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DEVI CES W TH REACTI VE HYDROPHI LI C POLYMERS FI ELD OF THE | NVENTI ON The
present invention is directed toward“Mmwe surface treatnment of nedical
devi ces such weo@mus2act | enses medi cal inplants. |n par PEBUSHAI2Z2P he
present invention is directed tam WMMHJM’ nodi fying the surface of a
nmedi cal device to increase its ity or hydrophilicity by
coating the device with a hydrophil rt~pel ymer by reacti on between reactive
functionalities in the contact lens material and conplenentary reactive
functionalities on the hydrophilic polymer. The present invention is also
directed to aurmot aREATVENTOFMEDRID ©EVIEESWGAREAASMEGE DREPHILROPOB WikRsa. sur f ace
coati ng. BACKGROUND Contact |enses made fromsilicone-containing materials
have been investigated for a nunmber of years. Such materials can generally
be subdivided into two maj or classes: hydrogel s and non-hydrogel s.

Non- hydrogel s do not absorb gpfireerarenamtfion of water, whereas hydrogel s
can absorb and retain water in an equilibrium state. Hydrogels generally
have a wat er c@he prgsengjinvention is fiseetedsoweardithe surfaes mmmpﬁmng'

icalrdgvinesr e

I 0 . [ A f thei
vator contu e Ry thdy oA nBSRH bl S b RGES Me plRRATHRM R oc "t ena

t o have r diradted/&d v ingthod i abodifyingothevstfaadb b asmedieat atevicSuo fiacreasstitsuct ur e

and conposition determn , of th sj cal opgeriies,and ultimte uses
of solid M@PP%& ity @ﬁnh?"i?fr’%ﬁ%gﬁyc@agﬁgH%adiv’\%t“&i‘n%ﬁy‘#’?ﬁ@ﬁ QP?\’,'“’%HX adhesi on
or | ubri Ciréa¢tiéH Betivadnd@hdtive Rfrlctiaatifel ithssvntadC RneMateAslt £ iciblefentdye
alteration of surface_characteristics is_of special significance in

bi ot echni éeactivep mctenaliiess on \the hxdigphilie mekimasi | The, presensf inyention dgjalse concer n.
Ther ef or € gt HAPR o¥ehiakidths!dR olndmadital ABVE KRG AFPGRAEELERE need for
rendering the surface of contact |enses and ot her nedi cal devices
hydrophilic or nore hydrophilic. Increasing the hydrophilicity of the
contact-1lens surface inproves thMy of the contact lenses with
tear fluid in the eye. This in t the wear confort of the
contact | ensesContacttlatses amde donc silitonewontainwigamnateridls @ave bebnlidvestigatdd | WO

001 72052 PCT/ US00/ 13229 th éjgrfac_e i s especi aLIy i ppertant. The surface of
a cont i nud®fs? pemben gh¥ear, s Sugho malstinly 38 58Tl PG SPRAVIEShi tWo maiott o avoi d

adverse T epGdek:Myaropts AndPronCiRiiRels. ﬁ@ﬁflﬁdrogéﬁ HRHSTRbS 2B aprREcidbld ERRARK! ©

infiltration. Inproved methods have accordingly been sought for nodifying

t he surfa®ésvasr, odiireat thydrogele an mbserb candarerain Hyaigs- bk ay (eawilibtiure xgiajen
bl i i i . i t ent
i schose. THARREE ehEThORER f ref Bkl tfer B biND B WA pery 47 PVC S0 2

chai ns t o mdnecauménly betwkernabouhtQtotabpus 8 weight peteentt Begardigssrof thegr waters nor e

bi oconpati bl e, ex | e P { No, 5 652 014 teaches amnation of
. subst el Pahai BYBedd apt Brarsfy RtsoRReondsf B 1ond GRS RS o1 o
mol ecul e Gydreplsabid, adreweteblestaaabar i de. One problem with such an approach is
that the polyngr .chain density is . Jimted due to.the difficult of attaching
t he pol yner tgg?‘ﬁ%"’m‘i"ffﬁﬁ%‘i %%WP&PQ“WW% e physicel pgpertirsandoses t he
at t achmentyitphatOxds 6f dolR@ HfateBihls AThAGLHEARICTRRAREWettihg, Mo ald Ah&idormeans of
pl asma. The invention has utility in the field of surface-nediated or

cat al yzed lybsigity japn largely influgneed iys susface icheraaipristips. j d'hg ligration @f $urfaasc| udi ng
affinity b f Joi c?qﬁc . 2GNORL 40P e
menbr ane r%gg%{t%&sg@Tﬁe otgxgg%a?ngi e g?‘?ﬁpq?s%y{cﬁ%ﬁgd%gﬁ?ag%o%%bstrate
appar ent | pidsgmpatibility dmofopartiduiar sohgerms niTherefiorsa thoseskiled imthe lagt haxekopgi none
nononer wi_th r.adi cal s .f.ormed .b | a n the,substrate sutface..
ALt or nat | VEPRRERHEE udk R R i B o BoplF | RS IHA B PR BBt e wi e
pl asma t o hiyérophilc 61'mAGs hidroptalic. daedeasig thd hirephilicity iofl Gieofthailas shifie have
been attached to_ the surface can thﬁ\n be used to attach a biologically

i

active mat®Pioyss the syettahility of the contact lenses with, tar fiyid W, ths sve.n Jhis ip durgt ¢ acked

by ani nes imbiai& the weltCoRfsrPHOthS corthcPlens@t AR theNse 6f RRAMDLE Wtk I¥ed, Nt et al .
and U.S. Patent No. 5,352,714 to Lai et al. disclose the use of oxazolinone
nononers as internal wetting agents for contact |enses, which agents may
mgrate to the surface of the contact lens. US Patent No. 4,734,475 to

Col denberg et al. discloses the use of a contact lens fabricated froma

pol ymer conprising oxirane (epoxy) substituted nononeric units’in the _
backbone, such that the outer surfaces of the | ens cont g ilic

i nduci ng anount of the reaction product of the oxirane mmmmgm”m[ts wth
a water soluble reactive organic, amne, alcohol, thiol, urga, rea,
sulfite, bisulfite or thiosulfate. In view of the above, it would be
desirable to find an optically clear, hydrophilic coating for the surface
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WO 001 72052 PCTI US00113229 bi oconpatible. Still further, it would be,
desirable to forma coating for a silicone hydrogel contact lens that is
nore confortable for a |longer period of tine, sinultaneously tear-wettable
and highly pevomsabése t o oxygen. It would be desirable if sURGTAEE0013229

bi oconpati bilized | ens was capabl e of continuous wear overnight, preferably
for a week or nore without adverse effects to the cornea. BRI EF DESCRI PTI ON

OF THE DRA 0 e Mc / tgglo aphi cal
i mges (SOV%%%%{&F % %%C%Pﬂgqm? @gcm%eﬁg{ageg%i Oeﬁi&%ﬁyg?gn%s e géel ow,

for conpar i dmsignédnat cnﬂbnfcﬁodmﬂfﬁqslms t@.avaid didveyset adtions iswvhesst coprenl edeemal mage of
the anterior _side.of t e lens i.s n the left of FIG 1 ar]d t he i mage

of the postBfifpmaion,er; ?nBlFP&Wﬁ IBﬁﬁ:"t“H‘é“ r i gRTo Vet mesthogls Jmm&c di 25rh°8“ For ce
M croscopy ot R6ABRIMRE Si¥ackd BAREtabIensed] hRfculdrl¢ ai ed
described in ampl e 14 ‘accordi ng to one enbodi nent o the present

i nventi on, RAnedbls)damsesdgsignag fos qoptiencns (avemighy)- "p@rmeabl e lens coated with a

pol ymer as descryy 0, g&%%me yl .a de and
gl yci dyl met hacry%?i% Bﬁ%?ngisgﬁ%ev\sﬂlgn% tomc orc H@?lgscoépéh%kﬁ%
t opogr aphi clibcammatiels p()E'ﬁleﬁf; chritis o6 the serfaread & cordars lans it @rderde sanderthellenn
Fgagp'sfl Ilgoﬁgrc A Hoaatifle 025y &F boi‘e QL pQhy! oeS\%S?S(ﬁgttee{c Ve”“%‘d yhich lens

rigid-"gas-'per neabl ’I ens COat'ed ha €O RN 9 t he
hydr ophi | i csubstpid folleved deswcnhxewlthmﬂﬁx@ﬁpheﬁs $fithaasch mamrdrenota:ulel:rbra 4
shows Atom c orce M c AFE aphi caI es. (50 ~nR)of a
control coni fed jpalysac &’rﬂﬁ%& K Ctig" hnsp%f‘ @éawﬁl%m& | enses

according t&na@qtsttﬁﬁtesatp@tdlmfﬁcﬁft otttacmhgae%lytﬁtvmé SilicondBitsshateens i s a

silicone hydrogel lens coated with a polyner as described in Exanple 11.

FIG 5 shows At d#dcPaignicéift, E%d!é@ipgcs(wwaqhwegpépmzehmomnag@@;m(@e pr n2) of
a contact | e I di ment

of the pr es@ﬁﬁoﬁér%%{e)n%f%ﬁéa%?gﬁ%@%@a%ﬁ?‘%@ﬁ@ gp“ gﬁgﬂig)gat ed
with a pol ysmefacamediated rorbeafalyzed Ercactiping for [synthesisopol sytmspectﬂc depmtxhgd

acryl am de, . Ci t hacr y| at and, oct af [, uor opent t hacr yl at 3

90 o; 7208 nttecyErTEagshtel & eRBRCTES HHEERE iR, 8o _
t opogr aphi cakmbfBgRactoi Tht 6Xaz6finche githacitackidto a@atonsl sutsame ahﬁdentlyl Exarrpl e

16 accordi ngwto one errbodl ment of the present invention, which lens is a
silicone hyb¥ &3&ron ehthe uplenif mwaaobdtmpxaght@gew%&r Yitheedisiiie 11, a
copol ymer oforiledsy piismai6h YheAdtbsitite eirfibd. dXlteriBAVIRC il ab@ratc? il be coated

oct af | uoropentyhnet hacryl ate, which is used for "coating at a

concent r at | Bith t HeRPIEES ai}éerﬁaqt@r witbaplasma ttpeformng qﬂ?ﬁs‘ﬂmg;d soatlssuvwﬂhv OF THE
| NVENTI ON stlgg\@er o e t of
silicone co%@%’ﬁﬁg%{ Qluc‘)’tg ﬁg‘linsastg Ilieggzr)tg%ne [ ca‘f*“?‘%.‘%@ge& fonég&g%?ng a
met hod of nbtdloggcnlﬂbgaqtlhemmlat&e epdmple,cquotems.t sifice e dzxazolmoneasaaacvmé by

at achent - BpED iR deohli i PoRtiE SR TP B0 £ act 1 ene

substrate, Ny. nmmsmoct Laieaalt divclode st of\ontazbliroae mondsxhas hsa:n&n&ubeﬁtmgt e

mat eri al react] wi th conpl ntary reactive functionalities jin nononeric
Nt £ al ongRerie o PP EeE S A R AL e BEaT s (ARBRT B 15 a1 50
directed to a neds Pafentd®y,i40/34,475 € Gﬁﬁ%eﬁ‘g@ihﬁ@lsclb%mse'o%%&ﬁfdﬂﬁ | enses,
catheters, inmplants, and the |ike, conprising a surface nade_by such a

met hod. DETHPREAPISEGER AT CEIPTSiEs PHRAERITTROKY)sib gqtas%moamw unidn pr esent
I nvention | ﬁte*a&lﬁa%fx@%u&lp“ﬁf fhe Stk acte BA HTBBs %tnv %ﬁmﬁ@ﬁlﬁahg devi ces,

i ncl udi ng contact [enses, 1ntraocul ar enses an ascu ar 1 npla
i nprove t heiamom't @é@wpmcptbnlpwq;wt & the fegsirareer momdinericomits with 4 watee aoluble hat t he

mat eri al trea.ed iS_ a 9k ner c i.S t five
percent by %I\éal &M% ToRE a?c-o&i- t‘ﬁ%ag%s}ﬁa’f) @@e?‘%“&ﬁg\?%%‘“ts@?‘iﬁo per cent
% wei ght si | i coneiewof the goes, ara&ltmbegestrabls% ﬂﬁa?]iucmydmrgiya:opmhécone

e present inventign is esp , advan eous for plicatjon to contact
| enses, eit FRAMNE;1Py thywurfy Pg aém £ ’g‘?dl“i @c‘?i‘t&f’d %Frt@ﬁ‘ﬁ? &Gt erial s.
The inventlon IS espeC|aIIy advantageo for silicone hydrogel
conti nuous-wear |enses. Hydrogels are a well-known class of materials,
whi ch conprise hydrated, cross-linked polyneric systens containing water in
an equilibriumstate. Silicone hydrogels generally have a water content
greater than about five weight percent and nore commonly between about ten
to about eighty weight percent. Such materials 4 ¢ WO 001 72052
PCT/ US00113229 are usually prepared by polynerizing a m xture containing at
| east one siliconecontaining nononer and at | east one hydrophilic nononer.
Either the silicone containing nononer or the hydrophilic nononmer may
functlon ‘as a cross- Ilnklng agent (a Cross- Ilnker belng deflned as a
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known in the art and nunerous exanples are provided in U S. Patent Nos.
4,136, 250; 4, 153, 641; 4,740,533; 5,034, 461; 5,070, 215; 5, 260, 000;

5,310, 779; and 5, 358, 995. Exanpl es of applicable silicon-containing
nononeri c uniggooiagkude bul ky pol ysi | oxanyl al kyl (et h) acr yPe€TUSIONSIRrS. An
exanpl e of bul ky pol ysil oxanyl al kyl (meth)acrylic nononmers is represented
by the following Formula I: R19 R19-J1-R19 O~ RIt9 \ ~

Xi (CHz) h-Si -O Si -R 9. R g- i- .9 R19 (n wherein; X denotes -O
or -NR-; edigsompgiy }"ndgﬁgn@@ﬁ% i el e 95%&%#%%?@%% for @atificare 9

i ndependenthwmgane&:ﬁ&ctalehpvrﬁrt A Ireardrer&ﬁﬁfaﬁ&ble pﬂ%?né’llo dg%d FeédodObf airklé,0up
represented’ by Rt9 -Si- 9 wherein each R19 independently denotes a
| over al kyISlf@‘FltapmﬁlylteﬂerEﬁ"e@P an@hwmymm toguxirgenn rle enrkdere dssirable Wonomer s
are met hacrylox i ans

tris(trinmet #ﬁ y@/"‘l“b lirz é%g %?%?ﬂgggy 1%"ﬁédssorret8 4|;‘§'rrn\331§h £er’?béy fotr 0 as 5
a S WO 00l MRoPﬁBtdmmuiaﬁrzﬁeIﬂ?é&‘smnhhMma(trl met hyl si | oxy) silyl propyl
vinyl carbamate, sonetines referred to as TRIS-VC. Such bul ky nononers may
be copol ynerized with a silicone nacronononer, which is a

pol y(organosi | oxane) capgmmggcmpmommrrﬁemmgsat two or nore ends
of the nolecule. U S. Patent No. 4,153,641 to Deichert et al. discloses,
for exanple, vaﬂ%ulsSbG%al‘6F°JP6§°@F%E@SCOPMW tgographirad iyagss (50

met hacryl Oﬂﬁa gAPQEJ}fE’ol SR Blef ads eﬁ%‘?g Jhé!ff‘s ﬁél&!v%f‘&ngﬁggcﬁhﬂ' aNg MONONErs

i ncl udes s one containing vinyl car te or vin amat e nononers
such as: 1,®atactdpnbos mbmkggdaﬂbowhbo«y)‘lmmage off the atttmtdhyf thdilensfisoxane;

3-(t th | b

3 (V1 nytoxyLarbEnRIAPES R, S B IR Heaenisrar fdsiy frommgndte et
3-[tris(trimet hyIG)2 shoysah qudn]ucnrmpmcmswy (SFM @pBfr@phical images (50
3-(tris(tri neztwyl siloxy)silyl] propyl _allyl carbanate;

3-[tris(triHBoeRA ntaghlenssopted Pesedbgadin Wﬁypleééawrﬂa%w one embodiment of
but yl d o |
tbutyl di met gy gé%elnf’?f% L5 Slr\ﬁblf@}réé%ﬁ% hfvepﬁéy gld?%%%lagﬂléi he/éﬁ,{ehx% Vd ny

car bonat e; rine not her class of

silicon- cornoéwmrragdcmnhndun Exmnpib mﬁt@stowmmﬁthmotbxi@blym"b(mdeglymbd onobnoners
(al so sonet | r$s referred to as prepolynmers), which may have hard-soft-hard
bl ocks |i ke PPERN #Conal uret hane el ast oners. Exanpl es of silicone ur et hanes

are di scl osed i IFIG. ¥ stfowstait AdSmipFotde Mditiosctpy (ARMY) wpbgrgphiedl images (0 n, " The
Rol e of Bul ky, Pol ysi | oxanyl al kyl Methacryates in Pole/uret hane- Pol ysi I oxane
0]

Hydr ogel s, Mm)efia Gratacensgoated describd ipExample d § ageordjpg fo apg embadimentpho

1996). PCT R |
5, 45)1 617 andm"ké‘hme‘?%gd?@gﬁ %egglsg%gww%@g g%%% grﬁﬁr a%}régsngdr%{segm |d<§kr)1

di scl osure ¢osnumr19m9frlmbradrpmhalmmobylerseieeq®n@mEmpies 18And E&ﬂ}ple Rur t her

MO e D A BB AR SRS B R BB R Bt o

a control contact lens described in Example 16 for comparison to other lenses according

to another embodiment of the present invention, which lens is a silicone hydrogel lens
coated with a polymer as described in Example 11.

FIG. 5 shows Atomic Force Microscopy (AFM) topographical images (50 pm?)of
a contact lens coated described in Example 16 according to one embodiment of the
present invention, which lens is a silicone hydrogel lens coated with a polymer as
described in Example 11, a copolymer of dimethyl acrylamide, glycidyl methacrylate,
and octafluoropentylmethacrylate.



WO 001 72052 PGT/ US00J13229 D denotes an al kyl diradical, an alKkyl .
cycl oal kyl diradical, a cycloal kyl diradical, an aryl dlradlcal or an

al kyl aryl diradi cal haV|ng 6 to 30 carbon atons G denotes an kyl

di radi cal, awoulewstl ryl diradical, an al kyl cycloal kyl di rl’gaﬂea?/,n%?n aryl
di radi cal or an al kyl aryl diradical having 1 to 40 carbon atonms and which
may contain ether, thio or amne linkages in the main chain; * denotes a

urechane or _ur Sk o OKFAREFY e BiebBBR A ABRRIRS) ey BOGHFIOEOL YT
i ndependentalcy»ntdadntseeated\deatrﬂgcﬂ imExzfrﬂ\pl@t@ae;uddktgitb unédnbdcﬁxyentgf thap having 1
to 10 carbon atons cont I nka et ween _carbon atons;

mM is at |é)5§{:ntinve%@,5'“] g?%ls ﬁ%{} k?fﬁ%aggasw'ﬁb?é\@ PFH ght of 400 to
| 0,000; eaetrieéd i Fxagple 11] m@a@meefdmﬂgmtvﬁ@nﬂem} methaltyRtelnsat ur at ed
organi ¢ radi cal represented by Fornmula VI: R23 Rz4 -~ 2~- (X~-(~z

(~" ~y Rz s R2 4ngAgpiiijoropentyimathaqpiate gdvchis uwétfwwoahmahe W@@eﬁuonan al kyl

radi cal ha\ﬂlmrg,gwajs Eé?lf@ &k MRWPFIPs. @ - CO- Y- R26 radical wherein Y is
-0, -S - R~ Ts a{p%@\e/a l ent al kyI ene radical having 1 to 10 carbon

atons; 7 V\D OOI 72052 PCTNSO00/ 13229 R26 19 a al kyl radical having | to 12
carbon at ons; X denotes - COME%EMQEO or -NH; Ar denotes an
aromatic radical havi ng 6 t ’ 06; xi sOor |l ; yi sQorl ;
andzi sOor| . The present invention is directed toward surface treatment of silicone contact

lenses and other silicone medical devices, including a method of modifying the surface of

a contact lens to increase its hydrophilicity or wettability. The surface treatment

comprises the attachment of hydrophilic polymer chains to the surface of the contact lens

substrate, by means of reactive functionalities in the lens substrate material reacting with

complementary reactive functionalities in monomeric units along a hydrophilic reactive

polymer. The present invention is also directed to a medical device, including contact

lenses, intraocular lenses, catheters, implants, and the like, comprising a surface made by

such a method.

DETAILED DESCRIPTION OF THE INVENTION

As stated above, the present invention is directed toward surface treatment of
silicone medical devices, including contact lenses, intraocular lenses and vascular
implants, to improve their biocompatibility. By the term silicone, it is meant that the
material being treated is an organic polymer comprising at least five percent by weight
silicone (-OSi- linkages), preferably 10 to 100 percent by weight silicone, more
preferably 30 to 90 percent by weight silicone. The present invention is especially
advantageous for application to contact lenses, either silicone hydrogels or silicone rigid-
gas-permeable materials. The invention is especially advantageous for silicone hydrogel
continuous-wear lenses. Hydrogels are a well-known class of materials, which comprise
hydrated, cross-linked polymeric systems containing water in an equilibrium state.
Silicone hydrogels generally have a water content greater than about five weight percent

and more commonly between about ten to about eighty weight percent. Such materials
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A preferred silicone-containing urethane nononer is represented by Formul a
(M1): 8 W00/72052 (V) PCT/USOO 13229 ~O0O O O CIH3 CITH3 E' OCN

- R2~- NCOCH2CHZOCH2CHz OCN- R2~- NCQ(CHZ Si-O Si-(CH2 HH ~~ CH3 CH3 P a HH H
H E'- OCN- R2~WRGOZMSTH20CH2CHZOCN- R2~- NCO O O wherein mis RCWEHEIZA and i s
preferably 3 or 4, ais at least 1 and preferably is |, p is a nunber which
provides a noiety weight of 400 to 10,000 and is preferably at |east 30,
R2~ is a dir.agi dii ﬁm& f Bk €& . pfot iS@C e group,
such as thlglredpgrug]g* c‘g%pagefd ng‘% orone d?i socygn%@*eﬁ?{né c?t elgﬁﬁ 0%9 ?@@Egr oup

r epr esent edorssiningHBononi2r CidUatAleasthene dlydrophibié mepmes.enEihérvthe silicone-

si l'i cone-cont ai ni %nono%s ANl ﬁiﬁes Lhyorinated.mnoners. . ouch NONOMEr s
have been GUNRfing ROpemer ot thp byGrophilis mepotasr mpy. BNCtion a5 8, ropsslinking agefl- o he
accumul ati gn ebssl@ikesi béindndefined agd & enpasmemdavinge mafltisls) paimiéfzadld bed in
U.S. Patent Nos. 4,954,587, 5,079,319 and 5, 010, 141. The use of

si licone- cé‘ﬁ?ﬁ?‘?ﬁhﬁﬁs)nﬁnén%?gaﬁa‘?fpﬁduﬁ‘éﬁ" gy ni_’q I%Wﬁ‘&t efirplicalle gtilicape- | . €.
((CF2) -t REMEng ol s BPLGY S SRR b MiibsHe\BRRudeliCarb XD 11T C
and siliconocontaining nononeric units, as described in"U S Patent Nos.
5, 387, 662 &news iisthe ar08\d numegens qxamples aredprovidedin i Pefent Nes.i4ld6@500n, a
silicone hydr, . % [ [ I, . i i nonomer

m xture th)(g';jl Sg’ggic’opol ?r%%’?gl’%%%mss’ﬁ 2&%@ g’ezrgbcl’gér)l(?5’%?’:’?%’#318[53/3@&'8550 25, by
wei ght of one oExamples sifl apphingbleresiliconontaiping, nwnbmeri& ynits cimolude phulifyer abl y
30 to 60 percent, i ght of..one or norge polysil | al | ryl . WO
00/ 79082 pERPOSIEPL SRR it PG Herio (h BrATe, A DAY Sy

pref er abl y (RethjRryHQ mtRbmeR s repiésanbidByithefoliawing Foaflla :i ¢ monomer. Exanpl es
of hydrophilic nononers include, but are not [imted to, ethylenically
unsaturated | actarn-containing raononmers such as N-vinyl pyrrolidinone,

Ry
0 Rys
ﬁ/’kx/(CHz)h—-'éi—O—‘éi—ng
Ris ? Rig
R19—'SI-R19
Ry

wherein:
X denotes -O- or -NR-;
each R;3 independently denotes hydrogen or methyl;
each Ry independently denotes a lower alkyl radical, phenyl radical or a group
represented by
Ry
—%i‘Rw'
Ry
wherein each R,¢ independently denotes a lower alkyl or phenyl radical; and
his1to 10. l
Some preferred bulky monomers are methacryloxypropyl tris(trimethyl-
siloxy)silane or tris(trimethylsiloxy)silylpropyl methacrylate, sometimes referred to as

S



met hacrylic and acrylic acids; acrylic substituted al cohols) such as,

2hydr oxyet hyl net hacryl ate and 2- hydroxyet hyl acryl ate and acryl am des, such
as net hacryl am de and N, N-di net hyl acryl am de, vinyl carbonate or vinyl
carbamat e noWR¥B93uch as disclosed in U S. Patent Nos. 5,%%?322/5-’:223;nd
oxazol i none nononers such as disclosed in U S. Patent No. 4,910,277. O her
hydr ophilic nonomers will be apparent to one skilled in the art. The above
silicone nefei Al e BnfdRyRILYxyFARIPROR Winy? AR sORERheR rdertdd 0iae as
substrates that can benefit by béi'ng coated according to the present

i nventi on HERES-¥€en di sclosed in various publications and are being

conti nuously devel f ] . i devi ces.
ho i ndi oat et abouet Uiy HoncRfs iy B LRSI B RRar SURDP helfBfofifther 71, CF
of the sur fwhieh 3fa pply§orgameilexane)dtappel with\an wasatutathd goup artontaa edord @ds oby neans
of attaching to the syr e hydrophil ol yner chains.. The_hydrophilic
pol ynmer cha ﬁs!“"&?“é‘?eat bagrra]ﬁﬁe"ﬁ Q'h‘g{]i:’aﬁr‘ﬁa‘gel)%;?%gné' gf“l@%’ﬁo&fnﬁm{“ﬁg, sur f ace
t o hydr ophi {drigud @R&thiavd PlpY TREISdiAE AEYIUD) HendthacBlidgoner s) having
ri ng-openi ng or isocyanate reactive functionalities conplenmentary to
reactive groups Anpthenelasyph mereseptative silipengrcontaining meaomers inchisy filieang: t he
hydr ophi 11 CodBhthPr viEfAIcDo GO i) AERGEAO hbfortdt FAEE BY TRA4CT

ceto yg I nc

exposi ng the sur rophilic reactive polyners usive o

ol i goner s) vViaylbxygatyuidonyybusil -yl petiamethyl-disilaxgne n d 3+(rimetnilsilyl)propylps vinyl

conpl enentary, to azl act. r i oups. k.n the silicong material. or

havi ng car b%%?/ nlgtc?’ ac?3%@%’&%@@%&@?°9%?%§?@‘8&%?‘5@%‘ lt)sér y‘%t o] éﬁ%’ﬁ reactive
groups in timethglsiloxyiilel] npropyli dhyl tatbamide r 3-yedis@smethyisitoxgpilyll wiedyl ciligl i ty at
the surface of the nedical device is ytilized to covalently attach

hydr ophi | i cC45AmARer s téﬁ?'ﬁ@“%‘ﬁ?’gé‘tl""éﬁéiﬁuﬂfgf ate. Vife hy RfFi ¢ rdactive
pol ymers may,rPRinkkyRmekyeiiA Svifyl CBEAXETE trin IRy iyl Ivinfia Chib¥RatdDRQITEr | C
units that contain either an isocyanate or a ring-opening reactive

funct i onal i trimegpisilglmathy) vingl carhongih t hese reactive nononeric units may al so
be hydrophi |1 ¢, ARgndy @RIk | GitlcBRElhtfinp O midBnelYinBh3Q. DEifuGRRQ! YT Of
reactive nononeric units copolynerized Wwth one or nore of various _
non-r eact i vpolpsildrayehndcrand@mers@lso Gometns efeied) 808y hBPAgmens)y ovhichi mayuni t s.

Lesser anmoupts .of. hydro bj c..noponeri ¢ units opt ional e.present in

Fhe hydr ophive dats Py SRRk RO GS stihe oliRmeR,  Bificlel SuRRRS

}‘vl uncti onal : uﬁﬂﬁﬂé&d aﬁlmgzildsemal a ety 8 Fﬁhli@ﬁlibjﬂ,rihdgdiﬁglnﬁﬁt Ymmd in, FIONORGIE 6f | ]
xtures o rophilic reactive pol yners e enp] oyed. For exanple, the

hydr ophi | i ¢B yﬁ%‘ﬂ’éll?ﬁé}iy t o) Phé’g%_ffé*ﬁﬂafefyﬁ'i@% Hyfkogelisul t  of

the reacti Onamazaof{rmmiéaep&}mémdén@asvspra@r 11300191992)1996). | 'ERIT PuslisRENI | i C

reactive pol yner havi n%eacu ve functionalities in nonomeric units al ong

t he hydr ophApplicagen YNee WO 6/3HTLnend: US Patepts ey 4450 S 17 1ané 151454 451 diseloseon t he
substrate s ' | i di : ﬁb\éﬁ‘r L ] ofive
pol ymer hav%@gﬁﬁg:g%#é{ﬁ%hg ?ééactl \flésQ ungtlsls%g%?iqltll S ?E@t’}l {ée?%&{?gg%:ittsl ve with
the first hyntiretphiFiuther exemplesvad sjisbyeamethank monomerssare oeppesergedhy Formulae

epoxy- f unct '?oa%kgl,pol ynmer with an acid-functional polyner, either

si mul t aneousSly Or° sequentially applied to the substrate to be coated, have
been found to provide relatively thick coatings. Preferably the hydrophilic
reactive polynmers conprj 0 0 . percent of reactive nononeric
units, mor e & referab@*é%&(')&ggaﬁ%?‘%*%%'@ént, nost preferably 10 to40 nole
percent. The polynmers may conprise 0 to 99 nole percent of non-reactive
hydr ophi | i c(gmmorreri E(pkGED* Y, eheadpy, 50 to 95 nole percent, nore
preferably 60"to 90 nol e perceﬁt (the reactive nononers, once reacted nmay
al so be hydrophilic, but are by definition nmutually exclusive with the
nononers reMBEREY to as hydrophilic monomers which are non-reactive). The
wei ght average nol ecul ar wei ght of the hydrophilic reactive polynmer may
suitably range from about 200 to 1, 000,000, preferably fromabout 1,000 to
500, 000, nost preferably from about 5,000 to 100, 000. Hydrophilic nonomners
may be aprotic types such as acrylam deg (N, N di nethyl acryl am de, DWVA),

| actanms such as N-vinyl pyrrolidinone, and poly(allclylene oxides) such as
nmet hoxypol yoxyet hyl ene net hacryl ates or may be protic types such as

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

met hacryl ate. Hydrophilic nononmers may al so include zwitterions such as

N, N- di et hyl - Nmet hacr yl oxyet hyl - N- ( 3- sul f opr opyl ) - anmoni um bet ai n (SPE) and
N, N- di net hyl - Nmet hacr yl am dopr opyl - N- ( 3- sul f opr opyl ) - anmoni um betai n ( SPP) .
Mononeric units which are hydrophobic optionally may be used in anmounts up
to 35 nole percent, preferably O to 20 nol e percent, nost preferably 0 to
10 nol e percent. 11 WO 001 72052 PCTNS00/ 13229 Exanpl es of hydrophobic

- o, oy



met hacryl ates, |ong-chain acryl am des such as octyl acrylamde, and the

| i ke. As nentioned above, the hydrophilic reactive polynmer may conprise
reactive nononeric units derived from azl actone-functional,

epoxy- f unct | S¥@PUEe® aci danhydri de-functi onal monomers. For PEXRR13229,n
epoxy-functional hydrophilic reactive polymer for coating a | ens can be a
copol yner containing glycidyl nethacrylate (GVA) nononeric units, which
will react, for reyaichis@n ayl hu@xéaﬁmﬁawbé}ct&n@l a&m&ms.r@mos&ymmchp aci d
groups. Pref erred exanpl es of anh de-f'unctional hydrophilic reactive
pol ymers coraryldiradien oren alkylami dlsaderéthawm Giodfcabapaems; such as mal efic
anhydride and i 0 ive

y t@ unc'[m% iirﬂﬁcal a"hygl‘am#ladu)adﬁgl i 7 Q]ﬂ?}l c?lfagi’?:glt

groups or anhydrr redctrve groups 1 h the I'C réactive

pol ymer r eamt aryl dntadtcakdrxoa:yilkyiaxm die0hdéa] hatmg)hw 40 caitpn atwnsrnndmdngh may ne
(-NH2) groups,in the substrate, for exa substrates made from pol yners
conpri si ng ‘g’é‘ %ﬂfa%‘?’r Cormesllnikpm%&a}% acid (MpA),

hydr oxyal kyl met hagehdtedd fthahchr &idblskagyy et hyl net hacryl ate (HEMA), or

am noal kyl methacryl ates such as am nopropyl met hacrylate, all conmon and

comerci al |y avdiip @Jeast kononers. In the case of al cohols, a catalyst such
as 4-di net hyl am i eSS e reaction at room

t enper at ur e, as@mﬁ*géggd%&g%?ggd by&gt: Q)fﬁ ef(}hchem st. Acidic groups
may al so be created in the substrate by the use of azl actone nononeric

uni ts that e hydrol yzed to the acid. These acid groups can be reacted
with an epo ¥’ or anhydride group in the hydrophilic reactive polyner. See,
for exanple, US Pat rRs 5 364,918 to Valint and McCee, herein

i ncor porate irety, for exanples of such substrates.
I n general, u@%ﬁb el or nso Wé’te_e_functr onal groups in the hydrophilic
reactive poI ymers arly react with am nes or alcohols in the

pol ymer substrate, reactlbns i nvol ving an al cohol preferably in the
presence of a catalyst. In addition, carboxylic acids, ani nes and

hydr ol yzed aﬁl actones in the hydr ophr lic reactive polynmers may react with
epoxy- gr oups ™™ he substrate, for exanpl e, the nononeric units described
in US Patent No.eadh Keﬂadé;%ﬁdmuyeeﬁdﬂesrmengl 6t fhitro-sut3tueidnlkyh gotphivadger by
reference in |ts entiret 12 WD, 00] 72052 PCT/ USOO/ 13229 In a preferred
enbodi ment B! OcAROR AVEIT MG may conBiRReT (HiAREHBICY FRR GEAB OMShy dir ophii | i

pol ymers contai ijng of eReRtandni ts derived fromat |east one ring-opening
nononer, an isocyanate- cont ai ni ng nonomer, an ami ne-contai ni ng nonomer, a
hydr oxy- cont ai num@ammatpm@semwgbtqf&eom HL.009; nonorer  are r eact ed
with reactive gr ' I cont act
| ens substrate. ypr ca ng E}%&g gsgg‘l"?&{%’g@ér ‘%ﬁ%@é&gr%@gﬁ‘f ached
to the substad'aalerepmsenteébpl‘omnﬂzevm aces aI ong the chain of the polyner.
After attacmgt, any unreacted reactive functionalities in the hydrophilic
reactive po r may be hydrolyzed to a non-reactive noiety, in the case of
epoxy, isocyanategor ring-opening nononeric units. Suitable hydrophilic
non- reactive nonoe&rs for conpri sing the hydrophllrc reactive pol yners

i ncl ude gen hoa gws% gzgcoq vi nyl nononers such as

2- hydroxyet hyl -1 2- "an $pro I- 2 3-di hydr oxypr opyl -

pol yet hoxyet hyl ¥24 and pol yet hoxypr opyl acr yl at es, nethacryl at es acryl am des
and net hacryl anj des acryl am de, nethacryl am de, N- net hyl acryl am de,

N- et hyl met WBEP¥ ani de, N, Ndi et hyl acryl ani de, N,

N-di met hyl i neth 5 di met hyl - and N, N-diethyl am noet hyl

acryl ate and rre?ﬁa?r@m Ng d}ﬂe correspondi ng acryl am des and

met hacr yl ami des; Rﬁ-lah!ﬁldsem ary kisy} adicalchavingahtb 8-caxbbh yatons; vi ayCEYYRAs ne;

N net hyl - .ne; net\yl.- 1- vi nyl i m dazol e;

N, - N- di net hrﬁa}alcfﬂlpwﬁeg g‘l?'d'i’”tohy 1 noet hyl vinyl ether and

N-vi nyl pyrrol i dorg is d divdleid elityRfi®fadichltaving @ ftolll 0 BB A&aé;i ve nononers are
general ly water soluble conventional vinyl nononers such as acryl ates and
met hacryl ates of the general structure 42 H2C=C- COORS where R2 is hydrogen
or nmethyl and R3 is hydrogen or is an aliphatic hydrocarbon group of up to
10 carbon atons substituted by one or nore water sol ubilizing groups such
as carboxy, hydroxy, am no, |ower alkylamno, |ower dialkyam no, a

pol yet hyl ene oxide group with from2 to about 100 repeating units, or
substituted by one or nore sulfate, 13 WO 001 72052 PCT/ US00/ 13229
phosphat e sul fonate, phosphonate, carboxam do, sul fonam do or phosphonam do
groups, or mxtures thereof; Preferably R3 is an oligoner or polyner such
as pol yet hyl ene glycol, polypropyl ene glycol, polyethyl ene-propyl ene)

gl ycol, poly(hydroxyethyl methacrylate), poly(dinethyl acrylam de),



H2C=C-CON(R4) 2 R2 where R4 is |ower alkyl of 1 to 3 carbon atons and RZ is
as defined above; mal eates and fumarates of the fornula: R300CH=CHCOOR3
wherein R3 is as defined above; vinyl ethers of the formula HZC=CH O R3 14
WO 001 72052 PMETPAIR0R3/ 13229 where R3 is as defined above; al fPHEME?A nyl
conpounds of the formula RRCH=CHR3 where R2 is as defined above and R3 is
as defined above with the proviso that R3 is other than hydrogen; and vinyl
substituted het RyGE N alk§FradicalBBviAS 1 Yd 1Y eartiilakthdiesS, pi peridines and

i m dazol es and N-vinyl lactans, such as N-vinyl-2-pyrrolidone. |ncluded
among the usef uK d6Be®Es -CslaitPE€Omononers are acrylic and methacrylic acid:
itaconic, crotoBigenotbdldRbl Syignd mal efic acids and the | ower hydroxyal kyl
mono and di esters thereof, su¢h as the 2-hydroxethyl fumarate and nul eate,
sodi um acr yl at e Aadehotastah avomatia tagdjcabhavinigiteto 39 lcanpboatpmishy| sul foni ¢ aci d and
allyl sul fonic acid. The inclusion of sone hydrophobic nononers in the

hydr ophi i ¢ rea®ip 0& &a1iyRer & P olondgds PRel.benefit of causing the
formation of tiny dispersed polyner aggregates in solution, evidenced by a
hazi ness in the,s 1.QN.OF r. S_.can so he
observed in At o% glletec%ﬂreggﬂﬁﬁogégo?gg%hyg;E?ﬁ%t%agg%g&o?%g 1%%33%% tﬁ‘e?(??'?é’lm lévi ce.
Sui tabl e hﬁfm)'phobi c copol yneri zabl e nononers i nclude water insoluble
conventional vinyl nononers such as acrylates and nethacryl ates of the
general fornmula H2C=C- COOR5 where Rz is as defined above and Rs is a
straight chain or branched aliphatic, cycloaliphatic or aromatic group

havi ng up to 20 carbon atons which is unsubstituted or substituted by one
or nore al koxy, al kanoyl oxy or al kyl of up to 12 carbon atonms, or by hal o,
especially chloro or preferably fluoro, C2 to CS polyal kyl eneoxy of 2 to
about 100 units. or an oligomer such as pol yethyl ene, poly(nethyl

nmet hacryl ate), poly(ethyl nmethacrylate), or poly(glycidyl nethacrylate),

m xtures thereof, and copol yners thereof; 15 WO 001 72052 acryl am des and
met hacyl am des of the general fornula R2



HzC=C- CONHRS where R2 and RS are defined above; vinyl ethers of the formula
H2C=CH ® RS where R5 is as defined above; vinyl esters of the formula
HZC=CH OCO- RS where Rs is as defined above; nal eates and funmarates of the

f or nul a RSOOBOHOAZTIR OOOR$ where RS is as defined above; andPGHURPP/II229
substituted hydrocarbons of the fornmula R2ZCH -CHRS where RZ and RS is as
defi ned above PCT/ US00/ 13229 Useful or suitable hydrophobi c nononers

i nclude, feyexanple: nethyl, ethyl, propyl, isopropyl, butyl, ethoxyethyl,
met hoxyet hyl ,” et hoxypropyl, phenyl, benzyl, cycl ohexyl,

hexaf | uor oi sopropyl, or n-octyl-acrylates and nethacrylates as well as the

correspondi ngr acryl am des and net hacryl at ni des i me fumar at e, di net hyl
mal eate, diet yP fumar a,?e met hyl vinf@ etherQ et hox Hq nyI etfher,
vinyl acetag oaNnyab7—11@cocmmocwémc—’mzusﬂéo1m |
benzoate, acr tri Iﬁ styrene, al phdr rreth st yreneg,l- ene Vi [nyl

chloride, vin I rret hyl ket one, vinyl stearate, 2-hexehe a - et hyl hexyl
nmet hacryl ate.. The hydrophilic reactive polyners are synt he5| zed in
manner known per se fromthe correspondi ng nonomers (the term nononeq here

person skilled in the art. Typicall yH the mydrophilic reactive pgly
chains are formed by: ( 1) m xpngothe RJRNRRBES,cREeHRSY, Cflslz-)R )

pdl ynerization initiator; (3) subje ting the nonhoner fni’tbat of m kture to a
source of ultraviolet or actinic radiation and curing said mxturé. Typical
polyneri zation initiators include free-radical -generating polynerization
initiators of the type illustrated by acetyl peroxide, |auroyl peroxide)
decanoyl peroxi de, coprle peroxi de, benzoyl peroxide, tertiary butyl

per oxypi val at e, Verginumisns leasirlzsd s preferablyt 3 orrdy ainatjeasipeand oreferebly inhe

azobi s-iso I fy

illustrat esy%y dgért‘ilﬁlo%(}g [%gitdggp Ienrcl)(k)él# npgfﬁ‘gog 2819223'%%?&@3% ﬁaté?{)a?tocess

wi Il of coulOsRydepdinalicasbofia d:ﬁs@cymat'e m&txmemuseédf thedsdchanatelprsip; akch as the
characteristics ,of..the conpnoner such _as visco In any event,
Che Tevel  SirefiRalar pRiordip oy It P G b iAo PHEREIGY of 0 01 1o 2
wei ght percent of the m xture of nononers. Usually, a mxture of the
above-nentioned nononers is warnmed with addition of a free-radical former.
A pol ynerization to formthe hydtBphilic reactive polyner can be carried
out in the presence or absence a_ol v@H,—Sui tabl e sol vents are in
principle all solvents which di"ssoljve e nononmer used, for exanple water;
al cohol s such as | ower al kanols, f exanpl e, ethanol and net hanol;

car boxam des such as di net hyl formam de, dipolar aprotic solvents such as

di met hyl sul fOXiAdletth ttedshydf eb;lsryéenia&mnﬁhcdﬁetc@m:guqhoramwememeesor

cycl ohexanope h rocar bons H‘ﬁg as tolu et hers suc

as. THE,
di met hoxyet ot TBrEER JreTemeE FY6 JteeR SR ‘é’ugf? Jermation of

trichlor OEtth@ﬁﬁlhc@xE@hJ@l'@@ls% ¥éd&6@ ﬂae%mﬁhﬁ]itﬁﬂ' df d%ﬁ&si/tﬁf Bh Sonth® 'lexﬁé’satﬁiﬂee
m xtures of water and an al cohol for exanple a water/ et hanol

wat er / met hah@riom g dessribedind). %&%HN%(?@%?%’ Si93h2 angt 241 ﬂéh’ﬂ on, the
contact | eng Qfoofd. Etﬁﬁmﬁﬂ nfoRbmES Habf %Mmﬂﬂu%ﬁ?ﬂéﬁﬁdégr g?rxgpftbb')cﬂreac“ ve
pol ynmers by imrersing t 1e su strate P a solution con I'ng the*pol ymers.
For exanpl éiave beemtfond kermpreny dompplibiliydbesweeh plpedi}’drgphlhp Siuﬂtsaliﬂoec-perl od
of tinme in i yner in a
cui tabl o merabshbadiic Wi, Oy S afa 6.5 BREANG SR s 2RI T 17
WD 001 72052 PCT. /hUSﬁQ/p}&Bﬁai Ambodiﬂiemabemeahwumonp laesxbozhadiydmgél miitetilile

i nvention involyves, the attachrren of reactive droph| l.ic rs. to a
medi cal de\ﬁ°8’é’“s%“ﬁ“b|ﬁ Qraer; Wixiyreg &ﬁ?@ﬁﬁﬁﬁdﬁgﬁﬁr@ri C
units or r I;reeceﬂﬂog&fdwmmr bywuiyﬁ&fonmrmaee Shdoae mkedmoféméss Rr@sent

i nvention, the ring-opening reactive nononer has an azl actone group

r epr esent ecPeRPny (pEeterably ot Fy 6P rerrenta byRmeight-af owe of apery rpobys@xanylalkyl

9



wherein R3 and R4 independently can be an alkyl group having 1 to 14 car bon
atoms, a cycloal kyl group having 3 to 14 carbon atons, an aryl ‘group having
5to 12 ring atons, an arenyl group having 6 to 26 car bon atons, and 0 to 3
het er oat ons Moneyeesexi di ¢ selected fromS, N, and O, or R3 BAASM1¥ 2K en
together with the carbon to which they are joined can forth a carbocyclic
ring contai ni ng 4 to 12 ring atons, and nis an integer 0 or 1. Such

nNoNonNeri ¢ i_sclos 5,177 1 5 A t et

al . The r| %fafla'i? m%ngxg‘f“gsaﬁnghmg %gg %’Faéjr abg;olq tlot416 I q’%g’é‘gﬁ){éf& eto
nucl eophi | |aﬁ1yﬂﬂoﬁ§;10ﬂﬁ)ﬂbr?@' L]ia:amplg@ nﬁhyﬂréﬂgultdlﬁﬁﬂcmﬁlgu&e, bapdt hmelnﬁueﬂc:] i onal
groups on the sur e of the substrate. being treate For . exa t he
azl act one ft%r?&yreawgh Wa@%@%‘aﬁ*ﬁi‘?’ﬂmﬁﬂmﬂgwsﬁmw IV Plﬁ‘i‘grdémnﬁr aci ds

in the subsidifkMlic @Sand®NdcrRide dackIOV Qcryli® fsangnhn@d canshas)t fepd Letaeen the
substrate and the hydrophilic reactive polyner at one or nore |ocations

al ong t he pofrpryethylmethpcnylatei agd o2- a@rpwﬂmateannd o?qlﬁlein@é!h uchofaspol ynrer
| t i h
it ached atERPHHEE Snd "FACSISLBRER ARG COTP g o SOP Uatthlhae?2! |

nmaki ng t he niyndmerstsuth as dischesed ireUSo PytentrNasa §,00@,2 ) indroxezolisone pianpmessner ,  or

conbi nat i ofouh Eag Rt S et Neo R oM 2T ity Byt PBRSBE A e ch

t he azl act Qpparetﬁt@@ﬁmhﬁdmﬁéa&er abl y, azI actonc-functionali ty is provided
in the 18 WO 00/ 72052 PCTNSO00/ 13229 hydr ophi | i ;ﬁ&)ol ynmer @% - al kenyl

azl act one monondpE aboyr iligons MatenAls ars OFHSTRERD #R¢ gthgy mat W‘?reﬁﬁﬁﬁounds
thei r synt Rgsdugted @lah anc2R 6t t%%émgfcﬁﬁtc@éé’égﬁiuﬁ‘% tol the phesent qu@ﬁtﬁJﬁthavé\‘Bc%n
4,304, 705; 5,081,197; and 5, 89 (all mann et al.) the disclosures
of whi ch ardesclon@bmp'@nmsmbh@tlemsmnéwa@moenww& develiped for aipdiarppntact

azl act ones 3-oxazol i n- 5- one,

2- et henyl - éﬂgngét#lg%ﬂf??%%g%%h% S-one, 2-i sopropenyl 1, 3- oxazol i n- 5- one,
2-1 sopropenyl - 4Arsan¢|ydtedlat8wqxthe: ptesent Srventign is directed to the modification of the

2- et henyl

2-i sopr operﬂ?f} 4z, ofg i %Pﬂ?@e‘ilcé%é&‘ﬁ% ?Hcgr?sg cgpgct lens by means of attaching to the

2- et henyl - ‘kuff&fehiyhroﬁhhy lpol{mer &iﬁﬁﬁo IThe hHdrepitlic polymer chains are attached to the
2-i sopropenyl 4-butyl - 1, 3- oxazol I n-5-0

2- et henyl - @ugfacalbydgws 9 gx_p@ixag g1e| syrface4q élydrophﬂxc reactlve polymers (inclusive of
2-1 sopr OperbYlkoxﬂe %dﬁﬂﬁﬁ ¥lot 1so aﬂi@?@ich% RnfYhalities complementary to

2- |sopropeny 4, 4-di 1, 3-oxazo - one,
2- i sopr openyactide grqyemoa huyfa@n@f Ihfanmmloﬁqvwes Ahternativelys 8isr lygeophilic

1-4,4-tet r W e?ﬂ% %; ?%Xﬂgagﬁ 5&9 gl?r'gace by means of exposing the surface to

2-etheny| oxazo
2- et henyl - Aydwphijit rdactivn polyrher3- (mchmwb iofi-ofigames) having hydroxy or (primary or

21 sopr operyTHHELPRYE. G0N SPIGAEL 5 Brlpcnd ahtive gippps in the siicon
2- et heny| - 4ndterd ror HRINRY éebtRxylic cid X@apldnientary ReouphRompRihaial) ¥poxyhe

azl act one nongners are a cqunpound repre ted by the foll ow gener al
formil a:  RAHAVS BRUPOIRe folicyes matpgisiy ﬁﬁ%?@@rﬁmﬂlm aitesbte 1 and

R2 i ndepen%ﬂaéeyof@emaﬁc@ dBVMEY R URBzAlO Bbvilently 'a@tl@ﬁrhy&'xloFPﬁhc %salto et h one
to six carbon atons, and R3 and R4 i ndependently déno radicals with

one to six abischensubstisles or a cycl oal kyI radical with five or si x carbon

atonms. Specific a

2-isopr openyl F@é ‘ﬁ%ﬂ' gé-ag%gez one E’? lemm or copolymers
2-vi nyl - Mmpuslhg keaﬁummmlmenc Mat(daim gither an isocyanate or a ring-opening
spiro-4'- -ji.sopropenyl - 2'.- oxazql,k n- 5- one) cy.cl chexane (I PCO),

cycl ohexanere% e g’“ﬁgqﬁéy-wlﬂ Y 2%%‘9353' tgesoe mﬁ:ﬁ%‘} eRRERgC ‘ﬁ*hta Y also be
2- (- 1pr opertyidiopHilié; thenmidaphiliexi@acive Spobyiser (rdiMalso dada tebolyrhérCof feactie

conpounds nmay be prepared by the general reaction sequence: R2 CI_ R4 ORL
R3~ O NHZ CRPOmereHrBHEonaipar OR OF MRte Of VamougRORsERICIRYg hdraphitic - O R1

R2 R1 / 10




N OR3 R4 The first step is a Shotten-Bauman acyl ati on of an am no acid.
The pol yneri zable functionality is introduced by using either acryloyl or
met hacryl oyl chloride. The second step involves a ring closure with a

chl or of or mat ¥@ 8208 d t he desired oxazolinone. The product P¢EUSMAPA? ed and
purified by the usual procedures of organic chem stry. As indicated above)
t he conpounds can be copol ynerized with hydrophilic and/ or hydrophobic

conobnoner s : r i1 ' . ﬁﬁg% o the
desired sur{é@}°§%§?“§}r§§ g%rgéerae o@éﬁg%aﬂfgﬁpﬁgéﬁéelgg&(g)ﬂ%@ Errlgg/s r?%?te e ?%/tc)i% ol yzed
i n order t oresemvar thetydrophiiz qlolynome Tlonpiogrepdning mbnoraers rinclads sidactdne-

general ) t ydrol ysi s st.ep. 20, .MO,00L72052 wi |l follow the general

enct | oh ortngRdnlyephRy EegEhiaL i gei by R der R Y99 13206 Ré R3 R2 OH
NH O R1 The car hgirneér dTHydfbphilit fedecpdIfhve eihytideentploy@dd Hof exafilgahe i S
shown unreacted, but the reaction can take place when copol ynerized into a

pol ymer . Ndwdraphilicipatymex shams attached tathe subisate may be the reyltiof thegprstionats zed
i th azl actog L0Ba o DD ELd B ot ; i | i '
ol oo ouREL STEAPAER Lol §3 ' BARANE ORI Lt

pol yners used cal ice I 0Se€ tione ove,
pref er abl y finetonalitieadn yhonoingrde uhits/ aloyg they hydsbphilia pelgmers usotripbementagyd es  of

conononers are di.scl.os I n European Patent. Publicatjqon 0 3 35....t he

di scl osure rS?C%\Xﬁ ﬁ?ﬁg?nsaﬁ ‘lq?lscoél rtg%f’ua téage B‘iﬁaf%%dr' Eh%‘ié].‘“"ﬁr Q’?é‘ r 5%1“3,%‘}&05%1”

di msth hyl acrrghative qlelyimrh haar:g ﬁ@phnﬁfﬂtﬁbﬂﬁﬁ% ﬁrﬁbtienaﬁies that b:rmgmivély@hlhqpmi i cijt y
to the copo r.. ch azl actone-functional npnonmers can be copol ynerize
Wt h ot her DR frtegys BEED o HEFO Hm B R RO OFEER Ge e i ng
nonomer of wjtiah akidtfMAcHohMi fotyrhéd! kithek QirllAhediflyadt RGhHEhIN EppIRAGHRAe W | |
result in a random copol ynmer. Determ nation of ‘reactivity ratios for

copol ymer i zabsteste taibe cepted hevsdgen foumditogmovide relatively duckogoatigsy mer i zati on, 2nd

Ed., John Wley ﬁf?@?@ﬁ@hﬁ@pﬁm@ﬁﬁﬁgﬂ%ﬂﬁn@%& 15406 nfdlie PP of S

i ncorporated by re nce herwein. se of a conbnoner having
a hi gher r esadtive mopomerid dfs, mdre preferablp Stto H@ mold perdeaty chosoprefesablyt 10itndt bl ock

copol ymer chain wt hi gher concentration of azlactone-functionality near
Che t ar i n 8o pepienl Pl ek A Cirs 8 1 op S B Pt o dparrgieive
azl act one- fhyidedphilisahonpimeRO i préfeeiblyo$0 ©IFEAGle Pérdénignére fpkdfétsﬁly 60® 90
free-radically polynerizable site can al soege utilized for, providing

Y
azl act one- fONEPEESHR! (theyreacive MEneRers.oRee reasted mayialspbeRydsapbilicab® SFPhg t o

the present damitRR hBfally &LRGVE Wth! HE GldnBRals rBfelr& RS hy drePhilR*ABMInfers ar e
prepared by free radical polynerization of azlactone nononers, optionally

wi t h cononowhielk ang sontesactiveh dhheiweight &veraggmenieculdpweight ¢ftlie Wyritophilid rdacd9sS, 608,

I ncor por at egh e Sl AT ralld £oH a0 306 h 1,00000805EA0R 1y £S5l /ab5T 9 bba 822
500,000, most preferably from about 5,000 to 100,000.

Hydrophilic monomers may be aprotic types such as acrylamides (N,N-

dimethylacrylamide, DMA), lactams such as N-vinylpyrrolidinone, and poly(alklylene
oxides) such as methoxypolyoxyethylene methacrylates or may be protic types such as
methacrylic acid or hydroxyalkyl methacrylates such as hydroxyethyl methacrylate.
Hydrophilic monomers may also include zwitterions such as N,N-dimethyl-N-
methacryloxyethyl-N-(3-sulfopropyl)-ammonium betain (SPE) and N,N-dimethyl-N-
methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betain (SPP).

Monomeric units which are hydrophobic optionaily may be used in amounts up to

35 mole percent, preferably 0 to 20 mole percent, most preferably 0 to 10 mole percent.
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limting exanpl es of azlactone-functional oligoners and prepolyners are
disclosed in U S. Pat. Nos. 4,485,236 and 5,081, 197 and Eur opean Patent
Publication 0 392 735, all incorporated by reference herein. In another
embodi nent ofW@ p”2ps3vent i on, the ring-opening reactive grouRFVPSHpRE29
hydrophilic reactive polynmer is an epoxy functionality. The preferred
epoxy-functional nononer is an oxirane-containing nononmer such as gl ycidyl
nmet hacryl at y i . e - Y LNyh= - eng- 1. 2- epoxide and
the like, aﬁaﬁﬁteéhlogt erép;i%{g%yyégé?glﬂmﬂﬁg %oﬁrrlé@é&ﬂ@% gu&u%néﬁ.g %‘d

hydr ophi | i cnetbactlatess lqngichiaie nerylrmidea suchak ectyl arrdarhide,cind thedikiecal devi ces

whi ch may be made by .conyenti opal nufact urin rocesses. For ex | e,
contact |enses %rmégmnf%g{}qvghﬁlgfhy ﬁoé’ﬂﬂlrpe?@cﬁ]tve i%ﬁ i"SH €RPe r?ﬁﬁﬁ act ured
enpl oyi ng Viasrogdedic C Qe etivedal frdne CoxldcthneFnctiondl] pokyafunbmper At aside havi ng

the desired posterjior, and anteriQr |ens_surfaces, Spincasting nmethods are
di scl osed | fhygrde-functigpal mgpemers. Fopexpmple, g epoxyeignetional hydeophilic gepcivest ¢
casting met Qadser reoodimfh RAE Carl Bt deoPolyRRt BotitailiRp giybidhl AethadyRRAGRMAP 7, 266.
Curing of tlﬁ)e rmnomgU cC mxture is oc?foten f%‘fl ovvg(%)%yd%’a ﬁa(g:ﬁ?’ni gg op)grati on
i n order t ongromerideundtscwhichcwill egact, Hor iexample,dwish ree dens | substrateo oémppising i on. As
an exanple, U S ... Patent No 555,732 disclose rocess in.which an
oxcess of - RYic R EBorRY Brderrd sedple b SR A g Ao B 0 m
shaped art i gilyendiaivongtisa inchbineric atitd defived fohatenoaitis such @b adaleie hnhyliidege

t hi ckness. Tge %)ostag]bidc}{ surface of the cured spincast article is
subsequent | 3P Farane .Y ds- provide a contact |ens having the desired

thi ckness and pastRpdl; epeBSfuBittionaC factivel frdEps bR GhyAHAG ARREEMA! rQdEveTRY
follow the lathe cutting of the |ens surface, for exanple, edge-finishing
oper at i ons. STRRseiR the JedtoPhic Feactive PREAIER Geach vithe sarpaxyli iGGQOB) Alohol t | s
desirabl e tQOHRTHR \(infafl® hilhie! (192 Eitios 0 el fiburdaRNTorELALR, SlAEatkd AN N0
operati ons.@ol'h?%s i's Sgy(s:aus_ez( tyJ[))i ca Isy,. gn ‘osr gaar’lic(’: %Hﬂheht isalgnciluded in
t he initi al fremopalymers ccomprisinge a$ rmonageerict units from zmethivadis scidalMAAIN of

olyneri ze r od ro d i i n ri 1 Xt ure
Dot o1 o RSN RGOS Ly P BlTEIG b e (HEMEN BF ERiBalfle” 1
m xt Iur e, Whinethacaylates\sch agmmainaprfupzylﬁét_hh@ylm; algwmﬂ@' Sﬁrd?pmrcmﬂr ap?ilaibm_at el yf
results in a nore upiformy _polynerize roduct.. Sufficjent unifornmty o
Lhot byt o Pt e rase of BROAR aicaahst TR A S UimarUHTRORESGIoIE | ol ar

concern forused td Gsuee the tHabit &, robthi tBMpérhtvred Ue whlp bEhﬁ’xdEr@t@bG&??Qﬁb Sifilled
si | i cone-contai ni ng_nononmers which may 22 WO 001 72052 PCTI US00/ 13229 tend

t 0 separ at echemistn tAcidie) gEuph Fiay jalsochsneserierein the subsimsteebyothg atse ©f azlpctenst s

i nclude, fog nl e I | & ol A nal i ned
aliphatic m)%ohy riugltsafﬁggﬁg#g&gﬁéﬁl tas n- éx—gﬁneg aﬁégﬁ&n%%ggggz%gﬁﬁgl

especi al | y gvepbry orathydtids| groupio theabydeiphilicaeastivé palpier. (fizk,yfot exampldy USs

gl ycerin; egherss i en lxcol nmonoet hyl et her;. ketanes such as
met hyl et hy at%é%"ﬁé%%@é?‘é’ e{s"itjl%:“k aﬁg hgr%q °y Iheré"Waﬂltch’ﬁlg;m%aWdr‘?%/rﬁ?cgclgrl%ons such
as tol uene. enfilrety, doradxhtyiples bfsuch gpbstratesdi | uent is sufficiently volatile to

facilitate its renoval froma cured article by evaporatiqn at. or near
o ent pr essur dn SRRl SPNe oh dhogamaercgnal e i bySap i Ggfier

percent by ysNH&H may siriRrliPeaeWith SmiNeXéridléholiih thelRynie sibistraty, rBRismNt by
wei ght bei ng especi alliegreferred. The cured lens is then subj ected to

sol vent r eniBVelving ap; alephelbprefseablyc inothp Irrespsg ofy2 ealalydr dnieddition. carboxdigr

anbi ent pre r mqﬁ; - | oyed
to shorten ﬁ%’ fﬁ?%és neceg'rsdé%y?gh%@gg% glzégbt&%ghﬁ??%gﬁ{%o he tfnﬁg,rﬁgp

t enrper at ur eWikin @poxyessenps dn werrybstiaten forfezamplecthe shanomerie unitsvdgscribedin WSl | vary
dependi ng f S i i]i of . j n t.he, specific
nonomneri c g%&%gﬁgoﬁtﬁﬁﬁéﬁc%n%@%bee%g 37‘{ "dfel%ggmm%ge}gorgifh %&ekgﬁ?%%f’e " t he
art. Accor dentigetg.0 a preferred enbodi nent, the tenperature enployed in the
renoval step is preferably at | east 50C, for exanple, 60 to 80 C. A series
of heating cycles in a |inear oven under inert gas or vacuum may be used to
optim ze the efficiency of the solvent ;yenoval. The cured article after the
di l uent renoval step should contain no nore than twenty percent by wei ght
of diluent, preferably no nore than five percent by weight or |ess.

Fol Il owi ng renoval of the organic diluent, the lens is next subjected to

nol d rel ease and optional nachi ni ng operations. The machi ning step

i ncl udes, for exanple, buffing or polishing a | ens edge and/or surface.
Ceneral ly, such machining processes nmay be perforned before or after the
article is released froma nold part. Preferably, the lens is dry rel eased
fromthe nold by enpl oying vacuumtweezers to lift the lens fromthe nold,
after which the lens is transferred by nmeans of nechanical tweezers to a

o, e - T - e . Y




WO 00/ 72052 PCTNS00/ 13229 Fol | owi ng hydration, the | ens may undergo
cosnetic’ i nspéction wherein trained inspectors inspect the contact |enses
for clarity and the absence of defects such as holes, particles, bubbles,

ni cks, tearswoogpertion is preferably at 10X magni fi cati onPCEP$®WA3R2Pe | ens
has passed the steps of cosnetic inspection, the lens is ready for
packagi ng, whether in a vial, plastic blister package, or other contai ner

for miintaining,the lens. in.a sterile.condition for the consuner..Finally,
the packaged | o 3 BreCeis cBRBITER GTcF| Yot prefimen GORPIVTEREPEN mmy be
acconpl i shegdtdphiicCrolptedt icomainingUlepedt amts defivddefradl at leit dhe 3hgaipkning

pressurization sterilization cycle, sonetine referred to as an air-steam
M xt ure cycPNOmES, \§| [SOBYANAIEIGPRIAININE o JNQHYIET, o AL | JIINE-GONRAINING 5 HIONPER o8 a b y

t he aut ocl aylsnGylcent@nintORoforhd?, 6P LarfdRy1i@ c@xﬁ?iﬂtﬁ% fbnokikr{ e T&fdted Wifh €S-

Fol | owi ng steri Pli zation, the l'ens dinenSion o e sterilized | enses may be
checked pr insactive goqups agdhe aface of theamediead \dgwicegech asfa contact ilensesmbsteate. ar e

further ill4st - f ] t i cul ar terials
and anount s’fﬁ%ﬁggﬁc E}Z\dé‘lt’@%f ﬁ%%éngﬁngggmgégﬂng %’tg%?eéa)ltlé %F\.ﬁs@%@ %‘lt ?%}é{r()?(%&ri%i tions
and det ai | spiaded ulichgnthe &hairc ofishe pelymet. UAfied yttdchiedt, tahy unrdavted tresfive EXAVPLE

1 This exanpl e, discl gses .a representative silicon drogel | ens materi al
used as a %ﬁ?t}%@‘t%b’%ﬁ’rsﬂy@“ﬁp lig eactivg P‘E}Wﬂgm@%&%émﬁ % OPFEIHY? on f or

the materi ahoiley, RtRY EMEEK d xﬁ%hﬁn&te@ﬁﬁ%gp%ﬂon&ﬁ@%ﬁtwl
t TRI S- VC55NVP30VzDzs 15VI NAL1n- nonanol 15Dar ocur 0. 2t i nt agent 10.05 25 WO
00/ 72052 PCTNSOduitasie bydrpghilicnancgagtiye menemers for camprigiag thg hxdrephilieove:

TRIS-VC trigf{dfk mws%élﬁ&%}:ﬁérklw WL ubYd ¥ entiBhd? B SomerNaéh gy !

pyrrolidone
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 and N-vinylpyrrolidone.

Included among the useful non-reactive monomers are generally water soluble

conventional vinyl monomers such as acrylates and methacrylates of the general structure

R
|

H2C=C_COOR3

where R; is hydrogen or methyl and R; is hydrogen or is an aliphatic hydrocarbon group
of up to 10 carbon atoms substituted by one or more water solubilizing groups such as
carboxy, hydroxy, amino, lower alkylamino, lower dialkyamino, a polyethylene oxide
group with from 2 to about 100 repeating units, or substituted by one or more sulfate,
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V2Du a silicone-containing vinyl carbonate as previously described in U S.
Patent No. 5, S34,604. VINAL N-vinyl oxycarbonyl al ani ne Darocur
Darocur-1173, a W initiator tint agent

1, 4- bi s[ 4- ( 2-wenbrzaes2y| oxyet hyl ) phenyl ani no] ant hr aqui none ERENPEN/13229hi s
Exanple illustrates a process for preparation of a contact lens prior to
surface nodification of a contact |ens according to the present inventi on.
Silicone hy f 1 wer e
cast - nol ded 0% alte y%ﬁ%ﬁ%ﬁ%ﬁﬁﬁb %ﬁo{aﬁl‘gﬂjéfc‘lﬁg)ﬁlgﬁln&e%rot n%n}r?%)nemenﬁdo m? Spher e,
45-pl of therrhmmdthermfn was |nj ect ed onto a cl ean pol ypr opyI ene concave

mold half and c t.h t nt ar opyl ene .convex nold
hal f. The mold %Ff‘/‘&gl Raigan ol “é"%’r"‘g WENES 5&5“&9 and the
m xture was pﬁyl;ragzléﬁérglﬁgbpBbly@eﬁly[&@-ﬁid@?lehé) ghlael gdsw@a?ak@gy&iyl dthaérglate),(6- 11

mN cnz as neasured a_ Spectronic W was exposed to WV

li ght for aBQJM(IdHBEtb)GGFW]aBWE) nebyasrdis. acr#h@olcyspeth%mdlcr@aldb pelysulfesgoved, and

romove n nobakalor ARyl ool stotabs s iRtk Tor 1o

seconds at 28f@ate)sodinit shltapdly(ethﬂema‘ oxide),qrolyetiElctoxtletiroylanc aride)y

illustrates th nthe ilic . reactiye co olyner i nvol ving a
80/ 20 by vveP%}ﬁélyﬁé h‘ﬁ ROk {aStl %°‘d§m?m§‘r‘§ (WM?’MI“@W *oyi ng t he

| g%; ecs“o glnt gzglgsamhh&eszmb@tremﬁz@f and\/wp&%&a@lﬁazedf NO Sd ~ H 48

PCT/ U 1 ~~, "
~~~ OO-N O (Cl%’(itl}@d&w@]f@ﬁ"f@ﬂ@}@@wfﬂ? RS THE -0~ - O-/S H BHT O N
TABLE 2 Reagent sAnpunt (g)Amount (m Di nmethylacryl am de (DVA) 16

g0. 1614Vi nyl - 4, 4- di net hyl - 2- oxazol i n-5-one (VDMO) 4 ¢0. 0288VAZO- 64
initiator0. d34 “GONBRcent Tol uene200 m -- All ingredients except VAZO 64
were placed in 500 m round-bottom fl ask equi pped with a magnetic

stirrer, condens argon bl anket and therno-controller. The above was i
de- aerat ed Qﬁsgégn After VAZO 64 was added, the solution was
heated to 6 and el htai ne g‘b hrs. After the reaction was conplete as

noni tored by FTI Rr;(lﬁﬁidésmdrﬂ'm@mlmsldfmea‘bmdnspectroscopy), t he solution
was slowy added to 2500 m of diethyl ether to precipitate the polynmer.
The m xture was stirred 10 mn) allowed to settle 10 min, and filtered. The
preci pi tate wdsCTdre®ender vacuum at 30 to 35C oven~ |ght and the

nol ecul ar wei ght [determned to be Mh = 19448, Mwv = 43548 and Pd = 2.25, all
based an pol ystymggne standards. (Pd refers to polydispersity.) EXAMPLE 4

where R, is lower alkyl of 1 to 3 carbon atoms and R; is as defined above;

maleates and fumarates of the formula:

R;00CH=CHCOOR;

wherein R; is as defined above;
vinyl ethers of the formula

HyC=CH-O-R3
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This Exanple illustrates the synthesis of a prepolyner of N,

N-di met hyl acryl am de that is used in making a macronononer (or "macroner")
for eventual use in a reactive hydrophilic polymer according to the present
i nvention. Tk ¢weeel ynmer is madc according to the fol |l ow MRCIEsIBEI2AN
schenme. z~ WD 00l 72052 O ~N~CHs CHs OH HS PCT/ US00/ 13229 AI BN THF CHs H
48 Reagents DMA (200 g, 2.0 noles), nercaptoethanol (3.2 g, 0.041 nol es),
Al BN (Vazo-64 in the t 3.3 g, 0.02 noles) and tetrahydrofuran (1,000
M) were cdﬁﬁf s??ld%"rgé\lgbqvﬁer round bottom flask fitted with a magnetic
stirrer, condengRphatit MRI@mMpoaidsioBlledbmaildl a nitrogen inlet. N trogen gas
was bubbl ed through the solution for one half hour. The tenperature was

i ncreased to 60C for 72 hours under a passive bl anket of nitrogen. The

pol ymer was precipitated fromthe reaction mxture with 20 liters of ethyl
ether ( 171.4 gRe€HpEGHRaer was isolated). A sanple subnmitted for SEC (size
excl usi on chromat ogr aphy) anal ysis gave a Mh = 3711, Mv = 7493, and Pd =
2.02. EXAMPLE 5 This Exanple illustrates the synthesis of a nmacronmer of DVA
usi ng t he prlepoRyivas definedaisoveland R; istas défined aboveovidnie plosist fatiR§ B offikke t he
hydrophilic reactive | ymer of Exanples 6 and 8 bel ow, which macronononer
is made acdh yﬁffg?%'agﬁe 28 WD 00172052 followi ng reaction schene:
PCTNS00/ 13229 Nvie Qe hererccydhbst R a iBY Hiribinbldbipklhdingl GRS ) aCta=x
N OOTHF ~~0~ ~O-S HBHT ONJ 48 The prepol yner from Exanple 4 (150 g,
0. 03 nol es)and Nsyiayldecianes suahlapdrviadr3paralidpneeN] 5.6 g, 0. 036 nol es),

di butyl tindi | aun ' 0 t | . THF, 1000
m) and 2, 6-di- tlﬁlﬁegg?éﬁg = r‘r‘get y‘f‘at%f%glﬁg@ﬁ B ?’sc?.?%%@é%gxme%aygm es)
wer e conbi resdll; ambeic, erotonicy Higanc bhdmileic. aciflh endithg {awee hydrexyalkyl mono and

diesters thereof, such as the 2-hydroxethyl fumarate and maleate, sodium acrylate and

methacrylate; 2-methacryloyloxyethylsulfonic acid and allylsulfonic acid.

The inclusion of some hydrophobic monomers in the hydrophilic reactive
polymers may provide the benefit of causing the formation of tiny dispersed polymer
aggregates in solution, evidenced by a haziness in the solution of the polymer. Such
aggregates can also be observed in Atomic Force Microscopy images of the coated
medical device.

Suitable hydrophobic copolymerizable monomers include water insoluble

conventional vinyl monomers such as acrylates and methacrylates of the general formula

Rq
H,C=C-COOR,

where R is as defined above and Rs is a straight chain or branched aliphatic,
cycloaliphatic or aromatic group having up to 20 carbon atoms which is unsubstituted or
substituted by one or more alkoxy, alkanoyloxy or alkyl of up to 12 carbon atoms, or by
halo, especially chloro or preferably fluoro, C2 to C5 polyalkyleneoxy of 2 to about 100
units. or an oligomer such as polyethylene, poly(methyl methacrylate), poly(ethyl
methacrylate), or poly(glycidyl methacrylate), mixtures thereof, and copolymers thereof;
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heated to 35C with good stirring for seven hours. Heating was stopped, and
the mixture was allowed to stir under nitrogen overnight. Several m of

nmet hanol were added to react with any remaining |EM The rnacronononer was
then col | ect swb @ieese precipitation froma |large volune ( 16PQT/YS9P/AEI220f

ethyl ether. The solid was dried under house vacuum (yield 115 g). Size
excl usi on chromat ogr aphy of the polyner verses pol ystyrene standards gave
the following results: M, = 2249 My = 2994 d Pd = 1.33. 29 WO

00/ 72052 PCT/ USGW%‘B‘?% @&ﬁéﬁﬁ?%n‘%%§d5§ﬁgﬁggWTlﬁst rates the preparation
of a DvW DVA- mac/ VDMO pol ynmer which nmay be used to forma coating accordi ng
to the present inventioRy D nethylacrylamde (DVA) in the anount of 16 ¢
(0.1614 nole), vinyl-4,4-dinethyl-2oxazolin-5-one (VDMO) in the anmount of 2
g (0.0144 nol e), dinethylacrylam de nmacroner (DVA-mac) as prepared in
Example 5, in the afbGnt-@NHRgy (0.0004 nole), and 200 nl of tol uene were
pl aced in a 500-m round-bottom flask equi pped with a magnetic stirrer,
condenser, I erature controller. The solution was

de- aer at ed %q‘%gﬂé@gg{l?ﬁ%dreﬁggg%}oggpﬁen 0.029 g (0.1 nol e% of VAZO 64 was
added and the rean ethers bthe éamiuta 60C for SO hrs. After the reaction was
conplete (nonitored by FTIR), the solution was slowy added to 2500 m of
ethyl ether to precipitate the polynmer. After the addition was conplete,
the mxture was stilaGCHORyin, allowed to settle 10 min, and filtered. The
precipitate was dried under house vacuumat 30 to 35C overnight. The dried
pol ymer was sanpled for analysis by gel perneation chromatography, bottled
and stored | L XAMPLE 7 This Exanple illustrates the
preparati onwg%ggg%l%vﬁ%%{&%ﬁﬁﬁb pol ymer usable to coat a silicone substrate
according to theipl esanof thafemulaon. Di met hyl acryl ami de, in the anmount of 12
g (0.1211 nole), vinyl-4,4-dinethyl-2oxazolin-5-one in the amount of 4 g
(0.0288 nmole), and 4 (0.0036 nol e) PEO nethacryl ate (PEOVA), which
mononer has a MNdsz‘fgthCQrRi 200 ml of toluene were placed in a 500 ni
round-bottom fl ask equi pped with a magnetic stirrer, condenser, argon

bl anket, and tenperature controller. The solution was de-aerated with argon
for 30 m n. wl&keRr, -9 defired abovk; N0l e %9 of VAZO 64 was added, and the '
reaction heated to 60C for 50 hrs. ARer the reaction was conplete

(rmoni t ored by Fnagatesiand fuparaies afthefasnddp owl y added to 2500 mil of et hyl
ether to the polyner. After the addition was conplete, the m xture was
stirred 10 mn, aRlovedd=cwoddr 10 nmin, and filtered. The precipitate was
dri ed under house vacuumat 30 to 35C overnight. The dried pol yner was
sanpl ed for_analysi s L. _perneation chromat ography, bottled and stored
in a desiccator .ﬁgébas‘p‘%@f%cef’@%ég PCTNS00/ 13229 EXAMPLE 8 This Exanpl e

i lustrates the ‘diyticketstimtadfhydrobytbomspiitiei formiaict | ve pol ynmer having a brush
or branched structure with DVA chai ns pendent fromthe backbone of the

pol ynmer. The pol ymer consi sted of the conbination of the DVA macronononer,
gl yci dyl net hacryl}?@:@g DVA nononer, prepared as follows. To a reaction
flask were added N, N- di met hyl acryl am de (DVA, 32g, 0.32 noles),
DVA macroner from Exanple 5 in the amount of 4 g (0.0008 noles), distilled
glyci dyl nmefhacry b € is Meffied atibve 0- 029 nol es), Vazo-64 (AIBN, 0.06 g,

0. 00037 noles) and toluene (500 mM). The reaction vessel was fitted with a
magnet i ¢ sti rrerlsetid nviswitglde hydrpphobiel manomersihdlede, fon axhmplerimethydysthyl,nl et .

Ni t rogen wa b i {10 m [ ve any

di ssol ved o ’98%%&"?&?&’5 ?’ E‘-}l c’t% ﬁg%@%y%gﬁ%ﬁg%ﬂé%m%xgg{og@, iﬂgenggggnﬁﬁder a passive
bl anket of ejclohegdhekafluoisoprpyls or nFbeylraertitésand Finsthadrelatsn as weélka thelded
slowy to 4 |liters. of efh et her . with good, ne nical stirring. The

eact 1 ve. porareaiingargies s A AnlRs Siei Byn e e RS on. The
solid was phie@§ickuintrate, Meylvin é@er, sthodRthyPViayleieh tvidyPadeii®) vigyt he et her,

| eaving 33.2 g of reactive polyner (83%yield). The reactive pol ynmer was

pl aced in a desicciator for storage until use. EXAMPLE 9 This exanpl e
illustrates the synthesis of a vinylpyrrcrolidone-co-4

vi nyl cycl ohexyl -1, 2- epoxi de pol ymer ( -c0- VCH) useful to coat a silicone
substrate according to the present invention. The polynmer was prepared
based on the follow ng reaction schene: 1 O AIBN 800 nmi THF 31 WO

00/ 72052 PCT/ USO00/ 13229 To a 1 liter reaction flask were added distilled
N-vi nyl pyrrolidone (NVP, 53.79 g, 0.48 noles),

4-vinyl cycl ohexyl -1, 2- epoxi de (VCHE, 10.43 g , 0.084 nvoles), Vazo-64 (AlBN,
0.05 g, 0.0003 noles) and THF (600 m ). The reaction vessel was fitted with
a magnetic stirrer, condenser, theraral controller, and a nitrogen inlet.

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

1 N | I 1 o - —— I Y N T T ' T Y ~Nr~ o I



foll owi ng reaction scheme: ON/ -1 \0O-O nm 86 nde% non 14 nde% VazZO 64 CH3
Chl2 so'CH2 10 O~ON- OO0 32 WO 00/ 72052 PCT/US00/ 13229 To a 1-liter
reaction flask were added distilled N, N-di net hylacryl am de (DVA, 48 8 0. 48
mol es), distiwoedneyci dyl nmethacrylate (GM 12 g, 0.08 nolRSyUSoyada? g4
(AIBN, 0.096 g, 0.0006 noles) and toluene (600 m ). The reaction vessel was
fitted wth a nagnetic stirrer, condenser, thermal controller, and a

nitrogen inlet. Ntrogen S bl e rou the.solutiopn,for 15 mn to
erove: any gty iBEPauRE siyibhiattl SVeRe fbnd BRaBbinc Mblhe dinl Goc
under a paschlotitletifyl nsithylitetohie] viny Gteafate; 2-Aexeno diid2-efhpthexyd awthaotylad. Xt ur e was
t hen added sl ow

0.6 |iters of ethyl ether with good chani cal  stirring.
The reactive pol ydrophi ?fﬁafté‘ieé’é?ia %yngl}ﬂsng{p@dnwe WaReE fe 9t i on.
The solid Wag csttedpdigNmBnorA&S A RMA hoRbmaHerOM S ikialihg b SatRERYELY e et her
| eaving 50.1 g of reactive polyner t3183% yield). The reactive tgeol ymer was
pl aced in apaleB¢rizetien Kgactipp cusierbary ¢ethe persen tkilled ithaery FHypicaliyithe Exanpl e
illustrates | - ' f
v iy O P PL RS ot of i aitolibidy APGhOER BORMTRG®. |\ |
~ ~ + ~0 o ftolgether; (2paddimgna polymerizibidn itimtbeH(3 1 subjectiniefe movemer/ifitiator~- ~ H~ L
H>: J891 Hx 10 Hz 05 O O CiﬁﬁN” P 33 . .\/\D(g01720 2 PCT/@S0.0/ 13%%%@ a 500 m
reaction f| BTG LSONFREOS Ulraiolet pragtijeNpditipn AR Purms spid mixre: gvRicts g, 0. 16
nol es), 1 HpolyrkrizatiiCindfalorOielRedtyd-abichiagsnyhad Cpdlfhéion infliatods &g DI es,
used as received), distilled glycidyl nethacrylate (GM_ 4 g 0. 028 nol es)
Vazo64 (Al BYpe wpwt@,bymcwm@%, lagioyhprioxidg, émoxlmwaqoprwhé reaction
vessel was bdrdfigd vihzbi @rdﬁ’&[‘é?da?y Bt IpeRixypi¢ AR SR8 RN perRoNRE, teifiaty Ol | er,
and a nitrogen inlet.” Nitrogen was bubbl ezipthrough the solution for 15
m nut es to buylpemwcioate, edages-isgbwysppittile (AHEN) dHeaviept freegadicaldmtiateisn heat ed

mxture s RaE AR GE ofl HORed O P iotess SPofBARe O
nmechani cal ddpend upog.theTiniatoe asediané theghysieal cimretérjstitsadfel candnovaer miahdreect ed by
vacuum {11 Lk holcaTRE 35k Sl Bl R SR S B e T 8
reactive pobyuIBY to\¥5HeigltperRentiof thd rilRGtCElinddnomefsO NUsEAIBY, @ gfixtidloftheuse.
above-mentioned monomers is warmed with addition of a free-radical former.
A polymerization to form the hydrophilic reactive polymer can be carried out in
the presence or absence of a solvent. Suitable solvents are in principle all solvents which
dissolve the monomer used, for example water; alcohols such as lower alkanols, for
example, ethanol and methanol; carboxamides such as dimethylformamide, dipolar
aprotic solvents such as dimethyl sulfoxide or methyl ethyl ketone; ketones such as
acetone or cyclohexanone; hydrocarbons such as toluene; ethers such as THF,
dimethoxyethane or dioxaﬁe; halogenated hydrocarbons such as trichloroethane, and also
mixtures of suitable solvents, for example mixtures of water and an alcohol, for example
a water/ethanol or water/methanol mixture.
In a method according to the present invention, the contact lens or other medical
device may be exposed to hydrophilic reactive polymers by immersing 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.
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EXAMPLE 12 This Exanple illustrates the synthesis of a hydrophilic reactive
pol ymer of . DMA/ MA. A according to the follow ng reaction schene: 34 WO
001 72052 O ~N 1 non 76 md6 % Vazo-64 O OH non 24 nde 8U7 28U O /N~ HO O
PCTI USOOI 1320 4872852500 il reaction flask were added di sti|§@dUS0¥13229
N, N- di et hyl acryl am de (DVA, 16g, 0. |6noles), nethacrylic acid (MAA 4 g ,
0. 05 noles) Vazo-64 (AIBN, 0.033 g, 0.0002 noles) and anhydrous 2-propanol
(300 m). The reagiidiatedabsR), oNdmBddirh @ oftht thventiBRARRIIVE tBd dtfatighent of
condenser, thermal controller, and nitrogen inlet. N trogen was bubbl ed
t hrough t hereassive hydspphilig polgness o 4 wedieq dewas WhidRolness eamyprise dsegyBAle- The
reaction fl ; PATeTmE _ : : i I b d rogen
for 72 hour@&% e réacti Eﬁlﬂ%i@%tr&@e&g%g?%gﬁmggdeg 'spﬁo\/jlyeﬂ?)‘g&i%mﬁh@rli of
et hyl et herpredentinyentidn, thetingdpsaing sedctivé mononih bay ancaztactpge group mapresented
precipitated and.was |l ected by vacuumfiltration. The solid was placed
in a vacuuﬁh’yo@%ﬁongwr??%@aérni ght to renove the ether leaving 9.5 g of
reactive polyner (48 %yield). The reactive polyner was placed in a
desicciator for storage until use. 35 RWD 00/ 72052 PCTNS00/ 13229 EXAMPLE
13 This Exanple illustrates the surf cL@atment of Bal afilcon A contact
| enses (PureVision | enses, commerci aﬁlqj \avai l abl e from Bausch & Lonb, Inc.,
Rochester, N A nade fromthe naterit of/(@ﬁﬁnpl e 1, which surface treatnent
enpl oyed the hydrophilic reactive po rs made from Exanpl e 10 above,
according to the follow ng reaction scheme: BalafUcon L -E C Autoclav i
Lens with Poly Surtace CH3 A solution of reactive polyner of Exanple 10 (
10.0 g per W8 én’ﬂ% ifh three
changes of %Q%Qggr?g{l Roverﬁggd%@%ro-qﬁgggﬁpe }%ﬁﬂgﬁd t ﬁeﬁo \?jﬂ{cﬁﬁﬁ}?@rg\é‘,‘c anges
of wat er atcysivalkiibgroup having/hitosl4 dacheneonis3 @n gsryhgtoup havieg 6 te A2 mingloed in t he
sol ution of i e. qr vl d ef.hanol am .added to
ad g‘%‘gP@ tgfguﬁoﬂ#%g‘?{i to 28 %aftlof pato%sf Eﬁ]'& tofg*jn ﬁ&ter%a%_%rﬁoﬂ%ﬁ{‘@%m

catal yze the rée enses were pu rou one rai € aut ocl ave

cycl e.  EXAVRdzich4rob15, N, BRADbER? Adduet thitdnqSgeitfer wit T AGoon't6 Mhith MheyQfe an RGP
Lens Surface according to the present invention, as shown bel ow. "The |ens
was a Quant ieinefl carfopm @csgrbgeyclic ring containing 4 to 12 ring atoms, and n is an integer 0 or

1. Such monomeric units are disclosed in U.S, Patent No. 5,177,165 to Valint et al.

The ring structure of such reactive functionalities is susceptible to nucleophilic
ring-opening reactions with complementary reactive functional groups on the surface of
the substrate being treated. For example, the azlactone functionality can react with
primary amines, hydroxyls, or acids in the substrate, as mentioned above, to form a
covalent bond between the 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.

AZzlactone-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
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| ens, commercially available from Bausch & Lonb, Inc. 36 WD 00/ 72052
RGP contact | ens substrate OHCH3 OOH -~ * CHz 6 O2 tp* O/N -OH Lens
with Poly Surface PCT/US00/ 13229 Triethanolamne Ow N CHz O-CH3 OCl Hz r
A sol uti on oWQ®&282ve pol ynmer of Exanple 10 (5.0 g per 10PGHUS8#13%3} er)
was prepared. Lenses (20 sanples) were then placed in the solution of
reactive polymer with two (2) drops of triethanol am ne and heated to 55 C

for one (1)nyamdphilic Pyt bICRERaE daiRRHE SmbRdrtiert."CTnk | NAREhyP  dalabiph&e W th
purified wat'er ‘and alfowed to dry. A drop of water placed on an untreated
| ens woul d Werumarhargkdown compgunds, teeis pynthgsie being Idescrbetl, or examplzt oy Uias

o 001 72052 R0 1H 5 SOBLITR L8 TROPHE, fu Bleb s 1o SRS R S e
obt ai ned at whikie arSutidogroeatéaieesin By tefdrene! BuitabBa4islkényh axladtenebinckdehysi cal

El ectronics (PHJ d 5600, XPS was used for the surface characterization.
Thi s instrunent %ﬁ‘ﬁ%ﬂe&'%ﬂ%‘?&}ﬂé&%m ed Al anode operated a 300 watts, 1

SkV and 20 m || ia¢iRsnyl-4hRMIRSS-dReaImIN-6nedf the instrument was 2.0 x 10 -'
tort and during operation the pressure was 5.0 x 10-$ torn. This instrunent

made use of a hemsapeprehyldai-oxaaelingd-ere, The i nstrunent had an Apollo

wor kstation wth SA h QI \SQf.tware. The practical neasure for
sanpling depth :)1?@{%?@9%@}4@3%%5@;{09@55%%' ing angle of 45 was 74r. Each

speci men was ana-sthengl-4#idimathylel ,hokanlin-8oot,ut i on survey spectra (0-1100eV)
el erental Compod PIRTESIsh S RR0L, i RHOHT SRR gh-  oeol ution Spebira.
obt ai ned on t he 2¢thdighd-snethyl-ethyl-1,3-o0xazolin-5-one,
2-isopropenyl-4-methyl-4-butyl-1,3-oxazolin-5-one,
2-ethenyl-4,4-dibutyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methyl-4-dodecyl-1,3-0xazolin-5-one,
2-isopropenyl-4,4-diphenyl- 1,3-0xazolin-5-one,
2-isopropenyl-4,4-pentamethylene-1,3-o0xazolin-5-one,
2-isopropeny1-4,4-tetramethylene-1,3-oxazolin-5-one,
2-ethenyl-4,4-diethyl-1,3-oxazolin-5-one,
2-ethenyl-4-methyl-4-nonyl-1,3-oxazolin-5-one,
2-isopropenyl-methyl-4-phenyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methyl-4-benzyl-1,3-0xazolin-5-one,
and
2-ethenyl-4,4-pentamethylene-1,3-oxazolin-5-one,

More preferably, the azlactone monomers are a compound represented by the

T

following general formula:

N

R3 R4

19



detected in the | owresolution survey scans. Those el enents included
oxygen, nitrogen, carbon, silicon and fluorine. Quantification of el enental
conpositions was conpleted by integration of the photoel ectron peak areas
after sensitiWPAY2%ose areas with the instrunental transnmi BSFEN ¢4t on
and atom c cross sections for the orbitals of interest. The XPS data for
the coated | enses and controls are given in Table 3 below. TABLE 3 Sam

anter or AvePiHary. i BEYREBA0RRY Yonbiak fHbhptd Rolobn W 3 et wit
Cont r ol Aver gged&ix/ CartiRbatdms, 2RPRO GRORY ideREtdemLddnBRA radicals with one to

dev0. 50. 00. 70. 30. 4saneTheoreti cal Atom cei?lZ?lOOancent rations for
DVA- co- GVARSiEcearaps gtoms msta gpcloaligi redirat 20itp fiverUse orabon 28omX ANRIeEifie 5 Thi s

Exanpl e il es tol ] BE 1. RER cont act
Fena commer ety BeBBe A ab Sk Lol AR FRRbadiin Dihe UPBMUR sl 00
fol | owi ng r dmethybd-cxezpliericene ' ~(CDMO),~0 BfH-4#’e(25isCppényB2 dxazolimsi-om) e N~ O

O OO Trietherdarri Le dth Fhly, S rfaoe,HO O, N 9 VD Q0] 72052
PCT/ US00/ 13 5%0nRxans URGQ) SY5lobprage-spi 54 |'W’?% 'Wz%g;%ﬁ%e(vf@)am%&]énpl e 12
above (2.5 groptnydsi-dpfedyTRxades-ohe PDMOYhnd@t Bkd. Was prepared. The m xture
of polynmers was _used in an attenpt to build a thicker polynmer coating via a
| ayering ef f ect ThasgraBROUNGMAbRJITeRayed fyrthe gonersl fspetiogequenéshe sol uti on of
reactive polymer with two drops of triethanol am ne and heated to 55C far
one hour. The surface-coated | enses were then rinsed off twice with
purified water #nd allowed to dry. A drop of water placed on an ugf r eat ed

| ens woul d bead_up @nd roll of R4t he surface while a drop of wBter//pl aced on
the treateddiénsyEpread conpletlelyf/ wetti AgOthe | ens suhgace.""3 ofor ce
M croscopy (AFM gnal ysks sugggst s\ t hat -the—eenbi nati onof pg|fymers-gave a
t hi cker pol yner coati ng. CorrpaNHsoF?E' bet wel:® a Quant um ns with no

pol ymer coating (FIG 1 ), the polymer coatliofy of Eﬁa e 15 (FIG 2), and
the coating of this Exanple 15 (FIG 3) are shown i "FiGs. 1to 3. X-ray
Phot o El ectron Spectroscopy (XPS) data was obtained at the Surface Science
| ab wi t hin Bausch and Lonb. A Physical Electronics [PH ] Mdel 5600 XPS was
used for the surface characterization. This instrunment utilized a
monochromat ed Al anode operated a 300 watts, |Sigy and 20 mllianps. The
base pressure of the instrument was 2.0 x 10 '1 t®rr and_during operation
the pressure was 5.0 %lCP®GHs orn. This instr menykmﬂe uge of a

hem spherical anal yzer; _The fmstrunment had a 1Apol | oN ation with PHI
8503A version 4. 0A sof&#®e. The practical measure for, ing depth for
this instrument at a sanpling angle of 45 was 74A. EB¥h eci nen was

anal yzed utilizing a lowresolution survey spectra (0-1100eV) to identify

the el ements presept, an theys e surf -1000. Surface,ele t al
conposi ti ons wer%lée g’e‘f %?pn‘}sr?gs oﬁ?;g' a‘f’ﬂwg"h%c%g%’f?]ﬁqnoaﬁng(b%%&riﬁeo%qllgpﬁ@l%n t he
el ement s detfertiadlityns ift®dha@d/by @siag eithep BerployMe ynctitaitoyl dhekde. €he RRvh

i ncl uded oxygen, nitrogen, carhgn, siljcon and, fluorine, antification of
el oot al ¢ SiEBdolED A g HlostE At cheralyiiate 6 viskd B dested AR ARG TBE on
peak areas gf'ddﬁétifs?iﬂ&&iehiaﬂdﬁﬂiﬁch@?&e&ﬁm&d&d&esweréaﬂﬁkﬁ&ﬁ%}.a' transmi ssion
function and atom c_cross sections for the orbjtals of interest. The XPS

data for the coAfditaedabeve,the comppynds sambecaopplyaerized vithhydrophiliceandir 40

hydrophobic comonomers to form hydrophilic reactive polymers. After attachment to the
desired substrate, any unreacted oxazolinone groups may then be hydrolyzed in order to

convert the oxazolinone components into amino acids. In general, the hydrolysis step
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WO 00l 72052 TABLE 4A PCTNS00/ 13229 Sam | eONCSi FLens Posteri or Aver a
al8.88.067.63.72. 6std devLens AnteriorAvera al8. 44.262.84. 110. 5std

dev0. 51. 21. 70. 43. 1~uantum |1 Control Avera al8. 70. 056. 15. 220. O( post & ant
are the sanedQo0gaesd. 50. 00. 70. 30. 4Theoreti cal Atom ¢ Concent¢HY$8RE2Y or

DVA- co- GVA Reactive Pol ner17127100 EXAMPLE 16 This Exanple illustrates the
surface treatnent of Balafilcon A contact |enses (PureVision |enses,

comerci al ly ayail R!ufd : . Lonb, Inc., Rochester, NI A nade from
the materi al o:‘éﬂg@rrp eE%&{%\ﬁ?&éﬁ ggluér?ff ace treatnment enployed the hydrophilic
reactive polyners made $om Exanpl e 11 above, according to the follow ng
reaction schene: 41 WO 00/ 72052 OH w Bal afilconl Lens ~ O pH ~0 OH O Lens

with p surrtacB2tre -~r H~1 HZ CGG.HO- QN . HFF ~ FF ~ R#t |
PCT/ USCO 13229 € Two sol uti Sy L_the reacti ve poR¥ Exanpl e
11 were preg (sge T ble-éB'woM;es were% in 2°Br opanol
for 4 hours and the In purified water for 10 Jh . The wat er

t & soa

d
bath was t hen chan , ﬁ[lg the | enses were all owed for an
additional 10 m nut'ds. Lenses (30 sanples) were then placed in each
solution of reactive polyner with one drop of nethyl di ethanol am ne to

a2 e o R 08 o BB 52 ST e o =

twice, and jhécta it B rédRfien adile plbte e YSIblymdzed REPL & was used to

remove any Ny dropn imiins ekmples of comonmers usebol fo be copolymerized with
azlactone functional moieties to form the hydrophilic reactive polymers used to coat a
medical device include those mentioned above, preferably dimethylacrylamide, N-vinyl
pyrrolidinone. Further examples of comonomers are disclosed in European Patent
Publication 0 392 735, the disclosure of which is incorporated by reference. Preferably,
dimethylacrylamide is used as a comonomer in order to impart hydrophilicity to the
copolymer.

Such azlactone-functional monomers can be copolymerized with other
monomers in various combinations of weight percentages, Using a monomer of similar
reactivity ratio to that of an azlactone monomer will result in a random copolymer.
Determination of reactivity ratios for copolymerization 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-
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42 WO 00/ 72052 TABLE 4B PCT/ US00/ 13229 Sanpl ePol ymer Concent rati onNo.
Lenses treatedAl1.0% 2.5 /250 ml H G30B2.0%5 | 250 mi H2030_ Control None
~30 The atom c force m croscopy (AFM imges of the control is shown in
FIG 4. FIG WoendosEl G 6 show the surface of Sanples A andd3/Us00/13229
respectively. The hydrophilic coating is clearly showmn in FIGS. 5 and 6
conpared to the surface i mage of the Control Sanple. Elenental analysis by

xS 21501 iRk SRR of BladiBHetibHond U1izBfrs 8 (RERAIRE bic Bibiosd G XPS

data was obtain at  the Surface Sciencelab w thi ausch an
Physi cal El B&. PatniNos 4,483,236 labd 6108 5,690 and Burepean Patedt Publicatios (5302 Wdeall

characteri z%%}_gg\% eglsgﬁ%g%?rhg;gnt utilized a nonochromated Al anode

operated a Na 20 millj anps. The base pressure of the

i nstrunment was Z2nGnithdOembodirnert ofifit fluentiog, he eihglopeating fractplegsup @ tas 5. 0 X
10-g tort. Thjs instrunent made use of _a henjspheric anal yzer. Th

i nst rument RAOREFHEASEATIVE PRISTEE {0 B ARAIPRAitY 85 ;Pr?své] SR Rt tvare.
The practi CalondR@S$irfodiRhe-8@Rhing thodBmbNsublp bs £1¢idy] nittiacHIRe) allAtglRigANP! | ng
angl e of 45 was 74~. Each specinen was anal yzed utilizing a |owTesolution
survey speceéther, ¢yinyi-boagiphaxgng-HéspoRide andethe likereaithaughy ethesrrpoxyrcantaniaginpl e
surface (10: %chﬁgrsm%'f);ﬁ& el emental conpositions were determ ned from

hi gh-resol uf on Spectra obtained on the elenents detected in the
| ow r esol ut i on Fherhy@yophiizmeactiTé palpgmers aneattashddrto Isilctenk mediga devinest wiigten,

carbon, silicon an | uori ne. anti fi.cati on of elenental compositions was
ol ot ed by it Bt SR ERonH SRR g D Bey ok SEP G SRegIoBE 1 21 e
t hose ar easaplicitiondE thePpsdsentiidRhfidn dah 38 Hiih6fEétaRd ethplolyingVado\d coh@iliénal 0SS
sections for the orbitals of interest. The XPS data is given in Table 4C

bcl ow. 43  teggmarss.7o¥isidprshpst crrtide hgvipphe desiredppsterior and anterior lens

| e01sN1sCls Kirgkdss CopidcadtinE OmbMbiL bR BisBlosl/ in’ U.860a18& 8s.03408,429 and
dev0. 90. 20. 80. 30. 0Control "AnteriorAvera al7.97. 066. 98. 20. Ostd

devO0. 60. 60. 3050845 araberedesidtis casting msthods g8 djgpdossd irgY. S Paignt Nos. 4,113,224

devO0. 30. 20. N{EL: ] r 79 . . ). 80. 30. 2B

Posteri or Av%?d aﬁ’g%‘éé%eg. gg@’% %P\)Z@% ‘?gl?o}lg é\%&g’gc !Zfllo%%l %glkg'&&ji\é% e?llg%}lr%g'\!l ra »
al7. 88. 870. ofer8idnGs briled tovfiroPide 3 @orBact 3¢hs hdvieg e alesired| findl conifigur@derc . As an
DMA- co- O:F)Mg‘ia(r:n%_le%S!:rPg ent om4|,5%5,]71'} 7dis% olsi:soZlof)rgicoe'ss0 %ﬁ 8which 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
minimize phase separation of polymerized products produced by polymerization of the
monomeric mixture and to lower the glass transition temperature of the reacting
polymeric mixture, which allows for a more efficient curing process and ultimately
results in a more uniformly polymerized product. Sufficient uniformity of the initial
monomeric mixture and the polymerized product are of particular concern for silicone

hydrogels, primarily due to the inclusion of silicone-containing monomers which may
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EXAMPLE 17 This Exanple illustrates inproved inhibition of Iipid deposition
for the Bal afi'l con A |l enses (PureVision Lenses) coated by reaction with
various hydrophilic reactive polynmers according to the present invention.
Sanpl e E | end¥®00/2852coat ed using a 1% sol ution of the DvV CREVIASE}S229

copol ynmer of Exanple 11, and Sanple EE | enses was coating using a 2 %
solution of the sane polyner. Sanples F and FF | enses were respectfully

coated usi ngnd ﬁgﬂat%%oﬁpmum hifé f&mﬁm% @M&O&gm&u&hts X! for 10. The

| enses were placed in an aquéous solution of the reactive hydrophilic
pol ymer wi t éxampleat méenobydrim@dloohels,t witbu§lrCon etraightenhhined alipbitie. mphehyddases
were then rinsed in HPLC gr ade ter, placed in fresh HPLC water, and
aut ocl aved ?1_69 Og %E(fﬁd“‘f‘g g] T}Iﬁnﬁ‘BP&"PL%e‘F‘érFéE%"”’(nﬂoprg fdic@ols ush #ent )
vere pl acedethfledd bfecot@piyolBebhods! SIGEANE SthelMBelf 28 ilefylen8 BBychPohdbehyl

Bal afilicon A lens prior to any surface treatment. A"second control” | ens
was t he conethercikgtonen,secli ag anethyb rethyliketong; esterd asucly ens pinetbyln ensnthiater and

t t t. LA [ ) I d,

el udi ng aivpsetiop ot s et EhereB, IPRRICHIARCE RGBT 10T | |

the in vitrfacilitae its depoal fromna pured artizle) bys Evapbratise at venhear atibjeRt prekre.

d iti .. the |, t est ed, ' i pid m f

pal it ¢ acPEReRoh e dupRris L el Bvo e Seg Ar bR L e ReHonBeES but 1 or

Mici N was Ufninlthrg SFiteRn & SRY persdni wéi%l]ﬁje gie@pécﬁﬂyﬁéféi@d! i zation of 44 WO
S

00/ 72052 PCT/ US00/ 13229 the |ipids. e above lipid mx in the amunt of
1.5 m was addedThecrureddensds thenesybigeted {onsolventeemevaly whishcan be aecomplithedn in a

37C shakin gby‘@\taﬁ&ghgﬁ B grq{eagﬁnﬁﬁﬁﬁess&:@ &r LRdS Saciil. €ah %Segfn'ég M&ﬁfjaniré om t he

water bath, Tinsed wth ReNu Saline to renove any resi eposition
sol uti on, aeah i ewpldyédntogshwsten theatimefngresesty rtacivappmate Ahet Hiteeat. hdbe timel CHCl 3/

MeOH extracy,l . a haur. _hexan

extraction. {e@? rra\é%?§%§s§%%§%31§%3%%4ne§g%1ﬁ§% f %%éngﬁg%gﬁgfr% ﬁ?pé’ﬂéfl%ﬁ? aph.

St andar d sobutchifanars @é teawhatility dfhthe ldiljdndand thetspecifie paorheritncompontiy, @as made i n
1:1 CHC 3/ MeOH and%d'i#n on th f or dliFterm' nation of the concentration of
lipid extrafifele TEefily: fetemuinedo By opgeskilled, in fthe oty fAcgending; 19 @nPIsEEes | es for

tT'Rg ) IEegs es tabddikentUht Adingenfure leRipRisRd i hie\iBmovil Btep O PRfdrdbly allefit S0dgg! ow.

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
lens is dry released from the mold by employing vacuum tweezers to lift the lens from
the mold, after which the lens is transferred by means of mechanical tweezers to a second
set of vacuum tweezers and placed against a rotating surface to smooth the surface or

edges. The lens may then be turned over in order to machine the other side of the lens.
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Sanpl eAver age Lipid Concentration*E39. 9EE36. 7F51. 2FF3 9. 6Pl asma- Oxi dat i on
Control 117No- Surface-Treat ment Control |enses243.3 *The average represents
the deposition profile for 6 deposited | enses. The results | qg: C i t hat

| enses coat ed"@P¥B9Ri ng to the present invention can exhi bif @3269 lipid
deposition, a particularly advantageous property for continuous wear

hydr ogel | enses. Many ot her nodifications and variations of the present

i nvention are pOSiﬁ):b&{:l&titB thé @tvld edledsbmatig@iag iopaatififl GeNlend is dubjeclea@ref ore
understood that, within the scope of the clains) the present invention can

be practi cedhrise Epatnpntfceerding te tthe prpwat mventionyasydesened ahovey sncluding the 1172052
CLAI M5 PCT/ Lig( dd 3 fhe hydrBOpiiBE RAGivVePblylcP it the surface of a silicone
medi cal device conpri si hg: (a§ formng a nedical device froma silicone

mat eri al , wher ei Subs¢guensi (o thensiemef emifade treatpeits ¢lie bams onay ibe wbjeeted Havi ng
reactive fungtionalilti 2d fr h . Si.Sti f t one,
carboxylic 5%38'?&;% %gfg%%f/egifl g%/%gnm(f ]glggcg‘gky%éﬁ%b{? grﬁg-fréi #ﬁ%ﬂg@gggf g@r@?nat I ons
t her eof ; antknfdl) sérae Nfntheambyenaphix iie noeafally viiyndrizedr Thy iifdgmpletely

conpl ementary reactive functionalities along the paolyner, chain sel ected
rom the or BUBMEGHH s, B GF PUNECFUGR PR SHSGHIES o BEoxy.
hydroxy, prb@Bindhf@lto W@ﬂﬁeﬁd@dﬂnﬁh@eﬁa@ha&‘v%idh@é%blv@nt@%bﬁeﬂtﬁ&??éxﬁm by! es,
and conbi nations thereof, wherein in the case of the hydroxy or am nhe

conpl enent athg previews velvens Hempw soneratien, upmectesi moaemners e rthe MeNOMSFif ses

azl act one rgﬁﬁkiv . ' | 41185 i e oxylJ.c acid
conpl enent ary Shg%l dgxﬂeg% ?@%tta%e%r | cgngoﬁahrtﬁ%&l?’gﬁcgg%?‘i %rgggsgp%xé)))m?eact Ive
f unct i onal i hdditives (im) may baveinmgrated dromytie apihd bsed ta foam thedenspol yner of (b)

havi ng conpl enentary reactive functionaljtie | o I r chain with
sai d reactive f uﬁ%’%‘%ﬁ%"é‘fif célgdsoﬁ) Waﬁte%‘ﬂfhfﬁsédsuéﬁwg%éfs%"?ﬁ@ﬂpﬁwwé devi ce
of E} azj, ]Ehulﬁorftﬂit féns Gnaterial mmgpamriﬂtien lsmhf @c#icahiol t&aim&eﬂl i‘@a}erdﬂ&v\hﬁﬁorf. The
met hod of claim.1, erein_the nmedical .device is a silicone_conta ens or .
i ntraocul ar S¥EATEOm Y By frepRabis r%&“;ﬂs%ﬁﬁegﬁ?@wd@y FREAHER NG FteE o m 1

wher ei n t he ex@tigmlof H§diopRilit Sreddil A&, NYHLH IRIme 60 MHel AlUGHS @AKo ONt ACt
lens. 4. The nethod of claim1, wherein the hydrophilic reactive polyner
conpri ses 1selatiorogmanE i e pelymenie petwarkorfethe polimetized sentastdensanateriebaad | ve
functi onal i Wi v& extRied TR fle bns Gtk betohb Heiels G 11 HofiP k) Gad S2CT | Ve
pol ymer conprises 8 to 99 nole percent of nononeric units that are derived
f r om non- r eacmfortebljnyodirtbpleyd. i Extrmationsf she 4lgohol from the lens can be achieved by

employing heated water for several hours. Extraction should be as complete as possible,

since incomplete extraction of residual material from lenses may contribute adversely to
the useful life of the lens. Also, such residuals may impact lens performance and comfort
by interfering with optical clarity or the desired uniform hydrophilicity of the lens
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.
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WO 00/ 72052 PCTNS00/ 13229 6. The nethod of claim 1, wherein the pol yner
conprises 50 to 95 nole percent of nononeric units derived from
non-reactive hydrophilic nononers selected fromthe group consisting of
acryl ani des, WQ#¥@¥38s, pol y(al kyl eneoxy) met hacryl ates, net h%\‘&WW“’d”g%i d or
hydr oxyal kyl mnethacrylates and S to 50 percent of nononeric units derived
fromfunctionally reactive nononers selected fromthe group consisting of
epoxy, azl acton Faﬁ}tay i vl : i : yl or

al kyl ene gr oupseﬁr}oz!ll\%}{ei,an t’o %{og’gﬁggﬁgg% mﬂ{rﬂ&;ﬁ%? e #21{1 od gﬁg#rgﬁﬁnm?%ehv\her ein
t he functi omspectory mspect the comtat henses far elarity|apd thechbkensenof Aefecys sueh as bolss,st i ng

of gl yci dyl t.h te fi ar i i LC_an ride, d

i socyanormet H%%g?lﬁgP%QI%S&cﬁ?ﬁ%tlﬁ%%% 1EL’: Pge?eﬁ]aﬂi%' %\Aﬁ{ex%‘la Fﬁag%y&%rﬁ&gﬁ‘ﬁ iC
nmonomner s ar knskdsqassed tHerstups b eostieticihspeation, Shd legs 8 freadiy fortgaykagingy whethete,

acryl am de, , and, iny|l..pyrrolidinone. 9. The_nethod of claim1l, wherein
the hydroph}q?@aw@&?g bﬁ%&%ﬁ, E ST icowaingr fop memntaiping BBt 2 MEHGneri ¢
uni ts deri veghdfdoRTorMEERRMAR FiliNP AR patkaghd lent ResuBRERQE Qérilzh@dnwhichwher ei n
t he hydrophilic polynmer conprises oxazolinhone noieties having the foll ow ng
formul a: R3stprilization Ray (beraccameplishaOnvineenwentional auterlavg, praféeabbhurder By atan be
an al kyl gr ' Q. r , . 4 4 sy

PCT/ US00/ 13g‘%gsu?gﬁé{oggf%&%’é%%&%%%%ﬁ%g gé??%e(gté? %aan%}ﬁt%%%mB; an” ‘éhr:’yﬁs group
havi ng 5 t owilRbe appeechitedry; theskiledamtydan g Prefipabiytheragtoblating 26at 4 0000 ® 2000Ms; and
0 to 3 heteroatons selected fromsS, N, and nonperoxidic 0; or R3 d R4

t aken t oget frefr diPFRPd l%tar188ﬁnwew#\'@w“ﬂ%ve@e@ﬂ%i%lfn%élﬁwpapwg&e
carbocycl i Csfediiidd 3a8dsaha} Bethécke® pridr th s@dghgat OMB, and n is an integer O or 1.
11. The method of claim 10, wherein the pol yner co% rises the reaction

product of a mi x©bieets hd pdventeaessofdbigpryestionare furthes pted bp thestoHewimgby t he
general for : Q. | I te a
hydr ogen at om rlesgg'll t(?é\cé?géﬁv:%%ta |c§1d%\%mn0?lﬁg(§%edtfgg§l?§ﬁ€§rg{§o%a§§ %%Ba% and R3
and R4 i ndepeldesnothyr denditions adnkdydetasildshoaldsneti bér comstrued as iwnddyrlot thisons or

a cycl oal kyg vrqgoi cals with 5 or 6 carbon atons. 12. The nethod of claim 11,
wherei n t heSH

Mer is selected fromthe group consi sting of

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

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

, 4- di et hyl - 2- oxazol i n- 5-one; and 2-vh@§A¥@$iginethyl-2-oxazo| i n-S-one.
13. The nethod of claim 10, wherein t device is dipped in a

sol ution conpri STHE erdmple dRtlonsa rbpreken@ativd silicone agdroyd 188 nyi@ial uskdlaba
absence of a coloring substance. .14._ A silicgne_nedical device including a

hydr ophi | i c ceaiing swhstiatsin ity fRjlowing Esararles. delhec ormulgtion fornths materialpise
material , WhagHvRled if P81 béiggne material conprises nmononeric units having
reactive functionalities selected tomthe group consisting of azl actone,
carboxylic acid, am ne, hydnxy, and epoxy functionalities, and conpatible
conbi nations thereof; and hydrophili JABIEers attached

Component Parts by Wejght
TRIS-VC 55

NVP 30

VzDzs 15

VINAL 1 -
n-nonanol 15

Darocur 0.2

tint agent 0.05
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48 WO 001 72052 PCT/ US00113229 to the nedical device wherein the points of
attachnent are the result of the reaction of isocyanate, hydroxy, am ne,
carboxylic acid, or ring-opening conplementary reactive functionalities or
conpati bl e cAY®P¥AS2ons t hereof in nonomeric units al ong t REHYRIPEBA 1 c
reactive polymers with said functionalities on or near the surface of the
nmedi cal device or the results, wherein in the in the case of the hydroxy or
am ne conpl §EERIBHIhgRAGTalMRe 3&@5&@9@3@“ es, the silicone nateri al
conprises azl actone reactl ve functionalities and in the case of the
carboxylic acid E%Vﬁmnmwmﬂwémb&ﬁalﬂlmwpylml eirbamagme mat er i al

conpri ses epoxy ctive t hereby producing a clear,
transparent bi oc%rrer,gatl vl ef}gg%%ip%%hq{{‘ The nedical device of claim 14,

wher ei n t he nmedi ¥gdxsdevi cca mls:oae-sodtmmngmbnztrbmtatd snmewvousiynt r aocul ar

device. 16. The nedi cal 4, rein the nedical device is a
silicone hydrogel conti nu r\ﬁg@plﬁéﬁéﬂte@yo % di cal device of claim 14,
wherein the hydryphali c p(N yﬂ?]’oﬁy&ﬁjmﬂm to 100 nol e percent of
nmononeric units having said reactive functionalities and O to 99 raole
percent of mononPaioguryni t Pareeae-1ht3e2 Yt STt r om non-reacti ve hydrophilic
mononers. 1 S. The el callgﬁ (458 -rdthdehAdethfnpndakfing) t he reactive
functionalities are derived from monomers con?al ni ng one or nore of the

fol | owi ng groups: gl yci dylanthgagumet®ne, i socyanate, and acid anhydride. 19.
The nedi cal device of claim 14, wherein the hydrophilic nononeric units are
derived from mononmers sel ected fromthe group consisting of acrylam des,

| act ams, pol y(al kyl eneoxy) nmet hacryl at eBXANPLE2cryl i c acid or hydroxyal kyl
met hacryl ates . i( g‘?j 72052 PCT/ USO?OI 13229 20. _The nedical deV| ce of
clai m 14, wher ei Ao Fxampler BypFatysc2 pEIcgte rc?é‘??ﬁ‘ﬁtlg'ésofr?oF%‘l“i‘cééerﬁIWQ ®he

chai n havi ngydehe Iﬁéﬂ1ﬁ&%ﬁlg>ffa0f:dﬂﬂdcﬁ lerB%cFé’tdQ%'to% s&thmQtWGﬁfreSﬁcoBg and R4

i ndependently can be an al group havi to carbon atons;

cycl oal kyl &Gvéageldensenads f%thﬂ oEH#isg %ft plea |y alxF Wepe Sav-meldad n@ons to 12
ring atons; {g’rﬁéﬁeﬁ@ mOeUBnda %h %&nﬁn&&eﬁ Qm?&bﬁu?a 4;3%%%@&&&9 was

heteroatom; S fromsS, N, nonper oxi d 0; and R2 taken
toget her wi titjectére optor lBorlean memmeyccmcevq mqixbdlaifarand mmdcmtbotbycl ic
ring contalnln 4 to 12, ring . ato 8 et QF he
nedi cal devi 0‘38181“ Smryfﬁlyp{/ﬂ?glrcg? ) agl hi Ohcph swrerec%) rrﬁsgeésat?ml eties

al ong the clpagssure epT0mtaidatle hyxtuﬂeeveg emed r abmtrmlmnumhmrtbe ﬁaseamomv

ndependent by 08NS el oSk by N bctntc TP fmeiry he oM S8 exfosed 15"
UV light for about 5 additional minutes. The top mold half was removed, and the lenses
were maintained at 60°C for 3 hours in a forced air oven to remove n-nonanol.
Subsequently, the lens edges were ball buffed for 10 seconds at 2300 rpm with a force of
60 g.

EXAMPLE 3
This example illustrates the synthesis of the hydrophilic reactive copolymer
involving a 80/20 by weight percent ratio of monomers (DMA/VDMO) employing the
ingredients in Table 2 below:
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R3 R4 ON- HOH to six carbon atons, and R3 and R4 independently denote

al kyl radicals with one to six carbon atons or a cycloal kyl radicals with 5
or 6 carbon atonms. 22. The nedi cal device claim 14, wherein hydrophilic

pol ymer chaywmenmaéstached to the carbonaceous | ayer are therardsgdnd2ezgd the
reaction of a mxture of polyners conprising (a) a first hydrophilic
reactive polynmer having reactive functionalities in nononeric units al ong

t he hydrophilic polynmer com enentary to reagtive fungti lIE’ ff‘ﬁ 08, t he
surface of the nedical 3@ and, in addition, (b) a secg

00J72052 PCTNSOQJ13228HMydrophilic reactive }ol %zou g suppl errent al
reactive functigpalidlie are reattive the fIN hydr ophi lic
reactive pol ybme/\{ ical device of claPm 22, wherein the first
hydrophilic reactive & an epoxy-functional polyner and the second
hydrophilic reactive polynmer is an acid-functional polymner, either

simul taneously or sequentially applied to the substrate to be coated. 24.
The nedi cal device of claim 14, wherein the substrate i ses a coating
conprising the reaction product of a separate epoxy-funcyionalf hydrophilic
reactive paHyerrcasdemraci d-functional hydrophilic pplymer 25. The

medi cal device of claim14, wherein the sub@trate co
azl act one-f iC it hat hfve been shy o acid groups
near or on the surface. 26. A cdpolNynmer cR ri%i ng 1 B percent of
a nonomeric ufii’t derived from mononers sel ected from sgonsi sting
of acrylam des, lactans and pol y(al kgt gne oxides), hydroxyal kyl

met hacryl ates, wherein the alkylene or alkyl groups have 1 to 6 carbon
at ons, and RbagthQ nol e per cent of a rmnorn&meluitég)t ed Amowntt (g gr oup
consi sti ng 1 R+—MN-ERS—F4—5% Wo—-6 00/ 13229
where R g mﬁ}‘ éﬂ‘é‘ﬁ%@Mﬁ denote a hyqr lgrgfen at om jor' | oner al kyl
radi cal Wi[tWinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO) |4 g 0.0288
VAZO-64 initiator 0.031g 0.1 percent
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
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 as
monitored by FTIR (Fourier Transform Infrared spectroscopy), the solution was slowly
added to 2500 ml 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
to 35°C overnight, and the molecular weight determined to be Mn = 19448, Mw = 43548
and Pd = 2.25, all based on polystyrene standards. (Pd refers to polydispersity.)

E LE4
This Example illustrates the synthesis of a prepolymer of
N, N-dimethylacrylamide that is used in making a macromonomer (or “macromer”) for
eventual use in a reactive hydrophilic polymer according to the present invention. The

prepolymer is made according to the following reaction scheme.
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one to six carbon atons, and R3 and R4 independently denote al kyl radicals
with one to six carbon atons or a cycloal kyl radicals with 5 or 6 carbon
atons. 27. A nethod for treating the surface of a silicone nedical_device
conprising: (WP ng a nedical device froma silicone mabeVPHI 3% her ein
the silicone material conprises nononmeric units having reactive
functionalities selected fromthe group consisting of azlactone, carboxylic
acid, am ne, hydroxy and epoxy functionalities, and conbi nations thereof

and; (b) formng a hydr@philic reactive polynmer having | enent ary
reactive functionalitie§al of thg poly L/Bhg}ﬁ”mhich.gﬁﬁgLLgnalities are

sel ected fromthe gr coﬂprising azl actone, isocyanatepy@cid anhydride,
epoxy, am ne, carboxylic accCdy, and acid functionalities or conpatible
conbi nati ons thereof, which hydrophilic reactive polynmer conprises 5 to 50
percent of nonomeric units derived fromfunctionally reactive nononers

sel ected fromthe group consisting of isocyanate, epoxy, azl actone,
anhydri de containing nononers, and conbinations thereof, and 0.5 to 20
percent of nononeric units derive frdfhhydﬂophobic nononmers, wherein in

t he case of the hydroxy or am ne conpl aveeH,gry reactive functionalities,
the silicone material conprises azjacione regactive functionalities and in
the case of the carboxylic acid cognpl gqrentarly functionality, the silicone
mat erial conprises epoxy reactiwSiu ~pnallities; (c) reacting the
hydrophilic reactive polydﬁ% of (b) having donplenmentary reactive
functionalities along the polyner ain withggaid reactive functionalities
on or near the s Eﬁﬁ? of a
col oring substanggéﬁpﬁ g @Ls&%@%’rﬂﬁ ?g{mel&g%rzfggggbgrr?gﬁ éﬂfn@é cal
devi ce. 28. (Vam-Greintichngfunt3. agm QBmolnh)andltetrahYckofnywir(hpm ml)overeact i ve

| further. i t of ts d d
P rom non- r eS8EPGE ARS R RT e hoRaRaes SBEE R mPriy RRER P BT Eons! ot i ng
of ﬁC:‘j yl arr: diesmal m&ammi mwggmg aﬁaﬁgm)gaewbmmyleafgs%t/mé onﬁl :A cAaC| d
or mxya c %_A
A AyA .y kfgwng"f,@?i @y A’% ﬁcnpwgby&ﬁmﬁreﬁeﬂttﬁéﬁc% 72 hegs pnder apassive
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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
(vield 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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oxazolin-5-one (VDMO) in the amount of 2 g (0.0144 mole), dimethylacrylamide

macromer (DMA-mac) as prepared in Example §, 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. Then 0.029 g (0.1 mole%) of VAZO-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 ml 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 to 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 preparation of a DMA/PEOMA/VDMO polymer
usable to coat a silicone substrate according to the present invention.
Dimethylacrylamide, in the amount of 12 g (0.1211 mole), vinyl-4,4-dimethyl-2-
oxazolin-5-one in the amount of 4 g (0.0288 mole), and 4 g (0.0036 mole) PEO
methacrylate (PEOMA), which monomer has a MW of 1000, and 200 m] 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 0.025 g (0.1 mole %) of VAZO-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 ml of ethyl ether to 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 to 35°C overnight. The dried polymer was sampled for

analysis by gel permeation chromatography, bottled and stored in a desiccator.
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glycidyl methacrylate, and DMA monomer, prepared 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 4 g (0.0008 moles), distilled glycidyl methacrylate
(GM, 4.1 g, 0.029 moles), Vazo-64 (AIBN, 0.06 g, 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 liters
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.

EXAMPLE
This example illustrates the synthesis of a vinylpyrrrolidone-co-4-
vinylcyclohexyl-1,2-epoxide polymer (NVP-co-VCH) useful to coat a silicone substrate
according to the present invention. The polymer was prepared based on the following

reaction scheme:

N
o. _N + o@\/ AIBN
I l F 800 ml THF
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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 hrs. The reaction mixture was
then added slowly to 6 liters 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.

E LE
This Example illustrates the synthesis of a hydrophilic reactive (linear) copolymer
of DMA/GMA, which is used in Examples 13, 14, and 15 below, according to the

following reaction scheme:

/ +
\)L N\ ONO

85 made% mon

14 mole%

Vazo-64

CH,
. CHz = cnz—}wo
% o
N— O
/ 2
o)
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48 g, 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 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 6 liters 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.

EXAMPLE 11

This Example illustrates the synthesis of a water-soluble reactive polymer of
DMA/GMA/OFPMA, according to the following reaction scheme:

O

mon mon mon
B4 mole% 1.5 mole% 14.5 mole

Vazo-64 l
H
=G C C ol
Hy B9 H, g!iéo H, % 11055
o] O d

N~—
/ E

E <{

E
E
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To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide
(DMA,16 g, 0.16 moles), 1H,1H,5H-octafluoropentylmethacrylate (OFPMA,1 g, 0.003
moles, used as received), distilled glycidyl methacrylate (GM, 4 g, 0.028 moles) Vazo-
64 (AIBN, 0.03 g, 0.00018 moles) and toluene (300 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 3 liters 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 19.3 g of reactive polymer (92% yield). The reactive polymer was placed in a

desicciator for storage until use.

EXAMPLE 12

This Example illustrates the synthesis of a hydrophilic reactive polymer of
DMA/MAA, according to the following reaction scheme:
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To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide (DMA, 16g,
0.16moles), methacrylic acid (MAA, 4 g, 0.05 moles) Vazo-64 (AIBN, 0.033 g, 0.0002
moles) and anhydrous 2-propanol (300 ml). The reaction vessel was fitted with a
magnetic stirrer, condenser, thermal controller, and 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 72 hours. The reaction
mixture was then added slowly to 3 liters 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 9.5 g of reactive
polymer (48 % yield). The reactive polymer was placed in a desicciator for storage until

use.
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This Example illustrates the surface treatment of Balafilcon A contact lenses

(PureVision® lenses, commercially available from Bausch & Lomb, Inc., Rochester,

NY) made from the material of Example 1, which surface treatment employed the

hydrophilic reactive polymers made from Example 10 above, according to the following

reaction scheme:

OH
- CH; p
Balafilcon Lens O _oH 4+ O
0

N—
/

OH

Ha
QHZ-}_. —_—
10
o Autoclave
CZ

0

o -
~N

N~ (i
/ CH,
o) 60)
Lens with Poly DMA 0 CH,
Surtace o CH,
OH
-

A solution of reactive polymer of Example 10 (10.0 g per 1000 ml of water) was
prepared. Lenses were extracted with three changes of 2-propanol over a four-hour
period and then with three changes of water at one-hour intervals. Lenses (36 samples)
were then placed in the solution of reactive polymer. One drop of methyldiethanolamine

was added to catalyze the reaction. The lenses were put through one 30-minute autoclave

cycle.

EXAMPLE 14
This Example illustrates the surface treatment of an RGP Lens Surface according
to the present invention, as shown below. The lens was a Quantum® II RGP contact

lens, commercially available from Bausch & Lomb, Inc.
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A solution of reactive polymer of Example 10 (5.0 g per 100 ml of water) was
prepared. Lenses (20 samples) were then placed in the solution of reactive polymer with
two (2) drops of triethanolamine and heated to 55° C for one (1) hour. The surface-
coated lenses were then rinsed off twice with purified water and allowed to dry. A drop
of water placed on an untreated lens would bead up and roll off the surface while a drop

of water was placed on the treated lens spread completely, wetting the lens surface.
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X-ray Photo Electron Spectroscopy (XPS) data was obtained at the Surface
Science lab within Bausch and Lomb. A Physical Electronics [PHI] Model 5600 XPS
was used for the surface characterization. This instrument utilized a monochromated Al
anode operated a 300 watts, 15kV and 20 milliamps. The base pressure of the instrument
was 2.0 x 10 *° torr and during operation the pressure was 5.0 x 10°® torr. This
instrument made use of a hemispherical analyzer. The instrument had an Apollo
workstation with PHI 8503A version 4.0A software. The practical measure for sampling
depth for this instrument at a sampling angle of 45° was 74A.

Each specimen was analyzed utilizing a low-resolution survey spectra (0-1100eV)
to identify the elements present on the sample surface (10-100A). Surface elemental
compositions were determined from high-resolution spectra obtained on the elements
detected in the low-resolution survey scans. Those elements included oxygen, nitrogen,
carbon, silicon and fluorine. Quantification of elemental compositions was completed by
integration of the photoelectron peak areas after sensitizing those areas with the
instrumental transmission function and atomic cross sections for the orbitals of interest.

The XPS data for the coated lenses and controls are given in Table 3 below.

TABLE 3
Sample 0 N C Si F
Lens Posterior Average 22.3 4.8 54.4 10.3 10.9
Std dev
Lens Anterior Average 19.1 6.7 63.4 2.7 8.1
std dev 0.6 0.3 1.1 0.6 0.7

Quantum® |l Controt Average 18.7 0.0 56.1 5.2 20.0
(post & ant are the std dev 0.5 0.0 0.7 0.3 0.4
same)
Theoretical Atomic 17 12 71 0 0
Concentrations for DMA-co-GMA
Reactive Polymer
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EXAMPLE 15

This Example illustrates another surface treatment of an Quantum® II RGP

contact lens, commercially available from Bausch & Lomb, Inc., according to the

following reaction sequence:

CH,

+ 60 O 10 + - C 220

O o o) H, ‘&7

RGP lens o o}
0 / z AN

(0}

Triethanclamine
O.
-
\N !
| I
0
Lens with Poly DMA o
Surface CH,
HO
(o]
o
N 9 .
NToH 0
| o CH,
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A solution of reactive polymers of Example 10 and Example 12 above (2.5 g of
each polymer per 100 ml of water) was prepared. The mixture of polymers was used in
an attempt to build a thicker polymer coating via a layering effect. Lenses (20 samples)
were then placed in the solution of reactive polymer with two drops of triethanolamine
and heated to 55°C for one hour. The surface-coated lenses were then rinsed off twice
with purified water and allowed to dry. A drop of water placed on an untreated lens
would bead up and roll off the surface while a drop of water placed on the treated lens
spread completely wetting the lens surface. Atomic Force Microscopy (AFM) analysis
suggests that the combination of polymers gave a thicker polymer coating. Comparisons
between a Quantum® II lens with no polymer coating (FIG. 1), the polymer coating of
Example 14 (FIG. 2), and the coating of this Example 15 (FIG. 3) are shown in FIGS. 1
to 3.

X-ray Photo Electron Spectroscopy (XPS) data was obtained at the Surface
Science lab within Bausch and Lomb. A Physical Electronics [PHI] Model 5600 XPS
was used for the surface characterization. This instrument utilized a monochromated Al
anode operated a 300 watts, 15kV and 20 milliamps. The base pressure of the instrument
was 2.0 x 10 7 torr and during operation the pressure was 5.0 x 10® torr. This
instrument made use of a hemispherical analyzer. The instrument had an Apollo
workstation with PHI 8503A version 4.0A software. The practical measure for sampling
depth for this instrument at a sampling angle of 45° was 74A.

Each specimen was analyzed utilizing a low-resolution survey spectra (0-1100eV)
to identify the elements present on the sample surface (10-1004). Surface elemental
compositions were determined from high-resolution spectra obtained on the elements
detected in the low-resolution survey scans. Those elements included oxygen, nitrogen,
carbon, silicon and fluorine. Quantification of elemental compositions was completed by
integration of the photoelectron peak areas after sensitizing those areas with the
instrumental transmission function and atomic cross sections for the orbitals of interest.

The XPS data for the coated lenses and controls are given in Table 4A below.

40



4 10!'s$10% U& ()- "S10% U& ()-L!I10% U& ()-f10% U& ()- 10% U& ()-, 10%
U& ()-"*+36kQRC !'$ )10% U&' ()-+s$ )10% U& ()-+[$ )10% U& ()-+$ )10%
U& ()-+F(s10% U& ()-9%10% U& ()-67;>?EFI}cDC !'$ )10% )10% U& ()-+$ ) 10%
U& ()-+%$ ) 10%0ir7egs2+[ $ ) 10% U& ()- +$ ) 10% U&' () - +[ | JPRS] = aBCHATS0D/$3229
TABLE 4A
Sample 0 N C Si F
Lens Posterior Average| 18.8 8.0 67.6 3.7 2.6
sid dev
Lens Anterior Average| 18.4 4.2 62.8 4.1 10.5
std dev 0.5 1.2 1.7 0.4 3.1
Quantum® |l Control | Average| 18.7 0.0 56.1 5.2 20.0
(post & ant are the std dev 0.5 0.0 0.7 0.3 0.4
same)
Theoretical Atomic Concentrations 17 12 71 0 0
for DMA-co-GMA Reactive
Polymer
EXAMPLE 16

This Example illustrates the surface treatment of Balafilcon A contact lenses
(PureVision® lenses, commercially available from Bausch & Lomb, Inc., Rochester,
NY) made from the material of Example 1, which surface treatment employed the
hydrophilic reactive polymers made from Example 11 above, according to the following

reaction scheme:
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Two solutions of the reactive polymer of Example 11 were prepared (see Table 4B
below). Lenses were extracted in 2-propanol for 4 hours and then placed in purified
water for 10 minutes. The water bath was then changed, and the lenses were allowed to
soak for an additional 10 minutes. Lenses (30 samples) were then placed in each solution
of reactive polymer with one drop of methyldiethanolamine to catalyze the reaction. The
lenses were put through one 30-minute autoclave cycle. The solution in the vials was
then replaced with purified water twice, and the samples were again autoclaved. This
procedure was used to remove any hydrophilic polymer not chemically bonded to the

lens.
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5109 & ()-$(. =FL| Z8\la1 B1 1@ PAGR/280mpH0) 4 S £10808 (). 1y10% & () -
8f 10% ~& ()-0G MLOWd4gCenmo! 11514 10 3Nenpy, g (=M 710% 800 . 810% & ()-
3940% & () - #10% & ()-) 10% & ()-F 7bA4 10 T S910%& ()-S Z@910%uz& ()-S
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10% , & ()- a dvs atogpc( t)’orce ngg@wp&({df 1M3ges)q CWOSIS shown in FIG. 4.

FIG. 5 and FIG. 6 show the surface of Samples A and B, respectively. The hydrophilic
coating is clearly shown in FIGS. 5 and 6 compared to the surface image of the Control

Sample. Elemental analysis by XPS also indicates that the material surface has been
modified. The XPS data was obtained at the Surface Science lab within Bausch and
Lomb. A Physical Electronics [PHI] Model 5600 XPS was used for the surface
characterization. This instrument utilized a monochromated Al anode operated a 300
watts, 15kV and 20 milliamps. The base pressure of the instrument was 2.0 x 10 "' torr
and during operation the pressure was 5.0 x 10°® torr, This instrument made use of a
hemispherical analyzer. The instrument had an Apollo workstation with PHI 8503A
version 4.0A software. The practical measure for sampling depth for this instrument at a
sampling angle of 45° was 74A.

Each specimen was analyzed utilizing a low-resolution survey spectra (0-1100eV)
to identify the elements present on the sample surface (10-100A). Surface elemental
compositions were determined from high-resolution spectra obtained on the elements
detected in the low-resolution survey scans. Those elements included oxygen, nitrogen,
carbon, silicon and fluorine. Quantification of elemental compositions was completed by
integration of the photoelectron peak areas after sensitizing those areas with the
instrumental transmission function and atomic cross sections for the orbitals of interest.
The XPS data is given in Table 4C below.
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std dev 0.3 0.5 1.0 0.1 0.4
B _Anterior Average 17.8 8.8 70.0 1.3 2.0
std dev 0.2 0.3 0.6 0.3 0.0

Theoretical Atomic Conc. 171 11.0 701 0.0 1.8

DMA-co-OFPMA-co-GMA

From Example 11

EXAMPLE 17

This Example illustrates improved inhibition of lipid deposition for the
Balafilcon A lenses (PureVision® lenses) coated by reaction with various hydrophilic
reactive polymers according to the present invention. Sample E lenses was coated using
a 1% solution of the DMA/OFPMA/GM copolymer of Example 11, and Sample EE
lenses was coating using a 2 % solution of the same polymer, Samples F and FF lenses
were respectfully coafed using 1% and 2% solutions of the DMA/GM copolymer of
Example 10. The lenses were placed in an aqueous solution of the reactive hydrophilic
polymer with a catalyst and run through one autoclave cycle. The lenses were then rinsed
in HPLC grade water, placed in fresh HPLC water, and autoclaved for a second time.
The control lenses (no surface treatment) were placed in HPLC water and autoclaved.
One control lens was the Balafilicon A lens prior to any surface treatment. A second
control lens was the commercial PureVision® lens with a oxidative plasma surface
treatment. For the lipid analysis, Gas Chromatography (GC) was employed, including an
HP Ultra | column with an FID detector and He carrier gas. In the in vitro lipid
deposition protocol, six lenses were subject to deposition for each of the lens types
tested, employing a lipid mix of palmitic acid methyl ester, cholesterol, squalene and

mucin in MOPS buffer. Mucin was utilized as a surfactant to aid in the solubilization of
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*The average represents the deposition profile for 6 deposited lenses.

R0 R0 R0 Ro Ro R0 Ro R0 R0 Ro T RO Ro Ro

The results indicate that lenses coated according to the present invention can
exhibit reduced lipid deposition, a particularly advantageous property for continuous-

wear hydrogel lenses.
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:

(a) forming a medical device from a silicone material, wherein the silicone
material comprises monomeric units having reactive functionalities selected from the
group consisting of azlactone, carboxylic acid, amine, hydroxy and epoxy functionalities,
and combinations thereof; and

(b) forming a hydrophilic reactive polymer having complementary reactive
functionalities along the polymer chain selected from the group comprising azlactone,
isocyanate, acid anhydride, epoxy, hydroxy, primary or secondary amine, or carboxylic
acid functionalities, and combinations thereof, wherein in the case of the hydroxy or
amine complementary reactive functionalities, the silicone material comprises azlactone
reactive functionalities and in the case of the carboxylic acid complementary
functionality, the silicone material comprises epoxy reactive functionalities;

()  reacting the hydrophilic reactive polymer of (b) having complementary
reactive functionalities along the polymer chain with said reactive functionalities on or
near the surface of the medical device of (a), thus forming a biocompatible surface on the

medical device.

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

intraocular lens and the coating is uncolored.

3. The method of claim 1, wherein the medical device is a silicone hydrogel,

continuous-wear contact lens.

4, The method of claim 1, wherein the hydrophilic reactive polymer comprises 1 to

100 mole percent of monomeric units having said reactive functionalities.

5. 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.
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group consisting of acrylamides, lactones, poly(alkylencoxy)methacrylates, methacrylic
acid or hydroxyalkyl methacrylates and 5 to 50 percent of monomeric units derived from
functionally reactive monomers selected from the group consisting of epoxy, azlactone,
and anhydride containing monomers, wherein the alkyl or alkylene groups have 1 to 6

carbon atoms.

7. The method of claim 7, wherein the functionally reactive monomers are selected
from the group consisting of glycidyl methacrylate, maleic anhydride, itaconic anhydride,

and isocyanomethacrylate.

8. The method of claim 1, wherein the hydrophilic monomers are selected from the

group consisting of dimethylacrylamide, acrylamide, and N-vinyl pyrrolidinone.

9. The method of claim 1, wherein the hydrophilic reactive polymer comprises 0 to

35 mole percent monomeric units derived from hydrophobic monomers.
10.  The method of claim 1, wherein the hydrophilic polymer comprises
oxazolinone moieties having the following formula:

R3
|
}sI—C—R“
—¢  ,(CHon

"1

wherein R? and R* independently can be an alkyl group having 1 to 14 carbon atoms; a
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11.  The method of claim 10, wherein the polymer comprises the reaction

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

formula:
R2
R1 —-/'/ T
(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 alky! radicals with one to

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

12.  The method of claim 11, 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.

13,  The method of claim 10, wherein the medical device is dipped in a
solution comprising at least one hydrophilic reactive polymer in the absence of a coloring

substance.

14.  Asilicone medical device including a hydrophilic surface comprising:

a medical device made from a silicone material, wherein the silicone
material comprises monomeric units having reactive functionalities selected from the
group consisting of azlactone, carboxylic acid, amine, hydroxy, and epoxy
functionalities, and compatible combinations thereof; and hydrophilic polymers attached
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15. The medical device of claim 14, wherein the medical device is a silicone

contact lens or intraocular device.

16. The medical device of claim 14, wherein the medical device is a silicone

hydrogel continuous-wear lens.

17. The medical device of claim 14, wherein the hydrophilic polymers
comprise 1 to 100 mole percent of monomeric units having said reactive functionalities
and 0 to 99 mole percent of monomeric units that are derived from non-reactive

hydrophilic monomers.

18.  The medical device of claim 14, wherein the reactive functionalities are
derived from monomers containing one or more of the following groups: glycidyl,

azlactone, isocyanate, and acid anhydride.
19.  The medical device of claim 14, 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 .
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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 R’ 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 O or 1.

21.  The medical device claim 14, wherein the hydrophilic polymer comprises
moieties along the chain represented by the general formula:

where R? and R independently denote a hydrogen atom or a lower alky! radical with one

rs. f4 o
N f
i OH

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

carbon atoms or a cycloalkyl radicals with S or 6 carbon atoms.

22, The medical device claim 14, wherein hydrophilic polymer chains
attached to the carbonaceous layer are the result of the reaction of a mixture of polymers
comprising (a) a first hydrophilic reactive polymer having reactive functionalities in
monomeric unjts along the hydrophilic polymers complementary to reactive
functionalities on the surface of the medical device and, in addition, (b) a second
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25. The medical device of claim 14, wherein the substrate comprises

azlactone-functional monomeric units that have been coverted to acid groups near or on
the surface.

26. A copolymer comprising 1 to 99 mole percent of a monomeric unit
derived from monomers selected from the group consisting of acrylamides, lactams and
poly(alklylene oxides), hydroxyalkyl methacrylates, wherein the alkylene or alkyl groups
have 1 to 6 carbon atoms, and 1 to 99 mole percent of a monomer selected from the

group congisting of the formula:

R2
W T
o]
R3 R4
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six carbon atoms or a cycloalkyl radicals with 5 or 6 carbon atoms.

27. A method for treating the surface of a silicone medical device
comprising:

(a) forming a medical device from a silicone material, wherein the silicone
material comprises monomeric units having reactive functionalities selected from the
group consisting of azlactone, carboxylic acid, amine, hydroxy and epoxy functionalities,
and combinations thereof and;

(b) forming a hydrophilic reactive polymer having complementary reactive
functionalities along the polymer chain which functionalities are selected from the group
comprising azlactone, isocyanate, acid anhydride, epoxy, amine, carboxylic acid, and
acid functionalities or compatible combinations thereof, which hydrophilic reactive
polymer comprises 5 to 50 percent of monomeric units derived from functionally reactive
monomers selected from the group consisting of isocyanate, epoxy, azlactone, anhydride
containing monomers, and combinations thereof, and 0.5 to 20 percent of monomeric
units derived from hydrophobic monomers, wherein in the case of the hydroxy or amine
complementary reactive functionalities, the silicone material comprises azlactone
reactive functionalities and in the case of the carboxylic acid complementary
functionality, the silicone material comprises epoxy reactive functionalities;

(c) reacting the hydrophilic reactive polymer of (b) having complementary
reactive functionalities along the polymer chain with said reactive functionalities on or
near the surface of the medical device of (a) in the absence of a coloring substance, thus

forming a biocompatible surface on the medical device.

28.  The method of claim 26, wherein the hydrophilic reactive polymer further
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,

52

I #



