd Wi uel et IRAMEg batfibers, o

of 30 s : l'i cone rgyéiis rand GnplimtsTequirediiologically hortfoulifig kirfades) seanir thif srotdis,
cont act ens

lipids, and cells will not adhere to the surface. In some cases, materials for these

15 devices'are developed that are ideal in terms of strength, optimal transmission,
flexibility and the like, but that foul when in use. In these cases, either new ma:tten'als
must be developed or an attempt to alter the surface characteristics of the materials

must be made.

20 In the case of ophthaimic lenses. particulariv contact lenses. many materials
possess the desired oxygen permeability, mechanical and optical properties. yet are
subject to rapid fouling. Additionally, the surface energies of the materials may be so
low that the lenses are not sufficiently hydrophilic. meaning that they are not wettable
by tear fluid. Contact lenses made of these materials can be uncomforf:able to wear

25 and may become tightly adhered to the comea causing the potential for serious

damage to the corneal epithelium.
A number of methods have been used to modify devices to improve their

surface properties. For example. it is known to modify contact lenses made of

30 silicone rubber polymers by grafting hydrophilic polymers onto the contact lens
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-2 sur fmsce-stowever, such net hods are di sadvantageous in that they
produce | enses with surfaces that are rough, uneven, or have pin-holes.
United States Patent No. 4,332,922 discloses the conversion of silicone 5

. Fubber lens surfaces to an oligoneric siloxane containing SiH groups and
subsequently converting the SiH groups to Si Q¥ groups or reacting the
.groups with cugagenHamevery S@gwp pdsareslispdiantagesus in thathey prduse lenses.

However, the chemstry .of this solution i.s |imted. 10 Vari ous
met hods usi ng pl a‘é’ﬁﬁs?‘iacﬁﬁf%@gertob' %WF&&’&SH%BIPE}‘O‘;%sHat es are
known. However, all such plasma nethods require that the substrates be

exposed to vacuum which is inconvenient and, at tines, inpracticable.
Thus, a need exists fobnited StesRatereNd. ch,33%2R 7 discigses tind comwersiompadisilicese t hat

overconme sone of th | sadvantages .. of.  the known proc es. 15

Det ai | ed Descr P pt fUSREK %W«S&F A QJigomesics %’F@FP@B‘%&%%&PBS and

The present invengj LoR ; L P gltg%g
devices. In one eﬁiggﬂﬂ“%éﬁb thg%@é%%@%b%s&&ﬁ%ﬁ%ﬁﬁ%ﬂﬁﬁﬁg?tHé s Gith
manuf act uri ng ChCavadiining compowsis to amgieithe sigface andriophiliog Hoswesad, itld | y  of
‘and consisting of contacting 20 . at | east one surface of a silicone-polyner
based bi omedi cal ehePHStEy of this selutionds limited.  ef fective anount of one or nore

functional silane coupling agents and a coating effective anmount of one
or nore hydrophilic polyners. In another enbodi nent, the i nvention

provi des bi onadi cal deviafiegs mefhiots ﬁ'siﬂ? plasMa $échniqes RSERID hiy@oblotié subisthates are
consisting of a bionedical device at [east one surface of the device having

a reactive 25 ef keawn.vHowesernell g4chaplasneg mathods require itlat she ibstaates bo expasedjto
agents and a coat ffective.a f one or

i . d hil,i c.
iy vathum, whicH i oyt S e GrofhcriTRbE | P FPabed ssts e

to be used while piyc@éses for méﬁ?igﬁi JuPfac® propeities IRV etcoR dni offthd idadvantages
Exanpl es of such devices include, without 30 I|imtation stents inplants,
cat heters and ophbﬁﬁb@owhmnmsesj n a preferred -
15
Detailed Description of the Invention and Preferred Embodin_lents
The present invention provides wettable silicone polymer-based, biomedical
devices. In one embodiment, the invention provides a method for manufacturing
biomedical devices comprising, consisting essentially of. and consisting of contacting
20 at least one surface of a silicone-polymer based biomedical device with a reactive
effective amount of one or more functional silane coupling agents and a coating
effective amount of one or more hydrophilic polymers. In another embodiment. the
invention provides biomedical devices comprising, consisting essentially of. and
consisting of a biomedical device at least one surface of the device having a reactive
25 effective amount of one or more functional silane coupling agents and a coating

effective amount of one or more hydrophilic polymers.

By “biomedical device™ is meant any device designed to be used while in or
on either or both human tissue or fluid. Examples of such devices include, without

30 limitation. stents. implants, catheters, and ophthalmic lenses. In a preferred



anbodi nent-, the bionedi cal device is an ophthal mc’ | ens incl udi ng, W thout
limtation, contact or intraocular |enses. Mre preferably, the device is a

contact |ens. In a preferred enbodi nent, the invention conprises,
consists essentially of, and 5 consists of si]icone polyner-based contact

| enses, and nethods for their manufacture, -7 at |east one surface of the
| enses having reactive effective amobunts of one or nore functi onal

silane couplin . . ' . . . . r -
nydroph 1o, pol'y SEpedineh e 6Bkedlal Yo febid o BRARC 1k i, WRGE
devi ce partial |y ligfitatiGilRofitaet or iffalsculdr lenses. SMoré prsferablysthlei de0Re iCOOIMRAR 1G4,

pol ymers. Exenplary of such polymers w thout limtation, are silicones,
silicone m xed bileagsefersed embodimentdthegaventiop somprisesh somrsists essentially ofirand

hydrogel s, and the Like. Jllustrative silicones inc|ude i t.hout.

i Catioh: S Sangs Rsliane SphBeEsc bt bery And Brelts ik o smputagise
and silicone rubhefegedshe karfi@SdithdRfsds haing redetive dfebitve amatdits df'be ot'rhdreONe
bl ends as described 1n U S, Patent No. 73, 341, 490; and silicone

conposi tions as demtiohdlesdanecouplihg dgentsrindoatifg efféctR24mounts oftune lor atare

I ncorporated in thgio%bi?imi {eties herein by reference. Usef ul

silicone materi ah¥dg GREYMAS hout |inmitation, crosslinked polysiloxanes
20 obt ai ned by crosslinking siloxane prepolyners. Particularly suitable

mat eri al s i ncl ude. wi thout limtation, organopol ysil oxane pol yner
m xtures that 10 eadi | y Byttiilicone polymehbaleds id nibdit h%vid&phﬁhll?beﬁednpmﬁnwﬁé bf
.contain vinyl radicals and hydride_radicals and are of the general

formul ati on of pasiligamneusiieoneispntaining polympssd Exemmiary of seshepalymers. wisheut

pol ydi hydr ocar byl,- cohydr ocar.byl hydr ogensi | pxanes .i.n i ch the hydrocar byl
DS ¥ adi el o ar o’ (BHOUSHE Sfigthen.dieRtn Musei ARG iEeHuinRGossH Rlbretidie-
limtati'on. ( er rgiiconéhyirbgels, and tHeAtkieC dilSstrativié silicamdsGatiadd, Rathett Ritdidriout
limtation phenyl, tolyl, Xylyl, and biphenyl, hal oaryl s, including,

wi t hout |im tati qolyditethylsiloxarie, polpdimethybebkinyimeshylsitoxane, and silicene rubbers ake.
Mo f d I, al i . tjcularl) Ll
nydrogel s 1 cletthertyn -t o 206, 1437 Sicnellends  gesecbof in U Boteme
pol ysi | oxane 30 BN&BO3MNIIO; afd Hiliddné BRipssitions aHuRtiked inBishpaehyNa! £ 518,324,

monomer and hydrophilic
which are incorporated in their entireties herein by reference.

Useful silicone materials include, without limitation, crosslinked polysiloxanes
20 obtained by crosslinking siloxane prepolymers. Particularly suitable materials include.
without limitation. organopolysiloxane polvmer mixtures that readily undergo
| hydrosilylation. which prepolvmers will contain vinyl radicals and hydride radicals
and are of the general formulation of polydihydrocarbyl-co-vinylhydrocarbylsiloxane
and polydiﬁydrocarbyl-cohydrocarbylhydrogensiloxanes in which the hydroc;arbyl
25 radicals are monovalent hydrocarbon radicals including without iimitation. C -G
radicals, aryl radicals induding without limitation phenyi, tolyl, xylyl, and biphenyl,
haloaryls, including, without limitation chlorophenyl and cycloalkyl radicals. and the
like. More preferred materials are silicone hydrogels, particularly silicone hydrogels
formed from monomer mixtures containing an acrylic-capped polysiloxane

30 prepolymer. a bulky polysiloxanylalkyl(meth)acrylate monomer and hydrophilic



4 ‘mononers as described in U S. Patent Nos. 5,387.632. 5, 358.995,

5, 023, 305, 5,034, 461, 4,954,586, 4,780,515, and 4, 343,927, which are

i ncorporated in their entireties herein by reference. Specific exanples
i*ncl ude, without limtation, 5 tr|nethyIS|Iylnethyl(neth)acrylate

pent anet hyl di si | oxyet hyl (neth)acrylate

tris(trinethylsiloxy)silylpropyl (met h) acryl at e,

bt y1 1 et 1 amet ny AT SPRT AR 0.3, PRKNGPE ST EH N 5025,
One or di nar | |y SI6,034451, A 95Acs 86 4 ,780J5115) amioyBA %82, hvetiich dre ificorporhretiwtheiror

producing the surface to be coated may. contai n other nononers and
addi tives. For entigstigsperein by fefaenseo|Specifip sxmpleginglydeeithout limiation;

“functi onal o1 a e el PR Gneh Py iate ek et imettaaryiefd
agent. Preferred tﬁ#;}kt%ﬁ&h@ﬁﬁ@kﬂ)ﬁ&lﬁgﬁﬁt(ﬁleﬁﬂ&rﬂﬁtet he fornul a
X[err]Si(CH2)[err]Y wherein n'is -3’and preferably n =3, Xis a

hydr ol yzabl e gr oupsthylditrimetbylsilagly)methyldisiigxanylpropgk Hpemchodate tert- and Y is
an organofunctional .grou ic Y rou Wi | | eadi |l y
det erm nabl e by M‘@mﬂﬁm@?‘%‘%“ﬁ?‘g etaﬁgl lleg & dering the type

of hydrophilic. 20 polymer coating to be appl ied to the surface. For

exanple, a‘'vinyl Y group may be used when the coating desired is a
vinyl pol yner 10 Exenpl a@ye ordigarily siilbéd ianhe art will regogtips thamdielﬁanuluiimhfwt
limtation. acryllc am no. chl oro, epox gl yci doxy ner ca

met hacryl oxy. vi RfPduHee t h?esurﬁak%w be ez@te may commneshqrgtqr\?@erw@ﬁdéwps For
si ane cou_pl ' Ny 3gGH % nilyfe k.l et r?@o&ﬁﬁ%&n&nb e}sa}%agﬁYe 1‘{ﬁt,9y]£rocessmggﬁﬂ,za\ﬂd the like

cationic silane, oxye

vinyl triacet oxXysimh#nbe uged. " met hacryl oxypropyl trimet hoxysil ane.”

y-am nopropyl tri et hoxysilane. [err]-([err]-am noethyl) am nopr opyl
trimet hoxysil ane, y-glycidoxypropyltrimethoxysilane, [err]- -

t lL{ri net ho L . . vy e . .
e Capt 00 0PV | ety St s Ay, f gty ko s couplng

agent. Preferred silane coupling agents are of the formula X3Si(CH,),Y wherein n is

0-3 and preferably n = 3, X is a hydrolyzable group, preferably Cl, CH:O- ér C.HsO-,

and Y is an organofunctional group. The specific Y group will be readily

determinable by one ordinarily skilled in the art by considering the type of hydrophilic .
20 polymer coating to be applied to the surtace. For example, a vinyl Y group may be

used when the coating desired is a vinyl polymer. Exemplary organofunctional

groups include. without limitation. acrylic. amino. chloro, epoxy, glycidoxy,

mercapto. methacryloxy. vinyl and the like.

25 [lustrative functional silane coupling agents include, without limitation, vinyl
benzyl cationic silane. vinyl-tris(3-methoxyethoxy)silane, vinyltriacetoxysilane, y-
methacryloxypropyltrimethoxysilane. y-aminopropyitriethoxysilane. v-(-aminoethyl)
aminopropyl trimethoxysilane, y-glycidoxypropyltrimethoxysilane, v-

mercaptopropyltrimethoxysilane, $-(3,4-epoxvcyclohexyl)-ethyltrimethoxysilane, y-



30 : 5

chl oropropyl tri nmet hoxysil ane, and m xtures thereof The silane coupling
agent’s typically are commercially avail abl e. 5 It is believed,
Wi t hout wi shing to be bound by this theory, that the coupling agent,
when contacted with the silicone pol yner based surface, reacts with the
surface to form si] oxane hond us, the reactive end_of the coypling

s, Th
agent becomes chlEAreRyltrimethesiane. apd migures theseaf. silang qoypling gents
bonding with the . D hinkidio! oating desired. 10
In the device of tt écalrmﬁ/\%ér)\'fl on%é@glagggbl%ne surface contains a reactive
effective anount of one or nore functional silane coupling agents. A

reactive effective amount is an anmount of the coupling agent sufficient
to convert the Scheni calltig believednwithowtewishing se be bound byethis theerysthat theeoupling

ble of bei d, wi th desired.15 h L | i.ng.
Torform the devt cadeir b botibedRd FR F Ricois g bayel bRt TRieeS RS,

the devi ce SynffieSo fORNBIRGANY bEndi) ATHRISChe Yeaetidé eNdbfthe cBEpifidHelAt | NY

is perforned are not critical. The coupling agent nay be contacted
with the surface becdres dhemically ancidded tothetsurfaceaindtalvailabie for bonding evith the t h -
wat er . Alternativ?llgar, ..S0l ution of the. coupling agent and an al cohol .
such as net hanol , ioRRtc Pofymsr sgating desyed.or gani ¢ sol vents such _as
benzene. tol uegue, hexane, and the |ike may be used. Generally, a solution
of about to about 15 wei ght percent, preferably about 2 to about 5
percent based on tThehé¢ dévade ofthe htvention, Releastlonkisarfacescontaink a feapwvetiffegtive
on the coupling agent selected, 25 use of .an acid or base catal yst_ nay be
desi rabl e. amount of ere9rangls tfyncrimabsilape ceupling agems, Afeadiyereligetivg t h

the coupling agentmno&ﬂ?issaﬂrah?ﬁ@t of the éoﬁgﬁﬁé#eﬁfsﬁci@rﬁ%o%HV&P{h%%hex%Qﬁ? to

expose sites for bondi ng of con
inactive surface to a reactive surface capable of being coated with the desired

e

15 hydrophilic polymer coating.

To form the devices of the invention, the coupling agent is contacted with the
device surface. Temperature and pressure at which the contacting is performed are
not critical.. The coupling agent may be contacted with the surface in the form of a
20 solution of the coupling agent with water. Alternatively. a solution of the coupling
agent and an alcohol. such as methanol, ethanol or propanol. or organic solvents such
as benzene. toluene. hexane. and the like may be used. Generally, a solution of
about 1 to about 15 weight percent. preferably about 2 to about S percent. based on
the total weight of the solution is used. Depending on the coupling agent selected,

25 use of an acid or base catalyst may be desirable.

Preferablyv. prior to contacting the surface with the coupling agent. the surface
is treated by any convenient means to expose sites for bonding of the silicone end of
the coupling agent. For example. the surface may be treated by acid or alkaline

30 etching or plasma. or combinations thereof.



t.he coupling agent. For exanple. the surface may be treated by acid or
al kaline 30 etching or plasma. or combinations thereof

-6 Any of a wide variety of methods may be used for contacting
t'he. surface and the coupling agent. For exanple, the surface nay be
I nmersed in the coupling agent sol ution of the solution may be dropped

onto the surface. As another alternative, 5 contacting may take place by

coating the surface of ;@! - M Qﬁdﬂii et Si llﬁ’ﬁﬂ
pre-polynmer is then acﬁi@ to‘g‘d#g%@mﬂ&gﬁg?/ anf'ﬁ%om négﬁgfoné%égﬁgzgé Ey € and
I njection, and pahyesupliagdgent. For example, the &irfick niyWe ifimerbddein tié totsplingagent

contacting is to blend the coupling agent with the 10 silicone pre-polyner
that will form t selugienios ghe safution raay herdroppedhontoithesusfaceh éis another alternative,

or ganof uncti onal groups of e coupling.agent will be on t device surface
o aval | abl PGt fey kG rite Ry RAURES sufats of R vl uie coubling bieed
yet another alt erfipddik@né Bre-SANhAGS 1 addB 16 HieRho1l Dy3A§ KnoWh nddfis Fulh ad By
bl ended with the polynmer ctoating. The polyner coating 1S then applied to

t he device s Uinjectien, andi pplyimgnzed. zed. It will be recognized

that different coupling agents may be used on different surfaces of
the device permtting coating of these surfaces with various polyners. 20

For exanple. a vinyl s ' ' . .
surface along. " wi ¢ SHEEDUSE Bt ORE SbnBing s 8Bl P Skl abbWioh the
silane coupling adgltohe pfe-polymerthpd willfotii thd@e i kARet duking, & ponidnwifithe a

pol yet hyl ene gl ycol - coati ng. _Further, it will be recognized
that other coupl i ¥fgangfurationakayouns afsheicoupling agemawill bewnithe devce surface andl

o e, Cou 100 oggile AR BARHE DRGSRy T Ue W Thou

As yet another alternative for contacting, the coupling agent may be pre-
15 blended with the polymer coating. The polymer coating is then applied to the device

surface and polymerized.

It will be recognized that different coupling agents may be used on different
surfaces of the device permitting coating of these surfaces with various polymers.

20 For example. a vinyl! silane coupling agent may be applied to the front surtace alqng
with a hydroxyethyl methacrylate coating while an amino silane coupling agent is

applied to the back surface along with a polyethylene glycol coating.

Further, it will be recognized that other coupling agents may be used in
25 addition to the functional silane coupling agents. Suitable coupling agents include.

without limitation, titanate coupling agents.

The desired hydrophilic polymer used to coat the device surface may be
formed from the suitable monomer. For example, the hydrophilic polymer coating

30 may be formed from monomers including, without limitation, acrylics. methacrylics,



The desi-red hydrophilic polyner used to coat the device surface may be
formed fromthe suitable nononer. For exanple, the hydrophilic polyner
coati'ng 30 may be forned from nononers |nclud|ng, without limtation.
grylics. nethacrylics,

7 hydr oxyet hyl acryl ates, hydroxyethyl .fet hacryl ét es, acryl am des,
nmet hacryl am des, NN- di et hyl acryl am de, N-vi nyl pyrroli done

di met hyl am norreth | - an |rret Iamn | at

net hacryl at es, % ng g aﬁ’é’?ﬂﬁg gp’é@ es, @%@W&““des

acryl ates and rret ‘M‘f BN
nmononet hacryl at es, trl’t‘@‘?}?ﬁ ne ycoﬁaﬁggﬁa%ryeat es arllﬁjm%ﬁh&hg yaflat es,
vi nyl al cohol d:lmeﬁtyﬂadnﬁaahﬂ)abdmes gridanstheorglates) Kielsoxyprogyl aasvlaté”seamdof

and the like. Preferably, the hydrophilic poI ymer _coating is formed
form a hydr oxyé&t h‘}‘P‘hany *\t?ﬁe %@?WP@S andypethasoyiates dicgiaylene glycol monoacrylates

o S et A\ B S noerbh R R R e oSS RRE ol heBhery Y G
m xtures thereof. alcohols ethylene oxidE§) HropyIMigRdxide3 ImPruEs BIRFBSE, AMd/the fikeoat ed

onto the device surface usi ng any conveni ent nethod. For exanple, a
sol ution of a nonBreferably, &e\hmdrephtbqb polygen coating is foyined dormrahydroxyes l| ed to

coat i ng.ef ot | veUBHBIIE (ReEnetHRRtee SCR e imide AR poldone,

i npart the deslbr eekhyRHE Liyebl, Qﬁﬁ Gﬁé’&hhé Gl anBh&lhEcrgI?@Il&@' cthyiéribRide blsaceotxc1

Typically, the monofer and pol ynmer concentration used 1 s about
to about 15 wei ghaclqh,eomammrestherepfeferabl y about | to about 10 wei ght
percent. based on the total weight of the 20 solution. Alternatively. the

nononer and/or polymer may be used w thout water or- an organic
sol vent . @Hﬂ' F ' | | Jt St ty
in providing wettable 'I’ﬁla'bﬁ ur %&g@@?ﬁ%ﬂ%%ﬂ?é%%%%fg&ﬁ%g&gﬁée or(ﬁyrrlllg'%l

skilled in the ar any dsivehisnt metiodt Fomexampley sbiution of anfordimer ¥n megmﬁé
coatings to the device surface
15 solvent may be apphed to the lens after which the monomer is polymerized by any
known method. A coating effective amount is used which is an amount sufficient to
impart the desired level of hydrophilicity to the coated surface. Typically, the
monomer and/or polymer concentration used is about 0.1 to about 15 weight percent,
preferably about 1 to about 10 weight percent. based on the total weight of the
20 solution. Altematively, the monomer and/or polymer may be used without water or

an organic solvent.

Although the invention may find its greatest utility in providing wettable
surfaces. it will be recognized by one ordinarily skilled in the art that the invention

25 may be used to apply any number of coatings to the device surface.

The invention will be clarified further by a consideration of the following,

non-limiting exampies.



The invention will be clarified further by a consideration of the

fol | ow ng, non-limting exanples. 30

Exanpl es Exanpl es 1-5

Silicone | enses nade of polydinethylsilicone ("PDV5') were surface treated
5with a5 v/v percent, aqueous solution of y-&ni nopropyl triethoxysil ane

and t hen coated with ETAFILCON[err] A nononer mx. After a 10 min
ultra-violet cure, a pol yhydr oxyet hyl get ha}cryl ate coating was
obt ai ned. Dynam c contact angl es of costBP'§hd uncoat ed | enses and

films were neasured and the results are shouwmhop ;-5 Table 1. 10

Table 1 Advanci ng Angl e St andar d
(degr ees) Devi at iSdicone lenses made of polydimethyl@lﬁbﬁxé_é‘E’DMS’émere surfice@reated
9 substrat e) filcon A
72 5 witha 5 v/v percent, aqueous solutiopf; \ggmp}gpgapyltnethoxysﬂane and then

coated with ETAFILCON™ A monomer mix. After a 10 min ultra-violet cure, a
polyhydroxyethyl methacrylate coating was obtained. Dynamic contact angles of

coated and uncoated lenses and films were measured and the results are shown on

Table 1.
10 Table 1
Advancing Angle Standard
(degrees) Deviation
PDMS Lens (lens 118 9
substrate)
Etafilcon A 72 21
Coated PDMS -
Lens
PDMS Film (film 115 4
substrate)
Etafilcon A 89 5
Coated PDMS
Film
ACUVUE™ Lens 81 10

The results show that the functional silane coupling agent-treated lenses and films

exhibit good wettability.

15 _ Examples 6 - 7
Contact lenses made of a combination of silicone and fluoro polymer were
surface treated with a 5 v/v percent solution of y-aminopropyitriethoxysilane in
methanol and then coated with a 0.1 w/w percent polyoxyethyleneoxide bis(acetic
acid) aqueous solution. Dynamic contact angles of coated and uncoated lenses were
20 measured and the results shown on Table 2. The results show that the coated

surfaces exhibit good wettability.



Lens
substrate)

. Coat éd PDMVB
ens 81

wettability.
Cont act

surface treated with a 5 v/ v percent

PDVB Film (film

10

115
Etafil con A
Film

- 89

4
5
ACUVUE] err]

The results show that the functional

y-am nopropyl tri

w w percent poly
Dynam ¢ cont act

the results sho
surfaces exhi bit

silane coupling agent-treated | enses and fil exhi bit good
15 Exanples 6 - 7
| enses made of a conbination of silicone and fluoro polynmer were
sol ut i Gablel
et hoxysilane in nmeivancing Aagié (Phen | coasrddavdiDeviationl
OYhESovd ?&%‘Bﬂb@ﬁa@ s(acetic 1 acl d) faqueous sgjutron.
angl es of coated an@ uncoate }enses wete 20 nmeasured and
an—Talbl .o 2O Ik, = et o ol ana + oo+ 4 L at-acl
goodt@é‘t"‘?&tﬁ“{si ty. 80 Table 216
Advanci ng Angl e Yferr})——— St ahdard—Devi-atieon——Uncoat-ed—Lens

Substrate -

111

10



Coat ed Lens 80 16 .
REPLACENENT SHEET THIS SHEBT HAS BEEN
27 SEP 2001 What is clained is: 1. A devi ce"campri si ng
a bi onedi cal device at |east one surface the devi cetravinga =
reactive effectivg_ anount. of..one or nore functional silane coupling
agents and a coatﬁﬂ&téﬁé}@ﬁ’f’fi% amount of one or more hydrophilic

pol ymers, wherein said one or nore hydrophilic polymers 5 do not contain
primaty am ne funéti ondl deycemompsisingra biomedicalrdevismiahleast onefsurfacei afithe deyice

e T O B A e R e e R

ons. . e . § >
contact |ens. 10 anq aéoatxngfeﬁzﬁg@@a&h&gggrfrgﬁé 3t fote %{S@hﬂﬁ} ﬁ&?mEH.PCt i ona

silane coupling agent 1s a Xerr [err])[err]Y
wherein nis 0to 3, Xis d, CHerr]O or CH50- and Y is an

or ganof f unct i onal 2gr ou[The device oBclaim 1 WirRréls vhetsiomédicdl devicd isvdncophithialitdens.
or ganof uncti onal group ofthe coupling agent is acrylic, amno, chloro,

epoxy, glycidoxy, mercapto, nethacryloxy, or vinyl. 6. The devi ce

of claiml whereipg the. couplin ent i.s vinyl nzyl .cat.ionic si | ane,
Uyl ctrts(Ler ) Bt noXpEiRies SERRENL wiprsth i oahEiidie, & A gottpet sgs.* | *
met hacryl oxyprgpyl tri met hoxysi | ane :

y-am nopropyl tri et hoxysilane,[err]-([err]-am noet hyl) am nopr opyl

tri met hoxysi | ane. 4y- gl yiiediexigp 06 plaim i iwherdin thesfithetiomal §ilane foupling agent is of the
.mercapt opropyltri

th I .. ] .
[err]-(3, 4- epoxycM@#@fM vheret tis8 49 3. 2his Cl EH9- or CHs0- and Yis an

organofunctional group.

15 5. The device of claim 1 wherein the organofunctional group of the coupling
agent is acrylic, amino, chloro, epoxy, glycidoxy, mercapto, methacryloxy, or vinyl.

6. The device of claim 1 wherein the coupling agent is vinyl benzyl cationic
silane, vinyl-tris(-methoxyethoxy)silane, vinyl'triacetoxysilane, v-

20 methacryloxypropyltrimethoxysilane. y-aminopropyltriethoxysilane, y-(-aminoethyl)
aminopropy! trimethoxysilane. y-glycidoxypropyltrimethoxysilane, v-
mercaptopropyltrimethoxysilane. 3-(3.4-epoxycyclohexyl)-ethyltrimethoxysilane, v-

chloropropyltrimethoxysilane, or mixtures thereof.

25 7. The device of claim 1 wherein the coupling agent is y-

aminopropyitriethoxysilane.

8. The device of claim 1 wherein the one or more hydrophilic polymers is a
hydroxyethyl (meth)acrylate polymer, (meth)acrylamide polymer, N,N-
30 dimethylacrylamide polymer, N-vinylpyrrolidone polymer, polyethylene giycol,
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chl oropropyl tri met hoxysilane. or mixtures thereof 25 7. | THISTSHEGEWASEBEEN

claiml wherein the coupling agent is y- ami nopropyl t §i et hoRBRLACEDe.
8. " The device of claim| wherein the one or nore hydrophtT T Porymers 13
a hydr oxyet hyl (nmeth)acrylate polynmer (ngth)acrylam de polynmer. N, N

30 di net hyl acryl am de pol yner. N-vinyl pyrroli-done pol yner. polyethyl ene
gl ycol .
REPLACENMENT SHEEE
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pol yet hyl ene oxi deid) ok yixtmye thetenfihol , pol yacrylic acid, pol yethyl eneoxi de
bi sacetic acid, or mxture thereof 5 9. The device of claim1
wherein the hydrophilic polynmer is polyhydroxyethyl met hacrvl ate.

10.  The devi&e ®f c| Bhedavicaefickim k w e pydopbilip polymer ig polyhydroxyethyl
pol yet hyl eneoxi de. i 1. A device conprising a contact |ens at |east one
surface of the | SREMAGYE i ng a reactive effective amount of one or nore
functional silane coupling agents of the forrmula Xerr]Si(CH2)[err]Y
wherein nis 0 tom, ' . : - 10 IS .
functional group ¥§|e§?%§d r%ﬁﬁﬁ?ﬁéFp&mgFgﬂﬁgﬁgﬁng@?%8‘@?§§§$¥9#gﬁa§ﬁ¥ﬁ%;
chl oro epoxy gl yci doxy, nercapto, nmet hacryl oxy, and vinyl and a coating
effective amount of one or nmore __ hydrophilic polynmers wherein, said one
or more hydrop8i |1k pofAydevice camprising geontaghlens at lgast pae sudizgernf the jeps haying a t vy

or pendant tertiary._am 5 _functi.onal ity. . 12 .. The device of..claim

71 Sherern the caSERR SRRk @8N ok 8Re gk inbur fungtiptfsitane COGgfiR R O e

vinyl-tris([err] - pmiRNKEHCHY), ¥iwitéin i iB0lth 3 XCieICLEHLO2HEC,H50- and Y is an
organofunctional group selected from the group consisting of acrylic, amino, chloro,

olyethylene oxide. polyvinyl alcohol, polyacrylic acid, polyetlhi'leneoxide bisacetic

epoxy, glycidoxy, mercapto, methacryloxy, and vinyl and a coating effective amount

15 of one or more hydrophilic polymers. : i

12.  The device of claim 11 wherein the coupling agent is vinyl benzyl cationic
silane, vinyl-tris(B-methoxyethoxy)silane, vinyltriacetoxysilane, y-
methacryloxyi:ropyltn'methoxysilane, y-aminopropyltriethoxysilane. y-(B-aminoethyl)
20 aminopropyl trimethoxysilane, y-glyciddxyprppyltﬁmethoxysilane, Y- '
mercaptopropyltrimethoxysilane. B-(3.4-epoxvcvclohexyl)-ethyltrimethoxysilane, y-

chloropropylitrimethoxysilane. or mixtures thereof.

13.  The device of claim 12 wherein the coupling 'agent is y- |

25 aminopropyltriethoxysilane.

14. The device of claim 11 wherein the one or more hydrophilic polyhers is

polyhydroxyethyl (meth)acrylate, poly(meth)acrvlamide, poly N.N-

dimethylacrylamide. poly N-vinyipyrrolidone, polyethylene glycol, polyethylene
30 oxide, polyvinyl alcohol. polyacrylic acid, polvethvleneoxide bisacetic acid, or

mixtures thereof.
I
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et hacr y.l oxypropyl tri met hoxysi | ane, y-am nopropyl triethoxysyt '
y-([err]-am noethyl) 20 am nopropyl trinethoxysil ane. TH‘SdgﬁEET HAS BEEN

y-gl yci doxypropyl tri met hoxysi |l ane. y- mer capt opr opyl t- inetﬁg%ﬁépﬁgne.
f-err]-(3 .4-epoxycycl ohexyl)-ethyltrimethocxysil ane, y-
chl oropropyl tri net hoxvsi | ane. or nixtures thgfeof 13.  The device of

claim 12 wherein the coupling agent is y- 25 am nopropyltriethoxvsil ane.

14. The devi ce ,@f cl | i

e holyhyar dsyet roe Sebibey e 14 iRt e e RS RARBES milfBigkERs
di met hyl acryl am geetid@iplath Vi nyl pyrrolidone pol yethyl ene glycol,

pol yet hyl ene 30 OXIde pol yvi nyl al cohol, polvacrylic acid.

pol vet hyl eneoxi de bi sacetic acid, or m xt ures thereof

2R E PgégEg/g BI'{ SHEE-Iié The device of claim 14 wherein the hydrophilic polymeris polyethylepgoxide.
The device of claim 14 wherein the hydrophilic polynmer is polyhydroxyethyl
met hacryl ate. 5 16. The device of claim 14 wherein the hydrophilic
pol yner is pol yetliyl en@duwdecompnsmgaéﬂntactléhsd;ﬂeaseommfansoﬁgiedertsdmumgta

| ens at | east one surfa&e of the Ier havi ng a react| @eeffectlve
amount of one or TR¥THEF ﬁ‘i‘l"e@%‘mﬁi’ onforaneRs funggionghyilane ceupling agents selegted)

the g1 oup CONS! ' lg il gt BXbndBAE U 5] bRl ea ,blu%@ﬁanevml.tﬁsm.s<[e-”l- 10

met hoxyet hoxy) si I 'ane, triace

y- met hacryl oxygpr qaathéiyefmistnm Ivﬁ@ﬁnacetoxyﬂ@@ ﬁﬁﬁmm&ﬁyp%ﬁykwﬁmm

[err]-([err]-am noethyl) am nopfopyl trimethoxvsilane,” y-

gl yci doxypr opyl t ry-mbpvopglthahmsysuaneeyqaﬂmmeﬁﬁ)y) aﬂumptdwkméthmq,sﬁane Y-
[err]-(3, 4- epoxycycl ohexyl )-ethyltrinmethoxysil ane, y-

chl or opropyl tri negl propylinmgthe ‘%{‘%H@%CPEPE&PY t&m"é"éibﬂﬁ,r{b(%ﬁf ective

anount 15 of one or hi. | | ners selected fromthe group
consi sting of 8@8’[‘%&’8&] ﬁ‘?‘ g’ﬂ#’?& (et h) acryl am de.
N, N-di met hyl acryl @mrdﬁmpphnmemoxyéﬂxﬁwﬁa ﬁ{l*tdfea@hereet ¥R BEbAR Setfitd amount

pol yet hyl ene oxi de, polyvinyl alcohol
15 of one or more hydrophilic polymers selected from the group consisting of

hydroxyethyl (meth)acrylate, (meth)acrylamide, N,N-dimethylacrylamide, N-
vinylpyrrolidone, polyethylene glycol, polyethylene oxide, polyvinyl alcohol,

polyacrylic acid, polyethyleneoxide bisacetic acid, and mixtures thereof.

20 18. . The device of claim 17 wherein the coupling agent is y-

aminopropyltriethoxysilane.

19.  The device of claim 17 wherein the hvdrophilic polymer is polyhydroxyethyl

methacrylate.
25
20.  The device of claim 17 wherein the hydrophilic polymer is a
polyethyleneoxide.
i
30 '
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pol yacrylic acid, polyethyl eneoxide bisacetic acid. and @ H-es—t-1TET
20 18." The device of claim 17 wherein the coupling agiﬁHﬁB§H§ErHi§¥EEij
am ndpropyl tri et hoxvsil ane. 19. The devi ce of clqin117ﬁﬂﬂéﬂgpn th
hydrophi l i c polymer is pol yhydroxyet hyl nmet hacryl at e. 20. The
device of claim 17 wherein the hydrophilic poelyner is a

pol yet hyl eneoxi de.

2R Es Léggwgyg 1 SHEETZI. The lens of claim 17 wherein the coupling agent is y- ; 5 21

The | ens of claingg Bridihd:ARilane ARl 1 ilid jfolVimer is polyhydroxyethyl
am nopropyltriet @ég%ﬁ;e and "'t he hydrophilic bo ygr/rlg?‘is ogo?,yh%rogl(yet hyl

met hacrvi at e. methadi@late. - A nethod for manufacturing bionmedical
devi ces conpri sing the step of contacting at | east one surface of a
si | i cone- pol ynér based bi omedi cal device with a reactive effective

anount of one or re | ﬁlﬂﬁ!# qﬂﬁ ' ﬁ%ﬂ%ﬂj&@nﬂ ti ng
ef fective anount %%? oné%erthé&lp&%n%pe y rgop |§£%?gg{‘y?mrs el ﬁ?teggﬁd one
or nore hydrophi | ¢chtfuting ¥eleast one sudfcesfta silivohé-pblyiier based bivkhedical device with a

functionality or pendant_tertiary am ne functionality. 10 23.
The met hod of cl afeastive effestive ameuns of pagrerimerd fugetionabsilage spuplingtagantsiand pens .

24. The nmet hod of ..cl ajym.23 wher ej he ophthal mg. | ens is a contact |ens.
15 25.  The rret?f’c?&‘“%Fh‘én‘f‘S’Frﬁ%’“ﬁ%@? el?{r{“ﬁrg h?ﬁ??(%hq’&%ly’gﬁr ‘ane coupl i ng
agent is of theg formula Xerr](Si)CH2)[err]Y wherein nis O0to 3, Xis

.d. CHerr]O or CH50- and Y is an
23.  The method of claim 22 wherein the biomedical device is an ophthalmic lens.

24.  The method of claim 23 wherein the ophthalmic lens is a contact lens.

15 25. The method of claim 22 wherein the functional silane coupling agent is of the
formula Xz(Si)CH.),Y wherein n is 0 to 3, X is Cl, CH:O- or C;Hs0- and Y is an
'organoﬁmctional group.

26. - The method of claim 25 wherein the organofunctional group of the coupling

20 agent is acrvlic. amino, chloro. epoxy, glycidoxy. mercapto. methacrvloxy, or vinyl.

27 The method of claim 25 wherein the coupling agent is vinyl benzyl cationic
silane. vinyl-tris(B-methoxyethoxy)silane, vinyltriacetoxysilane. y-
methacryloxypropyltrimethoxysilane, y-aminopropyitriethoxysilane, y-(B-aminoethyi)
25 aminopropyl trimethoxysilane. y-glycidoxypropyltrimethoxysilane, y-
mercaptopropyltrimethoxysilane, $-(3,4-epoxycyclohexyl)-ethyltrimethoxysilane. y-

chloropropyitrimethoxysilane, or mixtures thereot’

28.  The method of claim 27 wherein the coupling agent is y-

30 aminopropyitriethoxysilane.
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or ganof uncti onal group. 26. The met hod of cl ai m25. whergi-p—the—
organof unctional group of the coupling 20 agent is acryliTHIS SHEED HASHBERN
epoxy, glycidoxy nercapto, nethacryloxy. or vinyl. 1 27 REPUMSEDBet hod}
of claim 25 wherein the coupling agent is vi nél benzyl -cat+t+entc
silane, vinyl-tris([err]-nmethoxyethox-y)silan€. vinyltriacetoxvsilane. y-
nmet hacryl oxypropyl t ri nmet hoxysi | ane. y-am nopropyl triethoxysil ane
y-([err]-am noet

y- gl yci doxypropyltri mﬁhoxv& {?8{‘91% 2 rv‘H@Pmsr ca&telo(glr}g%gﬁ orPehflﬁJ’ rghsea
[err]-(3 .4- epoxmfdx@bmywdxﬂeﬂe)hhylaté pﬂ?ﬁhﬂKmﬂ)amlanﬁde polymer N,N-

chl oropropyl trimet hoxysilane, or -m xtures thereof 28. The net hod
of claim 27 wher eimethylacoyiamife pelysgs i¥-vinylgyrralidone polymer, polyethylene glycol,

%HPEZ&K/EK}; rslH'g:t ho}f%ﬁ')g}lean%eoxxde polyvinyl alcohol, polyacrylic acid, polyethyleneoxide bisacetic

27 SEP 2001 acid, or mixture thereof o 14 29. The
met hod of claim 22 wherein the one or nore hydrophilic polyners is a
hydr oxyet hyl (nmeth)acrylate polyner. (nmeth)acrylam de polynmer. N\

di met hyl acryl am de pol ymer. N-vinyl pyrrolidone polymer. polyethyl ene
glycol. 5 polyethyl ene oxide, polyvinyl alcohol, polyacrylic acid,

pol yet hyl eneoxi de bi sacetic acid, or mxture thereof
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