; e3exj j koPp6wewTxb 3 SURFACE TREA| CONE HYDROGEL CONTACT LENSES
COVPRI SI'NG ‘HYDROPHI LI C POLYMER O%mmmmml TO AN | NTERMEDI ATE CARBON
COATI NG FI BYOO@RSIBHE | NVENTI ON The presgjdy. i nvention is dOTaSeEdsHowar d t he
surface treatnent of medical devices such as contact |enses and nedical
inplants. In particular, the pr esewmﬂmmmmﬂml s directed to a net hod of
nodi fyi ng the surface of a nedi cal crease its bioconpatibility
or hydrophilicity by coating the devi cagghdih a carbonaceous | ayer foll owed

by the attachment of hydrophilic polynmer chains to the carbon | ayer by
nmeans of chenical reaction between reactive functionalities on the

carbonaceous |ayer and CRURFACHTNBATARNT OF STLICONRN2l i ties on the

hydr ophi | i ¢ (REdREEEL CORTAEP EENSEQMCOMPRISING HPOROPHIEIC BOLYMERON! aCt
lens or other whglRe AFEXCIHE %@W@Pﬂf@@ﬂ@k‘é@fTﬂ@. | nvention
al so enconpasses certain copolynmers usefu icati

or coating app ons.
BACKGROUND Cont act | enses made fromsilicone materi als have been
i nvestigated for a nunber of HNFTION s can generally be

FHELT OF SIHEWINS

21 it 0
subdi vided into por clas . vdr | s nonp-h | s, .
Non- hydr ogel s dg%\é\%{ers%%guggﬁuogiﬁgﬁé%ﬁte% gggﬁbeusﬁﬁg&o?e%\%ﬁngg{ggﬁ%a? g%‘gceﬁydr ogel s
can absorb saeld as ebritacd levdeL and Mmedidaleimpldntdr I prutitwlire theHydseng lventipanier al | y
have a watej content greater than ahout five_weight percent and npre
commonl y bé{“ﬁété t%t?oﬁ‘gﬂ‘f’grf’%txwgg’ﬁl& R’@i ﬁ’ﬁé’fﬁ %Pg‘ﬁg‘ﬂ?ﬁér‘j@@ﬁ? o RRREeastyi8ss of
their wat erbié‘déﬂx%@ﬁﬁi}ityb&f Rydepmiiesty age boatingl thy deree wihl 4 icaMBRaceARtiagdr | enses
tend to have relatively hydrophobic, nonwettable surfaces. Those skilled in

the art haviellewndgyr the atachmert af ydreplilic pelymerehains ith retcarbon layprisemedns cont act
| enses hydrgolehid Qegacﬁ&r eyl RBGIVe! ﬁncdoﬂﬁgf’e?%n“&e tdafboRicds PR ! aﬁxht y of
the contact-lens surtace rnproves the wettability of the contact [enses
W th tear fdogipiemientapheeastive fipetignalities ionn thenhydsoplulict pelywear Thmrfposentof t he

contact le ; . 0, ' | hads r.f is
copeoi al 1 y oo B 0 RARE DY oGt LR G ek ISR el ol sl
PCTNS00/ 135dtinge ar THee inventitsit alse chesmpasset) certain @opolyrhas usefnf dott codsing t o

avoi d adverseﬁcrgsacti ons such as corneal edema, inflammtion, or |ynphocyte

infiltrati dBPI% P one | enses have been subjected to plasma
surface-treatnent to inprove their surface properties, for exanple, in

order to make the surface nore hydrophilic, depositresistant,
scratch-resistant, and the like. mcomn pl asma surface
treatments incl u@qiaatiBises talldForh QHedfd mhiehas RiVetREERvEsAgRedors Flmber
conprising: ( 1) an inert gas or oxygen as, for exanple, in US. Patent
Nos. 4, 05S, E»ears4 Sugipmaterials aan gengrally 0¢ qubdivided,into; tiyg snaigrohlaseesy kysirogelsnoner s
as, for ex e 1 X 'ﬂg&t'o

oxi di zi ng Z%grllltg S hgdﬁggﬂg;??cg{g%‘%%ﬁg%gn é?ah%é%gg e, al\g/\l/gtz%@%b etﬁéﬂ(ﬁ;?gggs in WO
95/ 04609 arhydtogels camsbsotb angd retdin 6@ %er 3aldn eqddibmamt staté. Hiydrogels gememalinbave

treatnents are, als nown uc hose risi a first treatnent with
a plasm of® ¥Rte ﬁ%@?nl%géesat%rtﬁ%nxg}gog‘g ﬁtv? ol T%’\?\g’gp °5'§’/t %8%9%;?00851?'@3% ?ﬂ%‘g%ef’ra. For
exanpl e, U.dboutRah esnabokdo eighity Iileighh percemr. MRegandlesebdf their walies cbmessbath ppecess f or

provi di ng arrier, cating.on a silicone or pol yurethane.l ens. wherein the
e oS unpatek s o ames Dison coach i dratndeul MShaR HroRNYs Jotg a
hydr ocar bonyéiabRsHes fol |l owed by oxygen in order to increase the
hydrophilicity of the |ens surface. Wth an oxidizing plasnma, for exanple
Oz (oxygen gas) Thass skilled in the 3gdavelengrecegnized the negd for praderingdhe surfacenfasng
tends t0 et GRubdRnsdd Hydfophilt &rhﬁok%amlpﬁm@.at !n&gas‘h%dﬂﬁq{yﬁro?ﬁﬂciﬂ?( belkged
functional groups. Wien used as the sole surface treatrrent, such oxidation
renders t hecontaetlgusesusfaceimyirves drrewettahilityrof te igpuipes penises with tenByidrin thehe
coverage 0f o3 UOHs Ul L Srablobad B ol RSt o SueC QIIRILF it il IE B!
properties the silicone materials may remaln apparent at the surface of
the | ens, (®ntnyous-weardenses, thel sexfededs esphcialtysimpditange fhe furfacé effescostimfoase ar e
capabl e of rotating thus exposing hydrophobic groups to the outer surface).
Such coatings have been found to be thin, whereas thicker coatings tend to
crack. Hydrocarbon plasmas, on the other hand, deposit a thin carbon | ayer
(e.g. froma few Angstrons to several thousand Angstrons thick) upon the
surface of the lens, thereby creating a barrier between the underlying
silicone materials and the outer |ens surface. Follow ng deposition of a
thin carbon layer on the lens to create a barrier, plasma oxidation can be
enpl oyed to increase the hydrophilicity of the surface. Although known
surface treatnments can be effective in inproving the surface properties of
non- hydrogel silicone contact |enses, problens are encountered when such 2
WO 001 71613 PCT/ US00/ 13524 treatnments are applied to hydrogel |ens.
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whi ch coating, in the case of a contact |ens, is sinmultaneously
tear-wettabl e and highly permeable to oxygen. It would be desirabl'e i'f such
a bi oconpat W 47288 | ens was capabl e of continuous wear oPEFHPYASS24
preferable for a week or nore w thout adverse effects to the cornea.
SUMMARY COF THE | NVENTI ON The present invention is directed toward the
surface treatnment of silicone contact |enses and other silicone nedical

devi ces, i noteadiemgmuost e desighed,f notrooliy fign cognforhéus tor dveiadedrseareaaiohasich kens t o

i ncrease its _hydrophiligfity .or ttabilit he surface treatnent conprises
coating the %@éﬂgggw,ﬂfg%agp%g\ﬁ%ﬁp?\g?)?e}n@tf%\%d by the attachnment of
hydrophi | i ¢ pol yBicomianses hive bebresibiscfed a@ plasmd hiefacatréntiert &y iproveltReic ar bon

| ayer is then plasm treated to formreactive functionalities containing
oxygen, ni t FUEHER PrOPRAED oL CRemale: TCSTER ( FRAke 416, SUPASk oS Y HORBEF. GRBISH | e i n
NDNONEr i C  URbdjstan®|sera@h-desikyahE, AR kel like! BREHPIVEROMMHIR pladhe sirfRe rbfaedted W th
the reactive functionalities on the carbon layer. In a preferred

enbodi ment , izelederiubiestingeopntagtlony swrfaces i atplasmp comparising: afl)oss #eeigey opl asna
prior to de i i Qneof cargaen [ r j \ Sihypn of
Phe car bon' |y STk sl OS Eaor sBR%6 1 1 AMIRRE UIGRTES0D

devi ce conpresouschydrosenbbmamonomers dsy faruedamalenbl.$ oRatenFiNvaldl 3,949 eandn@Ent i on

covers certain,novel | yners icgh.are,useful in,coatin ljcations.
G peocrt PP BRI of SRAHTRRS e M bR SipdtR ot brahibyl Attt Btk AR L 000
(AFM t opogrwipHasmab0d smides. Pdiént No14)632844 Saynértial plasmid suefacd tesaanahesee | bed in

Exanpl e 8 below, for co rison to. a contact |ens accordi to the

i nventi on; t“#f@ @%@“@? Q%)ﬁ eI asf%&teu%m h¥ith @ plasma %%Bm?sf’ﬁe | ef t
of FIG 1 angygenefollowetbph hirdiGcapstnldsial ot einipfe, 88 WateBiNb 3 R TBe FI G 2
shows Atom ¢ Force M croscopy (AFM _topographical imges (50 Eunz)of a
contact | ende¥@sh &h albcliscloseed Rrecess LmPraviding ¢ Srgien GOt oo a SHHFSES REnt  of

the present jo¥eMahokns Whkieth the s iSsuBjebidd®y Al Qectiidal raaedi&xﬂgewésnlayns
coated with _;@qu ymer contai ni ng di methyl acryl am de (DMA) an

vi nyl - 4, 4- diimedvigg a2hyslcecardion ratmosphere fplipwpd by oxyeen @m/ovdes it inErTEe | tHD
DESCRI PTI ON : é{}%ﬁw seeNS00/ 13524 As stated above, the present

i nvention i shgg_rloyggfl tOV\llaI’ surface treatnent of silicone nedical devices,
i ncl udi ng cont actWithe as exxidizing rrdasmal dor lesangds Qpn (bxygemc pdshr watep| laydtagen t 0

i nprove their bipco bl ter illcon {t 1S ant. t.hat the
mter ol beiBSGAGaT Bete Bho hepiaih A ) SELHE st Bl s, FoaliEORbiphIy
percent by vaad gkidized funciional groqisi -Whennlsedyassthe sqly sikfacetbdaymeit) siich dbliddhrtiper cent
by wei ght silicong, re preferahbly 30 to,90 .percent by weight sjlicone.
The pr asent PGS HEHGE! bBLFCP JRATTE i HOREISS VARt PLEER on o
contact | ens@ffaceaichfiht fay hérHrecomplbtO el the BulkSrdpeath Of tHeGiltkofefrateRalseabl e
materials. The invention is _especially advantageous for silicone hydrogel

cont i nuous- ieTemaRdpRarentysl s garfacepf diclengs (¢.¢-kbicane molesulapehaingiadiariat s, ~
whi ch conpr i1y dirflk&dre GpTS of tobimg (A AFBSALhHIEHE ofdth & BeRGrepat er in

an equilibriumstate. Silicone hydrogels generally have a water content

great er t harfuetnsht Seehyeoatipgsghave heer foynd 4;mbe thin.cvheneaadiitker [seatinge tendfout t en
to about ei i GEIMs: i : . I I by

pol yneri zi ngzk]a{:f)é m §t u?&erb@gglt al ni %ISH%[& ﬁ{éggé{d, gér?gmgix ﬁ’lllgg#@cnolﬁ egi(ﬁ 'ﬁf;}oggrr%norrer
and at | eastfewn&ngsirems phiséveral rthovsanst Angsttohmsr thickle upan the onuefeanofiihei lags, rononer

or the hydr LJc . i a_eross-|.inkin en a

o ose-1 | nker by Gede 3Rt Bl b e heAof sHORHTER B S 1o
functi onal i tsusfsge. OFollawsrggpdepasitore b6 asthini cakien lagey oaethe ignk ay etkate/p parrierabl e
siliconecontai ni ng. nononeric units for use in the forpation of silicone
hydr ogel s aﬂ@“w&P‘deEWHnﬁﬁﬁPﬁ@WEﬁPﬂﬁﬁﬂwﬁﬁﬁbwkﬂgﬁéyaﬁgﬁﬁé & provided in
U S. Patent Nos. adthdh, BloWin dirfabs trlethentd cdr Be 2&Sitive i) IprdOihg the Guitice 15;

5, 260, 000; 5,310,77%5 and 5, 358, 995. Exanpl es of applicable

si | i con- contPAPRSTHES ohBeRsidrosel #firans cofastlenses aroblpms s ancputered, Whencpeh
(meth)acrylic nononers. An exanpl e of byl ky pol ysil oxanyl al kyl
(meth)acrylic nononers is represented by the followng Formula I: 5 WO
00/ 71613 PCT/ US00/ 13524 RIt9 Rt 9-Si-Rt 9 [ RR9\ ~ Xi(CHz)h-Si-OSi-Rt9
Rre ~R9 Rt 9-Si-Rt 9 RR9 (n wherein: X denotes -O or -NR-; each Rt8

i ndependently denotes hydrogen or nethyl; each Rt 9 independently denotes a
| ower al kyl radical, phenyl radical or a group represented by Rt9" -~i-Rt 9
Rt 9 wherein each Rt 9~ i ndependently denotes a | ower al kyl or phenyl

radi cal ; and




hi s1t 010. Sone preferred bul ky nononers are nethacryl oxypropyl
tris(trinmethyl siloxy)silane or tris(trimethylsiloxy)silylpropyl

nmet hacryl atwQ o6t i nes referred to as TRI'S and PCT/US00/13524
tris(trinethylsiloxy)silylpropyl vinyl carbamate, sonetines referred to as
TRI S-VC. Such bul ky nononers may be copol ynerized with a silicone

macr onononer, which is a pol y(organosil oxane) capped with an unsaturated

group at tWRa@dent¥Dire P & hydiegelMneC USilicond Kydrdgal BbesNae clatddbdn @41 tO
Dei chert et al, discloses, for exangl e, various unsaturated groups,
y

i ncl udi ng #@Rydreed state, tsHBReAYANEX P ngne peofactye apdprerse s |

si | i cone- cqpliALio ReuseP BRTRAS td BiahdfEdlySivelIC RBRmeRY! Féhi BButVieRtd ab@ftbonat e
or vinyl carbamate nononmers such as: I 3-bis[4 )

vi nyl oxycartyenty peresntin volume] dependingrinonythe water ¢onteahef the lens. Such swelling

3-(trinethyls Loy " .
3-(vinyl oxyclc,f Z#%%%,Pé’ﬁ@%‘%%?%a y‘%a?s%%l%g?ﬁo ?ﬁnlllﬁsﬁ(f/ Icrsﬁc\(’o%(%/a)ms]ﬁtedr%f/?r E’l-b[cfﬁr"i s(tri
met hyl si | oxXBuytherimplrd, phasma\doatirigngbn campramist dens hyfitatiors by notnptnittigg propey) si | yl |
propyl allyl carbamate; 3-[tris(trinmethylsiloxy)silyl]propyl vinyl

car bonat e; EnSExPangangad *fif&%cﬁ-"éé*ﬁl"é‘g?i‘?é‘ﬁ%nbuty| di net hyl si | oxyethyl vi nyl
car bf)nat eé) tri matafighs Ihb#hﬁi h&ihclds}en)th? C atdohaite of amgldrophili@t by | ahérw:igéget hyl
vi nyl carbagnate. Another c¢lass of silicon-contaihing noners inc¢ludes

pol yur et ha@mwsmblsn@»@%%ﬁ%@ﬁéw?ce af L epnesshsns _ e]"éﬂ"é?‘??eéﬂ‘eﬁ%‘sas
prepol ymer Shore WidcothpBibie. N F¥£ exXbipll, 108 PAia NP IsWEHD14 daheks MadfhdiioR B8l

uret hane el astoners. Exanples of silicone uret hanes are disclosed in a

vari ety or sybsttatectpilpwed by iresetiandivitly othgr polymershsueh as EHREGRstar motecHg ok ¢

Pol ysi | oxa y | t - | %1'63(8 el s,

Jour nal of %@F#égyﬁﬁﬁé c{g W%&"F%g?( ‘éﬁ%ﬁﬁﬁﬁ%ﬂﬁﬁ%&t( %%B%T

Publ i shed Afepitydatimited die. to the dffic@ i afattachisgthe pelymerntaniyd silsconé substedte. nononer s,

whi ch di scl osure,isgher.e | NCOL.DOr a b eference i.n its entirety.

Furt her exanpl e?'éf P%ﬂti %%ﬁé’barégﬁ%ﬁge%%oﬁ Wers al eo’%%%né’geer?f eaaltafff}nﬁ:or nmul ae

Il and 11| : médoinersHo*d¥ubsttaté Dy inetind* dD’plasina 0 IThé nehtidn( Habrutity idte isldS0D" E;

wherein: D denotes_an_ al kyl diradical, &n al 1ké/l cyc| oal kﬁc diradical, a

Sycl oal kyl FPCEATEdinted B SHayzeth Teasions, fof, syathebis (¥ Sus-shecilic, SPENISnayi ng 6

to 30 car bqaclﬁ&iﬁgﬁéfﬁﬁt}d%hﬁﬁonaiﬁ%ikﬁblcd@lé@dﬂiﬁg}iosti@ sasor@abid | engymiaadi cal ,

an al kyl cycloal kyl diradical, an aryl diradical or an al kylaryl diradical

havi ng | t onesobrang 1sagiors: dhe oxadelingRe efounisatiaghed 49 A PeiORESUbSEd appatentiti ne

li nkages | "oy Rscm'&@p%hpienfc Qﬁ@%ﬁén%wwﬁm}oﬁs Iwnsmgpvkm%a?a@s ais at
e y | of CH

| east 1; A denotes a divalent po ' 2) m Si - O

nmeric radi cal o Formula IV: -
Si - (CH2) n, ~fofimed by pigsnd0p1y (e IsBbamiater surface. PAITUSOLlY 38R substrate can be coated

with monomers and reacted with plasma to form a cross-linked coating. The
oxazolinone groups that have been attached to the surface can then be used to attach a
biologically active material, for example proteins, since the oxazolinone is attacked by
amines, thiols, and alcohols. U.S. Patent No. 5,364,918 to Valint et al. and U.S. Patent
No. 5,352,714 to Lai et al. disclose the use of oxazolinone monomers as internal wetting
agents for contact lenses, which agents may migrate to the surface of the contact lens.

In view of the above, it would be desirable to find an optically clear, hydrophilic
coating for the surface of a silicone hydrogel contact lens or other medical device that
provides good suface coverage that is durable and won’t rub off or delaminate. Still
further, it would be desirable to form a coating that allows the contact lens or other

medical device to be more comfortable and biocompatible for longer periods of time,
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each Rs independently denotes an al kyl or fluoro-substituted al kyl group
having 1 to 10 carbon atoms which may contain ether |inkages between carbon
atoms; m | VARO/M@Ast 1; and p is a nunber that provides BCTBI@MI24ei ght of
400 to 10, 000; each of E and E independently denotes a pol ynerizable
unsaturated organic radical represented by Formula VI: R23 R24 ~ ~C~| 2~- ~-
~~z Wy-R2524 wherein: R23 is hydrogen or nethyl; R24 is hydrogen, an alkyl
radi cal haviwhirhkostingpincthe base ofit comthct densais sivitdndadfly teaciwedblevuddriéghly Y i s
-0, -S or -NH.. R25 is a divalent alkyle radi cal hawi. to 10 carbon
atoms: roo. Pemeatle g9 eyl o VaE B bl Rl BRomig o b e 7 o
or -0OCO ; ZcsabletofTontiuoty weddldverniiht, pe¢ferabis fora aeekoi hore viithotttddvsyi Nng 6 to
30 carbon atQms; w sQ 06; xi sOorl ;yisOorl;andzisOorl. A preferred

sili cone-coﬁ&%‘i‘sﬁp @M¥hane monomer is represented by Fornmula (VI1): 8

WD 00/ 71613 can PGINS00/ 13524 O O ~O O CH3 CH3 E' OCN

- R2~- NCOCH2CHZOCHZCH20CN- RZy-NCO(CHZ | Si-OSi-(CHZ H~HH .y ° CH3 CH3 p
a HH HHFE - OCN- R2~- NCOCH2 Chl MMLARYON RHEWVENIKINcin mis at | east 1 and
is preferably 3 i f -k | i1 nber
whi ch provi des a%rfeoﬁﬁ'gste;ﬁ/t l\lfxlgfngl%{l llsg(?fe&t(ﬁé t%@%g{e%ﬁ&%?g t|rds',aﬁ tpc?fes%] %?g%‘fo?lmg*tj | east
30, R2~ is denséisrnd pthed silifonemgdical deviessaineludihg @ methodwof mbdififing the sirfiocofanat e
group, such as the.diradical of is rone dil anat.e, apd each E' is a
group repr ege?ﬁn&ﬁte B“g}‘s t%:l—’@crf &&‘Eﬁé’(&%@h‘%‘%‘é’r w&'ﬁ%@ 'ofah}ee fﬁ’rgag% egtﬂegte

Si | i cone- corbmprises Goatingother devicecitltl es cirbeto ldyes t fellown byrahies attdstitientnofoner s
have been used in.the formation, of fluorgsilicone hydrogels to reduce the
Rl at i 0B GPPRECEE GRS 8 SHTIEAE e IS 1D, The GRS eTBdas be | n
U.S. Patent phigfia tréat@brd 58y rea&tive fishcBofiliaeicontaihid) okdden, dik6gdAs mdRr sulfur.

silicone-contai ni ng nononers, having certain fluorinated side, grougs, . e.
- (CF2) - H, h&sepkaehtangigrdlive Sunchpnabibies Bangnamers Hnitsaleng: akydrpphie reaglY<ophi | i ¢
and sili CO“?S@H&@H}' {R6h FRBRARiH thd Yedctive FncHEREilibLOEH tecabbon 1afea! &fta NOS.
5, 387,662 and~5, 321, 108.

preferred embodiment, a contact-lens surface is pretreated with an oxidizing plasma prior

to deposition of the carbon layer, in order to improve adhesion of the carbon layer. The
present invention is also directed to a medical device comprising a surface made by such
a method. Finally, the invention covers certain novel copolymers which are useful in

coating applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an Atomic Force Microscopy (AFM) topographical images (50
um?) of a control contact lens described in Example 8 below, for comparison to a contact
lens according to the invention; the image of the anterior side of the lens is shown on the
left of FIG. 1 and the image of the posterior side is shown on the right.

FIG. 2 shows Atomic Force Microscopy (AFM) topographical images (50 um?)of
a contact lens coated described in Example 8 according to one embodiment of the present
invention, which lens is a fumarate silicone hydrogel lens coated with a polymer
containing dimethylacrylamide (DMA) and vinyl-4,4-dimethyl-2-oxazolin-5-one
(VDMO).



In one preferred enbodi ment of the invention, a silicone hydrogel material
conprises (in bulk, that is, in the nononer m xture that is copol ynerized)
5 to 50 perwesviiendreferably 10 to 25, by wei ght of one orPCTAISeV/85i4i cone
macr onononers, 5 to 75 percent, preferably 30 to 60 percent, by weight of
one or nore polysiloxanylal kyl 9 WO 00h1613 PCT/ US00/ 13524 (meth)acrylic
nmononers, and 10 to 50 percent, preferably 20 to 40 percent, by weight of a

hydrophilic nmonormer. Ep®TRIESD CUESCRIPTION OF THRINVBNTONNC| ude, but are not

limted to, ethylenically unsaturated | actancontaining nononers such as
N-vinyl pyrrol i disritated above,the pyasent inyratign is direeteg toward sipfach treatraepb of j ¢ ut ed
al cohol s,  SHehnAmedfOHOHYR! MRl 36HNct AbRe@Ntrdochibd NNk E Ry | vasdhuk at € and
acryl am des, such as methacrylam de_and N, N-di net hyl acryl am de, vi nyl

car bonat e dmplahtsyto iowrdygrtheie biveeropatibiits uBY thestean silicoe dt ispmeantsthatieent Nos.

5,070, 215, - j 1 i +oPakant No.
2910, 277 el SREE cABR R, ARGHE SorghE ol sl Raf bk et by PR, D
the art. Théicaho\(€OS} llinkages), madfemblzl $0 ao e100e partant coye meight \silicomed mdérker
materials for. use as bstrates that .can benefit hy bej.ng, cqated according
to the pr eé’é‘?ﬁ’raﬁlﬁv@rf? %@r?eﬁcée%b%ggﬂﬁgﬁ?'g%qn&s P es?)ﬁ#%&@’ﬁhﬁﬁﬁ&%?‘i“&ﬁs and
are bei ng GeRt idvhiRkfbys e ysileaash tbabntddQerists, etk silicodediydRgela Bflsilédner

medi cal devices. The subject. nethod utilizes standard pl as oxj.dation and

deposi t i on T gwsRsERcdly Taerds.c Thednvetian is gineelally adyanieeans dprs ditisge
processes” JhyhiRgBl BHiiHBufwkdl 15hsed U AlRbSe1S4E b AA-KABRR clabCofMRALHA, wiRKI ce
prelimnary“to the coval ently bonded attachment of preforned hydrophilic
pol yners. Remppbehydsited; erassinkesnpolynaicesysiens spriaigingwaterdnian eguilibrimpt ent
Nos. 4, 143, ; : I are
general ly \/SZ‘{%T9 E‘?\%%Zl}}ﬁgogﬁ%%%r@yﬁ? ?e atecgélg{lt\g/@;%%t% t%?%%’ Pgt;tg‘%g‘g? w. Plasm
surface tr getorendml morecommoplysiitwepnaaboul o ito fbat cightycweighteperdentou8yitha gas at

| ow pressure.. The electrical di scharge.may he at radi o f.requen typically
1355 o) UG R PR bRy g kol dng of NG one

El ectrical ddnaiig gRdome0dud at Ubdst avé Hydiophilic medbnget. OBithér nthadslicohesn t o
bei ng absorbed, by at ons anﬂnglec lJes in their .gas state, resulting in
énergetic €8 ORAMFTOHHE, REIC MANGERGH™MAY Fnchon @seadcrg?salpigg,ag | ecul es,
and radi cal@. clddsifinked Béiﬁ%”&eﬁrﬁda a§ OB mfmomikX A RgO fmA NEE paprledi@bigcul €s in
both ground and excited states, which reach a steady state after the

di schar ge ifngiegelities)The acsepangteaciopylinker dpay balemplayed cAprlisable Hicaneyci t ed
atonms and ﬁﬁm; i-fec \W . 3 i1 I s of the
chanber angllz'%tkl e sgﬁr g@‘el&géf {u%l%efoﬁﬁal{sgru?a el h%ﬁ{ ?gglthg@.e ; 0 ﬁfg%r%"g‘%el%lmg)

PCTI US00/ 136»¥nTih¢hedarpend numerous examples tarprovidednmUR. Letent Nog 94,1885 ur f ace
of a matcri . h . i . i~g&- I asmas

W thout ¢ neriarli RSBy 208 b 3RBRrE s aef ob R 0P g sat ol OO

Mononer s can be Bxempks t afd applicable heligpascoptatmng ammptometis nmits ziacludan balklyow
pressure at npspher 0, 005 to torr referably 0.001 to. 1.0 tQqr onto a
substrate &@XSﬁ%aﬂgl“@%gﬁ?%%E%P°Bﬁ?’§'§-d ‘éﬂ 5%‘?%%? of ?IP#‘MW Sﬁ?‘aﬂﬁaﬁﬁas about
1000 wat t s. (mdtHyigyllcaha@nietsds ropresémdéd WxBellowingFontea &ppl i ed 100
mlliseconds on then off. In addition, liquid nitrogen cooling has been
utilized to condense vapors out of the gas phase onto a substrate and
subsequently use the plasnma to chemcally react these materials with the
substrate. However, plasmas do not require the use of external cooling or
heating to cause the deposition. Low or high wattage (5 to | 000, preferably
20- SO0 watts) plasmas can coat even the nost chem cal -resistant substrates,
i ncluding silicones. The subject nmethod will now be described in terns of a
contact |ens although al so applicable to silicone nedical devices in
general. The nethod conprises: (a) subjecting the surface of a |l ens
substrate to a plasma pol ynerization deposition wwith a C1 to C 10
saturated or unsaturated hydrocarbon to forma polyneric carbonaceous | ayer
(or "carbon layer") on the |lens surface; (b) formng reactive
functionalities on the surface of the carbon layer; and (c) attaching
hydrophilic polynmer chains to the carbon |ayer by reacting the reactive
functionalities on the carbon |layer with conplenentary isocyanate or

ri ng-openi ng reactive functionalities along a reactive hydrophilic polyner.
Preferably, step (a) is preceded by subjecting the surface of the nedical
device to a plasma-oxidation reaction so as to nore effectively bond the
pol yneri zed hydrocarbon coating to the lens in order to resist delam nation
and/ or cracking of the surface coating fromthe |ens .upon |ens hydration.
Pretreatnment is especially preferred in the case of a silicone hydrogel
substrate. It has been found, that by subjecting a silicone hydrogel |ens

e I T v o -, =




WO 001 71613 PCT/ US00/ 13574 about twenty percent), the coating remains
intact and bound to the lens, providing a nore durable coating which is’
resistant t&YA7ABnati on or cracking, or excessive anoun?%Tfpgp@/r‘@é‘f I n
step (a) then, a thin hydrocarbon coating is deposited on the |ens, which
IS necessary to provide for nore conplete coverage of the underlying
silicone material. In step (b)) reactive functionalities are forned on the
surface of the carbon layer to formthe g@ignt of attachment for hydrophilic
pol ynmer chains. In step (c), the funcki1 onhl'zed carbon surface is exposed
to, and reacted with, hydrophilic reactqv Bl yners, resulting in

hydr ophi li ¢ pol ynmer chains attdched to t carilho)n surface, rendering the
carbon coating of step (a) ) O§bi((tH9h ocgpRgMENt ary reactive
functionalities on the hydrophilfc reactige pqQ) ymer that remai n unreacted,
after attachment to the carbrp surface atjone O nore |ocations, may be
hydr ol yzed as expl ai ned bel ow. Pref er&bl’y?i-Bn; average the hydrophilic

pol yners becone attached to the substrateggurface at a plurality of points,
therefore formng one or nore | oops on the surface. As nentioned above, it
is preferred to igit.i ally oxidize the surface of the lens; far exanple, a
silicone hydrogeYv %8Rt i nuous-wear lens is initiall y oxidi zed by the use of
an oxi dati on pl aXrdendtes -OspElNR-t he subsequent hydrocarbon deposition nore
adherent to the lepg. .Such an oxidatiopn of the | ens may be acconplished in
an at nosphere coFﬁﬁgz‘éﬂd“%@%ﬁnﬁ&gﬁP&eﬁh ﬂ%"&i%%ﬁ as oxygen or nitrogen
cont ai ni Ng CONPOMRHK,, indeFRichtly Incies & Wlek AIRGL radicsl, phenylradicilr Axgrélgy 02
(oxygen gas), nethanol, acetone, alkylam nes, etc., or appropriate

conbi nat i ongerresented®y typically at an el ectric discharge frequency of 13.56
Vhz, preferably between about 20 to 5Q0,watts at a pressure of about 0.1 to
1.0 torr, preferably for about 10 sec s to about 10 m nutes or nore, nore
preferably about 1 to 10 minutes. |t—iSsRwefer ed that a relatively
"strong" oxidizing plasma is utili zedﬁl@ this initial oxidation, for
exanple. anbient air drawn through a five percent (5% hydrogen peroxide
sol ution. Those §liki@EcH R olilepeidently ddnottDRWwRE NRY1 T BAAGORARAI; drdPr OVi ng or
pronoti ng adhesi on for bonalng of the subsequent Tarbon’|ayer. For exanple,
plasma with an i hégktod8s will also inprove bonding. It would al so be
possi bl e to depogite Anskdl.GOR-£ONL ] NI qgﬁ_ﬁ g g on. In
step (a), after ??}%epplgreregegu%&&%gg#l%a{mgm a%lv% u aci.nél re%ft)ﬂent, the -
| ens surf aceiloxy)slaty ex tristirimethplsidexypsilplpropyk miethatriylate, sepgimesreferredito as

hydr ocar bon sphere.t o f.0r m.a.. ol [ face on the | 4 An

ydr ocar bon TapabEararmAry IR BiG oA, SHaris Phhetel pitRfee B¥s s

pl asma envi rMRIsB/E. may be utilized; however, the hydrocarbon nust be in a
gaseous state durin ol ymeri zati on and have boi | i r oi nt_bel ow about
J00C at one. at moSIcRERY BPBIRA aShrBlERD Wik e MEoR FRHERRE S pounds
havi ng fromyhidhQs @ palyiorgaRosiRkR) cappeiWith Al@lsatdiafed gl At fwdtdy nathr@éhda bl
unsaturated aliphatic conmpunds, |l es include, but are nat limted to, C

d Exa | )
1 to C 15, phemelspley ESq PPY?“‘CNEO“égﬁéﬂeE", Dgichah st al. disclopssy frsexamelss as
met hane, et Rafishs uREARABE groidy ﬁi'ﬂﬁdin@%&?ﬁﬂﬁorﬂ@tﬁfd?ﬁoxﬁt hyl ene, propyl ene,
butyl ene, cycl ohexane, péntene, acetylene. Also,” C'1l to C8 aromatics such
as benzene, st yr anethemelass\af sepyesentativezsiliponereontaining mepomers dnpludsy siticonss i s

known i n th%ﬁrﬁi}ﬁnﬁs%ﬁé}lh AHAGR! BPNyid 10‘6&%@’3?% BfonbtASY OSicht Yk:eq Dfisra.
substituted so I'ofig as they are capable o ormng a plasma. Vari ous
conbi nat i onsimyloxgtdranylomy)bhiy tyljtetarhethyd-distpxakes o J@rimehdsilyDhwpylse volyl C 1 to

C4 hydrocarhbgns for the.purpos .carbon:.c i ubst.r at.es LS. . /o

advant ageouscarf%fﬁ?at?’t S %@HB’?J%& %ﬁ?@fwﬁ’foﬁ YFQ’F%@*%“?}%E%‘P@@%@E@: dg' ggftfli on

rat e, har dnesahylglogy)silybivpropy] vidyl Ratbesper 3-[tris(thimethelgdxyhsiiyB r prapyd , allyhe C4 to
C8 hydrocarbons (for e | e, hutane. .pbutane, isobutylene, and

1, 3-but adi e axaétg, pr ef gﬁ%ﬁfm" y]is?lgyg@%xg oYl espé'(‘,’tyit o h$RRBR%EI - f orthi ng
substrates, due to the relative |ess flﬁxibility of coatings nade from Cl
to C3 hydrocarbons such as nethane. Such coatings may suffer during the
expansi on of the hydrogel substrate in water or saline and are nore prone
to cracking, which is |l ess desirable. The use of |onger carbon chains in
the deposition plasna gas results in coatings that are nore flexible. The

| onger carbon chain coatings have been found to be nore expandabl e,

especi ally when coating hydrogel substrates in saline or water. It has been
found that, at least with respect to silicone hydrogels, the use of

di ol efins such as 1, 3-butadiene or isoprene are particularly preferred,
resulting in coatings that are nore flexible and expandable in water. More
flexible coatings are especially preferred for "high-water" |enses that

o, .



WO 001 71613 PCTI US00113524 nononers contai ning one or nore of the foll ow ng
groups: cyanate (-CNO, or various ring-opening reactive groups, for
exanpl e, aW@e¥dM8) epoxy, acid anhydrides, and the |ike . PCTRISOMIER40ophilic
reactive polymers nay be honopoi ynmers or copol yners conprising reactive
mononeric units that contain either an isocyanate or a ring-opening
reactive functionality optionally. Al though these reactive nononeric units

may al so béutyidimethisiloxyethylh einyy deasinide crimethglsilylethylolvitybr carioyiate] and be a

copol ymer of, reactive,nonogeric units copolynerized with one or nore of
vari ous noﬁgF%§§¥# eﬁ@H?@ﬁEW%PT“%Dnoneric units. Lesser anpunts of

hydr ophobi ¢ mON#BMHeE Ylaést SofByilicuntdofamidgy ﬂen@ﬂéﬁeﬁﬂcldd@stﬁaymmaaphi lic
polymer, and in fact may be advanatageous in providing a thicker coating by
pronoti ng (ARESERIGRLBAFTOBRNANeTs (st Sameipies reiemedetaAsiRRPOpEIer et uFthmay | ut i on.
The ring-ongpd AgdXBANRIRI Rodkd AlkddfadfbhACkSRee! élé'k@&rhé?ﬂahzmﬁﬂé’s?(é(f §ilimt i onal
and aci d-anhydride-functional nononers. Mxtures of hydrophilic reactive
pol yrer s neapethanewarp Hisgloskd ifre varety pqpublicatians, incthdingtial,i Yo:-Ghih,y/ fibe Rolest ns
attached t ﬂ@%g y .be ! he ion of a
m xt ure of Cl?oo yn@?}é&g’%ﬁgﬁ?‘g}sng a %?sf ilgsgslﬂ'%a@g%%‘fl?'s@&rl%%cW@@g%%l ymer
havi ng r eackuxe! ofidppliah Folmee ScienceyOicdiméd,i t193ni193 (@Hg POE Muptshedhi | i c

pol yners coppl.enentar I i,ve finctionalities on the, carbonaceous
Payor and. BP0 el 2L konse REARRDBIAE e Pkt S50 PRBR T avi ng
suppl enent gk héret@cCihéotporhited BY kederamdetin f§ erithiéty. Riirthef edu@riplésf Wllitdhetuf@hank I St
hydrophilic reactive polyner. A m xture conprising an epoxyfunctional

pol yner wi tROIQmersargreprssiated iy Forpylas Beand Il ¢ her si nul t aneousl y or
sequentially applied to the substrate to be coated, have been found to
provide relatively thick coatings. Preferably the hydrophilic reactive

pol yners cdHprise 1 Eb*mmé‘%ér*%ﬁ'ﬁ%f reactive nonomeric units, nore
preferably S to 50 nole percent, nost preferably 10 to40 nol e percent. The
pol ymer s conpris «+grcent of non-reactive hydrophilic
nononeri c uni‘ts, pre g&aﬁﬁ%&“@o’%? %ﬁl e percent, nore preferably 60 to 90
nol e percent (the reactive nononers, once reacted may al so be hydrophilic,
but are by whkerdimi ti on nutually exclusive with the nononers referred to as

hydr ophi | i ¢ non i . - i . j i whi ch
are hydr ophobi C%{“ﬁ%ﬁ%%ﬁ%@dﬁéﬁ g%?t@‘é@%&p%%ﬁ%&g?g? %%hbgd%@é)ﬁs’ 35 nol e
percent, pranfaeyl@ivhdicd) ot an &kylany] dirgdizaldmming 61530 cafdrddndg 613 PCTI USO0I 13524
nost preferably to 10 | e..percent . l e f hydrophohi ¢ .nonopers are
al kyl net hacryl :ﬁ) genotes ag,%ﬁ?@@wgﬁwp'dmgg@r&&, 18%&03?9’;9 adé‘:@ﬂgl ani des
such as ocr:]taysl mﬁm’ma}iiaﬁni%i&n ﬂlE}daryN ng@raldicklﬂlnavm@lrl thp‘_tu'dbdrlsour{\%d)shﬁﬁ[&mwmay nfag aﬁr otic
types such as acryl api des , i met acryl am de, , lactones such as
N-vi nyl pyrr??PFHﬁﬁ%é{&é)ﬁ&'“%ﬁIlW%\ﬁeRW%MPl&és) such as

et hoxypol yoxyet«yeh&Bea etk fdEBnkage; Y be protic types such as

met hacrylic acid or hydroxyal kyl methacryl ates such as hydroxyet hyl

net hacryl ate. Hpd? @dedst ic nononers nay al so include zwitterions such as

N, Ndi met hyl - N- 3‘71'1\%& = Il @anmoni um betain (SPE) and
N, Ndi met hy! - N- % ag%lﬁgin%%g%})py - %‘?%Eﬁﬁ@gﬁ%@l ) - ammoni um bet ai n ( SPP) .
The wei ght average nol ecul ar wei ght of the hydrophilic reactive polynmer may
sui tably rag%e from about 200 to 1, 000,000, preferably from about 1,000 to
S00, 000, ok preferably from about 5,000 to 100, 000. As nentioned above,
the hydrophilic rea tlgsve pol ymer may conprise nononeric units derived from
azl act one-f 10N : (- f ional and aci d-anhydri de-functi onal
nonomers. Fg?qg@f?pl ell.%; gpo@;% nctional hydrophilic reactive polynmer for
coating a | ens can a Bpol ynmer containing glycidyl nethacrylate (GVA)
monomeric units which wil¥ react with anine reactive functionalities or the
| i ke on the carbon | ayer. Preferred exanpl es of anhydri de-functional
hydrophilic reactive polyners conprise nononeric units derived from
nmononers such as mal efi c anhydride and jitaconic anhydride. In general,
epoxy-functional reactive groups or anh'ﬁ/dri de-functional reactive groups in
the hydrophilic reactive polyner react with the primary am ne (-NH2) groups
or other reactive functionalities formed by plasma-oxidation on the carbon
| ayer. Although amine reactive functionalities are preferred,
oxygen-cont ai ni ng groups nay be enpl oyed, preferably in the presence of an
acidic catal yst such as 4-dinethyl am nopyridine, to speed the reaction at
roomtenperature, as will be understood by the skilled chem st. In general,
azl actone or isocyanate-functional groups in the hydrophilic reactive
polymers may simlarly react with am nes or hydroxy radicals, or the like,
on the carbon layer. In the preferred enbodi nent of the invention,
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H2C= ~ -CONHR3 R2 where R2 and R3 are as defined above; acrylam des and
nmet hacryl am des of the formula 17 WO 001 71613 H2C=C-CON(R4)2 R2° '
PCT/ US00/ 138007#d3 e R4 is lower alkyl of 1 to 3 carbon aRCHESRY242 is as
defined above; nal eates and fuimarates of the fornula: R300CH=CHCOOR3
wherein R3 is as defined above; vinyl ethers of the fornmula H2C=CH O R3
where R3 is as defined above; aliphatic vinyl conpounds of the fornula
R2CH=CHR3 wwhereinR?2 i s as defined above and R3 is as defined above with the
provi se that R3 j ; I n i het et ocycl es,
such as vinyl pyﬁra?n |§n%§%pe?#e%g ?%ﬁ%%?%&%%%é’i#se@gﬁm (ﬁﬁw %F'%ui:t ans,
such as N- vioriylcabepyams wiiwhenaylconthinctietr Anknges Hetvecen sebaet atovag;er sol ubl e
nononers are: 2-hydraxyethyl-; 2- and 3-hydroxypropyl -;
2, 3-di hydr oxypr dBy‘Ff"ae%gﬁséflhoxyet hyl -; and pol yet hoxypropyl acryl at es,
met hacryl ates, gfik Mhambétakat prodidePa Matety waight@d£300 RA0YLEL ni de,
met hacryl am de, N-nmethyl acryl am de, N-nethyl met hacryl am de, N .
Ndi met hyl acr y| arfeele of | and. Bi indenepdsngy risaptes arnolpamerigableunsafsgted preanigng N,
N- di et hyl arﬁhﬂg%ﬂ}ygm@@[,?/kmlaa@g met hacryl ate and the correspondi ng
acryl am des and net hacryl am des; 2-and 4-vinyl pyridine; 4-and
2- et hyl - 5- Nyl pyri di ne; N-net hyl - 4vi nyl pi peri di ne;
2-met hyl - 1-vinylim dazole; N, N-dinethylallylamne; dinmethylam noethyl
vinyl ether; N-vi ?rgel pyrrolidone; acrylic and nethacrylic acid; itaconic,
crotonic, f R t% WO _0O0l 7{%;3 P /#290/ 13524 and mal efic acids and the
| ower hydroxyal [cyl Ry~ dYesT ¢ ThHeeof , such as the 2-hydroxet hyl
fumarate and maRgate, sodium acrylate and nethacryl ate; 2
met hacryl oyl oxyet hyl sul fonic acid and allyl sulfonic acid. As nentioned
above, hydrwehéteini c nononers can be used, and may provide the benefit of
gsrzlezgeéhe for 2't3gs%r;’dr%1‘gm{:lérsl_ﬁ)e%gy§;ed pol ymer aggregates in solution,

Ry4 is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-Rzs

radical wherein Y is -O-, -S- or -NH-;
Ras is a divalent alkylene radical having 1 to 10 carbon atoms;

Ry is a alkyl 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;

wis0to6;xisOorl;yisOorl;andzisOorl.

A preferred silicone-containing urethane monomer is represented by Formula

(VID):



by a haziness in the solution of the polynmer. Such aggregates can al so be
observed in Atom c Force Mcroscopy i mges of the coated nedical device.
Sui t abl e hyWPIPREK c copol yneri zabl e nonomers i ncl ude watRETVHYHSHD| e
conventional vinyl nononers such as; acrylates and nethacryl ates of the
general fornmula Fi ZCG--C COORs where R2 is as defined above and RS is a
straight chain or branched aliphatic, cycloaliphatic or aromatic group
havi ng up t@ID0 carbon atons which is unsubstituted or substituted by one
or nere allcoxy, al kanoyloxy or alkyl of up to 12 carbon atons, or by hal o,
especi ahy chl oro or preferably fluoro, C2 to CS polyalkyleneoxy of 2to
about 100 uni ts (q i gonmer such poI y yI ene I thyI
I y

met hacryl ate), y et cr \ cryliate),

m xtures th (ﬁ%?é&%ﬁk %%é#% ghn &%% m| des of
the general f ndﬂa R2 BHZC=C- CONHRS mhéﬂe szbnd RS Gﬁad €Hned abagve;
vinyl ethers of the formula H2C=CH O-RS where RS is as defined abov&] 19
WO 00! 71613 vinyl esters of the formula H2C=CH OCO- RS where RS is as
defined above; nal eates and fumarates of the fornula RSOOC- HC=CH

where RS is as defined above; and vinylic substituted hydrocarbons off the
formul a RRCH=CHRS where R2 and RS is’hs deflined above PCTI $s00/ 18524
Sui t abl e hydrophobi ¢ mononers i @ —Rzan"N Q6 HI O CHeCHPICN -gRoiryNCOpT 0py | |

i sopropyl, butyl, ethoxyethyl, methaxyethyl o et hoxypropyl f) phenyl ¢ benzyl,
cyclohexyl hexafluor0|sopropyl, or n-octyl-acrylates and nethacryl ates as
wel | as the correspondi ng acryl am des and net hacryl am des; di net hyl
fumarate, dinethyl naleate, diethyl fumarate, nethyl vinyl ether,
ethoxyethyl vinynddifif is aMefly | a@&ﬁtp?etf ably 5 0V4, aHﬁQﬂbé&f‘ﬁ&ﬁpré’fkﬁU ibgzoate,
acrylonitrile, styrene, p a- met styrene, exene, vinyl I'or’i' de,

vi nyl net hyisleetuorher wmchwrmsdeearramety weight REARD tenld, Q@Oemﬁyﬂ preferebly at least

met hacryl at p hesi zed

manner knovatriep ePMEERETs difod BT ARCE i et e BASRBIRIE e thoner
here al so i dmddwil ms@hafaﬁédni‘mcyanhy and pach\BYeY a gratp Epres@d&iiiyon customary to
the person skilled in the art. Typically, the hydrophilic reactive polyners
or chains are fon-ned by: ( 1) mxing the nononers together; (2) adding a
polymerization initiator; (3) sulggcting the monomer/initiator mxture to a
source of ultraviolet or actinic fradiation,and curing said m xture. Typical
pol ynmeri zation initiators incluée eexvadi tal - generating pol ymeri zati on
initiators of the type illustrated Hy acetyl peroxide, |auroyl peroxide,
decanoyl peroxide, coprylyl peroxide, benzoyl peroxide, tertiary butyl

peroxypi val ate, carb r e

azobi s-i sobutyronlchirll I epa?i %%@%M@?O%h@wr%g%cﬁo ?&;n?&{ : @?% 20 WO

0017?1613 PCilhdszaeed18oAdmers. Such monomers have been used in the formahon of
fluorosilicone hydrogels to reduce the accumulation of deposits on contact lenses made

therefrom, as described in U.S. Patent Nos. 4,954,587, 5,079,319 and 5,010,141. The use

of silicone-containing monomers having certain fluorinated side groups, i.e. -(CF,)-H,

have been found to improve compatibility between the hydrophilic and silicone-
containing monomeric units, as described in U.S. Patent Nos. 5,387,662 and 5,321,108.
In one preferred embodiment of the invention, a silicone hydrogel material
comprises (in bulk, that is, in the monomer mixture that is copolymerized) 5 to 50
percent, preferably 10 to 25, by weight of one or more silicone macromonomers, 5 to 75

percent, preferably 30 to 60 percent, by weight of one or more polysiloxanylalkyl



illTustrated by di et hoxyacet ophenone can al so be used. The curing process

wi Il of course depend upon the initiator used and the physical

char act eri sWP8Y71683 t he cormpnomer mi xture such as vi scosi t(RETUSA/RRYY event ,
the level of initiator enployed will vary within the range of 0.01 to 2

wei ght percent of the m xture of nononers. Usually, a m xture of the
above-nentioned nononers is warnmed with addition of a fi~ee-radical former.
A pol yrer i Astethiaeryiic riamomexshandhido S Ipeitcens, prefambiy\29 tp 8D peeentdyrwdightofir ri ed
out in the presence of a_sqglven e solvent.s are in principle all
ol vent 5w ARARGE By Reh SxiRisker MBS o o e ar hot AR s s o
as | ower altk,adﬂqﬂ&ucaﬂpﬁnsammi lactartichataiminganshometsizactods N bgmmﬂa&, such as
di et hyl f or di ar _aprotic solyents such a th sul f gxi de or
met hyl ~ et hﬁ%@ﬁe mﬁet?ﬁ’?@‘é’ SRS aSoyHgy osﬁ@“B}tedcyE]P%P? n%?he 8y dF ocar bons
such as t oljiaRRyetdfifethicraibteh add IFdrofYBIRSIHEt AN CacBlarkid@X ABRh  as

hal ogenat ed Mcar bons such astrichl oroet hane, and al so m xtures of
suitabl e sdh amifle randx Npbidimethylacoylrmides vint serbapeic 07 ¥inyboicarbamate
exampl e a YalRbieR faNal ¢ikiosB LPUISTRLRANGbs, S0 and BrolfhBGiingige" di ng Lo
t he present 1 nvention, e car onh-coated contact 'Iens or ot caI

devi ce nay sveh @(#@dwdm Uh§.dRatquh iNoi ¢,91683¢1.i (thep bydrophilic tmpnomere wali hg t he
substrate |n i.ping the polyners. For exanple, a contact

| ens may be® B?fer?géc’ig%ers |e|§g'[e]§f§fa§'r a suitable period of tine in a solution of

t he hydr ophr i cTheam\ne\smcmdmamﬂalmremmmy yxmplaimaadsﬂ:réﬁmbrﬁlmdixscm for
exanpl e, %'_rotr c solven ch as acet on hts?j i ndi cat a}iE)ove t he

i nvention | ales dhat fan benefit Bptef B%OF ’%to Pr(?fbeﬂf VeRtop NeYRIE t 0 a

siliconse r&ghidsed mekeﬁbﬁsq:ubuémlsﬁs 49l ayd Weinsy coBfiiioLsiP dévepYBfbR LSCiARbAdE NY
nmononeric units or ring-opening nononeric units. In one enbodi nent of the

present |n\)§‘PPF$%¥i‘°ﬂ!eﬁ€‘eF‘i°ﬂgiﬁb‘ﬁ?§nr ng reactive nononer has an azl actone group
represent ed by tyly l?éét%tlﬂﬂ m&@@gtﬁidm%]plasmmxm{ﬂr@m itfort frocesses ~

~(CH2h1 O O PCT/ USOO 13524 wherein R3 and R4 independently can be an allryl
group havi riglsa referraditoc ay frlectrigabgiow disehprgeoprpeepsesyrio ugsovides prthing derablé 4 car bon
atons, an asﬁﬁ’fL Jifnind t r ing 6 to .
26 car bon atorr%egﬁrg)#gth gqﬁ{égilgl ﬁee‘{léeér%‘gtorrs ng)nﬂgg:r“{)xr él?cb%gé%de%ga%ﬂ?ﬂ%ﬁ] S, N,
and O or R8efargedrhydedpbilictiohatdier Evariples dfesuclapioma procedsecire tneydedrie | oi ned
can forma Gar 2 ring atons, and n is an
integer O o‘?g pﬁ#i{? nﬁ{43ﬁr}g?’i€ﬂt&ra$7 5 arsg%ai%gil osed in U S Patent No.
5,177,165 to ValAlthbugh pladma prbieesses g generally wel kafwrsinahe dirg adirief everview

functronalrtres sce bIe 0 nuc) eophili.c ring-opening reactions with

conpl enent arﬁyf%‘%@t‘r f‘i‘ ce Jreatme So'ﬂv‘flﬁeep%sﬁ‘ﬁﬁ &B&T‘iﬁ&f‘lhg‘ ‘&‘ﬁﬁgﬁon | ayer

or substrat@mlagh ragga%raea&\e%resae& ERAEle@ricdl [ischRg g alag R zftl&ﬁ@iblﬁég fcyy can

react with i mary amn nes, éi/throxyl radi cal s, or the | i ke formed by plasma
y

oxi dati on igally cl3r360 Y HZ ough” misrev s andy 198e fraquenciss nsag bovisedent bond
bet ween t hegigsthéd E@Eﬁrﬁéﬁlgrdd{i& MQH&&"IU'V)?adiﬁﬁﬁtlh\é&‘dﬂ?&{ t5HRigabsofR@ b9 NOre
| ocati ons al ong the rg pl ural Igs,u¥q0f attachnents can forma series
of pol yner atepandomolepiessipisheir &QSeStatWH' ng i gaeigetisslectronsanddans, gtoms

hydr ophi i ¢ t t ty

Azl act one-fUuncti gﬁgr"‘s‘ﬁ%ﬁggn%@sz ?‘ fe@ul@ %d thHH‘f g%hr ?ﬁ@mr esa%tcrovglepol ymer
can be any mixtweref gtops etrﬂ)hylneﬂcs mrbodll grgmdmnd cmcmpd setem,gvlach eeathac steady

functronalrt ove f n.co an a vipylic. roup on
an unsat ur ast il {%V&F%é‘saﬁ‘&? ' e% "t%“pg‘ a]te‘(')tﬂgal\%se a?%éﬁg%e K%l erabl y,
azl act one- fatmi arinAdledulesits cqllide/witle 8né anotter adwyell axihe Whlls gfahe/¢hambérand- al kenyl
azl act one The 2- Iken*_ a&lactone nmononers are known conpounds,
their synth EF ﬂﬁﬁﬁﬁf?@@ﬂg g TefEt- exanple, in U S Patent. Nos.

4,304, 705; 5,081,197; and 5, 091,489 (all Heilmann et al.) the disclosures
of whi ch are incorporated herein by reference. Suitable 2-al kenyl

azl actones include: 2-ethenyl-1, 3-oxazolin-5-one,

2- et henyl -4- et hyl -1, 3- oxazol i n- 5- one, WO 00/ 71613

2-i sopropenyl -1, 3- oxazol i n- S- one, 2-isé§ropenyl 4- et hy

1- 1, 3-oxazol i n-5-one, 2-etheuyl -4, 4-di net hyl -1, 3-oxazol i n-5-one,
2-1sopnpenyl -4, -di net hyl - 1, 3- oxazol i n- S- one)

2- et henyl - 4- et hyl - et hyl - 1, 3- oxazol i n- 5- one,

2-i sopropenyl - 4- net hyl - 4-butyl - 1, 3- oxazol i n- S- one,

2-ethenyl -4, 4-di butyl - 1, 3-oxazol i n- 5- one,

2-1sopropenyl - 4- net hyl - 4- dodecyl - 1, 3- oxazol i n- 5- one,

2-i sopropenyl -4, 4-di phenyl - 1, 3- oxazol i n- 5- one,

2-i sopropenyl - 4, 4- pent anet hyl ene- 1, 3- oxazol i n- 5- one,

2- |sopropenyl 4 4 tetranethylene 1 3 oxazolrn 5- one,

~ N a ~ o o




WO 00t 71613 PCT/ US00/ 13524 These conpounds may be prepared by the general
reaction sequence: R2 Cl R4 ORL ~ R3~ O NH2 OH Cl COOC2H5 Hexane R NaOH R
R3 OH NH atWoog716130 R1 R2 R1 N O Rg R4 The first step is RCTAHRE01SH Baunan
acylation of an am no acid. The pol ynerizable functionality is introduced
by using either acryloyl or methacryloyl chloride. The second step invol ves
aring closure with a chlorofornmate to yield the desired oxazolinone. The
product is isol ghedepsitionof a taatiflg Frymtdystasnmivako fhe erede bESmaterislihgabden

chem stry. As indicated above, the conpounds .can be caqpol i zed, with
Pyr ophi | IR Db PSRN BISREAE FLARS QR PRy SR BEIE] AT SPLBG0E] v e

pol ymers. Affhtter-adsisfa Ndopbditide). t MRnéiRéErk 'afl HeUldpbsiftd Sfrord Nie WA§ PR OMd
oxazol i none groups may then be hydrolyzed in order to convert the

oxazol i none erb it slowipressre; apospherg £0.09togtery prefergbhn0.80H0l.) M st ep

1L R o B RS R R or e T, st i ATEL o R

and R2 r adiwatissAimodulatedrplesa, fon@x@onle, 184y3beqppliet000 millise¢ondsronthencaff. but the

reacti on can t.ake place .when copol rized.into a .polyner. -~Jimting
exanpl es O?I"cagﬁgﬂ%ﬁbq’“sdeﬁgg i °°0%ngoe“cgﬁert§?%§9}t%%°d‘d%sf ﬁ"a%"ff g%l\lfog * $nct i onal
noi et i es t ophbsy Bt he stiystarpiiid subséqmatily use thel plasas tdl shdnitdlyCcfeait theseedi cal
devi ce include.those nmentioned above, preferably.dinethylacrylamde,

yeir oy et iy FAT SR PR eSSBSt RGeS K5 DPTpAuis ot b Aerit Gouie

exanpl es of oraRERFIEIRREseahe d€Hosifib S E6w ion hiph wiR e (it E0b, frefetabiatoispo 0 392
735, the disclosure of which is incorpaorated by reference. Preferably,

di met hyl acrtihplawmassan sy eved the meshromigal-resistast shbstrates. inglyding siligenesphi 1 i city
to the copol ymerpye St fekida Wi Row BB AbdcABE in MPRO R SonfR e alHORM ¥4ger | zed
wi th other nononers i'n various conbinations of weight percentages. Using a
nmononer of appli¢ablerto sidigeneinedical deyidesin generalatThemethod gemprisesine nononer wi | |

result in a randggm c MPrye Bok ) | eacti yi ' r

copol yneri zat i og%ar eg%ﬁés%lﬂgsﬂéed [ n%&qf;hﬁ,iéngﬁlﬁ;&a%l %SL (?ys%lé/o%}rl@% °?'on, 2nd
Ed., John W/ ey & Soudeposition4&th-aA30to((11D&hratéder wisamrhied hydrockbonhé fdami S

I ncorporated by reference herejn. Aternatiyve useg, of - a. conoponer having
b gher react vi iy eopRERS GRoieieyt BYRTL b B B FESHRET n o bl ock
copol yner chai n (@) t h fermugrlesdtive amcadtialifidsi odhefurfadd cfelieatoh layet; aanal i ty near

the term nus of the chain.
. (c) attaching hydrophilic polymer chains to the carbon layer by reacting the

reactive functionalities on the carbon layer with complementary
isocyanate or ring-opening reactive functionalities along a reactive

hydrophilic polymer.

Preferably, step (2) is preceded by subjecting the surface of the medical device to
a plasma-oxidation reaction so as to more effectively bond the polymerized hydrocarbon
coating to the lens in order to resist delamination and/or cracking of the surface coating
from the lens upon lens hydration. Pretreatment is especially preferred in the case of a
silicone hydrogel substrate. It has been found, that by subjecting a silicone hydrogel lens
material to plasma oxidation prior to subsequent plasma polymerization (i.e., deposition
of a carbon layer), the surface of the lens is prepared to better bind the carbon layer that is
subsequently deposited on the lens. Thus, for example, if the lens is ultimately made
from a hydrogel material that is hydrated (wherein the lens typically expands by ten to
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Al t hough not as preferred as nononers, azlactone-functional prepolyners or
ol igoners having at |east one free-radically polynerizable site can al so be
utilized foVO@BIMi ng azl actone-functionality in the hyddCIpIPY13824r eact i ve
pol ynmer according to the present invention. Aztactone-functional oligoners,
for exanple, are prepared by free radical polynerization of azlactone
nononers, optionally with coraononers as described in U S. Patent Nos.
4,378, 411 aabdut4w&dppG&oBt), thecoating rerhaink ibtactrand bowndae thedensj providingik inotet i ng
exanpl es of, azl act one-f.unctional. oligoners and.prepolyners are. disclosed in
08 Ppat . S EE R o Hel OGS o £ e PR Bl o1 om0
392 735, alfierkdtc 0 €7 @) then,Rythib &iyéroeddseh dostirg i deposited oA thedensewhiollisment of the
i nvention, the ring-opening reactjve group jn the hydrophilic reactive

pol yner is n&ﬁ“?ﬁb%ﬁ?ﬁ&%ﬁ’i‘ g"ﬁ‘éﬁ Wietel‘??gmﬁgé‘?tjé&f‘é%‘”@ﬂ%&%}h ﬁE‘PTeBﬁ‘aI%‘ mononer
IS an OX'r%ﬂ?ﬂﬁ?ﬁk&h&&&ﬂﬁﬁﬁmﬁ&ﬁﬁe%Hﬁ@daﬁﬂﬂkM&&ﬁBf&@E&H&P&M&&i@nnﬁmv'ny|-1
25 WO 00I7.61é PCT/ US00113524 cycl ohexene-1, 2- epoxi de, ~or_the |ike,

al t hough otneint ofteghment fardiydrophyliepelymer chaingyInistep (Sethe fungionglized vademononer s
are N N-di il vl s dsa Atke] bitarryBRlRitc RGNS QAing
octafluoroggﬁg%f?%g¥ﬁacrgﬁa?%. Ih“gh t her gspect oP't éngreggﬁt i nvention
certai n cophydsopbilis palymerichains etastiedts thikeamdhoniserfacsyendering\the cirbérascatibeen f ound
to be useful. for .coating appli [ O Such ) | se.about 5 to
50 percent OOfTS Ie%ar)gw@rf’ P%lﬂ?jni %éo&iﬁﬁéé%nf lfegérgv ?‘%‘Eﬁ%’%ﬁﬁg i oﬁq}?%@rcdhpv 1%rmnomsr S
sel ect ed f rresstivégolgmhatthateandn aireatedpiftee packmentad theicarben sutface aohyolr i de
cont ai ni ng nononers and 5Q to.95, nol e percent qf oneric unjts derived
from nonr e&?’?@@aﬁ?‘d’rrﬁ?}mq yé’%%ﬁ%wlag\?figgf’gdgfﬁf%q 178 BT BRI Consi sting of
acryl am deshydtophilic REymeRrMednid dtidtind eOMY SiBtria Glirfdcd heSplurdly besdivds,] ¢ aci d or
hydr oxyal kyl net hacryl ates) wherein the al kyl or al kyl ene groups have 1 to
6 carbon aﬂbﬂﬁ@“ﬂ@?ﬁﬁaP&ﬁ@éﬁ“ﬁkﬁ@%@n@%5@ﬁ§ﬁers further conprising 0.5 to 35
percent of mONONRIH &b BotE iti¥ Hidfde@ B RN BRARE theRARIR theTB; fFOVi de

di spersed pol ynmer aggregates in solution in order to provide thicker or
denser coatexagble, Fpilicongdydierell dontinuentweardensds nittally axidized by dthesg of ansi | i cone
medi cal devjg i eyvi L | i ng )
procosses. (g Mk HRKLEE AP NENER HFubia i WER Aty TR M |

i nventi on dems. [Saciramoxidation o€ thedensnmyi beqcemsnplishesl io emwewsphereadontpesddrf ques, to
yield a shaped.article.having the desired posterior and anterior |ens
Surfaces. o WiSEhs i e SvEen Pabgectip omindy spietiay 05, 420
and 3, 660, Sefhoglicané, e edtes; ipadoikide CASokyen ged) ractiamt, acdorecilbfadings) eld,, S.

Patent Nos. 4,113,224 and 4, 197,266. C-uing of the nononeric mxture is

of ten fol | cWeRPIOpriate prahinstiopsytherset Hipicelly pranslestic disshyrafrpqrency afd3Sct | ens
having a_deg 1453 bt i 2 B0 ARERLE of kb 0TS 1.

4,555, 732 isdﬁggégag Sﬁggééqun dﬁicﬁagﬁggig SS o?oauﬁ§ﬁo§er?% ##Qture is
cured by spirefemblyiforabiont ) ssednds tapabiout 1) minytes pethors; mord prefrablysgoutid tant eri or

|l ens surfac ' r.ge.thi& S i | izsthfigge of the
cured spi ncgos atre?' i étﬁgeﬁcgé‘%h%gégdggﬁew I%?ﬁé %x&%gﬁ%gférﬁgﬂsd%ﬂ% con gct | ens
havi ng t he iditial oxidatiohj fok exesspla nchbiens tie drasm thengh 8 fivé pereent 5%} hedrogeachi ni ng

operations may.follow t | at.he cutting of ,the |ens rface, for exanple,
oot s rerds o, s piiied B s B Rl KeR oiB i U FrueteRoer i T b
sgape],c it L;goﬂeﬁrig &fhksgor for rb%?mg of ﬂzgisdbb%hueiﬂbat&m 1al§ér.o IRok hmﬂp@a@_ldmgplr e

edge-T11 ni sni ng operatlon,. IS IS ecause ty ca y, ap_organi C I | uent
i s i ncl uded™itth a8 frery gast Will) alsp,FRnreye bonding: it avauld gl b ppssiblgsto deppsing| 71613

PCTI US00/ 13¢7bn FonthifingSndtdaLroeiaste hdRsior! POl ynerized products produced
by polynerization of tthe nononeric mxture and to |ower the gl ass

transition tenpdnatend(®, aferithopreferred bugontions) axidagvepurfage Beatmpptciie ¢msows f or
a nore effigi : | r &ﬁg%ﬁﬂﬁﬂé-' : i iformy
pol ymer i zedﬁf)f?%tdla%#%k%%‘ Pilgl ent” uni f&%&r{?&&%ﬁoﬁ%%iﬁh{oﬁr&fh ?r%lg%;r}rlgrrcﬁg m xture
and t he polfpmenipolunesicotrfage aar the densp ryi hyidragarbom wanable of polysieriripg e a
hydrogel s, primarily due to the inclusz$n of silicone-containing nononers
which may tend to separate fromthe hydfophilic conononmer. Suitable organic
di luents include, for exanple, nonohydric alcohols, with C6 Co

strai ght-chai ned aliphatic nonohydric al cohols such as n-hexanol and

n- nonanol being especially preferred; diols such as ethylene glycol;

pol yol s such as glycerin; ethezs such as diethyl ene glycol nonoethyl ether;
ket ones such as nethyl ethyl ketone; esters such as nethyl enanthate; and
hydr ocar bons such as toluene. Preferably, the organic diluent is
sufficiently volatile to facilitate its renoval froma cured article by
evaporation at or near anbient pressure. Cenerally, the diluent is included
at five to sixty percent by weight of the nononeric mxture, wth ten to
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WO 00/ 71613 PCTI t TSO0/ 13524 "U trathin coating of plasma pol ynmer of nethane
appliéd on the surface of silicone contact |enses", 22, 919-937 (1988); H.
Kobayashi, wodbwmesel |, M Shen, Macronol ecul es, "Plasna Pptypuswiiisad i on of
Sat urated and Unsaturated Hydrocarbons”, 3 277-283 (1974); R Y. Chen, U.S.
Patent No., 4,143,949, March 13, 1979, "Process for Putting a Hydrophilic
Coating on a Hydrophobic Contact lens"; and H Yasuda, H C Marsh, M O
Bungar ner, HNasthdévsrehthent Inayobe dilided; mem 8l hydrocE®bi MRisi Blid Qigas%usOf gani c

Conpounds in an El ectroless dow Di schar ge. YlI. Acetylene wi th Unusual

Co- nononer sState -qyring geolymerizgtiqn gnd; yhaves as éerhes] POkt shefavie ot 2005 kati eret he
field of pl HeRCNPREGLM: hyaRRaBbAL Eloal aliGHAE Uollo RIS SaVRE AR 1dioSchar ge
power on the te of pl asma "nodi fication cah be understood. "The rate
general ly démuezhs sarbors atoms, pxcbtdtmrlmth satimated giad owsatirhied aliphatip rcompunds.

i ncreases t | u 0, of~,t.h (.G fl r th

sust ai ni ng Eﬁanmg?s ﬁ?rlr‘ald? 0 ﬁfae ﬁcgsluﬁi&egstgu?é tagglfslé%getg%mlg c? lcaugzds alga%é’cr ease
in the aver aigeaee,loeannyms sacteasgyethabiepethime) grapane, butank Siehtane) heme,ga;hy‘leme,t urn
causes a reduct.ion the rlﬂ'&?‘ coefficient,. of g‘# ﬁL ééon mol ecgge

col l'ision pP'BBQE%"eB“‘yR“‘F Greiphexane, RELDS 3FER1ege- BOMRUH SUER ¢ i s a

decrease i Npéizee! §t?i3néj%b‘ﬂi Wistyrerd; @vd @ik ie iafbe eMBlopéd SASisGnbwn Edhe agonst ant ,
there should be a linear relationship between electron density and power.

In practi ceSuchdndraearbonagrauns maybedynpybstituted op grbatifutsd splongia they aiefaPadle t hei r
unhydrated §f@hfing nga'é‘rh@ Qhridils @6hbinktids BPUitRA1RURRabERGhdy Mo SRl (€. 9.,
a vacuum chanber) uch reaction vessels are comercially available. The

| enses may be su’ﬂmsceﬂcwﬂt(ﬁ‘ihyflrmhﬂe%i@ﬂl@meafmqmﬁmwbiwm act s
as an el ect dsy t

posi tion of 5@%@&¥%%%£6§ .Eﬂfﬁ}é&ﬁfsagﬁ%fp ng{extsmecr agrﬁéeég%%&ﬂor tratge]\?/a?%nggs ch
permt the Huwbm,ewith sapeare tot h;ali-ogebuhtcsalsl,etheﬁlﬁ ta GW@%OMMMprhe art

and may be used in the ent Subsegue t to the.plas

processi ng g tang, buteng, Js (R’Pﬁ' K%&Qﬁ'@ﬂ")r BHPr P FFs%enEtﬂ ution
cont ai ni ng hjRodey-EirMP shbs&afeﬁaﬁxblté/ﬂzeﬁélhwm&ss ﬂeﬁsllrtseatdo@md nadetem dihe
Exarrpl es bel ow ﬁrovr de the Applicants' best node for formng the coating on

a silicone Mehyhyoghens such g igthaps Syl wemsgg&&é#fer@t}n%ﬂrawnt%at ment ,
the | ens mayelf gl abdtatt ihQvae! draalineOmdlRe hRPOYSnE t%ﬁérgdlkﬁlgs whithifiRsd enses.
General ly, in fhe manufacture of contact |enses, some of the mononer mx is
not ful |y péesjralei ZEn¢. userof Jonges reerben «gheing dn yhpeﬂwgeaomaem@as fresils I WO
00l 71613 P I I
clarity or euTBCpinhold el AR ILARL ORI RIlER I LEf fonl 6

sol vent s nomoeemxpmilalyle,r@nm&ld when tccbraemghndtogﬁlrsubsmtesantsalmmwater oper ati on,
unr eact ed nono om X LI nt._as

by- product s frgﬁtftﬁlﬁl li’e%’l I’oun? e |onés(?v"(%rqclzle'}eegpe(é""t & 1‘gebn ad g‘t fl\sie'getuﬁaf’f may
have m gr at dibldfine rmt:Htas rm)?.-Huw&eml: [4]3) 1§aprmtd1e pagtitalarlCopreferitd, orealltingeidhods to
extract such resrﬁ1 mat eréﬁxli fr m t h&b oI'%/rreri z%c ntact lens materi al
i ncl ude ext FoRSPES Fhatprermorg fexibls, ap §’Eﬁaﬂ BRI e VG U CHB S ©aRES AT
extracti on edpebimity srpfeREd for MEgh-Saftk” 18Ree thafdxparfddohguesbl yp@ﬂyaﬁﬁ&n on with
wat er (for extraction of hydrophili %Fr esi dual materi al Thus, sorre of the

al cohol extract i O B9rqsesbsh °P@H’§|‘ﬁ§ qepqsied, o Alasma, Fiz exgmple.dn adp-
pol ymeri zedpeegtt%otﬁeﬁ (H%tuebloﬁi to gredtr)samutdilo heq&ﬁtymtsest MR i | ens

mat eri al ore the I'ens may be worn safely and confortably on the eye.
Extracti on &9 to he0Oaweitshpreferably2@-#80 wans incaheur30 mmtﬁ\ﬁed%gme%pwmg heat ed

Since | ncomiiey BeihBN S sl 15 s ATy O s SRIROR T BRERLEC bt

adver sel y t evill beeundemsfooll by ifeaskidled attisarl, &rsxam;blsotsmgmulsedﬁssnwml S may i nmpact

| ens perfornanc rt by. |nter £in opti cal [ the
desired uniform %‘d’Hﬁ 8’?? PRORE eﬁgtggg’tﬂcrkf 3 °a|“fea1§ % e%‘é\lﬁlfgthat
t he sel ect eth axdlowiyt ies) Sbirlh"eﬂnﬁiite i excM1w1§ryﬂMVedmgycaf hﬁa—fae twHith Iepg i cal
clarity of the lens. Opti cal clarity is subjectively understood to be the
| evel of clarity observed when the lenslds visually inspected. Subsequent
to extraction, the lens is subjected to hydration in which the lens is
fully hydrated with water, buffered saline, or the |like. Wen the lens is
ultimately fully hydrated (wherein the lens typically may expand by 10 to
about 20 percent or nore), the coating remains intact and bound to the

| ens, providing a durable, hydrophilic coating which has been found to be
resistant to delam nation. Follow ng hydration, the | ens nay undergo
cosnetic inspection wherein trained inspectors inspect the contact |enses
for clarity and the absence of defects such as holes) particles, bubbles,
nrcks tears Inspectron |s preferably at 10X nagnrfrcatron After the | ens

o o o, o




tint agent 1,4-bis[4-(2-nmethacryl oxyethyl)phenyl am noJ ant hraqui none 31

WO 00/ 71613 PCf/ US00/ 13524 Enploying this material, a typical process for
preparing aVOINTHEY |ens prior to its surface nodificati FCTAREHIMINg to the
present invention is as follows. Silicone hydrogel |enses made of the above
formul ati on were cast-nol ded from pol ypropyl ene nol ds. Under an inert
nitrogen atnosphere, 45-pl of the forrmulation was injected onto a cl ean

pol ypr opy! erydratiomdes/® differdndes irf expansianobetwerd thd lehs sridethe oogting, noauding the

| | d hal f. Th | d hal d at
P e ur e of S5 R sbacn et e s (HendRR of g HtopasPo Gyt lanad i Jost Bn ' ¢ he
presence of ablovt $00Ktigstrdins] prefdfklyBet@sen Edatia5ead 390 Angials] MOjepréfablpt er ) .

The nmol d was exgosed to W Iigh,tFéor abou% 5 additional mnutes. The top
nol d hal f wo280Anatromsrsdstermiaedk e Xt praly#isi nt ai ned at 60C for 3 hours in

a forced air ovephefeOart YHINR Whyd @0 atith-a PHRRGURIRHR! boYa cdrbthh ﬂa?&?in%ﬁiﬂﬁ% wer e
ball buffed for 10 seconds at 2300 rpmwith a force of 60 g. EXAWPLE 2
Tabl e 2 bel Bosmacqxidation x ohenygpang te prexiis syrfadeaesrtive fsetional groupsithataanon used
in the fol |l Qw e }F’&ra t] ) : Pans by
Vi ght Ur et h%%\!é q’g%hoesﬁglrﬂlal Cl 'ng’rffé‘g?‘gsgﬁﬁgmgﬁ%eg SO RGRE

Absor ber 0. Sgrowgsx emchd Zhrbga clayez- 8 (BOySeiNGXyger ppnulilr coM@nid@/ gukésl ha¥he

f ohowi ng mat.eri al re si gnat ed abave. PCT/.USQ0Q/ 13524

TRIStris(t 3 tan‘)’ﬁ?}é?? %s)ggfosﬁloﬁ'{} ioﬁ%B)?f it con ng groups, ?or example hydroxy or

met hacr yl at eiiidaNgrbhygi oredatlighis Cory the ndacteblr legdiinThusS ithel oA apetiaireidegd
crosslinking resin aspreviously described in U S Patept -

oo, 034, AGHaVE LURFRPHRED DPTIE Rie P RRR EIosnt ofjas ydroplylia Rplymer

1, 4- bi s[ 4- (3thedubraed. Y1 oxyet hyl ) phenyl am no] ant hr aqui none EXAMPLE 3 Table 3
bel ow represents_ a pol yfumarate sjilicone hydrogel formnulation used to nake
a lens in the fol9 &FeftRG ©reYS| Tactigaal group,pp thy Gasba layere suchgm exidatiopm

onent Part s &eféﬁabgﬂﬁg%%&%h%gmrﬁﬁf%%@m&%&&3&- atimiota, PPM The

follow ng naterial esi gnat ed above: ' o
TRI Stri s(t réthideneydismingx ) sto| 4§ plkybynine, hydrazine, or other oxidizing compounds.

nmet hacr yl at i ] .Si |4 i.nj
crossli %ki n%%#mgs&gf&gw%ﬁg%é hg&e]:g%rﬂlﬁégé%?hs Itﬁhlg&? %:t?{e;%p Lr%ggofrlgo%}ﬁ 662and
5, 496, 871. Decods ta 1 Wvimitdsi cxtnaore, Inhdrd peefdrably 1ag @0 minuesreldischarge frequency

1,4-bi s[4- (%F%FJ%W&%X% 1*6%)1063‘ v%g%l, gr@eg%]ly f&ttohgoa%aittg W ab%%t 0.1t0 1.0

torr. The lens substrate may be treated on both sides at once or each side sequentially.

The hydrophilic reactive polymer may be the reaction product of monomers
comprising one or more non-reactive hydrophilic monomers and one or more reactive
functional monomers. In this case, the reactive functional monomeric unit will
complementarily react with & surface having reactive functionalities, for example, as

provided by plasma oxidation. Such reactive functional monomers may include
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WO 00/ 71613 PGINSOQ | 3524 EXAVPLE 4 This Exanple illustrates the synthesis
of a prepol yner of N, Ndi methyl acrylam de that is used in making a

macr ononor @ 0§ d613event ual use in the reactive hydrophi | IRETHNY1A824, whi ch
prepol yner is made according to the foll ow ng reaction scheme. 0 AIBN ~ CH3
+ HS ~ OH THF CH3 : H3 48 Reagents DMA (200 g, 2.0 noles), rnercaptoethanol
(3.2 g, 0.041 noles), AIBN (Vazo-64) in the amount 3.3 g, 0.02 noles, and

t et r ahydr ofhidrdthetslconfithiiig pne/érfore @ftienfollowinig grdup® dyhray (-CNONbr batiduem f | ask
fitted wwth a magnetic stirrer, condepser, thermal cqntroller, a419hﬁnitrogen
inlet. NitrHEAPeRHAS TREVH E9BP% dOTt FRERRITN 2FIARIONSo FRRXY 0 ACY BPIYSHESSH 81G Beour . The
t enper at ur gjpgaas i ncreased to 60C for 72 hours under a passive bl anket of
nitrogen. The polyner was precipitated fromthe reaction mxture with 20
liters of ethyl Taenhbydrgphilic zeagtivs nobmerse Mmayabe i hosapolymers Ar sepplymessubni t t ed

for SEC (si - ' : AV = | = 7493
and Pd = 2.%)%&5\1/&%?%%%%5@&50%%%@%%? %g}?élﬁtlﬁbg%%ms% yr%#gn@andar ds.
34 WO 00kated fnEtighieltyroriondly/ US000I362st Firtise Boampérs: udits msayralsode t he

synt hesi s af .a macraner of usin he pol r ,of Exanple 4.which

macr ormnorr&fydf?gﬁg’eg‘et %}"ﬁ%ﬂ(@‘?ﬁe‘g"tﬁ’fg?& 1l Ilneygggctfel i & °5% erFe?g reS?twl‘éxarrpl es
;3 ialnd 8 belxﬁ&ﬁotmdﬁ_ "k:aii\itcrac;rh dbﬁmrz%‘ E)wgit(mm’ne"dirﬁﬁd’& r@gﬁg&ﬁl_?cx)issloﬁaekeH 48ti~®d:h:)mmjihn@ to the
ol | owi ng reacti on schepe: ~e ; L~k .

| CHB-Cir) , TESIOMSAE (ilp) Leiser smegoss qfﬁﬁdmb&ge@wﬁfm%ww&sww@epm ymer

from Exanpl grestnd inl$0 hgdroPhilld pBRRE )andiis Tat 3! RCANVMAAREHRCH YIrati@ing kEM 5. 6
g, 0.036 noles), dibutyltindilaurate (0,23 g, 3.6 x10-5 noles), )
t et r ahydr of fickeT qoRtipE bY rmemoting) the Reeregaon) oftthe hydapkilic ZeagtiyenlVBercifol  ( BHT,

0.002 g, Oxdfhiof Cing- CARRInES iddRAE 2z RctOhd-FABEThaL | BOKLRuncibl M Xt ure
was heated to §5C”1\;’Mdetﬁﬂgg}§%€ §ti rring for seageﬁ ours. Heating w%ts st opped,
and t he m xandracidveabydridedumstionad monpmensnder nitrogen overni ght. Several m of

met hanol were added._to towit il I e n r was
then col | ect ed if' xvrcsp?frehgiﬁ%qppytcir%ﬁg%%ﬂﬁg@ﬁara ge{’ev u?}’g&( F?‘Eg’{%l’ gggeof
et hyl et herhydfdpiilieqolyanen@bainy atedhedndahe bdbimacesas Llayen iyl bed dhe 1dstlt @f theSi ze

ore o] o0 B RN e Ry R SRR o

having reactive functionalities in monomeric units along the hydrophilic polymers

) 2

complementary to reactive functionalities on the carbonaceous layer and, in addition, (b)
a second hydrophilic reactive polymer having supplemental reactive functionalities that
are reactive with the first hydrophilic reactive polymer. A mixture comprising an epoxy-
functional polymer with an acid-functional polymer, either simultaneously or
sequentially applied to the substrate to be coated, have been found to provide relatively
thick coatings.

Preferably the hydrophilic reactive polymers comprise 1 to 100 mole percent of
reactive monomeric units, more preferably 5 to 50 mole percent, most preferably 10 to40
mole percent. The polymers may comprise 0 to 99 mole percent of non-reactive
hydrophilic monomeric units, preferably 50 to 95 mole percent, more preferably 60 to 90
mole percent (the reactive monomers, once reacted may also be hydrophilic, but are by
definition mutually exclusive with the monomers referred to as hydrophilic monomers
which are non-reactive). Other monomeric units which are hydrophobic optionally may

also be used in amounts up to about 35 mole percent, preferably 0 to 20 mole percent,
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WO 00/ 71613 PCT/ US00/ 13524 EXAMPLE 6 This Exanple illustrates the
preparation of a DMA/ DMA- mac/ VDMO pol yner which nmay be used to forma
coating accWPdPi$ld o t he present invention. DinethylacrylRGHEEVIMA) in the
amount of 16 g (0.1614 nole), vinyl-4,4-dinmethyl-2oxazolin-5-one (VDMO) in
the amount of 2 g (0.0144 nol e), dinethylacryl anude nmacroner (DVA-nmac) as
prepared in Exanple 5, in the anount of 2 g (0.0004 nole), and 200 nil of

t ol uene Wermoqmlpmferd:l'yrﬁ) ta WoMpamdemmamﬁHydmphﬂﬁmmppmermmteMJql magneti c

stirrer, condens on ure c ol | sol ution
was de- aer aff’%ﬁa ?tﬁ’ ﬁP te? eﬁﬂé ﬁtﬁﬁ ‘E el?‘rt?F %?yl

VAZO- 64 WaSac@ddﬂtdtle,aﬁldi ?HwhkeaCHyd}BpHiRﬁtrmhohﬁﬁGB@yth afrOtid rtgpes iﬁu}t/:\lﬁe rast gg .
reacti on wa orrpe tore t he sol ution was sl added to
2500 i of hEN By By mide, DNAL IatiPimsanch i REpniRmigiote o vas
conpl ete, }Sﬂlﬂﬁlﬂfy&nw@%dﬁ)l duble ds m:ﬂmxypol yGifiehet ﬁe@wlh@s 40may B and

filtered. The preci pitate was dried under house vacuum at 30-35C overni ght.

-(I:_Ereo(rjr; |t gdr m;pme%?leh asanathaseylie a¢id gRhydrexyalkylmethacrylatesugh asdiydroxyethyl oo o
X
o e o e il o 5 05 S0

illustrates synt he e reactive co-
wei ght rati mmymmémlmnfbyﬂe?ﬂ@ﬂﬂfﬁpmhgnmmumdm@m dBPE) iand TMMN-e 4

ggl g\évl4;rfAE|§‘5mﬁm§F§%ar§FDm§m&é§ %@%@Eﬁg%@ﬁﬁfmﬁ I'nitiator0.031

gl.9 X 10'i Tol uenteZﬁéig}MavemgH inoleaguxedmghtt@f tbxhe:hblekZ@aﬁﬁe\mtymephaged in a
500-m round-bqttom Nask i.pped . w net | r, argon
bl anket , an"d“tﬁ %r’?ﬂg-eﬁ‘ﬁ‘t Pﬁcﬂt 358 tgl'hgoé'@o& Rr;\%g@glp’ﬁ %ifqgg ﬂé@@g above

was do- aer alheapwférhb@ﬁgﬂlrhb&.ﬁrsdwtmood&)t er VAZO- 64 was added, the solution

was heated to 60C and rral nta| ned for 50 hrs. After the reacti on was

conpl ete (noni t dheRenipngdrabaye, the hydzophiliciTeaetiye BolXer Ay CORPEEE MAROMENE m of
di et hyl et hﬁﬁts%n%d%r&bi]@ét&:etfﬁﬁcdaﬁiwf?&% -fideBoril éﬁ@i&d—&iﬁﬁd&&dﬁtﬁ&fén&o mn.
allowed to settle 10 mn, and filtere precipitate was dried under
vacuum at mmrev@rwxgmle,anapqnyefunﬁtoedmydmpmbc gqqt:m@pbmr feegoativgbe Mh =

19448, MN d
cont act Iens cgé}'?te)grla%fg Pdi ng @mw&@gﬁgﬁéﬁx}%ﬁf(% b&ng@%aﬁﬁar ate

| enses ( Ex awhllcb vdll abary eWithnemine ceamtived ﬁmcudmahuq:sobxyﬁm rlike comt thie rdarbgn layer.

di et hyl acr - 2- 0xaz70| qne (VDMO). As
descri bed b%ﬁ gﬁeg é%%ﬁ’?a%y% g?tag ltmra’ 15 reac)éve pdymers comiprise ’
(amoni a/ buinanbintsiie/ aﬂmoderaaedaﬁudntrhmmmeuémraﬂaﬂalaa dnhydridar didnitavoaice d
fumarate | en urface reacted with the VDMOcont ai ng polynmer via a
ring-openi n@“iﬁé"é‘[?ani sm Fully extracted, dry fumarate | enses were placed in
a Branson RF pl agngentral, tepodsBfunbtiodlz yeattived glotify omvahl/driéd-fivicdond] tdastiveenses
bet ween two el ectrodes and all owed, the fl ow of gas around_the | enses. The
pl asma uni t SRERS B thedydropbiliaFraetvePRIST BaciaYE thearahwy aping (N2) SOBPfBni a was
introduced jfitGeddhSe BlRAGRTILA forindd tgrcﬁlistﬁanmd]angn B fHelcBrbor Miyer W?th&tﬁﬁsm Was
ignited at 100 watts for 20.0 seconds. After a 20-second anmmoni a pl asng,
the flow of aramw%\th‘agchpealmemp orrterred, ovseHPetRinipggronpstmaydhecEwlayed,0. 3 torn

for 1.0 mn t e 0
seconds. #Eﬁab-g] g"hmé (%}e%fgk‘? ?%ngvc ﬁgﬂ}?? g%%e% 3;5 %‘:ﬁm@“&% t%
reintroduc espeed th.t r&ctlwmatfrmm lenfperaturestag W114\hgt1t¥lﬂmtmdrhyrthaslqmlﬂds:hanmaslnl gnited

for 20 seconds tt The oat nse into an
00k s v Bt ezt B ey ndiC s AR 08 B FRBSRCIReE B6Eeb 0
The | enses myanﬁlbﬂytreequﬂuahﬁMSedhydnoijﬁ‘aﬁcgs oflthe liké, on thehvadbor thyero 80C,

cool ed, placed i uf f o] and ocl aved cycC - 30 mn s at 121
O The Penses 4B B8 ErFIered Frofodinlt of diec GueREne PEsahes Gepnesy DT

Phot oel ect r pyiirspbafet paﬁﬁﬁpxboﬂ:mﬁ)g repé€ ulitS dored frém Qolledki6sb fifig-peningsi cal

El ectronics [PH ] Mdel 5600. This instrument utilized a nonqQchromatized Al
anode oper aTGHPTAGT OB dRgCYARte-gontaining monamenare gpyalently sracted pith sepshve,gr@¥¥yr e of
this instrument was 2.0 X 10-10 torn w&kle 37 WO 001 71613 PCTI US00/ 13524
t he pressure during operation was 5.0 10-8 torn. This instrument used a
hem spherical energy anal yzer. The instrunment had an Apoll o workstation
with PH 8503A version 4.0A software. The practical neasure of sanpling
depth for this instrunent at a sanpling angle of 45 was 74~. Each speci nen
woul d be anal yzed utilizing a | ow resolution survey spectra [0-1100 eV] to
identify the elenents present on the sanple surface [10-100 A]. Hi gh

resol ution spectra woul d be obtained on those el enents detected fromthe

| ow resol ution survey scans. The el enental conposition would be determ ned
fromthe high resolution spectra. Al data will be charged referenced to
the carbon (C}k) peak at 285eV The atontc conp05|t|on was calculated from

o o o T . o o Y T - o " S o o




does not detect the presence of hydrogen or helium these elenents will not
be included in any cal cul ati on of atom c percentages. The XPS anal ysi s of
t he controlwWoeddéy3ecei ved dry after wet processing det ectred/used’tdsazd, oxygen,
silicon and nitrogen. The results for the control |ens, shown in Table 5
bel ow, were typical for wet-processed funmarate | enses. TABLE S
[C(OAQ[N[F][Si](Na] Man65. 81?. 75. 70. 010. 80. 0Sd0. 30. 20. 60. 00. 30. 0 Lenses
recei ved doy tiedf fiefacevof ther medicd idagicaVeiich BraTedtitat fend Sitrhtee alypitallyrthe?0. O
seconds, ail 10Q watts, and 1.0 torr. The | owresol ution spectra detected

0X

car bon, ydrAphilis Teactiyly Polaners 41p fashed fsthe |§pRifrate 3t 9B PTmere RlaceAlPRg t he XPS
anal ysi s OkhealiBRUf thePohine: AMRAMERhnSRSAT unfed BB Feblivie FultdiBndliBiBs inGhe

ni trogen and oxygen |evels increased, carbon decreased, and silicon

remai ned abydrophiliereagtive pplymermay befiydrabezed tesenaatreactive maiet ogen
funetionalities L}g}&%ﬁ : ' e P Fm:{'ﬂ&ﬂ, it was
difficult to detsggaﬁllcn gith\é'?lyggmg{g f?\?‘f%r Sgﬁﬁmﬂg;ﬁ}{dﬁ@gxk Iﬁté?ajgt?‘éec at the
surface. 3&clude(@eocrhllyl ovbgr RaBbE GnvaEions0dhl3B@romers such as acrylates and
ICT~]INIrllLSillNalMean62. glg_u 9. 00. 010. 20. 0Sd1. 10. 70. 80. 00. 80. 0 The XPS

| owr esol uﬂem 155 P IS BEPeTR FRYS ni a/ but adi ene/ anmoni a pl asnma-treated
fumarate | enses detected carbon, oxygen, silicon and nitrogen, as shown in
Table 7 belw. The XPS datarshowed a decrease in silicon and an increase in
nitrogen and carbon, whi ch|| ndi cated a nitrogenl carbon contai ning coating
had been applied to the EIU{:L&:QOQ the silicon-containing fumarate | ens
material. It was noted tfa h rogen |levels are different between the
ammoni a pl 3IRA.i : -@m’ Y -treated
carbon | ayer w%zﬁgﬁ%&seg#epﬁgﬁggaﬁgq{gg% |t§%ﬁ§r@%?ﬁsﬁﬁg bel 1 evgghﬁgyge a good
exanpl e of of pptet i0rgrheh Afomsesnbstigied ycane opinore waier sglabitizink growps sishas ti ons in

which th ' dj : . ' 7% sili
Ut s the caRBk Ptk Eufho ol PRkl IbBERUAARIAL s BRI e <1 1 CO
[Q Q[N [ FErqupivifiainl/R samateul 003 Etea i Bits, ) stisti@itcd by®be 40mert sbifat) The XPS

| ysi f.th i.a/ hut adi / ' i1 t f te | :
arter boi ng"BEnERTRa BRORRD BEPTRENS PR fRRPhor i Sibei n Tabl o
8 bel ow. Thenlities grfebfjt i on spectra detected carbon, oxygen, silicon,

ni trogen and sodi um for both sanple sets.
I g 3 9}e¥erably R;3 R} an oligom or pglymgr such as polyethylene glycol,

polypropylene glycol, poly(ethylene-propylene) glycol, poly(hydroxyethyl methacrylate),
poly(dimethyl acrylamide), poly(acrylic acid), poly(methacrylic acid), polysulfone,
poly(vinyl alcohol), polyacrylamide, poly(acrylamide-acrylic acid) poly(styrene
sulfonate) sodium salt, poly(ethylene oxide), poly(ethylene oxide-propylene oxide),
poly(glycolic acid), poly(lactic acid), poly(vinylpyrrolidone), cellulosics,
polysaccharides, mixtures thereof, and copolymers thereof;

acrylamides and methacrylamides of the formula

H2C=(|3-CONHR3
R,

where R; and R; are as defined above;

acrylamides and methacrylamides of the formula
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39 WD 00/71613 TABLE 8 PGINS00/ 13524

Sanpl e[ C] [O]é%0 Fj [ Si ][ Na] 1mean69. 719. 37. 70. 02. 70. 6sd1. 80. 71. 10. 00. 50. 52nea
n71.218. 37. 0P8 1Sd1. 00. 60. 50. 00. 40. 4 The XPS data shB8GEHSWIRErease in
silicon and an increase in nitrogen which indicated a nitrogen-containing
coating had been applied to the surface of the silicon-containing fumarate
|l ens. The XPS Carbon 1 s (C 1 s) spectra had a peak shape simlar to DVA
polymer. It wog,c-dheonirff icult to tell if the Ienses were coated with the
pol ymer as opposed to the plasma-coated | enses except for the sodi um and
the carbon is spedtra. The sodi um appears because any unreacted VDMO in the
polymer will ring ®pen in the presence of water to formacid functionality.
I n borate bwhérR,idlowsr iyl df WMd 3 calonatens and R isadiefisdraboweal i ng t he presence
of DVA/ VDMO pol yner at the surface. If this polynmer were conpletely ring

opened and conpl g¥resteddnid Furnaektasvf thelTemsulayoul d be 2. 4% sodiumin the
polymer. Wth about 1.0% sodium at the surface, approxinmately half of the

VDMO r enai ned unre Cb&%ﬁ%&%@&r&ﬁ surface. This cal cul ation assuned the

surface was all 3 T 3 In summary of the above XPS data, the

silicon |levegl hg ak gupdvace for the control was 10.8% after plasm
B ® s iy

treat nent was ter the plasma coated fumarate was coated with

t he DMA/ VDMO pol y.ngr S ge of 2.4 percent. O all the fumarate
| ens surfaces jusB ﬁ%ll\r%?slog%%d, on?y t he DMA/ VDMO coat ed | enses had 1. 0%

sodi um at the SUf_Ifél= _lcﬁl'gioci ated wth the ring-opened VDMO in the

hydr ophi l'i ¢ coat ﬁg@% yrner. The XPS carbon 1 s spectra of the pol yner
coated |l ens also reveal ed am de and am ne functionality, from

di net hyl acryl.am de, at .the surface. Atom c Force M croscopy (AFM was

enpl oyed to Rp 13 #lefRsdBYSgy of the contact |ens surfaces. AFM works by

measuri ng nano- sgighetid Wi empdidSofthe fRien a sharp probe and atoms on the
| ens surface. The probe is nounted on a cantil ever substrate. The

defl ection of the cantil ever, neasured by a | aser detection system is 40
WO 00/ T1613 Pﬁ%éﬁl_S@?ﬁ}SSM processed to generate height information. Wile
gat hering height information, the probe is rastered in the x-y plane to
generate a three dinensional topographical imge of the | ens surface. |~

t he opti cal wheredR:0f asalgfihed abnve andR:deasi defigessabones witls thepravise that Boislothet des  of
the lens. than hydrogen; and

vinyl substituted heterocycles, such as vinyl pyridines, piperidines and imidazoles
and N-vinyl lactams, such as N-vinyl-2-pyrrolidone.

Included among the useful water soluble monomers are: 2-hydroxyethyl-; 2- and
3-hydroxypropyl-; 2,3-dihydroxypropyl-; polyethoxyethyl-; and
polyethoxypropylacrylates, methacrylates, acrylamides and methacrylamides; acrylamide,
methacrylamide, N-methylacrylamide, N-methylmethacrylamide, N, N-
dimethylacrylamide, N, N-dimethylmethacrylamide, N, N- dimethyl- and N, N-diethyl-
aminoethy! acrylate and methacrylate and the corresponding acrylamides and
methacrylamides; 2-and 4-vinylpyridine; 4-and 2-methyl-5-vinylpyridine; N-methyl-4-
vinylpiperidine; 2-methyl-1-vinylimidazole; N,-N-dimethylallylamine;
dimethylaminoethyl vinyl ether; N-vinylpyrrolidone; acrylic and methacrylic acid;

itaconic, crotonic, fumaric
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AFM t opogr aphi cal images of a control lens is shown in FIG 1. This control
| ens was received dry after wet processing and anal yzed as recei ved. The
At om ¢ For c¥OM/d6Bscopy (AFM inmages were 50 Eun2 with t RCTAIRO®IISHr (si de
of the Iens) shown on the left and the po3terior shown on the right. The

| ens surface topography of both surfaces showed |ines replicated fromthe
tool enployed (the lines fromthe tool make the nolds which make the

Leg; Ies). Thﬁ antagd i;mreioadcﬁrs ahidithe fovies ﬁydmbi}eh:ymysnd)mdfdiat&im&eéﬁ)@hchaﬁ air f
u e caught _in_ the noner mn X.. The Root an uaye (R roughness o
the anteri df€ ?‘QX@OW%"%@EWQ‘W&SW‘F@.aﬁfl\;'?aé‘?@aﬂﬁéﬂﬁBéﬁtgg or had an RVS .
roughness oj.,etf}a‘}xl]_ ,ﬁ/eﬁ/,?ha}fm{[ymi@ﬂdagggﬁlfdmgid_enses have an RMS roughness
of from 2-25nm The AFMinmages of the hydrophilc-polynmer coated funarate
(an anmoni a/ but’sdnentienedabeye, hydpehohis ronemerssan herpseds and may proyideithel in a
DVA/ VDMO ( 802 YL, |\ ¥ 4 ggm' it . he AFM

i mages mrg&%%%%%aé%%gz W %J#hgycggéeg%?ﬁ on %%e’%@%% égﬁgg%%ldglgsegeri or on
the right. Byhechazimesyas thesolatiomédshe padywaerd Suchaggmgates canaisotbe obseeved in The

t opogr aphy oksc.like.a control | ens w a .f features revealing a
coating, an‘ét%g“qs]f-c’r"é%@l‘cg?sfg?yclﬁ’aﬁeesaot?t@}eemeﬁg ?ﬁ’e?lf%\#[e“gegr m cul ati on (wave-Iike
surface with a 0.25-0.50 lun wavelength). As the coating becones thicker,
towards the edge, .3 .heavier verm cul ated t opogra appears....This

verm cul ar ed-t oguRHIp RYRehie o e P oAb S MAE BEOUNG ng i 1t he
acet oni tri | @ns@tivRd viny TSRS suvh as) aG§ 148k and MMBAcriiates BIES gerefal fongulant er i or
| ens surface was 8.0 nm +/-3.4 and of the posterior surface was 5.3 nm

+/ 2.2, less than 25 nm as desired. The water contact-angle of the | enses
was neasured on the control | éas surface and on a DMANDMO pol yner coated

| ens surface (8 neasurenents).|Data fromtwo other contact lens materials,
both commrerci al |y avail abl eg,caee6o0m! so i ncl uded for conparison in~the data
Tabl e 9 below. The | ower the water contact angle, typically the nore

wettabl e or hydrophilic the I ens surface. 41 WO 00/ 71613 TABLE 9
PCT/ US00/ 135¢htre\Ry ieas defiviéd siov€amt RiCis a Atngjfle lehaia babrendbed slipBeti, r ol 105Funar at e

DMVAl VDMO Coat ed30HENA rocessed) 65PureVi.si on Bal afil.con Lens85 |

concl usi on. gFPHIPIER Sy SrOTEATE ETIRAPAPEOR B ADGrRB AT AU PPN el wi t b
a carbon coaubsifhtddyl cneefimbie alkoRiAIRIRILBOdNAIBA o t6 12 virbslyatoth$ or BY-M and
wat er contact_ angle analysis. EXAMPLE 9 This Exag{g’e illu tra%es t he

pr epar at i on 1o, esPesialyrabiere archTelerbly fBoyaEr to B pelyplylsasoyy afd Weooutddy (0. 1614
mol e) , Vi nylynfls. 4r 84 SRt s&nwﬁawmykré;mm%thgl ﬁl&h%?rtg{]g&g@egl gnd 2 g

(0.0004 nol e) of dinethylacrylamde nmacronmer from Exa ove, and 200
m of tol uerecthpsrydate)| erely(glycidyl marthastylate) mixtuses therpef adsrpdpnerpfeeofii th a
magnetic stirrer idBd GKE, erature controller. The
sol uti on was de-aacg)r?%?g vvlﬁt eﬂ%&%%gld%)r SOée#le%pf%ﬁ%ﬁgg 029 g (0.1 nol e% of
VAZO- 64 was added, and the reaction heated to 60C for 50 hr. After the
reaction was conplete (f®nitored by FTIR), the solution was slowy added to
2500 m of ethyl ether. |After the addition was conplete, the m xture was
stirred 10 mn, a”g—Y\%gCt-@ R tle 10 mn, and filtered. The precipitate was
dried under house vaduu 9 335C overni ght. The dried pol ymer was sanpl ed
for analysis by gel perneation chromatography, bottled and stored in a

desi ccat or . whetéRPAdd R ard Béfmed¥ive] € il l ustrates the preparation of a

DVAI PEOVEY VDMO pql ¥ngr6¥é)? nmet hyl acryl am de 12 g (0.1211 nol e),

vi nyl - 4, 4- di net K st Bty ne” 4 g (0.0288 nole), PEO methacryl ate
1000 in the anobunt of 4 g (0.0036 nole), and 200 nml of toluene were placed
in a 500-m round- bgé(tz%pég)h%zk equi pped with a magnetic stirrer, 42 WO
00/ 71613 PCT/ US00/ 1 nser, argon bl anket and tenperature
controller. The solution was de-aerated with argon for 30 mn Then 0.025 g
(0.1 mol e% of VAZO 64 was added, and the reaction heated to 60C for 50
hrs. After wheeRezmsidefinedaboeonpl ete (nmonitored by FTIR), the solution was
slowy added to 2500 ml of ethyl ether. After the addition was conplete,
the mixture was stirred 10 min, allowed®o settle 10 nin, and filtered. The
precipitate was dried under house vacuum at 30-35C overnight. The dried

pol ymer was sanpled for analysis by gel perneation chromatography, bottled
and stored in a desiccator. EXAMPLE 11




This Exanple illustrates a process for the surface nodification of a _
contact |ens according to the present invention enploying a |inear DVA/ VDMO
hydr ophi | i cWP%tYe pol yner of Exanple 7. Silicone hydr PUKSYs made of
the formul ation of Exanple 1 (Balafilicon A) above were nmade, which | ens
materi al was cast nol ded from pol ypropyl ene nolds. The Bal afilicon A | enses
were coated with a copol yner containi ng dinethylacrylam de(DVA) and

vi nyl - 4, 4- di net Hsimylzsterﬁagﬂapifqmslaone(vm as follows. After solvent renpval
and extraction, the |l enses were dried before treatnent. The | enses ware

pl aced in a Branson RF plasma unit ( 13.56MHz) on a tray which el evated the
| enses bet ween t wdREFEH PS8 and al | owed the flow of gas around the

| enses. The plasma unit was evacuated of air until the pressure reached 1.0
torn. Amonia was introduced into the chanber at 1.0 ton for 1.0 mnute,
and t he pl ash@&e Ras asgefineddbate; 100 watts for 20.0 seconds. The fl ow of
ammoni a was term nated d but adi en s introduced at 0.3 tort for 1.0

m nute. The but daa%%*aﬁagwﬂa%&ﬂi“‘gﬁwv@a at 100 watts for 60 seconds.
Finally, the butadiene flow was stopped, and anmoni a was reintroduced at
1.0 ton for 1.0 nRyDOEH@FCH-DOORMONIi a pl asnma was ignited for 20 seconds
at 100 watts. (The ammoni a and but adi ene gases were used as received from
Rochest er i {SWORIRY 99. 9+ % pure.) The plasnma coated | enses
were pl ace\égih%tkormalﬁ 1. Otﬁfﬁzﬁ(ﬁhydr ous acetonitrile solution of DV VDMO
pol ymer over ni ghtinylirisebstititeddiydresarhenstof thetfpimude was used as received from

Al drich. The Il enses were then equilibrated in HPLC grade water, heated to
80C, cool ed, placed in buffer borate, and autoclaved ( 1 cycle-30 m nutes
at 121 C). 43 W%&Q%@fﬁﬂs?’ PCTNSO0/ 135Z4 The | enses were anal yzed by XPS
(X-ray Photoel ectron Spectroscopy), using the equi pnent descri be above in
Exanple 8. The XPS data is shown in the Table 10 bel ow. TABLE 10

[C [ Q[N [ Swhée R, amd Rs is as defined above

ant eri ornean64. 319. 56, 79. 5SD0. 40. 30. 20..2Cont r ol nean64. 019. 77. 09. 3Posteri or S
DO. 60. 40. 30. 5P| a3Hd 1??‘@‘39@@%&%@%.%? fog G gpet ﬁ'%yl, propyl,

1SD0. 60. 40. 3 13500, elhdX§BlRandSeHt, 8 St BlazilByclohexyl,
1SD1. 81. 00. 2%.’ (“asria T7 eg%tggneané%%g 38?%’?%?er?or nlrzzuﬁﬁay“ exy

2SD0. 30. 10. bexaflmraisonsopyl.cof nwdtybagrplates mdsanethacoiasestas wel) ps fhe gorpspymding. 30. 61. 0

1 ol I\ (ST REI et anrterigiils oty Rl g Wiyt mafsts, dichy

1SD1. 20. 50. Btnapde, retiat wigiesthe?,3@xgetd vE1l etheryAndtaestatevirRl propionate,

1SD1. 91. 70. a 19. hi ; .

2SDL. 70. 80. ggy%%"%%"a%ﬁgn@ﬂ%g”%% %@T‘%ﬁ‘?@ﬁ‘é@% i E}:’F?%’F’%rl\ chloride,

2SD0. 60. 10. gdyiAfetdylkgorshvinyl stearafea Rlhexch® and hrethglhentyl olethh@plaes, wet processed

before plasma treatnent...had a surface el enental. conposition of 64% carbon,

20% oxygen, 7% nf TSGRl Feesie JolmEss ars pylieno b A ABRCE KIOVREF S 0. ¢ he

si licon | evebmalie dofr@spoading GlondrRérs (thetttm foDomsr Hebe 416 indlhidihgla Madramey of 0.4
asma treatnent. \Wen the oated |l ens, was .coated with

to 3.0% after pl | asna-

t he VDIV(;Z)’ Dl\i}'?:g?)léﬂnﬁ@f‘?“ Fepgiion icpstarpay tu.the Pgrﬁ?fbﬁn&lﬁgm ¢ grtwilvRicHYatheange of

fromO0.7 tOhﬁdré&(micEta&ﬁcaf,@ﬁgerk 8V &aind Afk hifeddyY 9DMikRY @le idiRafelsy | ndi cate
plie

t he coating has been applied. The oxygen | evel increases and the carbon
| evel decr etpgethersf2) addingaplypenzatien injator @ subjscing the mpropArARiigion  eat ed

surface. Thh&twa'&} Qsé?fceﬁfﬂﬁﬁ/r%ﬁt & de6fic %tio%@&rlnﬁtsﬁg Keikhre! R§picgPo! yrrer

conposi tion, has [ess nolar carbon and nore oxygen an an anmmoni a pl asma
treated car boymengationmitiafheindudetes-radicalfgenerdiing polymerixp®natitatorsofithier ns t he

f . | f
o um r eouPps Aissiied ) e Eatiide, Aoyt bertsoBd, BEERA BornBRE SRoral{ 'Y 1Y 20y " VoND
in the pol ypeoxidddemoyhmoxilettertiaty butyl peronypikalstheodininipercabohdte tetiary ace of
the contact o, a2 E R SRR Ry (RS el rh PR R OT TP

sur face nod (4]
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hydrogel |enses made of the formulation of Exanple 1 (Balafilicon A)

enpl oying a 45 WO 00/ 71613 PCTNS00/ 13524 DVA- mac/ DVAI VDMVO (- 10/ 70/ 20

wei ght rat g9 0Miadr3ophi | i ¢ reactive pol yner of Exanple 6 HEIUS0U/B&4afilicon
A |l enses were received after solvent renmpoval and extraction and dried
before treatnment. The | enses were placed in a Branson RF plasma unit
(13.56MHz) on a tray which el evated the | enses between two el ectrodes and
al | owed t heillidtated bl dmxydoempnhnbhecdn&m% use‘ﬂhﬁhébt&ﬁigfpr(b&&stmwébﬁ catvsecuat ed

until the pressure FEdChEd 0. and, anmoni a, |ntroduced into the
chanber . h‘{,ﬂ’?ﬂ dpp thedaitptghy e BsieRL A eTRtcR of e RISt WA 4 11 ow

of 155 scanwuc Revidchaly. th aReVery, fhe 1R8] dShithtBAdRSloyed Al DAty IFMENRe

introduced for 1.0 minute.” The butadi ene plasnma was ignited at 325 watts
for 60 secondOivp 2nveight papensof themixsereof monemers. YsusHy ayoixbige effbe f | ow was

stopped, ang, amam &‘ﬁx%n&ﬁéx@ \ﬁﬂﬁgf%méﬁtﬁﬁ%&faﬁ%g%@n%ﬂ%ﬂg was ignited

for 60 secon s at 4 watts wt low rate o scan pl asma- coat ed
| enses were pl acepblymerization tb.fo81 thesygrophiligeadtivs palymensantbe ickrdedaitint i on of

t he DVA nac oner / e in Ex anhydr ous
acetonitril §°ncg\4ws g'l\éqéf:ég‘i‘txges% ﬁ%llrnip“ﬁ‘%g%ﬁ@ ?lvﬁ'i}% -rggscfl

equi | i br at etle mndulﬁ’ﬁﬁisgr, ftexmnple wateh akdohels surh @9 owet alkar@dik, fop kegagle,i N bor ate
buf fered sol uto | ave cle f s at 121 C). The
| enses wer e® tﬁ%&‘ﬁﬁ‘l”ﬁé’&f’gﬁfé‘a}o ‘gﬁsg‘é?h %|dgg?$ly @F“*"E&fupﬁ%t%@ HEctron

Spect 1 0S COopibIvers Fhchtbs ditBethyl SuliXide o Metty 8 INRMINE;keloREd duchVRREoRER0

described in the previous Exarrpl e 8. The S results for the |enses are
shown i n Ta#yckohexanens; bydrocppbpgsuch as toluene; ethers such as THF, dimethoxyethane or

A sN sd sSi zpNaEHRIRERR 'Yg/afb%zrb&@ sEePash ehAHiEhE, Ah8 80 hPtdds ufppnt r ol mean
17.66. 666. 19. 7Post eri or sd0. 10. 10. 30. 3Aft er
Pl asmanean8soivestsfpgexmplmixiiressf soter 2ad g aleahol farteagmple a water/ethanol or

Pl asmanean8 . steriorsd0. 10. 70. 70. 0 46 WO 001 71613
PCT/ USOQ 13§§y‘ﬁéﬁs;%l°g‘%1”{se‘§?2pl\la| sFul |y

Pr ocessedneanl7.1f 4 nfefihd Abcddding Anthe rp'memdﬁ)ueﬁﬂonl theSfarbofi-cbdfed tontact lens or
Pr ocessedrrea 16.97.472,71.5 5Post lgxds 20. 91. 50. l60 1. As shownthby t he
data in t he®Bfdutopldqvice ey ﬁép%“ rcppgxﬂgggac Hepesrge B% ggrgersing the

substrate in a solution containing the polymers. For example, a contact lens may be

placed or dipped for a suitable period of time in a solution of the hydrophilic reactive
polymer or copolymer in a suitable medium, for example, an aprotic solvent such as
acetonitrile.

As indicated above, the invention involves the attachment of reactive
hydrophilic polymers to a siliconse medical device, which polymers comprise isocyanate-
containing monomeric units or ring-opening monomeric units. In one embodiment of the
present invention, the ring-opening reactive monomer has an azlactone group represented

by the following formula:
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before plasma treatnent) had a surface el enental conposition of 66% carbon,
18% oxygen, 7% nitrogen, and 10%silicon at the surface. After plasm
treatment, We048id13con | evel was between 0-1.8% After theCEUS8MmIsA4 r eat ed
| ens was coated with the ter polyner, the silicon |level was from1.5-1.8%
The nitrogen | evel of a control lens surface was 6. 7% after plasm
treatnent was about 17% and after the plasma-treated | ens was coated with
the ter-polynmer was about 7.3% It would be difficult to tell, fromthe
silicon and/or nitrogen levels, if the |enses were coated with the

ter-pol yner because the silicon |evels yemai n about constant between the

pl asma step and the fully processed ste The | ens polyner, the plasm

treated substrate, and the ter-poly Ricontain nitrogen. However, the
detection of sodium by XPS confirugs, Bognce of the DVA

macr orrer / DMA/ VDMO pol yner at a full ygu cessed |l ens surface. The pol yner
coated | enses had about 1.5% sodi um he surface, which sodi um appears
because any unreacted VDMO in the polym@r will ring open in the presence of
water to formamd functlonallt In borate buffer solution, the acid wll

conpl ex wi t WhereidiRirand &/ éndepengen ecaprbegenli@rl pouDvIng b 10 e 2B gtmme pol ynmer
at the surf I | exed
with sodiu gﬁﬁ?“(#e %P ‘Rrgéey%ef%o S0¢ aﬁ%rﬁgt&ﬁgﬁﬁﬁymrfgw&ﬁﬂggtﬁw 5%

sodi um at t hre asuylf growy howing 6 hal2b cafbon hatondDiefdl 0etned hetekoatnme aob-peroxadich t he
surface. This cal cul ati on was, f caurse, assum ng the surface was al |

DVIV VDMO pofejeriad frame S Neand Oyor Bsaﬂﬁa%l taksarogsihsp with heratbonito which thepoevPLE 13

Thi s Exanpl I t f |.i ne
v onst o LRSS bR 2 o om0 2R BULEOTBACIENG

(801 20 wei ght Such monmmeagnmts@;@dlmwﬂ B3Baent Net 5, b77 biﬁlty tebali | ng
Urethane | enses 46! god SERIKEH: ALA Hacil KAk HIR LB R AEL LBl The

| enses were drie BNt enses Wer e Aeed im 5B anson RF
pl asma uni tnﬁg—ihﬁenﬁ@l\fb&n)nomwah bmnglembntm-h redcéveaﬁmdimhi@rbmmshdmﬁawmf t wo

el ectrodes gand wed th w, of round th lasma unit
was evacuat g’(’f G l([)aryeru?{t s“'tal?gmﬁgérs’g%ae?? eﬂ‘@ﬁ@% '% G%P‘Esf f“ﬂ%%ﬂ’lt% “Ras

i ntroduced idattowittprifidis s Aiydlox§l taichls oP thelika foinitd by pladhid oxtdatig ésMa was
ignited at 100 watts for 20,0 seconds. The flow of gm’mnla s ternl i nat ed,

and but adi ef& carRen iayen stmensipned abgve, to firm & covalentbopd, peiweenhe substrate and

the hydrophilic reactive polymer at one or more locations along the polymer. A plurality

of attachments can form a series of polymer loops on the substrate, wherein each loop
comprises a hydrophilic chain attached at both ends to the substrate.
Azlactone-functional monomers for making the hydrophilic reactive polymer can
be any monomer, prepolymer, or oligomer comprising an azlactone functionality of the
above formula in combination with a vinylic group on an unsaturated hydrocarbon to
which the azlactone is attached. Preferably, azlactone-functionality is provided in the
hydrophilic polymer by 2-alkenyl azlactone monomers. The 2-alkenyl azlactone
monomers are known compounds, their synthesis being described, for example, in U.S.
Patent. Nos. 4,304,705; 5,081,197; and 5,091,489 (all Heilmann et al.) the disclosures of
which are incorporated herein by reference. Suitable 2-alkenyl azlactones include:
2-ethenyl-1,3-0xazolin-5-one,

2-ethenyl-4-methyl-1,3-oxazolin-5-one,
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but adi ene plasma was ignited at 100 watts for 40 seconds. Finally, the
but adi ene f1ow was stopped and ammonia was reintroduced at 1.0 ton for 1.0
m nut e. AnoVReVTignoni a pl asma was ignited for 20 secondsPGIUSIOBSHatts. The
pl asma coated | enses were placed overnight into an 1.0% (w v) anhydrous
acetonitrile solution of the DVW VDMO pol ymer of Exanple 7 above. The

| enses were then equilibrated in HPLC grade water, heated to 80C, cool ed,
pl aced in Buff en-ikipesetyld3coxardlizes-enegd ( 1 cycle for 30 minutes at 121C).
The XPS dat a vva§ .obt ai n%d e Ioi/’%/ng tprg Physi cal Electronics [PH ] Mdel
S600 described PHSQPRCRSRY-metyl bdeXazolir51008,| ting XPS data is shown in
Tabl e 12 bel ow. 2JetRk{-4,4-dimethyl-1,3-oxazolin-5-one,

[C[A[N[Si]Control mean57. 322. 12. 618. 0SD0. 50. 40. 20. 4Aft er

Pl asmanmean69. 71 2-igpprorsnylgiidirasthydrl.3-oxezal@pdome 11, 02. 0Af t er

Pl asmanmean66. 218, 110y . 20. 50. 40. 5Af ter

Pl asmaneanes. 517 YRR EBLY oflipt Bl B0 00, et t e

Pl asmanean63. 72Q-idchréhtaylHPmsthyk4-butyl- L-o280lin-86nE0. 11. 4 48 WD 001 71613
PGT/ US00/ 13574 Rol t n66..422. 26. 15. 3Ant eri or

rural SDO. 80. 20. gcf'%‘% '@%@%"@%ﬁ%‘&ﬁ‘é‘.’%& 45. 78. OPosteri or run

1SD2. 20. 90. 72. 2BRdkopispenidohinetipredodecii<1)3-dxaz0kn-S-6f¢,eri or run

2SD1. 41. 20. 20. 9Rol yner - Cio_‘g%gdgrsaﬁg 224.14,911. 9Post eri or run

2SD0. 50. 40. 50. 7 2HFRPTeRepYlFtHdipBeny-1 3roxazqliBm 0%  ur et hane | ens surface was
18. 0% 2. 5% ( aveLigsfopnyies, 4-péntardétilyldne- O3k 2¥RH-888e,pOSt erior) after plasma
treatment and 5.3% (av. ant.) and 10.0% (av. post.) if the plasma coated
ur et hane | ens wasisersereayl -fittteiramedhyinoe/ \Vomiazolst 8% . OF al | the urethane
l'ens surfaces | usdmdpoiad s it 1 30bM4zd1ies-EY VDMO coated | enses had 1.0Q o
sodium at the surtfacé. The sodiumresults were recovered fromthe survey
spectra, they warethenyh4-methyhé-nanyt.3-exsaoli-f-one, 1t woul d be difficult to
tell if the |ensg C d wth {h yeer  as opposed to the

pl asma- coat ed | ?ﬁg"e"?@ﬂe"§¥1§§@"?g“rm"h§ %ggfﬁgdﬁée’sodi um appears because any
unr eact ed VDMO iZaisdpvepeppl4rmethyisi-bbnzyl-h3-oapeliniSronehe presence of water to
formacid functi ogﬁ ity. In Buffered Borate Solution, this acid wll

conpl ex with sodi reveal ing the presence of DWW VDMO pol yner at the
surface. If thi Q. mmwmeﬁﬂm.gg-womﬂ.mmgpened and conpl exed with
sodium there would bt 2.4% sodiumin the polynmer. Wth about 1.0% sodi um
at the surface, Mowrprefaraplypthe; szdacipngimoenomsrsnae a eomnouns sprosenterbby thef ace.
Thi s cal cul fiibRidgWereral ¥mfuir se, assuming the surface was all DVA VDMO
pol ynmer and the sanples had been properly desalinated. In conclusion, the

urethane silicon |l ens was coated wi Bj a carbon coating followed by a
D/ VDMO pol ynmer as shown by XPS. 49/ i

R1 N
o

R3 R4

where R1 and R2 independently denote a hydrogen atom or a lower alkyl radical with

one to six carbon atoms, and R3 and R4 independently denote alkyl radicals with one to
six carbon atoms or a cycloalkyl radical with five or six carbon atoms. Specific
examples include 2-isopropenyl-4,4-dimethyl-2-oxazolin-5-one (IPDMO), 2-vinyl-4,4-
dimethyl-2-oxazolin-5-one =~ (VDMO),  spiro-4’-(2’-isopropenyl-2'-oxazolin-5-one)
cyclohexane (IPCO), cyclohexane-spiro-4’-(2’-vinyl-2’-0xazol-5’-one) (VCO), and 2-(-I-
propenyl)-4,4-dimethyl-oxazol-5-one (PDMO) and the like.
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WO 00/ 71613 PGI/ US00113524 EXAMPLE 14 This Exanple illustrates the .
synthesis of a he/dr ophilic reactive (linear) copolyner of DMA/ GVA accordi ng
to the fol | WRi'%g6ikacti on scheme. O N O non O 86 rndo% mRETIUPHPEDL,
~/'dZ0-f4 CH3 ' Cli2 so CH2io' ON~-OOTo alliter reaction flask were
added distilled N, N-di methyl acryl am de (DVA, 48g, 0.48 noles), distilled

gl ycidyl nethacrylate (GM 12 g, 0.08 noles), Vazo-64 (A BN, 0.096 g,

0. 0006 nol es) dftdsd cdmpewals (1Y) Be ptepared by the@andral oeacti@ssegbenes fitted with a
magnetic stirrer, condenser, thermal controller and a nitrogen inlet.

Ni t rogen was bubbl ed through the solution for 15 mnutes to renove any

di ssol ved oxyg@&a. The reaction flask was then heated to 60C under, a passive
bl anket of nitfogen for 20 hougs. Jhe reaction mxture was tipgn gdded
slowy to 6Rl|'t of et hyl et her t h gongbwechani cal stir reactive
pol ynmer precipitdted agd wd® T cted hy vaguum filt@&tion. fhe s&Hi d was
pl aced in a vacuffm oven at 30Guiy e@i ght  tHpor enove t he ',"HI eaving 50.1
g of reactive polyner (83%yiel 02) The reaetercve poly was. pl aced in a
desicciator for storage until use. 50 WO 00/ 716131 I\/PLE015

PCT/ US00/ 13524 This Exanple illustrates the synthesis of another
hydrophilic reactive polyner that may be enployed to coat a silicone

medi cal device. A brush (branched) hydrophilic polynmer of

N, N- di met hyl acryl am de (DVA) nononer, DMA nacr ORE' and gl yci dyl

met hacryl ate was synthesized as follows. To a reaction flask were added
distilled N, Ndi net hylGCOQCHi de (DMA, 32g, O. 3%_}7!_(3'5{)_,‘ macr onmer from
Exanple 5 in the anmunt—ef—4g> 0. 0008 nol es)R1 T st i INg ci dyl

met hacryl ate (GV] 4. 1Hgrane o 029 nol es) Vazo-64 (Al BN, 06y, 0.00037

nol es), and toluene (500 m ). The reaction vessel wds fif¢ted with a
magnetic stirrer, condenser, thermal controller and a nitrogen inlet.

Ni t rogen was bubbl ed through the solution for 15 min to renove any

di ssol ved oxygen. The reaction flask was then heated to 60C under a passive

bl anket of ni t rpgefistsip i9Q ShetEnBaukiaf aéyRaohiof An BnioWeR. WA pbipReriagKed
slowy to 4 liter of ethyl ether with good nechanical stirring. The

reactive pofupgtanality dxingpdusedby using sither acoiloxd of mgthagryloglchlonde.i Thegeandn. The
solid was p 1 . r R JE3IRY, her,

| eavi ng 33. %@%ﬁg?llv?seﬁﬁ?@g%%rﬁi(oé%g%a?%ﬁa)? l.’lg'?'{hee&eghe%ct I vogin{’)ﬁc])el'eyﬁrrltgr was
pl aced i n apdest isdsclated andguriSedyysthe usat procadures ofogaviy ghem@trYhi s exanpl e

illustrates the i f - L1 . {0 eactive
ol yrer -t hat - ey RleREE b P OhlShaf BYRE GoRCHRDleR iV GiSRA ufdr P
present i nvhydrophobic Thraonameyd to oy loldraphilie-reastive palnyédrs yAftahtachinedt t@ thepoxi de

pol ymer (NVR-co was synt hesi zed .according to.th o] l.owi.ng r.eaction
ohane. A BRPSLSRME W GEBPA0 bbPtin it By RO I ofaBPR, | O
reaction fl egientveicco:adslindné corhponkmsl ilde \ainind fydst Olni gdhérol) ehe (HYHBlysB3tep9 g,
0.48 nol es), . 4-vinyl cycl ohexyl -1, 2-epoxi de (VCHE, 10.43 g , 0.084 noles),
Vazo- 64 (Al Biffo 96%1"'98,(’“@?)6 opffes) and THE (600 ni). The reaction vessel
was fitted with a magnetic stirrer, condenser, thermal controller, and a
nitrogen inlet. N trogen was bubbled through the solution for 15 mnutes to
remove any di ss@l ved oxygen. The reaction flask was then hegatedito 60C
under a passive Nl anket ~of nitrogen for 20 hrs. The reactm Mt ure was

then added gl o teo 6 Titer of H& hyt %PHRe; with god® mechawical @tirring.
The copol yner preci Hm and was col |l ected by vacuu i+NHati on. The
um oven at 30C overnight t# renpve the ether,

solid was placed in
| eaving 21 g of reative pol ymer (32% yield). TheéRihydrophllic reactive

pol ymer was placed in a dessicator for storage until use. EXAMPLE 17 This
Exanple illustrates a, fu at enses, coat ed &%H 3 CO-pqQl ymer cont ai ni ng
gl yci dyl net hacr ﬁﬁf@b?%mﬁ%{’l&i%ﬂ%‘fwea‘eﬁwg & (W&‘%%E’Wdi ng to the
present invention. A fumarate | enses (made fromthe material of Exanple 2
above) were received after solvent re %al and extraction. The | enses were
dried before treatnent. The | enses weré'placed in a Branson RF plasma unit
( 13.56MHz) on a tray which elevated the | enses between two el ectrodes and
all owed the flow of gas around the | enses. The plasma unit was evacuat ed of
air until the pressure reached 1.0 tort. Ammonia was introduced into the
chanber at 1.0 tort for 1.0 mnute, and the plasma was ignited at 100 watts
for 20.0 seconds. The flow of ammonia was term nated and but adi ene was
introduced at 0.3 tort for 1.0 mnute. The butadi ene plasma was ignited at
100 watts for 1 mnute. Finally, the butadi ene fl ow was stopped and ammoni a
was reintroduced at 1.0 tort for 1.0 minute. Another ammoni a pl asma was
ignited for 20 seconds at 100 watts. (The amoni a and but adi ene gases were
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The plasma coated | enses were placed into an aqueous sol ution containing a
copol ynmer conposed of gl ycidylinethacrylate and di net hyl acryl arni de ( DVA)
as descri bewopwm7iEBanpl e 14 above The sol uti on of reactiveeqraisporexs24 5.0 g,
0. 0007 nol es) was prepared in 500 mMl of water. Dissolved oxygen was renoved
fromthe solution using a bubbling streamof nitrogen for 15 mnutes. In
the presence of heat, the glycidyl 52 WO 001 71613 net hacrylate wll react

with the am neuﬁfe@é!&lébﬁtfﬁ@fe@&loﬂl&aﬁﬁﬁeﬁl@éﬁﬂi‘&cbﬁﬁl'ﬁn&%&ﬁﬁ&abdlyxh&e amoni a
pl asma t hereby attaching the copolymer to the surface. Twenty | enses were

run through one Non-fimitinge examnles &f ccomprpmers Sisefu) toohe coPlymenzada®dh i n an
oven at 90G,l 3RP kfedmPnRRER W \RhE thERRMEhiIRS defdtive ’po@meénlgeé-% Bowgs. The

above-described procedure can be represented by the follow ng reaction

PCTI US00/ 138edicp! sdayigen dncludgHhose nmesisned r ahowe, Nippefegalily Hdm@ﬂnylwlaméc ~. - 00
N. O O Aut 1&% y eps were
conduct ed Ca}@h%\ig%drlﬁggémchﬁﬁgghﬁ a@%&/ﬁ%ﬁg@aaﬁa |gs%%ésld% Tabl e
13 bel ow. @omohbrhits areSdiscldsed in E.Hspﬁnﬂ?atentﬁutﬁi&ahon\ﬂ)?%lﬂi&dlmhﬁ af 3

PCT/ US00/ 13 C t r ol wean@s. 17 75,710. 8S 60. 3After

Pl asnaneané’isl“é@[‘ﬁgc%%%fe engs:. S%F?eé"rb ﬂﬁ‘ﬁﬁhy]ﬁfrﬁgﬁﬂ% 15, ¥5ed388 81 490C -
Ant er i or SDGofhbneiflerdfh) ofdléf foGinpatt Iiibphilatityedhé dopblyfeB.7. 41. 790C -

Ant eriorSD1. 71. 80. 70. 9After (16 hours at nean?3.017. 47, 81. 890C -

Ant er i or SD1. 20. 759%h azlagtons-functionsh sRerPmey) wn e qomqivalerizedsyithy oothes. 30, 3

hour at 90GhERmess A Warid: c%%rbﬂPﬁ&dsE‘dﬂ erebhtadds. 40sifid a RRIAbRiePS similar
90Cnean71. 118. 68. 12. 3Post eri or SD1. 50. 0.31 hours at

90CTean70. FEwtisity emiolPotelee] & suigctene, menamer il wsedlained mrslesgcqpplymer.
0.88.81.9 P%ét@rﬁﬁﬂngpof PeaéﬂmtytranQ forQo;%Lymenzatlon are disclosed in Odian, Principles

of Polymerization, 2nd Ed., John Wiley & Sons, p. 425-430 (1981), the disclosure of
which is incorporated by reference herein. Alternatively, use of a comonomer having a
higher reactivity to that of an azlactone will tend to result in a block copolymer chain
with a higher concentration of azlactone-functionality near the terminus of the chain.

Although not as preferred as monomers, azlactone-functional prepolymers or
oligomers having at least one free-radically polymerizable site can also be utilized for
providing azlactone-functionality in the hydrophilic reactive polymer according to the
present invention. Azlactone-functional oligomers, for example, are prepared by free
radical polymerization of azlactone monomers, optionally with comonomers as described
in U.S. Patent Nos. 4,378,411 and 4,695,608, incorporated by reference herein. Non-
limiting examples of azlactone-functional oligomers and prepolymers are disclosed in
U.S. Pat. Nos. 4,485,236 and 5,081,197 and European Patent Publication 0 392 735, all
incorporated by reference herein.

In another embodiment of the invention, the ring-opening reactive group in the
hydrophilic reactive polymer is an epoxy functionality. The preferred epoxy-functional

monomer is an oxirane-containing monomer such as glycidyl methacrylate, 4-vinyl-1-
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j 0.9 As shown by the results in Table I3 above, the silicon |evel of the
control silicone fumarate |lens surface was 10.8% after plasnma treatnent
was 1.8% aW@O07¥6Er the plasnma treated | ens was coated cd&TASN3FH4 t he

Gw DVA copol yner was from 1. 1-2.3 percent. Thus, the silicon level did not
change nmuch between the plasma process step and the fully processed coated
| ens. However, the carbon |evel, the oxygen level, and the carbon "1 s"
spectra al |cyclobkxend-E2-epindde; onthe ke, hhhbﬂgheﬁesmsmsﬁdﬁhgmpmmmay Bhe oxygen
| evel incr eas d.and.t he carbon Ie ter YJBL was

coat ed ont ¢ E’b?’%?é% SPPRUERTRYs &y §‘g‘“e{¥*ﬁ %B‘ﬁ‘;edm’geﬁ éﬁ‘f oﬁefﬁe DVA
has | ess nmua{ascbafaﬂmoﬁewhmecrgxugen t han an amoni a pI asma-treated carbon
surface. The anterior XPS daég Were ui val ent exce&t for the au ocl aved

sanpl es. The autanotics#spesh ok theipres léer‘HP'E’r‘E?&é‘ﬁ CORRIYBSLS JEAISFOSRA 2% s s
car bon Whi Clasided dbfiR, WifthaRbé BeenCfousd B g@ageﬁwer k&aRk a@;shcfamsswutﬂ@ce

(i.e., a thicker coati ng or better coverage). WO ooni 6
PCT/ US00/ 13%pdlymensicprprireabowtSdo 5@ perpens pf mﬁ@nmmnﬂwew%@m ﬁwpmmﬂbm a

pl asma-tre éi'%?é'd t e/ DVA
copol yner, ar%gﬁgl ?/in%*ru%g%%gs #10?“ %‘égﬁ, g@%@‘é’*ﬁ%ﬁ%é@%@*{‘kﬁ“%ﬁ?ms 50
E, un2. The d¢oopiingapbnonteatiand S0ctofiScudle perdent of frapeméricawdts idered fiomfaope with a
025050pm ve| . T 0 resu fr t he oat i ng
expandi ng iR :ﬁg? g’?&%@ﬁ#&&% Q‘T(\a)%’réeﬂdp éﬁa?‘% %ﬁ%)m%ggt?éﬁn%tgs sgﬁrg’shom in
Tabl e 14 behauvnes TAIﬁbE(al]é{leQHb)qOﬁlahimi)ilﬁes methacrylic acid or hydroxyalkyl

hour sAnt . Post, An Post I\/ba 310.0Sd1, 59. 91. 04 hoursl

hour Ant . Pos’PqB(’rﬁ"El éliqi éixlen%wrp%éa‘é’z? cgrhony ﬁtﬂTn&a'tA‘Ed by the
XPS data ( %citwmes&bolyﬂleishﬁrtﬂé}%ﬁlpﬁﬁhk ©.51t6, 35@&&:& BEmaAdréricQinitand
posterior had a simlar RVS roughness. The edge or center sanples were not

di sassoci atd#ved, fopy Bydrophepicmapomeny meg\psovide disperipd @olymEL AREPegalepnin

roughness. éoﬂm%f?%Ar&&'t@ﬂm@fdehh&e@%ser%%n&d ~marate |enses was coated
with a carbon coating DVA copol ymer as shown b XPS and

AFM anal ysi s. mnylyénonh;hc msa'infq m%xmc@mremhoétq gili¢ann snegicak druicpy W
[ ti t f
under st ood SeRisP 1oy 14 fade oy, enfinat AfpleeA M?@Fﬁ%ﬁegﬁreg’é@‘e?ﬁé@%??oﬁrian

be practi celdnses ferapplivatiorasf therpe¢sentsipesntibn cal beymemeaatirkd emplofing various
conventional techniques, to yield a shaped article having the desired posterior and

anterior lens surfaces. Spincasting methods are disclosed in U.S. Patent Nos. 3,408,429
and 3,660,545; preferred static casting methods are disclosed in U.S. Patent Nos.
4,113,224 and 4,197,266. Curing of the monomeric mixture is often followed by a
machining operation in order to provide a contact lens having a desired final
configuration. As an example, U.S. Patent No. 4,555,732 discloses a process in which an
excess of a monomeric mixture is cured by spincasting in a mold to form a shaped article
having an anterior lens surface and a relatively large thickness. The posterior surface of
the cured spincast article is subsequently lathe cut to provide a contact lens having the
desired thickness and posterior lens surface. Further machining operations may follow
the lathe cutting of the lens surface, for example, edge-finishing operations.

After producing a lens having the desired final shape, it is desirable to remove
residual solvent from the lens before edge-finishing operations. This is because,

typically, an organic diluent is included in the initial monomeric mixture in order to
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WO 001 71613 CLAI M5 PCT1US00/ 13524 1. A nethod for treating the surface of a
silicone nedical device conprising the follow ng steps: (a) subjecting the
surface of wbeoiierss to a pl asma- pol yneri zati on reacti on iFCTAUS00/13524

hydr ocar bon- cont ai ni ng at nosphere to forma pol yneric carbonaceous |ayer on
the surface on the lens having a thiclrness of 50 to 500 Angstrons; (b)
formng reactive functionalities on the surface of the carbonaceous | ayer,

and (c) expasfinise %ﬂa&; Sephrlaf6it oLpolimeized Produbts Provated byopblptheriationdsORei | i ¢
reactive pol ynmer having conplenentary reactive functionalities along the
pol ymer chatonomgrie majaturg gn¢ 39 Jower the Blasrd transitions tamperae tqfythe reacting

functi onal it . %1‘5{&& . g@iwf ] | atible

surface on p%)he SI9| | coné%ﬁiﬁegfcai dg)\?iécg*%?ﬁ[?%g{ met o@gggfsggflgi m ,8 erein

t he nmedi calresulty irc e moge aniforly polymenredaprodice n Sufficient unifomity aof thkeinitigd. 3. The
met hod of claim1l erej he .nmedi.cal _devj ce i.s ilicone dr.ogel ,

Cont s nuous e mikte 3o ¢ BTt eR pudtobd &8 ot BadlieRlet SRR HE! 1 or o
to step (ahydioBés, prifdrilys dseitdj e imtusion ¢f silicdaEBordifing @adnomets wikch fhay ove

adhesi on of the carbopaceous | ayer onto the surface qof the silicope nmedical
devi ce. S, tddo O the lydraphilic,gRmPRYRET, Sutisle argare HeRis BSIRARY OF onpr i ses

oxi dati on Qkarhple, Sehbi/deic ValkdhoR, Riith _Q%fm QfirafRhM €@ OflipRhti AbnORYAREZi NY
gas. 6. The nethod of claimb5, wherein the plasna pretreatnent i's conducted
at | 0 to 2hOBolswasttls af orheaanopé rand ch-winarol t einpOespecialtyepreferred; giolsswh esof 0. 1

to 1.0 torr 6 .00J.74613 PCTNS00/ 13524 7. T t hod of cl ai.m, 5,

wherein th ?eggﬁa'\é\g' @Pb@étsr‘fﬁ%hfs ig{s}l%g?ﬂﬁ(f e cPr‘?sﬁcﬂﬁ?ﬁegxc(?Lmoﬁ?%yﬁg or

ni t rogen- c et Ketdifs afublo wphaéthyl ebytpkdtoe) GsRrsgarchsal gethel lefémeatagﬁ Saa; t g Pe
a .

of anbient air, oxygen gas, a ni,a,  hydrogen peroxide )

8. The met Hweroevbmsév% &5 tolggs P ITEFIMY. ﬁh%@%ﬂ?b_@ﬁmﬁ spEficietly vaigtieiten of
step (b) | saGRA@UERAYA it aldRAPHEEE b? cyzf@;okaiioﬁgu laY AER AN Preddtivd. NJ
between 1 to 10 carbon atons. 9. The nethod of claim8,wherein the

hydr ocar borfaengelly.the gikuent és iseludadesti fivieto £ BerRgRt iby aveisht of themensaeriat ons.
mixture, with ten to fifty percent by weight being especially preferred.

The cured lens is then subjected to solvent removal, which can be accomplished
by evaporation at or near ambient pressure or under vacuum. An elevated temperature
can be employed to shorten the time necessary to evaporate the diluent. The time,
temperature and pressure conditions for the solvent removal step will vary depending on
such factors as the volatility of the diluent and the specific monomeric components, as
can be readily determined by one skilled in the art. According to a preferred
embodiment, the temperature employed in the removal step is preferably at least 50°C,
for example, 60 to 80 °C. A series of heating cycles in a linear oven under inert gas or
vacuum may be used to optimize the efficiency of the solvent removal. The cured article
after the diluent removal step should contain no more than twenty percent by weight of
diluent, preferably no more than five percent by weight or less.

Following removal of the organic diluent, the lens is next subjected to mold
release and optional machining operations. The machining step includes, for example,
buffing or polishing a lens edge and/or surface. Generally, such machining processes
may be performed before or after the article is released from a mold part. Preferably, the
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10. The method of claim9, wherein the hydrocarbons conprise at |east one
of butane, isoprene, isobutylene, and 1, 3-butadiene. 11. The nethod of
claim1, wh¥Pdp/Aélhe reactive functionalities are forned REI/USPUESH
treatment with a nitrogen-containing gas or gaseous m xture. 12. The met hod
of claim1, wherein the hydrophilic reactive polyner conprises 0 to 99 nole
percent of nononeric units that are derived from non-reactive hydrophilic
nononers. léhs it releaded droaf the lnaldrbyl Bmplokiag eacuutrhisveprersytodift thedgnsifoas 50 t o

95 nol e percent. . of, nonoperi.c units.derived fram non-reactive hydrophilic
mononer s s RBRIECRtier BHER Fls 16 dR SRR R BY Piseps X megiapicnt aerers p A4egREs.

pol y(al kyl gaespoatiih Bagerark ah® placiiLidamBt ¥ kdtfting GuffadR! to RHdbMXie bl Fice or

nmet hacryl ates,and 5 to 50 percent of nonomeric units derived from

conpat i bl e eAgftcholeas mpy then be fugred euFrdnerdst oanasking therofhsridnel the lsts
consisting of | SQreaiAnR dRAANN relPdsAtdcRiifi PRFANGNULL AL isOBfAed 0

monomers, and conbi nations thereof, wherein the alkyl or al ene groups
have 1 to Gudasetsatmentaeordsiy to hopEemy iveatianCH dsodyed 36ove, intludingetheret hod of

claim 13, [ . ' I tl romthe
gr oup cons?@%&%gg%%ﬁ%g%% qﬂrr%{‘ h%géxgﬁrgtlé?é?ﬁ'gp 3? ?gshgsr? y@? %ﬁ%,&g{eﬁgggni C
anhydri de, hyddphiiocepethvempelynecchaimt €. 15. The net hod of claim 12, wherein
the hydrophilic noners are selected fromth rou onsistin f

di met hyl acr yl am EMALEATRRt TR eF a0 4o TRt chl iomes Mpueh B8 HIQK ny)

pylr rol i di nqaesurd,preféiably aeiatiodreqhency aipically, 13:46NElz)) Ame%mdemgw, ithds r eact i ve
pol ymer conprises. 0 to 20 no] e percent nononeric units derjved Exam

hydr ophobi clssBtralfitchareg 5 absqrhe t%ﬁ%sfaﬂfa‘ir']a‘ir‘rlfﬁwﬁwmésr%% thYSJOmYRE {phi | i ¢

pol yner Cogid'shﬁ%tﬁﬁéi&é\kmmesm&bfﬁﬁc&ﬁﬂdt[ﬁs.t he following formula: R3 4
-CR -~ ~(CH2~ O O wherein R3 and R4 independently can be an al kyl group

having 1 to 14 Adiehdritigtionnky adowyeergy| diggharge.oeqilisiengi hegvent evergetic Fehon
atons; an r ' t | : 0 ving 6 to
26 car bon snol Ao Rl Haghe doebiné KRaRinTions ot Rep i il 2

nonper oxi diradicals. oSucR3pesird, ¢uee forned, dapgeachwith thiemiselvésdn therdas phase aswwelth t hey

oL 0 e 3 A BRGSO I b g g, 7
conpri ses tehergy degendenn procesd involvifig energelit gasemolecuiesn dHoe clendcaipeactonsgo t he
fronomer: Eptzrlkeesp?aréte %td thlé) gu.r%arc]ee optgg e%glong 823'551 Lhae :reqllq,l%eg splgcjieg(cﬁcxsncﬁllor%olecule)
in terms of charge state and particle energy. Radio frequency plasmas generally produce
a distribution of energetic species. Typically, the “particle energy” refers to the average
of the so-called Boltzman-style distribution of energy for the energetic species. In a low-
density plasma, the electron energy distribution can be related by the ratio of the electric
field strength sustaining the plasma to the discharge pressure (E/p). The plasma power
density P is a function of the wattage, pressure, flow rates of gases, etc., as will be
appreciated by the skilled artisan. Background information on plasma technology,
hereby incorporated by reference, includes the following: A. T. Bell, Proc. Intl, Conf.
Phenom. Ioniz. Gases, “Chemical Reaction in Nonequilibrium Plasmas™, 19-33 (1977);
J. M. Tibbitt, R. Jensen, A. T. Bell, M. Shen, Macromolecules, “4 Model for the Kinetics
of Plasma Polymerization”, 3, 648-653 (1977); J. M. Tibbitt, M. Shen, A. T. Bell, I.

Macromol. Sci.-Chem., “Structural Characterization of Plasma-Polymerized
Hydrocarbons”, A10, 1623-1648 (1976); C. P. Ho, H. Yasuda, J. Biomed, Mater. Res.,
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WO 00t 71613 PCT/ US00/ 13524 where R 1 and R2 i ndependently denote a hydrogen
atomor a l'ower alkyl radical with one to six carbon atons, and R3 and R4

i ndependent WP 0dgtétt e al kyl radicals with one to six car hoPCTHWHESH a
cycloal kyl radicals with 5 or 6 carbon atons. 19. The nethod of claim 18,
wherein the nononer is selected fromthe group consisting of

2-Vvinyl -4, 4-di net hyl - 2- oxazol i n- 5- one;

2- 1 sopr opent\Uladthih ehating oy [plddme odimen -df -nianieine prpsapmomnwﬁée of silicone

20, “Tho. met 6% eSS o2 SIRSSDi (ORNb. Hockhteodioy e 7 <Blbp ko Fhva

sol ution cowméirbbblegules | ‘TassmaONPohpdriepionl i 6f r esaﬁwzw midymmatzrlmﬂhe
method of claim1, wherein the carbon | ayer is sub& ected to a plasm

treat nent viydroosrpns”, So A28 H97hnFokt Shen % Bateny Nog 43142,94% Marghh &3, net hod
of claim1l ar | . 1000
watts for aéggrllgd&s jaggmstag cfm‘%%l%éﬁ% ?gg@i&%zgé&gggg?gﬁ%% &1801 to 5
torn. 23. AHsiYesulenH. G dVamh, Nb\@.cBumgm'hudT*thamhgfdrbmf Appl. Polyf Scia,

wherei n sai urface co | ses a Car bon e n,the syrface of
t he nedi cal qb \Wegéanoé'nﬂ’p%fa'ﬁc GCo(m i m g'Fe“%,ﬁal %g a “éc(}:'ﬁrgﬁ tclll)&t he

car bonaceou,&;cebw:envzmmﬂiaﬂCb#bmzpmbm’,ggr,)m%tzsa&tﬂma)‘. are the result of the
reaction of co reactiv alities i ri s al ong
e hydr ophi |1 c SO Mo AL Rrevib etk i e B GHatR or<BalRRY. dhoeftinaceous
| ayer. 24. &ia@glﬂgs@r@aﬁe df¥ i dikh@fe bRbibR Ihe Meroelpmhﬁemamﬂbmh dif\Wece is a
silicone contact | ens or an ipntraocul ar |ens. WO Q0171613

PCT/ US00/ 134igrstegd. Fheratg-ganerally decrgases aéﬁhecl?faﬁsmez%mc el AuS ALPIRISHTCC

device IS ainglehdel MRSakbY AF PG the r&mﬂtﬂéjélb'@tm‘!‘ﬁﬁﬂ skr&{pth suflininbRe ?ﬁﬂﬁ&@l devi ce
of claim 23, wherein the hydroph| i c polyner chal ns attached to the nedical
devi ce are thh@ay pessure deicreabrs and £auSEHA dgeredss de yaeneverage eleetrongenseyni Thy
reactive f UGl NGl Ll didrgfOHOMRT bhuslh [SaRbGH th WCrlly BicRlch 1o dieact i ve
polyrncrs wth said reactrve functionalities on or near e surface of the
medi cal devele@ton—iﬂolec‘ﬁha:oﬂmchnqabcems'l Adfugher cbrsequed sy oﬁ/dmsneraase ummc#synbr oph| lic

I h 10 of h
Peatt ed r oattt) Y HER R Fort 4 aRir i 100 R OTE A L SRE BHR NG | ¢

units that aroﬁlddaemllmedrélmmiisliﬁpbemeacéleotmnldyﬁitpphﬂ pdwernononers. 28. The
nedi cal device of claim 23, erein the re functlonalltles are
derived from noriﬁﬁwgceeﬁ‘?ﬂmﬂﬁg “E?r?@rfg"re‘tr“ﬁﬂ W&tl}e&’l%wlﬁ&“lgﬁd&ﬁs:

glycidyl, aghaGli@he an LRAGY FNAY ﬁschafgd rédetibh aékBél q&.5 98 vacuum chamber). Such

reaction vessels are commercially available. The lenses may be supported within the

vessel on an aluminum tray (which acts as an electrode) or with other support devices
designed to adjust the position of the lenses. The use of a specialized support devices
which permit the surface treatment of both sides of a lens are known in the art and may
be used in the present invention.

Subsequent to the plasma processing of the lens, the carbon coated lens are
immersed in a solution containing the hydrophilic reactive polymers, as mentioned
above. The Examples below provide the Applicants’ best mode for forming the coating
on a silicone lens or other medical device.

Subsequent to surface treatment, the lens may be subjected to extraction to
remove residuals in the lenses. Generally, in the manufacture of contact lenses, some of

the monomer mix is not fully polymerized. The incompletely polymerized material from
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29. The nedical device of claim 23, wherein the hydrophilic nononeric units
are derived from nononers selected fromthe group consisting of

acryl am desWaM€idds, pol y(all cyl eneoxy) net hacryl ates, neRGFAWYIISE aci d or
hydr oxyal kyl nethacrylates . 30. The nedi cal device of claim 23, wherein

t he hydrophilic polynmer chains conprise noieties along the chain having the
followng formula: R3 R4 O N~-CH-O ~H O wherein R3 and R4 independently can
be an al kyl thgrmlpndrizationgprocess miny affecbopticak clasity o rogycbo hkimfll tr haEybavi ng 3
to 14 carbog atons;  an, aryl. group,having 5.t.0 12 rj tons;. an _arenyl
group havi nge%&'{ag%%m@la%g ﬁn‘%‘fd%n@ }Vegtﬁdwg epiely rﬁ‘@?‘éeldglg't T ‘@?uécsf)gvﬁ&f rom S,
N, 60 WO fiokdicoharalibi], bhieaélédlmbioinaan ffom Ao efiic Enikturepbliddmesydestlt t aken
together with the carbon to whjch they are joined cap,. forma carbocyclic
ring contai Bl Ry PROGES 130m | e, DAlYEFEZAtoN PTRCeSS Of eeR Sgisivet) A maY BV The

nmedi cal devhfgated BoMtRePmoldt8édab Fori ¥l tielr ophi | i ¢ pol ymer chai ns conpri ses
noi eties along the chain reEresented by the general formula: R3 R4 OCH O

where R3 and R4 ¢ gdsterrytactsuply msisyalmatensls fomathe palymerzedy |

radi cal wit e ;&}&g&‘ qg‘e% enot e

al kyl radi cg?ng&smk{nﬁ“gdlr%mfgllégiggecar on“gt?%ﬁs%c??&gsoﬁlg oal gf}glra |%(§§1’s with 5
or 6 car bonexttagtien of hydrpphwbirertsidudl waterialk follomied y3¢xtxaptiane with waderoffitri | i ¢

pol ymer chaipns atta . . pacgou ay [o€, S f the
reacti on of C& I Xt 8?2’%?“%8% G%é&r;%f CO mp?"ﬁ'si ?IB‘LS( as§ﬁlga°ffi ?‘gs{l? qr?%}@r o%‘f’t?olnc

reacti ve pobolution fedwinmin the pclymerc fietwaorki afitied palymeeaized) contaedlens matetial] 4l al ong

t he hydrophi.li ol ynmer onp) ement ary. eacgtive functionalitjes on the
car bonaceou§h°|“gﬂ/§7 e%tfﬁfeﬁi ?Cimﬁ&{ﬁ ﬁ%ﬁﬁ?m{r@j %gfogeeﬁmgr}an%wy Bh"f’?"f‘c,safe 2 ve

pol ymer haviagfortblilploarBaiepd. Ef@dctiby of thenglbdhon abint the Sens tah barachitwd®yl ve Wit h
the first hydrogﬁ?ji L c?‘{)eactfj ve poJyner._ 33.. The nﬁagl cal device of claim32,
wher ei n t he®PPIP¥INg Realedse forseveralhiqurse Exyactinn showld be ey 1¢ RS Rral

pol ymer andghbe ik8mplett duactRRdE tdsiiukleRténal GoRQtnsBPinay sontiibutCddderdinfet | onal
pol ymer, either sinultaneously or sequentially applied to the substrate to

be coated. e usefpidifoof the ks {%Qmﬁlimaﬂmpaw%@smeﬁ@wcwdm{afoaf clai m
24, wher el ny} Q&ﬁ%@.ﬁggﬁﬁgﬁwm or 3 a%&&%ﬁ%&%y%ﬁhum“%@ﬁnsum ts

t hat have been co aci roups near
surface. It is important that the selected extraction solution in no way adversely affects

the optical clarity of the lens, Optical clarity is subjectively understood to be the level of
clarity observed when the lens is visually inspected.

Subsequent to extraction, the lens is subjected to hydration in which the lens is
fully hydrated with water, buffered saline, or the like. When the lens is ultimately fully
hydrated (wherein the lens typically may expand by 10 to about 20 percent or more), the
coating remains intact and bound to the lens, providing a durable, hydrophilic coating
which has been found to be resistant to delamination.

Following hydration, the lens may undergo cosmetic inspection wherein trained
inspectors inspect the contact lenses for clarity and the absence of defects such as holes,
particles, bubbles, nicks, tears. Inspection is preferably at 10X magnification. After the
lens has passed the steps of cosmetic inspection, the lens is ready for packaging, whether
in a vial, plastic blister package, or other container for maintaining the lens in a sterile
condition for the consumer. Finally, the packaged lens is subjected to sterilization, which

sterilization may be accomplished in a conventional autoclave, preferably under an air
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the surface. 35. A non-crosslinked copol yner conprising 5 to 50 percent of
nmononeric units derived fromfunctionally reactive nononers selected from
the group c¥Ag¥Ebing of epoxy, azl actone, and anhydri de CROTYEH01ISY
nononers, and 50 to 95 nole percent of nononeric units derived from
non-reactive hydrophilic nononmers selected fromthe group consisting of
acryl am des, | actones, poly(al kyl eneoxyhnethacryl ates, nethacrylic acid or
hydr oxyal kygresswizZation mblatzaﬁon/\b;eteehdméﬁm welfdrell toas al diybieme ngxtorexyclaaase 1 to 6
carbon atons, 36. A non-cross]inked Cf}f)rr g&r co |s| ng 5 to 50 percent of

mononer i ¢ utkhe aperesiated by the ‘i‘lé‘?‘?% 003 E1R29Ed from

the group C@wasgeﬁea 08110 &P P2V mirfdéds 2 HoABRing %&ﬁlx%@ﬂ%& #s QRNENSIoR o the
nmononers, 50 t 5 nmol e Bercent of m)nornerl c units derived from

non-r eact i vateriligett lopses max bereheckaskpsios b9 stereged from t he group consi sting of
acrylam des, la t acid or
hydr oxyal kyl ﬁbg%ﬁ?g%gg%gxtE?@%%ﬁ%ﬁ%ﬁl &angnokeqﬁiéionﬁm

derived f roeminptés,dmhﬁblpanmhonmeaalsmhémomtst thereaf degiteddn mlsé(y:tmlplesgsoups
have 1 to 6 rbo ato The co f cl 5 ar, 3 rein the
azl act one h‘?;élfj1 £he °5I‘i°8 ﬂ‘& £ ﬁu‘f‘ﬁs %E&X%e"ﬂi% g‘ﬁ%ﬁvﬁ% 'F@“}Pélﬁlgﬁdtgﬁz

i ndependentinyentiefiot € a hydrogen atomor a |ower alkyl radical with one to
si x carbon atons, and R3 and R4 independently denote al kyl radicals with
one to six carbon atons or a cycl oal kﬁ%@ls with 5 or 6 carbon atons.

62 WO 001 71613 PCT/ US00113524 38. T mer of clainms 35 or 36
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sel ected fromthg—or Oup T ﬁéﬂtng of g et ”i"a{rt We ptue—_ _
N-vi nyl pyrrol i dorfes—drTe V. 5 ations thereof,
and 5 to 40 nol e [percent e dyt—methaerytate S
4-vi nyI CyC| ohexyl =4 Zcpu;v BE- A—The— pU: yTret s.u etarms—35{or 36,
co P QL ] Aads e H +1 daci o £ . o
rrprl SI ng 20 tO g J nmur © CITL LILJ LAY AL I I \o3 ulll |9 \¥ | mveoeu LI Uln rmnorrers
sel ect ed from t hg—gretp—eonsrstrg—of—d-rety—aeryam-de;
N-vi nyl pyrrol i dorf c? e ;E%.q?m&lcry'ﬁm dd—rRororRE—aRd—eorbi-Aat i ons t her eof
and 5 to 40 nol e |perecent ,H.qq"fi —ret-hderHate
4-vi nyl cycl ohexylt—d2tpox @’é‘,’mand—g—t-e— & cent—octafd uor opent yl

net hacryl ate. 63 . A3e. A A9 A AR A A LA DA A A A LA A A& A& AS9. A A& A
. A& A& A. AN. A9. H‘hﬁlfolfhw%g rﬁaterials are designated above:

TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbamate

NVP N-vinyl pyrrolidone

VaDgs a silicone-containing vinyl carbonate as previously
described in U.S. Patent No. 5,534,604,

VINAL N-vinyloxycarbonyl alanine

Darocur Darocur-1173, a UV initiator

tint agent 1,4-bis[4-(2-methacryloxyethyl)phenylamino]

anthraquinone
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i }xrmhc] XSl g] ca] ca cafeedeateavteatttal cal cal c*aV] ca
c;\/] ca]l La\/] g!’i] c!a] cg]l'ﬂmﬁﬁg] cal ca] cai%’éﬁ'wei t Jealcal vieal
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n-Hexanol 12
Irgacure-819 0.5
IMVT 150 ppm
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cal cal cal ca ca] caySa) cal caoapeRdhiRy YRR SoEBAERI 7 ROE D) T R o7 o

109%&' () - 1096 ()BM)GG 10‘%&'N)1mdnh)&mﬂlm& ()-!S/10%CE& () - $1096% () -

#1098 () -s! 10% ) 10%3&6"9&‘3 "

K) =!',109%& ()-!,t2 't°)°°n tiningorosslinkipgresip as

100/510%& () -) =/ ~ @Floog%v{o)lsl 9 Eddofibed 10 U-.S. PatedNos. 5,374,662

10710%&' ()-! S9! 109& ()- S9! 109%& /' re[ PE: 10G 10G

10Q 7s10%3& () -! 1 10943G& ( fud 5169)%%?1() | F10%&' ()-!F10%GG& ()-: N g $$%a?PE:

1017 10% U U& () -Bard@f%  a UV initiator

IMVT a tint agent, namely 1,4-bis[4-(2-
methacryloxyethyl) phenylamino] anthraquinone

-
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el
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Ug ()-!Y10% U U& ()-nf10% U& ()-310% U& ()-g 10% W& ()- % CDE F R x' '~ @
10! 1 &g10%GR () - GL0%GE () - &GLOUGE' ()- 10 U 10 U 10 U 710% U& ()-!*10% U

U& ()-F ''. WOOTISIAE: /| 10G 10Q 7S10%G& () - * 10%C& () - @ 10YPEIPSUISSIUCE, () - Y
10%68 ()-Y - 109%& ()-.../IFI S ZITP./16

| 1t 1000B0B& ()- 11011t 10%& ()- a |lt10%e& ()- 111t 10%A& ()-"1f109B& ()-F
1098& ()- 10GZ/c/z/// OOdE. /16 I1t10%B010%BE ()- - 109B& ()- 109B& ()-
10988 ()- @OYB& ()- 109B& ()-00l Ov001hlaB. /! 6 |1t 10% $109B& ()- " 109B& ()-
& 109B& ()- 3109B& ()- &109B& ()-! EXAMPLE4 hlqllc222>3dE./!6

| 1t10% / 109B& ()This 1@¥@éple) -ifdURE (the ( 3HR8is()ofy a prepolymer of N,N-

T109B& () - %09YB&' () - >334444445hC1 6 11t 10% 10%6&" () - ., GLOY%L () -
0 dimethylam('y)lamide that is usedcl;n making a Igacromonm(n)er for eventual u(m)a in the

reactive hydrophilic polymer, which prepolymer is made according to the following

reaction scheme.

o

AIBN
OH
\)\\ o+ Hs” —
\ THF
CH,
— C\HS T
N—CH,
¢
NS\ H
HO

- — 48

Reagents DMA (200 g, 2.0 moles), mercaptoethanol (3.2 g, 0.041 moles), AIBN
(Vazo-64) in the amount 3.3 g, 0.02 moles, and tetrahydrofuran (1,000 ml) were
combined in a two liter round-bottom flask fitted with a magnetic stirrer, condenser,
thermal controller, and nitrogen inlet. Nitrogen gas was bubbled through the solution for
one-half hour. The temperature was increased to 60°C for 72 hours under a passive
blanket of nitrogen. The polymer was precipitated from the reaction mixture with 20
liters of ethyl ether (171.4 g of polymer was isolated). A sample submitted for SEC (size
exclusion chromatography) analysis gave Mn = 3711, Mw = 7493 and Pd = 2.02,
wherein Pd is the polydispersity based on styrene standards.
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10B 10B 10B37s109B& () -3109B& ()-g, 0109B& () -g56778$88a?bCl 6 |1110! @
1096GR () - 1096G& () - YI09G& () - 109G& () - 109G& ()-! 109%GG& () -
8999: 0: 2: 3: WOARIGI310GF710%C8 () - ! ZP~/ 109%55& ()- ) FLO%GS KOWUSOYBEB/GE () - g

C10%6& () - @ 109G ()-3:4:5 A0 X ;! 10% h& ()- 10% h& ()- 10%
h& ()-!S10% h& ()-10% h& ()-F10% h& ()- 10G 10G ; H; ;;;;;aBnV! 10% MLO%
h&'()-lO%h&'()-!@lO%h h& () - FLlO%h&'() z 10%h&'() 3 10% h& () -;
J<q<<=Q=u=dEnN'! 10% ' S10% h& () - - 10% & ()- 10% h& ()-Y 10%

h& ()- 10% h&' () u=========hC| 00t gee () 3100 18 ()b, 49,0 10
h7°10% h& ()-*1 S@ﬂviplelilmeﬁ@e(syn_ﬁe?ﬁ_ acgosomer of GMA using the polymer

of Example 4 which macromonomer is used to make the hydrophilic reactive polymers of
Examples 6 and 8 below, which macromonomer (or “macromer”) is made according

to the following reaction scheme:

[CH;(CH,),,CO,ISN[(CH,)sCH3l,

THF
BHT

The polymer from Example 4 (150 g, 0.03 moles), isocyanatoethylmethacrylate (IEM,
5.6 g, 0.036 moles), dibutyltindilaurate (0.23 g, 3.6 x107 moles), tetrahydrofuran (THF,
1,000 ml) and 2,6-di-tert-butyl-4-methyl phenol (BHT, 0.002 g, 9x10" ® moles) were
combined under a nitrogen blanket. The mixture was heated to 35°C with good stirring
for seven hours. Heating was stopped, and the mixture was allowed to stir under
nitrogen overnight. Several ml of methanol were added to react with any remaining IEM.
The macromonomer was then collected after precipitation from a large volume (16 liters)
of ethyl ether. The solid was dried under house vacuum (yield 115 g). Size exclusion
chromatography of the polymer verses polystyrene standards gave the following results:
Mn = 2249, Mw = 2994 and Pd = 1.33.
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910% h& ()-!1Y10% & ()-!y 109%h& ()-m Oy 109& ()-ny 10% & ()-m f 10%
h& ()->, ??2?2?2+@8} ~?bCl &10% h& ()- 3940% h& ()-!3 S10909& ()-!3 S10% h
h& ()-L10% W@ WF161309% h& () - ByBBCcCeCf CChCAYNC! 10 h 10PET/USI0KISIAS 109%
h& ()-410% h& ()-310% h& ()-110% h& ()- /10% h& () - hCC3FZGH+ XL} [ <YNC!
“$10%4| & ()-110% | & ()-!10%4| 4] & ()-! 10%4| 4] & () - 10%4| & () -

1094 & () - XL[ L\ L] LALj LyLL(PbCl 109%4| & () -

10%4| & ()-!gl0%| & ()-Z10%| & ()- 1EXAMPIEG6104|S 710%| & () - (PzPP

S1098| & () - @ Re robl S NS e rpoaP At NGV Gy v Bt (-

$S10%}| & () wWhichShal b&' (3ed 10%E @) cyiﬂngUhMng_t@ the present invention.

109 & () - JD%&% LA (b‘f\‘/[ﬂ in e ahbi: 64 i6 %?o 614 mole), vinyl-4,4-dimethyl-2-
oxazolin-5-one (VDMO) in the amount of 2 g (0.0144 mole), dimethylacrylamide
macromer (DMA-mac) as prepared in Example 5, in the amount of 2 g (0.0004 mole),
and 200 ml of toluene were placed in a 500-ml round-bottom flask equipped with a
magnetic stirrer, condenser, argon blanket, and temperature controller. The solution was
de-aerated with argon for 30 min, and then 0.029 g (0.1 mole%) of VAZ0-64 was added
and the reaction heated to 60°C for 50 hrs. After the reaction was complete (monitored
by FTIR), the solution was slowly added to 2500 mil of ethyl ether to precipitate the
polymer. After the addition was complete, the mixture was stirred 10 min, allowed to
settle 10 min, and filtered. The precipitate was dried under house vacuum at 30-35°C
overnight. The dried polymer was sampled for analysis by gel permeation
chromatography, bottled, and stored in a desiccator.

EXAMPLE 7
This example illustrates the synthesis of the reactive co-polymer involving a 80/20
weight ratio of DMA/VDMO monomers employing the ingredients in Table 4 below:

TABLE 4
Reagents Amount Used Moles
Dimethylacrylamide 16 g 0.1614
Vinyl-4,4-dimethyl-2-oxazolin-5-one |4 g 0.0288
VAZO-64 initiator 0.031 g 19x10*
Toluene 200 ml. -

All ingredients except VAZO-64 were placed in a 500-ml round-bottom flask

equipped with a magnetic stirrer, condenser, argon blanket, and thermo-controller. The
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above was de-aerated with argon for 30 min After VAZO-64 was added, the solution was

heated to 60°C and maintained for 50 hrs. After the reaction was complete (monitored by

FTIR), the solution was slowly added to 2500 m of diethyl ether to precipitate the

polymer. The mixture was stirred 10 min., allowed to settle 10 min, and filtered. The

precipitate was dried under vacuum at 30-35°C overnight and the molecular weight

determined to be Mn = 19448, Mw = 43548 and Pd = 2.25.

EXAMPLE §

This example illustrates a contact lens coated according to the present invention,
wherein fumarate lenses (Example 3 above) were coated with a polymer containing
dimethylacrylamide (DMA) and vinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO). As
described below, the fumarate was plasma treated (ammonia/butadiene/ammonia) and the
amine formed on the carbon-coated fumarate lens surface reacted with the VDMO-
containg polymer via a ring-opening mechanism.

Fully extracted, dry fumarate lenses were placed in a Branson RF plasma unit
(13.56 MHz) on a tray which elevated the lenses between two electrodes and allowed the
flow of gas around the lenses. The plasma unit was evacuated until the pressure reached
1.0 torr. Ammonia was introduced into the chamber at 1.0 torr for 1.0 minute, and the
plasma was ignited at 100 watts for 20.0 seconds. After a 20-second ammonia plasma,
the flow of ammonia was terminated and butadiene was introduced at 0.3 torr for 1.0
minute. The butadiene plasma was ignited at 100 watts for 30 seconds. Finally, the
butadiene flow was stopped and ammonia was reintroduced at 1.0 torr for 1.0 minute.
Another ammonia plasma was ignited for 20 seconds at 100 watts. The plasma-coated
lenses were placed into an 1.0% (w/v) anhydrous acetonitrile solution of DMA/VDMO
polymer overnight. The lenses were then equilibrated in HPLC grade water, heated to
80°C, cooled, placed in buffer borate and autoclaved (1 cycle - 30 minutes at 121°C).

The lenses at each step of the process were analyzed by X-ray Photoelectron
Spectroscopy (XPS). The XPS data is obtained on a Physical Electronics [PHI] Model
5600. This instrument utilized a monochromatized Al anode operated at 300 watts, 15

kV and 20 milliamps. The base pressure of this instrument was 2.0 X 10-10 torr while
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| S109B&' () - faimbif@aigle) of AFOWBKT4A. - Each specimen would be analyzed ut111zing alow

resolution survey spectra [0-1100 eV] to identify the elements present on the sample
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surface [10-100 A]. High resolution spectra would be obtained on those elements
detected from the low resolution survey scans. The elemental composition would be
determined from the high resolution spectra. All data will be charged referenced to the
carbon (CHx) peak at 285eV. The atomic composition was calculated from the areas
under the photoelectron peaks after sensitizing those areas with the instrumental
transmission function and atomic cross sections for the orbital of interest. Since XPS
does not detect the presence of hydrogen or helium, these elements will not be included
in any calculation of atomic percentages.

The XPS analysis of the control lens received dry after wet processing detected
carbon, oxygen, silicon and nitrogen. The results for the control lens, shown in Table 5

below, were typical for wet-processed fumarate lenses.

TABLE 5
[C] [0} N] iF] [8i] [Na]
Mean 65.8 17.7 5.7 0.0 10.8 0.0
Sd 03 0.2 0.6 0.0 0.3 0.0

Lenses received dry after wet processing were ammonia plasma-treated for 20.0
seconds, at 100 watts and 1.0 torr. The low-resolution spectra detected carbon, oxygen,
silicon and nitrogen, as shown in Table 6 below for the XPS analysis of ammonia
plasma-treated lenses. Compared to the control, nitrogen and oxygen levels increased,
carbon decreased, and silicon remained about the same in this run. Because all the
nitrogen functionalities are unresolvable in the N “1s” unless it is charged, it was difficult

to determine what type of nitrogen was incorporated at the surface.
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IC) [0} IN] [F] [Si) [Na]
Mean 62.0 18.8 9.0 0.0 10.2 0.0
Sd 1.1 0.7 0.8 0.0 0.8 0.0

The XPS low-resolution analysis of the ammonia/butadiene/ammonia
plasma-treated fumarate lenses detected carbon, oxygen, silicon and nitrogen, as shown
in Table 7 belw. The XPS data showed a decrease in silicon and an increase in nitrogen
and carbon, which indicated a nitrogen/carbon containing coating had been applied to the
surface of the silicon-containing fumarate lens material. It was noted that the nitrogen
levels are different between the ammonia plasma-treated fumarate lens surface and the
ammonia-plasma-treated carbon layer with the same plasma conditions. This is believed
to be a good example of treating different surfaces with the same plasma conditions in
which the end result is a different surface. The detection of 2.7% silicon puts the carbon
layer thickness at between 5 and 6 nm.

TABLE 7

i€l [O] [N] [F] [Si] [Na]
Mean | 78.2 7.8 11.5 0.0 2.7 0.0
Sd 23 1.6 1.4 0.0 1.5 0.0

The XPS analysis of the ammonia/butadiene/ammonia plasma-treated fumarate
lens, afier being soaked in a DMA/VDMO polymer from Example 7, is shown in Table 8
below. The low-resolution spectra detected carbon, oxygen, silicon, nitrogen and sodium

for both sample sets.
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TABLE 8

Sample [C1 (10} | IN] {¥l [Si] [Na]
1 mean | 69.7 |19.3 | 7.7 0.0 2.7 0.6

sd 1.8 (0.7 1.1 0.0 0.5 0.5
2 mean |71.2 |18.3 | 7.6 0.0 1.9 1.1
Sd 1.0 |06 |05 0.0 0.4 0.4

The XPS data showed a decrease in silicon and an increase in nitrogen which
indicated a nitrogen-containing coating had been applied to the surface of the
silicon-containing fumarate lens. The XPS Carbon 1s (Cls) spectra had a peak shape
similar to DMA polymer. It would be difficult to tell if the lenses were coated with the
polymer as opposed to the plasma-coated lenses except for the sodium and the carbon 1s
spectra. The sodium appears because any unreacted VDMO in the polymer will ring
open in the presence of water to form acid functionality. In borate buffer, this acid will
complex with sodium revealing the presence of DMA/VDMO polymer at the surface. If
this polymer were completely ring opened and complexed with sodium, there would be
2.4% sodium in the potymer. With about 1.0% sodium at the surface, approximately half
of the VDMO remained unreacted with the surface, This calculation assumed the surface
was all DMA/VDMO polymer.

In summary of the above XPS data, the silicon level at the lens surface for the
control was 10.8%, after plasma treatment was 2.7%, and after the plasma-coated
fumarate was coated with the DMA/VDMO polymer was an average of 2.4 percent. Of
all the fumarate lens surfaces just mentioned, only the DMA/VDMO coated lenses had
1.0% sodium at the surface, associated with the ring-opened VDMO in the hydrophilic
coating polymer. The XPS carbon 1s spectra of the polymer coated lens also revealed
amide and amine functionality, from dimethylacrylamide, at the surface.

Atomic Force Microscopy (AFM) was employed to study the morphology of the
contact lens surfaces. AFM works by measuring nano-scale forces (10” N) between a
sharp probe and atoms on the lens surface. The probe is mounted on a cantilever

substrate. The deflection of the cantilever, measured by a laser detection system, is
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processed to generate height information. While gathering height information, the probe

is rastered in the x-y plane to generate a three dimensional topographical image of the
lens surface. In the optical zone of each lens, three images were sampled on both sides of
the lens.

AFM topographical images of a control lens is shown in FIG. 1. This control lens
was received dry after wet processing and analyzed as received. The Atomic Force
Microscopy (AFM) images were 50 pm? with the anterior (side of the lens) shown on the
left and the posterior shown on the right. The lens surface topography of both surfaces
showed lines replicated from the tool employed (the lines from the tool make the molds
which make the lenses). The anterior also had pits, which may be from the tool or air
bubble caught in the monomer mix. The Root Mean Square (RMS) roughness of the
anterior lens surface was 4.1 nm +/-0.1, and the posterior had an RMS roughness of 4.7
nm +/-0.3. Typical cast mold lenses have an RMS roughness of from 2-25nm. The
AFM images of the hydrophilc-polymer coated fumarate (an ammonia/
butadiene/ammonia plasma-treated fumarate lens soaked in a DMA/VDMO (80%/20%)
polymer, fully processed, is shown in FIG. 2. The AFM images were again 50um’ with
the anterior on the left and the posterior on the right. The images were taken towards the
center of the lens. The topography looks like a control lens with a few features revealing
a coating, and a stress/stretch feature with light vermiculation (wave-like surface with a
0.25-0.50 um wavelength). As the coating becomes thicker, towards the edge, a heavier
vermiculated topography appears. This vermiculated topography results from the carbon
coating expanding in the acetonitrile solvent. The Root Mean Square (RMS) roughness
of the anterior lens surface was 8.0 nm +/-3.4 and of the posterior surface was 5.3 nm +/-
2.2, less than 25 nm as desired.

The water contact-angle of the lenses was measured on the control lens surface
and on a DMA/VDMO polymer coated lens surface (8 measurements). Data from two
other contact lens materials, both commercially available, were also included for
comparison in-the data Table 9 below. The lower the water contact angle, typically the

more wettable or hydrophilic the lens surface.
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TABLE 9
Material Water Contact Angle
Fumarate Lens Control 105
Fumarate DMA/VDMO Coated 30
HEMA (processed) 65
PureVision® Balafilcon Lens 85

In conclusion of the above, the fumarate lenses were successfully coated with a
carbon coating followed by a DMA/VDMO polymer as shown by XPS, AFM and water

contact angle analysis.

EXAMPLE 9

This Example illustrates the preparation of a DMA/DMA-mac/VDMO polymer.
Dimethylacrylamide, 16 g (0.1614 mole), vinyl-4,4-dimethyl-2-oxazolin-S-one 2 g
(0.0144 mole), and 2 g (0.0004 mole) of dimethylacrylamide macromer from Example 5
above, and 200 ml of toluene were placed in a 500-ml round-bottom flask equipped with
a magnetic stirrer, condenser, argon blanket, and temperature controller. The solution
was de-aerated with argon for 30 min Then 0.029 g (0.1 mole%) of VAZO-64 was
added, and the reaction heated to 60°C for 50 hr. After the reaction was complete
(monitored by FTIR), the solution was slowly added to 2500 ml of ethyl ether. After the
addition was complete, the mixture was stirred 10 min, allowed to settle 10 min, and
filtered. The precipitate was dried under house vacuum at 30-35°C overnight. The dried
polymer was sampled for analysis by gel permeation chromatography, bottled and stored

in a desiccator.

EXAMPLE 10
This Example illustrates the preparation of a DMA/PEOMA/VDMO polymer.
Dimethylacrylamide 12 g (0.1211 mole), vinyl-4,4-dimethyl-2-oxazolin-5-one 4 g
(0.0288 mole), PEO methacrylate 1000 in the amount of 4 g (0.0036 mole), and 200 ml
of toluene were placed in a 500-ml round-bottom flask equipped with a magnetic stirrer,
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was dried under house vacuum at 30-35°C overnight. The dried polymer was sampled
for analysis by gel permeation chromatography, bottled and stored in a desiccator.

EXAMPLE 11

This Example illustrates a process for the surface modification of a contact lens
according to the present invention employing a linear DMA/VDMO hydrophilic reactive
polymer of Example 7. Silicone hydrogel lenses made of the formulation of Example 1
(Balafilicon A) above were made, which lens material was cast molded from
polypropylene molds. The Balafilicon A lenses were coated with a copolymer containing
dimethylacrylamide(DMA) and vinyl-4,4-dimethyl-2-oxazolin-5-one(VDMO) as
follows. After solvent removal and extraction, the lenses were dried before treatment.
The lenses were placed in a Branson RF plasma unit (13.56MHz) on a tray which
elevated the lenses between two electrodes and allowed the flow of gas around the lenses.
The plasma unit was evacuated of air until the pressure reached 1.0 torr. Ammonia was
introduced into the chamber at 1.0 torr for 1.0 minute, and the plasma was ignited at 100
watts for 20.0 seconds. The flow of ammonia was terminated and butadiene was
introduced at 0.3 torr for 1.0 minute. The butadiene plasma was ignited at 100 watts for
60 seconds. Finally, the butadiene flow was stopped, and ammonia was reintroduced at
1.0 torr for 1.0 minute. Another ammonia plasma was ignited for 20 seconds at 100
watts. (The ammonia and butadiene gases were used as received from Rochester
Welding Supply and were 99.9+ % pure.)

The plasma coated lenses were placed into an 1.0% (w/v) anhydrous acetonitrile
solution of DMA/VDMO polymer overnight. The anhydrous acetonitrile was used as
received from Aldrich. The lenses were then equilibrated in HPLC grade water, heated
to 80°C, cooled, placed in buffer borate, and autoclaved (1 cycle-30 minutes at 121°C).
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TABLE 10 (Cont.)

[C]1 | [O1 | [Nl | [Si] | [Na]
Coated mean | 71.5 19.0 1.6 0.7 1.2
Anterior Run 1 SD 1.2 0.5 0.9 0.2 0.2
Coated mean | 73.0 18.4 5.6 13 1.7
Posterior Run 1 SD 1.9 1.7 0.8 0.5 0.6
Coated mean | 70.2 19.7 7.4 1.4 1.3
Anterior Run 2 SD 1.7 0.8 0.5 0.5 03
Coated mean | 72.6 18.3 7.0 0.9 1.1
Posterior Run 2 SD 0.6 0.1 0.2 0.2 04

As shown in Table 10, the control lenses, wet processed before plasma treatment,
had a surface elemental composition of 64% carbon, 20% oxygen, 7% nitrogen and 9%
silicon at the surface. Furthermore, the silicon level of the control lens went from 9.4%
to within a range of 0.4 to 3.0% after plasma treatment. When the plasma-coated lens
was coated with the VDMO/DMA copolymer, the silicon level then went to within a
range of from 0.7 to 1.4%. The carbon level and the oxygen level clearly indicate the
coating has been applied. The oxygen level increases and the carbon level decreases after
the copolymer was coated onto the plasma-treated surface. This would be expected since
DMA, which is 80% of the copolymer composition, has less molar carbon and more
oxygen than an ammonia plasma treated carbon surface. The detection of sodium by
XPS also confirms the presence of the DMA/VDMO polymer on fully processed lenses.
The presence of sodium results from an association with an acid group formed from any
VDMO in the polymer chain that did not react with the amine on the surface of the

contact lens.

EXAMPLE 12
This Example illustrates a process for the surface modification of silicone

hydrogel lenses made of the formulation of Example 1 (Balafilicon A) employing a

45



109 ()-JO ~ T86 ;) f10%& ()-k)f ;)f10%& ()-k ;)f10%& ()-k ,

' Z109& () - 109& ()- sWI6 :)f100& ()-k :)f109& ()-kfk :)f109& ()-k

) F 1098 () - YO QOTeEBOR () - k) * X X@f ;) f109%& ()-K ;)f10%& ()PRIUSIPAINBIE () - k
)F109%& ()-Kf*+|[9'H 10% ~/ ~& ()-t , 10% ()-101010 yl 710%& ()- .
y21000GN& ()-g ;) f109& ()-k:{Z9][9 *yl 10%& ()-t yl 109%4& ()-!yl 10%& () -
109& ()- L109%& ()- , 109 ()-t| RES10l 10&109109& ()-: 710%& ()- $109%& () -
"109& ()- TINAMEA(MA/VDRIB(100DER0(WeighE ratioyydedphilic ré:08& folymer0§10%&’ () -

05105, ) SAARYR bhid SRS LR il A AN i, 207 O

fF710%& () -exfrictiof@nd gried bEfBOABeafhent | ThS 16388 Wete plhcelfiya Byakddnl KIF pl&ad D& () - 1

310% () - 3&1&%3.%1\&]215) o?lgélt%g{%hggh-eﬁva% %%q%le&)es- ﬁe!tvb_e%%/gel\e{&oygsl an-allowed
the flow of gas around the lenses. The plasma unit was evacuated until the pressure
reached 0.2 torr, and ammonia was introduced into the chamber. The plasma was ignited
at 450 watts for 60.0 seconds with a flow of 155 sccm. The flow of ammonia was
terminated, and butadiene was introduced for 1.0 minute. The butadiene plasma was
ignited at 325 watts for 60 seconds with a flow 0f 200 sccm. Finally, the butadiene flow
was stopped, and ammonia was reintroduced. Another ammonia plasma was ignited for
60 seconds at 450 watts with a flow rate of 155 sccm. The plasma-coated lenses were
placed into an 1.0% (w/v) anhydrous acetonitrile solution of the DMA macromer
/DMA/VDMO polymer made in Example 6 above. The anhydrous acetonitrile was used
as received from Aldrich. The lenses were then equilibrated in HPLC grade water,
heated to 80°C, cooled, placed in borate buffered solution, and autoclaved (1 cycle for 30
minutes at 121°C).

The lenses were examined before and after plasma by X-ray Photoelectron

Spectroscopy (XPS) using the Physical Electronics [PHI] Model 5600 described in the

previous Example 8. The XPS results for the lenses are shown in Table 11 below.

TABLE 11
O1ls Nis Cls Si2p Nals
Control Mean 17.8 6.9 65.4 9.9
Anterior sd 0.7 0.1 0.3 03
Control mean 17.6 6.6 66.1 9.7
Posterior sd 0.1 0.1 03 0.3
After Plasma mean 82 16.1 73.8 1.8
Anterior sd 0.7 0.3 1.2 0.8
After Plasma mean 8.6 17.8 73.6 0.0
Posterior sd 0.1 0.7 0.7 0.0
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Ols Nis Cis Si2p Nals
Fully Processed |mean 17.2 7.0 72.7 1.8 1.3
Anterior sd 0.9 1.1 2.5 0.5 0.5
Fully Processed |mean 16.9 7.4 72.7 L5 1.5
Posterior sd 0.2 0.9 1.5 0.6 0.1

As shown by the data in the above Table 11, the control lenses (wet-processed
before plasma treatment) had a surface elemental composition of 66% carbon, 18%
oxygen, 7% nitrogen, and 10% silicon at the surface. After plasma treatment, the silicon
level was between 0-1.8%. After the plasma-treated lens was coated with the ter-
polymer, the silicon level was from 1.5-1.8%. The nitrogen level of a control lens
surface was 6.7%, after plasma treatment was about 17%, and after the plasma-treated
lens was coated with the ter-polymer was about 7.3%. It would be difficult to tell, from
the silicon and/or nitrogen levels, if the lenses were coated with the ter-polymer because
the silicon levels remain about constant between the plasma step and the fully processed
step. The lens polymer, the plasma treated substrate, and the ter-polymer all contain
nitrogen. However, the detection of sodium by XPS confirms the presence of the DMA
macromer/DMA/VDMO polymer at a fully processed lens surface. The polymer coated
lenses had about 1.5% sodium at the surface, which sodium appears because any
unreacted VDMO in the polymer will ring open in the presence of water to form acid
functionality. In borate buffer solution, the acid will complex with sodium revealing the
presence of DMA-macromer/DMA/VDMO polymer at the surface. If this polymer were
completely ring opened and complexed with sodium, there would be 2.4% sodium in the
polymer. With about 1.5% sodium at the surface, over half of the VDMO remained
unreacted with the surface. This calculation was, of course, assuming the surface was all

DMA/VDMO polymer and the samples had been properly desalinated.

EXAMPLE 13

This Example illustrates the surface modification of silicone urethane hydrogel
lenses made of the formulation of Example 2 employing a DMA/VDMO (80/20 weight
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OGF! 10% WV /8_}0( .0 minute, and the plasma was igmited at 100 watts for 20.0 seconds. The flow of

ammonia was terminated, and butadiene was introduced at 0.4 torr for 1 minute. The

butadiene plasma was ignited at 100 watts for 40 seconds. Finally, the butadiene flow

was stopped and ammonia was reintroduced at 1.0 torr for 1.0 minute. Another ammonia

plasma was ignited for 20 seconds at 100 watts. The plasma coated lenses were placed

overnight into an 1.0% (w/v) anhydrous acetonitrile solution of the DMA/VDMO

polymer of Example 7 above. The lenses were then equilibrated in HPLC grade water,

heated to 80°C, cooled, placed in Buffer Borate and autoclaved (1 cycle for 30 minutes at

121°C).

The XPS data was obtained employing the Physical Electronics [PHI] Model
5600 described in Example 8 abvove. The resulting XPS data is shown in Table 12

below.

TABLE 12
[C] [0] [N] [Si]
Control mean 573 22.1 2.6 18.0
SD 0.5 0.4 0.2 0.4
After Plasma mean 69.7 17.0 10.5 2.8
Anterior run 1 SD 22 1.1 1.0 2.0
After Plasma mean 66.2 18.9 4.8 10.1
Posteriorrun 1 | SD 0.2 0.5 04 0.5
After Plasma mean 69.5 179 10.3 23
Anteriorrun2 | SD 0.9 0.3 0.8 0.6
After Plasma mean 63.7 20.1 4.2 11.9
Posteriorrun2 | SD 1.8 0.5 0.1 14
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open in the presence of water to form acid functionality. In Buffered Borate Solution,

this acid will complex with sodium revealing the presence of DMA/VDMO polymer at
the surface. If this polymer were completely ring opened and complexed with sodium,
there would be 2.4% sodium in the polymer. With about 1.0% sodium at the surface,
over half of the VDMO remained reacted with the surface. This calculation was, of
course, assuming the surface was all DMA/VDMO polymer and the samples had been
properly desalinated. In conclusion, the urethane silicon lens was coated with a carbon
coating followed by a DMA/VDMO polymer as shown by XPS.

49



71 810%& ()-f8109g& ()- 7f8109g& ()-6 6164656Q6T6USXX@10
7 81098 ()-f810%& ()- 7f810%& ()-f810%& ()- 7U6V66677] 7a@®B10

109K& ()- LWOOOM®1Y)- L109KE& ()- 109%K& ()- PCT/US00/13524
9109K& () -f810%& ()-]77V888LIY| [: @10 $10YK& ()- #10%K& ()- ! 10%K& () -
109KE& ()- 109K& ()-f " 109KE& ()-99P::::;|[: @10 y/ 109K& ()- & S10UKE () -

* @LOYKS' ()- f)10UK& ()- ' LO0UKE ()- @BLOYKE ()-: <<<<<$<q>| >vU410 glO%' ()- |
109 ()-Y &GLOY& ()- 10K10K1O0K f 6 IERAMIPLE14410%K& () - | >CEEE E! E- E; EvU410
1£10% : & ()- F10Bf Efanple ﬂﬁﬂtﬂﬁ& ﬂlgébﬂﬂ@mé dfa K)M%h(:}cacwmeaﬂ)co olym
EEEEEEEeEVU410 'flO 10% %l e’?% e}g 10% : & ()- 10%: & () - T0% : & ()-
F mlo% : & P§PMAE e fUaWiRe fepctiopgeheme: ()2 /K[| 10%: & ()-

109% : & () - 10%.&'() FFF F$SFOF&FCBVUAL0 10%: & ()-/ K[| 10%: & ()-
10%: & ()- 10%: & ()- 10%: & ()-&F)F- FIFSFOF: F_/vU4/ K[| 10%: & ()-
10%: & ()- 10%:& ()- 10%:& ()- 10%: & ()-: FBFGFLFQFUFYFdDvU4/ K] |
10%: & ()- 10% /& () g 10% \& ()- 10%: & (H- 10%: & ()-

at v

mon
86 mde%

mon
14 mole%

Vazo-64

CH,
-—[Z'CHHE&CH;]W-

o o

N— o)
S,
0

To a 1 liter reaction flask were added distilled N,N-dimethylacrylamide (DMA,
48g, 0.48 moles), distilled glycidyl methacrylate (GM, 12 g, 0.08 moles), Vazo-64
(AIBN, 0.096 g, 0.0006 moles) and toluene (600 ml). The reaction vessel was fitted with
a magnetic stirrer, condenser, thermal controller and a nitrogen inlet. Nitrogen was
bubbled through the solution for 15 minutes to remove any dissolved oxygen. The
reaction flask was then heated to 60°C under a passive blanket of nitrogen for 20 hours.
The reaction mixture was then added slowly to 6 liter of ethyl ether with good
mechanical stirring. The reactive polymer precipitated and was collected by vacuum
filtration. The solid was placed in a vacuum oven at 30°C overnight to remove the ether,

leaving 50.1 g of reactive polymer (83% yield). The reactive polymer was placed in a

desicciator for storage until use.
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This Example illustrates the synthesis of another hydrophilic reactive polymer
that may be employed to coat a silicone medical device. A brush (branched) hydrophilic
polymer of N,N-dimethylacrylamide (DMA) monomer, DMA macromer, and glycidyl
methacrylate was synthesized as follows. To a reaction flask were added distilled N,N-
dimethylacrylamide (DMA, 32g, 0.32 moles), DMA macromer from Example 5 in the
amount of 4g (0.0008 moles), distilled glycidyl methacrylate (GM, 4.1 g, 0.029 moles)
Vazo-64 (AIBN, 0.06g, 0.00037 moles), and toluene (500 ml). The reaction vessel was
fitted with a magnetic stirrer, condenser, thermal controller and a nitrogen inlet.
Nitrogen was bubbled through the solution for 15 min to remove any dissolved oxygen.
The reaction flask was then heated to 60°C under a passive blanket of nitrogen for 20
hours. The reaction mixture was then added slowly to 4 liter of ethyl ether with good
mechanical stirring. The reactive polymer precipitated and was collected by vacuum
filtration. The solid was placed in a vacuum oven at 30°C overnight to remove the ether,
leaving 33.2 g of reactive polymer (83% yield). The reactive polymer was placed in a

desicciator for storage until use.

E LE 16
This example illustrates the synthesis of another epoxy-containing hydrophilic
reactive polymer that may be employed to coat a lens substrate according to the present
invention. The vinylpyrrrolidone-co-4-vinylcyclohexyl-1,2-epoxide polymer (NVP-co-

VCH) was synthesized according to the following reaction scheme:

>
o. _N + 0@\/ AIBN
| I F 800 ml THF
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moles), 4-vinylcyclohexyl-1 2-epox1de (VCHE 10 43 g 84 moles), Vazo 64 (AIBN,
0.05 g, 0.0003 moles) and THF (600 ml). The reaction vessel was fitted with a magnetic
stirrer, condenser, thermal controller, and a nitrogen inlet. Nitrogen was bubbled through
the solution for 15 minutes to remove any dissolved oxygen. The reaction flask was then
heated to 60°C under a passive blanket of nitrogen for 20 hrs. The reaction mixture was
then added slowly to 6 liter of ethyl ether with good mechanical stirring. The copolymer
precipitated and was collected by vacuum filtration. The solid was placed in a vacuum

oven at 30°C overnight to remove the ether, leaving 21 g of reactive polymer (32%

yield). The hydrophilic reactive polymer was placed in a dessicator for storage until use.

EXAMPLE [7

This Example illustrates a fumarate lenses coated with a co-polymer containing
glycidyl methacrylate (GMA) and dimethylacrylamide (DMA) according to the present
invention. A fumarate lenses (made from the material of Example 2 above) were
received after solvent removal and extraction. The lenses were dried before treatment.
The lenses were placed in a Branson RF plasma unit (13.56MHz) on a tray which
elevated the lenses between two electrodes and allowed the flow of gas around the lenses.
The plasma unit was evacuated of air until the pressure reached 1.0 torr. Ammonia was
introduced into the chamber at 1.0 torr for 1.0 minute, and the plasma was ignited at 100
watts for 20.0 seconds. The flow of ammonia was terminated and butadiene was
introduced at 0.3 torr for 1.0 minute. The butadiene plasma was ignited at 100 watts for
1 minute. Finally, the butadiene flow was stopped and ammonia was reintroduced at 1.0
torr for 1.0 minute. Another ammonia plasma was ignited for 20 seconds at 100 watts.
(The ammonia and butadiene gases were used as received from Rochester Welding
Supply and were 99.9+ % pure.)

The plasma coated lenses were placed into an aqueous solution containing a
copolymer composed of glycidylmethacrylate and dimethylacrylamide (DMA) as
described in Example 14 above The solution of reactive polymer (5.0 g, 0.0007 moles)
was prepared in 500 ml of water. Dissolved oxygen was removed from the solution

using a bubbling stream of nitrogen for 15 minutes. In the presence of heat, the glycidyl
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ammonia plasma, there! y attaching the copolymer to the surface. Twenty lenses were

run through one 30 minute autoclave cycle. Sixty lenses were placed in an oven at 90°C.
Samples (20 each) were removed after 1, 4, and 16 hours.

The above-described procedure can be represented by the following reaction

sequence:
HG
NH, 'jCHa - CHT]?:T' _— .
Lens Substrate 4+ O o . Autoclave
NH, N— O
/
NH,
0
O *
N jlq
N
I cn,
NH 60
Lens with Poly DMA OT—CH,
Surtace o L
OH CH,
10

XPS analysis of the lens were conducted as described in Example 8 above. The
XPS data is shown in Table 13 below.
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90°C — Anterior D 1.7 1.8 0.7 0.9

After 16 hours at | mean 73.0 17.4 7.8 1.8

90°C — Anterior | SD 1.2 0.7 0.6 1.2

Autoclaved mean 69.9 20.4 8.7 1.1

Anterior SD 1.1 0.5 0.3 0.3

1 hour at 90°C mean 72.3 17.7 8.2 2.0

Posterior SD 0.5 0.3 0.4 0.6

4 hours at 90°C mean 71.1 18.6 8.1 2.3

Posterior SD 1.5 0.5 0.9 0.3

16 hours at 90°C | mean 70.5 18.8 7.6 3.1

Posterior SD 2.8 1.5 1.3 2.4

Autoclaved mean 68.6 20.8 8.8 1.9

Posterior SD 1.1 0.6 0.4 0.9

As shown by the results in Table 13 above, the silicon level of the control silicone
fumarate lens surface was 10.8%, after plasma treatment was 1.8%, and after the plasma-
treated lens was coated coated with the GMA/DMA copolymer was from 1.1-2.3
percent. Thus, the silicon level did not change much between the plasma process step
and the fully processed coated lens. However, the carbon level, the oxygen level, and the
carbon “1s” spectra all indicated the coating had been successfully applied. The oxygen
level increased and the carbon level decreased after the copolymer was coated onto the
plasma-treated surface. This would be expected since DMA has less molar carbon and
more oxygen than an ammonia plasma-treated carbon surface. The anterior XPS data
were equivalent except for the autoclaved samples. The autoclaved lenses had more
nitrogen and oxygen with less carbon which would be indicative of a higher DMA level

at the surface (i.e., a thicker coating or better coverage).
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anterior and posterior had a similar RMS roughness. The edge or center samples were

not disassociated in this experiment. All RMS values were below 25 nm roughness. In
conclusion of the above, the fumarate lenses was coated with a carbon coating followed
by & GMA/DMA copolymer as shown by XPS and AFM analysis.

Many other modifications and variations of the present invention are possible in
light of the teachings herein. It is therefore understood that, within the scope of the

claims, the present invention can be practiced other than as herein specifically described.
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1. A method for treating the surface of a silicone medical device comprising
the following steps:
(a) subjecting the surface of the lens to a plasma-polymerization
reaction in a hydrocarbon-containing atmosphere to form a polymeric carbonaceous layer
on the surface on the lens having a thickness of 50 to 500 Angstroms;
() forming reactive functionalities on the surface of the carbonaceous
layer; and
(c) exposing the surface of the lens to a solution of a hydrophilic
reactive polymer having complementary reactive functionalities along the polymer chain
in order to covalently bond with said reactive functionalities on the carbonaceous layer,

thereby forming a biocompatible surface on the silicone medical device.

2. The method of claim 1, wherein the medical device is a silicone contact
lens or intraocular device.
3 The method of claim 1, wherein the medical device is a silicone hydrogel,

continuous-wear contact lens,
4, The method of claims 1 to 3, wherein prior to step (a), the lens is
subjected to a plasma pretreatment to improve adhesion of the carbonaceous layer onto

the surface of the silicone medical device.

5. The method of claim 4, wherein the plasma pretreatment comprises

oxidation of the surface with a nitrogen or oxygen-containing oxidizing gas.

6. The method of claim 5, wherein the plasma pretreatment is conducted at

10 to 1000 watts for a period of 1 to 10 minutes at a pressure of 0.1 to 1.0 torr.

56



+$P10% ' & () -~/ K VNN +$P10% ' & ()-~bccccccsS3vUa/ +$P10% ' & () - ~
+$P10% ' & ()-~ +$P10% ' & ()-~/K VN +$P10% ' & ()-~

+$P10% ' & (Woewteétic) c* c7c<coS3vU4/ +$P10% ' & () -~ +$P10%Pca/Spe/assé VN
+$P10% ' & () -~ +$P10% ' & ()-~ +$P10% ' & () - ~<cAcFcKcQcPc_cO3vU4/
+$P10% ' & ()-~/K VN +$P10% ' & ()-~ +$P10% ' & ()-~ +$P10% ' & ()-~
+$P10% ' & ()-~_cbcfcjcncrecsc /vU4/ K vN +$P10% ' & () -~ +$P10% "' & () -~
+$P10% * & () - ~7+SP19fé m@ihod of chiii’$ O¥herdin (e plediCHiee@ehdtd dindudhd in

an oxygen-containing or nitrogen-containing atmosphere, comprising a gas selected from
at least one of: ambient air, oxygen gas, ammonia, hydrogen peroxide, alcohol, and

water.

8. The method of claim 1, wherein the plasma polymerization reaction of
step (b) is conducted in an atmosphere comprising hydrocarbons having between 1 to 10

carbon atoms.

9. The method of claim 8,wherein the hydrocarbons are aliphatic or olefinic

and comprise 4 to 8 carbon atoms.

10.  The method of claim 9, wherein the hydrocarbons comprise at least one

of: butane, isoprene, isobutylene, and 1,3-butadiene.

11.  The method of claim 1, wherein the reactive functionalities are formed by

plasma treatment with a nitrogen-containing gas or gaseous mixture.

12.  The method of claim 1, wherein the hydrophilic reactive polymer
comprises 0 to 99 mole percent of monomeric units that are derived from non-reactive

hydrophilic monomers.

13.  The method of claim 12, wherein the polymer comprises 50 to 95 mole
percent of monomeric units derived from non-reactive hydrophilic monomers selected
from the group consisting of acrylamides, lactones, poly(alkyleneoxy)methacrylates,
methacrylic acid or hydroxyalkyl methacrylates,and 5 to 50 percent of monomeric units
derived from compatible functionally reactive monomers selected from the group
consisting of isocyanage, epoxy, azlactone, and anhydride containing monomers, and

combinations thereof, wherein the alkyl or alkylene groups have 1 to 6 carbon atoms.
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anhydride, and isocyanomethacrylate.

15. The method of claim 12, wherein the hydrophilic monomers are selected
from the group consisting of dimethylacrylamide, acrylamide, hydroxyethyl methacrylate,
and N-vinyl pyrrolidinone.

16. The method of claim 12, wherein the hydrophilic reactive polymer

comprises 0 to 20 mole percent monomeric units derived from hydrophobic monomers.

17. The method of claim 12, wherein the hydrophilic polymer comprises

oxazolinone moieties having the following formula:

R3
}4—(|3—R4
—&  cHan
7

0]

wherein R® and R* independently can be an alkyl group having 1 to 14 carbon atoms; a
cycloalkyl group having 3 to 14 carbon atoms; an aryl group having 5 to 12 ring atoms;

an arenyl group having 6 to 26 carbon atoms; and 0 to 3 heteroatoms selected from S, N,

and nonperoxidic 0; or R? and R4 taken together with the carbon to which they are joined

can form a carbocyclic ring containing 4 to 12 ring atoms, and n is an integer 0 or 1.

18.  The method of claim 17, wherein the polymer comprises the reaction

product of a mixture of monomers comprising the monomer represented by the general

formula:
R2
0
m—/) |
(o]
R3 R4
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where R1 and R2 independently denote a hydrogen atom or a lower alkyl radical with

one to six carbon atoms, and R3 and R4 independently denote alkyl radicals with one to

six carbon atoms or a cycloalkyl radicals with 5 or 6 carbon atoms.

19.  The method of claim 18, wherein the monomer is selected from the group
consisting of 2-vinyl-4,4-dimethyl-2-oxazolin-5-one; 2-isopropenyl-4,4-dimethyl-2-
oxazolin-5-one; 2-isopropenyl-4 ,4-dimethyl-2-oxazolin-5-one; and 2-vinyl-4,4-

dimethyl-2-oxazol in-5-one.

20.  The method of claim 1, wherein the medical device is dipped in a solution

comprising at least one hydrophilic reactive polymer.

21.  The method of claim 1, wherein the carbon layer is subjected to a plasma

treatment with a gas comprising ammonia or an alkyl amine.

22.  The method of claim 1, wherein the plasma polymerization is conducted
at 10 to 1000 watts for a period of 30 seconds to 10 minutes at a pressure of 0.001 to 5

torr.

23. A silicone medical device including a hydrophilic surface, wherein said
surface comprises:
(@ a carbonaceous layer on the surface of the medical device; and
b) hydrophilic polymer chains attached to the carbonaceous layer
wherein the points of attachment are the result of the reaction of complementary
reactive functionalities in monomeric units along the hydrophilic polymers with

reactive functionalities on the carbonaceous layer.

24.  The medical device of claim 23, wherein the medical device is a silicone

contact lens or an intraocular lens.
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26.  The medical device of claim 23, wherein the hydrophilic polymer chains
attached to the medical device are the result of the reaction of isocyanate or ring-opening
reactive functionalities in monomeric units along the hydrophilic reactive polymers with

said reactive functionalities on or near the surface of the medical device.

27.  The medical device of claim 23, wherein the hydrophilic polymer chains
comprise 1 to 100 mole percent of monomeric units having reacted reactive
functionalities and 0 to 99 mole percent of monomeric units that are derived from non-

reactive hydrophilic monomers.

28.  The medical device of claim 23, wherein the reactive functionalities are
derived from monomers containing one or more of the following groups: glycidyl,

azlactone, isocyanate, and acid anhydride.

29.  The medical device of claim 23, wherein the hydrophilic monomeric units
are derived from monomers selected from the group consisting of acrylamides, lactams,

poly(alkyleneoxy)methacrylates, methacrylic acid or hydroxyalkyl methacrylates .

30. The medical device of claim 23, wherein the hydrophilic polymer chains

comprise moieties along the chain having the following formula:

N

wherein R? and R* independently can be an alkyl group having 1 to 14 carbon atoms; a
cycloalkyl group having 3 to 14 carbon atoms; an aryl group having 5 to 12 ring atoms;

an arenyl group having 6 to 26 carbon atoms; and 0 to 3 heteroatoms selected from S, N,
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group consisting of acrylamides, lactones, poly(alkyleneoxy)methacrylates, methacrylic

acid or hydroxyalkyl methacrylates, and 0.5 to 20 percent of monomeric units derived
from hydrophobic monomers, wherein the alkyl or alkylene groups have 1 to 6 carbon

atoms.

37.  The copolymer of claims 35 or 36 wherein the azlactone has the following

formula:
R2
(0]
0 ? T
o]
R3 R4

where R! and R2 independently denote a hydrogen atom or a lower alkyl radical

with one to six carbon atoms, and R3 and R4 independently denote alkyl radicals with
one to six carbon atoms or a cycloalkyl radicals with 5 or 6 carbon atoms,
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39.  The copolymer of claims 35 or 36, comprising 20 to 95 mole percent

monomeric units derived from monomers selected from the group consisting of dimethyl
acrylamide, N-vinylpyrrolidone, dimethy! acrylamide macromer, and combinations
thereof, and 5 to 40 mole percent vinyl-4,4-dimethyl-2-oxazolin-5-one.

40.  The copolymer of claims 35 or 36, comprising 20 to 95 mole percent
monomeric units derived from monomers selected from the group consisting of dimethyl
acrylamide, N-vinylpyrrolidone, dimethyl acrylamide macromer, and combinations
thereof, and 5 to 40 mole percent glycidyl methacrylate or 4-vinylcyclohexyl-1,2-
epoxide.

41.  The copolymer of claims 35 or 36, comprising 20 to 95 mole percent
monomeric units derived from monomers selected from the group consisting of dimethyl
acrylamide, N-vinylpyrrolidone, dimethyl acrylamide macromer, and combinations
thereof, and 5 to 40 mole percent glycidyl methacrylate or 4-vinylcyclohexyl-1,2-
epoxide, and 0 to 10 mole percent octafluoropentyl methacrylate.
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