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SURFACE TREATMENT OF MEDI CAL DEVI CES Wt h REACTI VE HYDROPHI LI C POLYMFRS

FI ELD OF THE | NVENTI ON The present invention is directed to rﬁlc,% I;&asurface
treatment of nedi cal devices such as contact | enses and nedrc¢a ants.

| n particul arweloh®els €sent invention is directed to a methogcafusomebzisy/i ng
The surface of a nedical device to increase its bioconpatibility or

hydrophilicity by coati ¢ ce wth a hy [ | ymer by reaction
bet ween reactive functll w HJ' u lthe cont ac l ”" ial and
conpl enentary reactive es on the pol yner. The

present invention is al so di¥®ted to a contact | e®W®®@r ot her nedi cal

devi ce havin i ﬁ@% made from
sili cone-contgsélliﬁ?%lr%g materi al's ?avelﬁg'(ecgn T AVES |gal'ﬁg)§5%lcg§ﬁ%ﬁ%r of years.

Such materials can generally be subdivided into two maj or cl asses:

hydr ogel s and non- hydrogel s. Non-hydrogel s do not absorb appreciabl e
anmounts of water, whereas hycg I %%9 Qngnd retain water in an
equi libriumstate. Hydrogels:- HyHavre-—o-wat er content greater than

about five wei dite pRAERSMenAis AREQedBIERIthY sRREVEEAMBNVS imelifkal Qevieout 80
wei ght percent. Regardl ess of their water content, both non-hydrogel and

hydrogel sfuch @8 entaeinienses apd mdical implanty e perticelan the grspenty iy asiRB s c,

non- wet { ablice.h A fiemod of MG W Wirfod e CARPIRS BLAR fCkietcllafs TBNY Of
t he physical properties and ultinate uses of solid materials.

Char act er i bib¢amspatibitity ershydesphilicify by coating e, deyivd wittha diydeophilic polymiecbyy are

| argely infl uenced E e ra istic The.alteration of surface
characteri rsef'#‘c?g%f’%veg%/r%g%{ei a cnfségaegiﬁlleﬂngté%goenmc?lleﬂf &aé%'r?‘hfuba °“%P?P6‘P‘i“ i ons,
wher e bi oceaniveifahdtiohylitles i thealyidraphiliar potynrer The Threderf @iventidnhixsalseki | | ed
in the art . have |long recogni zed the need for renderi t he, surface of
contact | efies %ﬂc‘g’ﬁéﬁngg&%m%@%@ggem f Frlase COABPE: hydr ophilic.

I ncreasing the hydrophilicity of the contact-|ens surface inproves the
wettability of the contact lenses with tear fluid in the eye. This in turn
i nproves the wear confort of the RAGEGROUNIhses. In the case of

cont | NUOUS - Wealcd S Rhses mile e HRARLHNRAAN £2082 RANEAALAIA b e

surface is espectally Inportant. The surface a continuous-wedr [ens nust
be desi gnefor monurghet pf fyears.c dvich materialst canogenengllyl bacubdiviled dutottimonmajrich as

corneal edgnm, .infl i infiltrathon. L.ogroyv t hods
have accor %Iasﬁ f‘ﬁ W‘%%@ri?%o a gﬂ?’y@%e&%orﬁ)a&fq’% gelf HIé ncs’tuarb? aceeriSTaty %Pg'g'}tpla enses,
parti cul ar bfy wateghwhiteashhyyhdgelsozang ebsorhe ande adadie ) witen $e andegiilihpinch fstate.

cont i nuous ver ni ght ar. Various patents disclose the attachnent of
hydr ophi | i }é(g"g"f:’g%ﬁ ﬁg‘ﬂﬁhgﬁﬁﬁf SCWaWﬁF'ggrﬁ?fﬁﬁ’é? iaﬁmtt Yhweight PHEerE 304 ace of a
contact | efidrd donmModB/ betwech QBEIR 110 td1ebouESEw IRkt elteRC Ragatdidst 6f théiekvarxanpl e,

U S. Patent No. 5,652,014 teaches anination of substrate fol] ogﬁd by

reacti on wheNenhthely ngnohxdregelandfiydrpgelssilicopg-epriact lensey tend; t haye rglativgly at ed

pol ysacchapyfiephobid SroR vAitabIRsMifdcks, such an approach is that the polyner chain
density is limted due to the difficult of attaching the polynmer to the

silicone subst r8urface srugtureend.gempgsitiopdereymingjmany of ghe physical oropertirs gnd of
oxazol i non i em : t . Dy . The
i nvention Eléig{altje?%{aslao%% I n tﬂtﬁgﬁé.i ei dgco¥ séur %c%?‘yﬁghﬁét e gg’r%ngat a g)?ersg
reacti ons tubricity ntehlergely mflugiced by sutfadei chaseteristics.i ofig alteratiandpfhgurdcéi nity
separation of bionol ecul gs, di agnostic suppqrt.s . and. enzyne. nenbrane
reactors. ‘fﬁaé“g?‘ég%l ilﬁoﬂg 5‘?’8’&@ ?lgmél‘faf‘%ec hig‘dqflé)te%’%bcg} o] %‘}ﬁgﬁb"?ﬁ’r a‘fvgere
appar ent | y blogompatibilityois offpattitalactdiickani Thetefisrat thiosat skillediin thd gt bavezlphgnone

nmononer with radicals fqrmed by plas on the substrate surface. .

Al t er nat i v&fcpgnizeddhesiead e Serderiie fhe,Bir g R AFH SR, o mgdkrel doxiend wi t h
pl asma t0 hosBpliCdratite hj{d?&ﬁﬂic@‘!ﬁ’érédﬂﬂg thE Mg dRYRESiY HORE SRR kitddce Nave
been attached to the surface can then be used to ‘attach a biologically
active mat &mpraves thoweiabilifyof thesjoptagy lepses svithctear; fid dn dbeoeyenohs im tamt acked
by am nes, :thi ?o?f'&* e : y et al.
and U.S. Pg% g‘]r?t%s%c. @55]{,1%% 14 t?eocoﬁgigt ](SFS%%I E%?E?Ie?gggﬁaﬁsgg%ﬁ%%ézol i none
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

CGol deaberg 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 |lens contain a hydrophilic

i nduci ng amount of the reaction product of the oxirane nononmeric units with
a water soluble reactive organic, amne, alcohol, thiol, urea, thiourea,
sulfite, bisulfite or thiosulfate. In view of the above, it would be
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WO 00l 72052 0 3 OCT 2Q03 PCT/ USO0/ 13229 bi oconpatible. Still further, it
woul d be desirable to forma coating for a silicone hydrogel contact |ens
that is nore confortable for a |onger period of tine, similgg
tear-wettable and highly perneable to oxygen. It would be desirable if such
a bi oconpat ivod birzesd | ens was capabl e of continuous wear ovdlGH¢fiee/13229
preferably for a week or nore without adverse effects to the cornea. BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 shows an Atom c Force M croscopy (AFM

t opogr aphi gal_ i S t C . 5 L Adeser | i

Exanpl e 15&%(35?%%91?0?81(3%8& gﬁ% Psog{r?n 'o%ggc%%%cgp%%%é%ljéﬁg%ggﬁd?#g p‘ﬁ'gt Hle

i nvent i on; désipaed natgenlpffort teenfant dut or awidl edvetset feectioan sudhsassdoawal edentahe | ef t

of FIG 1 and the image of the. pqsterior side,is 0 on the right. FIG 2
Shows an AR (B RrePos IR *omeyrd matials Hos dctorgioty b of o
contact | egsupghto RHJIFARE HelR@rfatdd oE¢aRMt Qenkds, PasRuIHY HighD efrent  of

the present invention, which lens is a silicone rigid-gas-perneable |ens
coat ed wi t Bereesiig)yenses designed faricpatipuons @Eyemighd) WeAr- a copol yner of di net hyl

acryl am de and glsgkd Hlﬁfcﬁ a h(?wsh qm ¢ F
M croscopy ( AFM%%%O?%%D' ica (?érl?ragges %t!a@gm&%%so a@%ﬁﬁggt ° er?g{eg‘gget ed
descri bed biocdmpatiblepolymeziccbaids trothe surtace of arbardactbans irodrd¢rhie rapdershalens

invention, _whigch lens,is silicon i gi.d-qgas- | e, | ens. coat with a

conbi nat i off°6t gif’ %Oén‘?@aire()pﬁ?rl 7%’“@8%31‘%?7&%“%@%8?%@% FACRSE PO & &g

(E>5<8rrplng) 1f2su£1lr£t‘e fdllo's\}feal Vi pehans:nCwiﬁogmet M_:lmfs(;b e euﬁbéx e(sﬂzllmotlsém?xgﬂednté orad i mages
unk) o cogntrol contact |ens, descgri in Exa or conparison to

ot her | ensé’gfaé‘g&?_[yd?‘??éa‘? - PR H@%leé’rﬁﬁgi fn @?’?%ﬁ%&é’s@ﬁ@%%nz

whi ch | ens dbritplisIinited 08 tdWhe dRraehlt dBiE {18 Polnteh toAh P Glidoe sukiaddescr i bed

in Exanple 11." FIG_ 5 shows Atom c Force cr oscopy (AFM topogr aphi cal

i mages (50 unp)BS. DateshtS:x4t. 708 rdiscdesas dbp atachmiepteal oxazplinang| a8 aziacieReor di ng
to one enbgqgi Sh i i, ORy i | ki e

hydr ogel | gﬂ’gg%%gttée)g sV\ll"};kt%'ﬁga poPyr?eO?\bgagﬁla'es&glre ?ﬁkyeegn?rlnﬁ@gkgigtﬁiﬁug%?opol ymer
of di met hyburface-yiediatede pr giatatyized | rematiphs fory Ispthesisrod site-specific separations,

oct af | uor opept,y/ ne crylate. 3 Q 3 2003 - WD 00/ 72052

PCTI C1S00/ EE?%SFP@E%’ Sreitation; gf, Hodgleglesy g BHE PR 28D TR BB cal

i mages (50 mefibjant reactoed) t Hiloxagslinofié gioap ivketclidded pofbubnibsipite agfarantigor di ng
to one enbodi nent of the present invention, which lens is a silicone

hydr ogel | 8hdeaCHAR Sﬁﬂ% Fthyl&m.ﬁdF’fﬁ‘Hat‘a% ipy the pxazalingng mongmst avithradigals oo yrer
of di met hy lforifed b HsAR ondth¥ Glibkirate RIHAGC " Xlt&hRiveR the substrate can be coated

oct af l uoropentyl net hacryl ate, which is used for "coating at a higher

concent r at oW TORPMET sands sectedr with aplpsmep tocfomana qrepsiinksd soatig\ARY OF THE
| NVENTI ON Fhe 95&13 ' ' j ' st"gg@g f t of
silicone c-(l);g'.tzgct g@g%ﬁgﬁ%ﬁgﬁﬁrl{e@gﬁg@m |caf!m ewtécg"ce\‘%,e‘i I[oﬁc Eglgng a

met hod of reindegicaily gctiveomatenifl afoe exdmple, qooteins,t sincerthe xazilinonesstacked by

hydr ophi li ¢L & . tahi lity. .. Eh nfa I t . C ri e

at t achnent W%%P%ﬁ%?ﬁ‘&“ﬁiﬁyyﬂér 5%t§§ir~§]os.%§ga,[9ﬁgtt$;§m8§ﬂg dtstﬁg gagﬁﬂtact | ens
substrat e, Nuoy S3EANH4 1of Lai etaltdisctosk thieaise ofietazblireme mondhiérs beintentil beittingt €
materi al reacti Wi th conpl ntary reactive functionalities jn nononeric
units al ond‘gﬁn%{}gf‘??&ﬁth“éesrgﬁiaﬁ? theﬁ%eﬁqré%ﬂfthp&ﬁi% is also
directed to a neydiFatdnt NRY4.784,475 6 Géltébef0i lab @isclopedtBSuse iofk camadtliéns | enses,
catheters) jnplants, and the |ike, conprising a surface nmade by such a

met hod. DEFARTICEie! BOmORPPIVMENCORPIiTing PRPERTTROY haubsttated oae@erc URifdNpr esent

| nventi on itfe Bhokiiie Sudi MR e hifek Yiacet 67 HERAs Bluaih bl @RI HdiingdeVi Ces,
i ncludi ng contact lenses, intraocular |enses and vascular™Inplants, to

i mprove t heamouht efcthepeactibn Ipradpct &the loasiraner mosdrhéricownits with a wateeaolublehat t he

mat eri al bej reat.ed i.s a r,gani.c_pol.yner c¢ ri.si al, .l east five
percent by r\?\%ﬂ 6%1?1% f%C8ha aj&’ﬁﬁt - ﬂ‘ﬁ‘ﬁ%ak}ﬁ%“;‘?a’ B‘ﬂgﬁeb&‘ﬂﬁ@ °ih”?s3f€t50 per cent
bK wei ght si |l i cneiewrstitiee dhbeé,&fﬁbt{llawgeﬁx@blg% fad ﬁfﬁéﬁcﬂw ?&,giyur@hmccone.
The present inveptipn is. especigl.ly advan eous, for plication to contact
| enses, ei t99BES{OF; Brfg"fﬁ‘ifd&g@eﬁémw %?‘ﬁ?%?%@cfi%tdﬁ%@gp%n&?ﬁemﬁt erials.
The invention is especially advant ageous for silicone hydrogel

conti nuous-wear |enses. Hydrogels are a well-known class of material s,

whi ch conprise hydrated, cross-1linked 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 0 3 OCT 2Q03
PCTNSO0/ 13229 are usual ly 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

o oy o




R~t9 Rt 9-si-R~- 9 RIt9 \ i X~(CH2~-~i-O-Si-R19 RI8 ~1 RI9 RI9-Si-Rt9 nt9
wherein: X denotes -O or -NR-; each Rte independently denotes hydrogen or
_nmethyl; each Rt9 independently denotes a | ower al kyl radi 0%13 Oﬁl?e é
radical or a group represented by Rt9 w~i-Rt9 Rt 9 wherein eac

i ndependent | WoO8{i#5es a | ower al kyl or phenyl radical; and RCTASYx2Y o,
-Sone preferred bul ky nononers are nethacryl oxypropyl
tris(trinmethylsiloxy)silane or tris(trinethylsiloxy)silylpropyl

met hacryl a [ | reafigde! ; e S
PCTNS00/ 13%%050 @I'Ezﬁ;{gﬂééggmtlri s( tr’r?%%ﬁ%%l%&%@@%ﬁggér&ﬁ ﬁ‘% é;gﬂe;?%lgrmt e,
sonet i nes rhyfrogeledontast alensT Rbas- igCmosei ceonfoitable nfon cavdpegamaperizad ©fptihg;er i zed

with a siligco NONE j . i | v(organasi | oxane) ¢ d with
o Uneat ur SFSERRREY ERIRRs sl hElly oo Sl RLER B WoRIARCleERRPET "\
4,153, 641 tsacHiebiobmnpatibilizéd lendwascdapalsis of Eamtinesseae overight) preferatsigfonr at ed

groups, includjng acryloxy or nefhacryl oxy. Another class of representative
Sili cone-c&n‘l’%?*‘ﬁ?ﬁ’ﬁmr?ém? gdverse, effertito ™ §9Mnecont ai ni ng vi nyl carbonate or
vi nyl carbamate nononers such as:

1, 3- bi s[ 4vi nyl oxycar bonyl oxy) but-1-vl ]tetranethyl -di sil oxane;
3-(trinethylsilyl)propyl B E )E THE DRAWINGS

3-(vinyl oxycarb | b . L RA: L ' | ;

S Lria(r ) ot ng ) s B Alhie ELSLRKEORR) O Lpbioadiibdtifikges (50
3-[tris(tripm?bfi sintrokgontict lghsideserived in Bxdmgle thbdiawEforcomparison to a

3-[tris(trinmethylsil i | | vinyl te: . )
Cbut y1 o et PSR ATg e iR eRlons e ned S BERRGHR sids oEtirnsis ny)
carbonat e; shbn bh tHEREfoY FG| ¥ hiitbthBithagéioftle posteticiiaieqs s dithe BibRsS Of

silicon-containi_ng mnoners includes pol yurethanepol ysil gxane nacr onononers

(al so sonetines F!I f%?hoyaawt%icsp@ﬁbﬁmogy (ATMD t?ﬁ°$¥ﬁ9mPPé@’§a§FéK§9 soft-hard
bl ocks |1 keuh)aeh dohfaBAkns toftbd 8AEriKaR EQERPIE 14 Eeeafljnéslkgﬁt% ok _eﬁl'bé&i?%?i@ofur et hanes

are disclosed’in a variety or publications, incl g Lai, Yu-Chin, "The
Rol e of Bul thg pResny invensionstyhich lens is Misilicora ygid-gas-pemmpalily/icns cntedewitios ysi | oxane

Hydr ogel s) r ' |y, | | .60, 1 - 9 (1996).
PCT Publis yﬁ%ﬁ? ?%55&“".3"8@9E%ﬁﬁb@éﬁgﬁ%i%°§?ﬁﬁﬁhﬁ§f@mdw@¥ é‘ﬁ 617 and
5, 451, 651 dmethaspgistecxanpl es of such nonomers, which disclosure is hereby
Jncorporated by reference in its entirety. Further ex les of silicone

ur et hane nonone régaf shows gp Atormie Z:arcs M?’GF%BV &&E MFt"aﬂﬂa&g.&l {ppges (§0

(2 D A° D ) o Rnfic 1ol cobled ok iREGRANION S 2oy 6 e Wb Rintbe O 3 O
C T 20p3 001 72052 PCT/ US00/ 13229 D denotes an alkyl diradical, an alkyl
cycl oal ky| e peegent inventipnoyhicl kenkiz|a siliconginigidigas-permeable lens coated with 2

combination of the hydrophilic copolymers described in Examples 10 and Example 12.

FIG. 4 shows Atomic Force Microscopy (AFM) topographical images (50 pm?)of
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.



an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atons; G
denotes an al kyl diradical, a cycloal kyl diradical, an al kyl cycl oal kyl

di radical, an aryl diradical or an al kylaryl diradical having 1 to 40
carbon atons and which may contain ether, thio or am ne |inkages 2003t he
mai n chain; * denotes a urethane or ureido |linkage; a is at 5 ¢ﬁ3 5
denotes a di vAY@¥W(72988| yneric radical of Formula NN RIs RI's ?@%&’ -0
Si -(CH2~r- P wherein: each Rs independently denotes an al kyl or
fluoro-substituted al kyl group having 1 to 10 carbon atons which may

contain ether i ! t ' ' Mfis a
kG EEhoRRIAEAR m&éﬁq&r@aceg%qﬁpyo tb:p*oog@éop;hk&ﬁffﬁagés (58 nEh?)R .

nunber that provides a noiety weight of 4 10 each of E and E

i ndependent |aycogtasidenssoateg desenibed iz&xamplmbﬁammdinsdo oneemhadiment ofthe

repr esent ed or.nul-al V. - P (Xem (= (- erein: R~

I s hydrogen pg%eﬁel?%bgn’&dﬁ?%%ﬁgbcg% dr{oée?(fgﬁ ‘('oraé i“@g ﬁéogélﬁ %rg 1to6

car bon at oneles@ibedin EXampldl K arcapidlemer ofidtmethpl aéryil@nidé)glycidyl methaerate, Ru is a
di val ent al kyl.ene_radi cal. having 1 to. 10 carbon atons;, 0 3 OCT 2f3 WO
001 72052 Ro@H GOGITReR Y maPac s VRiRY 140568 FHSOREMBIOR Digher RORCSRTE Mt eo - OO
or -0OCO; Z thenwistted for cBitimei# lendtnh KIG@NOL €s an aromatic radical having 6 to

30 carbon atons; wis Oto 6;xis Oor I;yis Oor I;and z is 0 or |I.
PCTNS00/ 13229

S Y OF THE INVENTION

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.

D D DES TION OF THE INVE N

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 0 3 oCT 2003 WO 001 72052 O O OO0 CH3 E OCN

- R2~- NCOCH2CH20CH2CH20CN- R2~-NCQ(CHZ Si-0O H~ HHr~ CH3 P PEB bl‘rspcymészw H
HHHE - OCN- R2~- NCOCHZCH20CH2CHZOCN- R2~- NC wherein mis at nd is
preferably 3 Wpofmody i s at least 1 and preferably is 1, | ecaUsonI3ezy Whi ch
provides a noiety weight of 400 to 10,000 and is preferabl y at |east 30,
R2~ is a diradical of a di i socyanat e after renmoval of the isocyanate group,
such as the diradjcal i sophorone, diisogcyanate, and each E' is, a group

repr esent ed®Byls brerereds bY) PRNOTFEnE o REtey copigininge gt deast ene silicone-
si |1 cone- cOgjndlifihg GnfRAMATIA b idaicIBfe HyHRpIRS RShoIRACBARer U SlicROIONET S

have been used in the formation of fluorosilicone hydrogels to reduce the
accunul at i oepniginige preopmer orrthe bdepphilic m@e@errm%ﬁmﬁeqneﬂsrmssdmmggmtbed in

U S. Patent No 4 { 9 a 1 S
silicone-co ta‘“?cr’]sls';hn%r bSC%’ éﬁ*@\zlgnggcer&gflﬁn% 8’8# ﬁpsléj ol gﬁljzﬁgle i.e.

-(CFZ)-H, hﬁmeuchfaﬁﬁes) oarnﬁl separhteDerosselinker ey b bmpmymet Wegmchlhe sitiednephi | i c
and siliconacont.ai ni ng nononeri £ units, a descr?]tjé g U..S. Patent Nos
5,387, 662 afffainisg manpmeng Jnifs 0591&&,% oDRHo8; et Whvﬁasﬂmwe&n

silicone hymigwfin {Hetal dndl nuedddus! éic@ﬁlgfeb ra:ebp*bmedt wag. sl ?atehtrmm 17B,2807E"
m xture that is copol nerized lr£erce prefe %/ 10 t0 25, by
wei ght of of‘\é%ﬁ“hﬂv éﬁﬁﬂ%‘?}‘i‘)é‘%é,%% %5@00%5@607?39,;9&41 B3%.99%r ef er abl y

30 to 60 percenty i.@h | 3
5005 V0 061 7508 = EaptE o8 MprBlatfi Csiflon TRhGinAY. MEhbMER nfts 'étude bubky

polysiloxanylalkyl (meth)acrylic monomers. An example of bulky polysiloxanylalkyl

(meth)acrylic monomers is represented by the following Formula I:

Ry
Ry 9_éi'Rl9
0 O Ry
ﬁ)\ /(CHz)h——éx-o—él—Rw
Rig o R19
- Rl9—éi'Rl9

19

wherein:
X denotes -O- or -NR-;
each Rs independently denotes hydrogen or methyl;
each R independently denotes a lower alkyl radical, phenyl radical or a group
represented by
130)
—éx—ng
Rl 9
wherein each R4 independently denotes a lower alkyl or phenyl radical; and
his1to10.
Some preferred bulky monomers are methacryloxypropyl tris(trimethyl-
siloxy)silane or tris(trimethylsiloxy)silylpropyl methacrylate, sometimes referred to as

5



(meth)acrylic nononers, and 10 to 50 percent, preferably 20 to 40 percent,
by wei ght of a hydrophilic nononer. Exanples of hydrophilic nononers

4 nclude, but are not limted to, ethylenically unsaturated

| act am cont ai ni ng nonomers such as N-vinyl pyrrolidinone, mefl Ba@GTyi2808 and
acrylic aci dﬁﬂoc@ Jic substituted al cohols, such as PCT/US00/13229
2hydr oxyet hyl'methacryl ate and 2- hydroxyet hyl acryl ate and acryl am des, such
as net hacryl ami de and N, N-di net hyl acryl am de, vinyl carbonate or vinyl

car bamat e nmononmers such as disclosed in U S. Patent Nos. 5,070,215,, and
oxazol i nonTRIS repderis(trinethylsibxy)sdplpoppld vingl carBam#tet sorhetidoes def@tdd ®7ds O her
hydr ophi | :Tgpre{? rs wll be apparent to one skilled in the arE. The above
silicone ial's are nerely exenplary, and other materials for use as

substrates that Seehbuligniohémery i B csppBintfized Githtd Bilicée facrofoncmaer
i nvention have been disclgsed in various publications and are being

conti n_uous whichds a pelp@eRanesiloxane) rappediyvith an unsaiyzated srpwp ’EfttWQPfﬁ’é‘Eﬁ?PzQF%eW ces.
ps 1 ndical g ahifidle. 08, PafiPR. UNS8BA! O Defnbh 'eh Gl CfisdiBses, for Widiblefal | O
of the surface of a silicone nedical device such as a contact by means
of attachi ngrious unspturated g£ravps, wu:da}qu}’pomﬁﬁmrybhm ns. The hydr oph| lic

' pol ynmer chai ns t d to th rfa . reans of _ex i . _surface
Po hyarophi|1c Fegfl GRS I8 Ferebafhe oot SoipRE AR Gusisr AR Hytol®

ri ng- openi mgnmhungswhyhneatrmnaeamtn viayl Wwarbaimatea lmdnofersC astiph eaenua;r-us[no

ti th t d I .ce, ,t t
nydr ophi | | Sy REvonsiea et FireBameybRtD « hinCey PP e eby
exposi ng t faerbwté ;aC€3- (@ME@@&M&@&Q@@{M@@Wﬁwxf;)sﬁmss]1 us BV Ris@fi-

ol i goners) havi n{g hydr oxy (primary or secondary) am ne roups
0,

conpl ement amethylglogysildl (FF@Wé’Ml‘\?@a@lﬂ@uﬁs[ﬁilﬁﬁwy tlpxz)@rbé rRaeRy i vl or

havi ng car Qﬁfb\éh{a aci mt&@ﬁ corrp‘lnglﬂenta poxy ;r eactive

groups int mﬁ con(ejs @ten a &ﬂ%%;}’)gx?;{l] r a}ords chem cac?irb g?lgtl onél ity at

t he surf acdutiidimatylsitakiyethyl vényll cearbanatgs i tHimethpllstlyletbyl afimylt cgrbanateic And

hydr ophi | i %&%M{%ﬁr@ W&QB&% or substrate. The hydrophilic reactive
y

pol ymers na 'S ofr copol ymers conprising reactive nononeric
units that cont aﬁmﬁmtbless aof | siheonavontainingl Mmondmi@s O[indludeg Ipodyiréthane-
functlonallt¥ tlonaII%G AIth htheser act ve m)nomsrlcgvgn may al so
be. hydr ophiRCXSOTHE MAGTRFIBAMETS dals.sasfetanes ek A TEerBle R 3 rer of
reactive nﬂﬁOMdf‘soﬁUBbdebIS&EQiléér@Jdln%ﬁﬂl M-Etlﬁheoélf‘st&ﬁer@ "Eafible¥ Vi slitdne
non-reactive hydrophilic 10 OCT 2(103 WO 001 72052 PCT/ US00/ 13229
nmonomer i c (Higthanes areétselpﬁlrmaw@xsetbpr rplieaions nclndingrlenisY u-Ehina{ The Relg of
optionally lﬂﬁ]:f’r d 1 Rdd AONOMer s
i ncl ude azl actone lq}ﬁjét P‘“h‘gf mé‘%%&% ur%%tlp‘(g)a Enedﬂgi%:fo% J’é}g
aci d- anhydrJodend \Wictppled IPolymeo riisience, okt ﬁ@.em%f-uﬁ?d(rl@%ﬁil | iP€Tr Published:
pol ymer s ' i 0,
ngﬁ%asﬂ@h?%;ﬁf 79?%?1{{1?}5% Pﬁ&y S 4?E,§H a&d 4sy il RS

attached to r eac i'ono amxture of
pol ynmer s coxxamples ngst(ch)noaomensswmy dxscipmé is hereby iricotperated tynieferbree imis

Compl enont SPD Fariet Fgmelks AL PGS R omes et MereRee B gl T

addi tion, (@)n@npecond hydrophilic reactive polynmer having supplenental
reactive functionalities that are reactive with the first hydrophilic
reactive polyner. A m xture conprising an epoxy-functional polynmer with an
aci d-functigpal pol y@@qy@uﬁd@g i ARsageousl y or sequentially applied to
t he substrate to be coat ed, %e been found to provide relatively thick
coatings. Preferably the hydrophlllc reactive polyners conprise 1 to 100
mol e per cenfibf reacEB(R*GATMIFDIGIMELs, nore preferably 5 to 50 nole
percent, nost preferably 10 to40 nol e percent. The polynmers may conprise 0
to 99 nol e paLeant of non-reactive hydrophilic mononmeric units, preferably
50 to 95 nole percent, nore preferably 60 to 90 nole percent (the reactive
nononers, once reacted may al so be hydrophilic) but are by definition
mutual Iy exclusive with the nononers referred to as hydrophilic nononers
whi ch are non-reactive). The wei ght average nol ecul ar wei ght of the
hydrophilic reactive polynmer may suitaldy range from about 200 to

1, 000, 000, preferably from about 1,000 to 500,000, nost preferably from
about 5,000 to 100, 000. Hydrophilic nonomers nay be aprotic types such as
acrylam des (N, N di net hyl acryl am de, DMA), | actans such as

N-vi nyl pyrrolidi none, and pol y(al kl yl ene oxi des) such as

et hoxypol yoxyet hyl ene methacryl ates or may be protic types such as

met hacrylic acid or hydroxyallryl methacrylates such as hydroxyet hyl

met hacryl at e. FWdrophlllc nononers may also |nclude zmntterlons such as

o .= 1 NN\ N 1

U



WO 00/71052 0 3 o ¢ r 2co3 PCT/ US00/ 13229 Exanpl es of hydrophobi ¢ nononers
are al kyl nmethacrylate, fluorinated al kyl nethacryl ates, |ong-chain
.acrylami des such as octyl acrylamde, and the like. As nengigopef sm@ove, the
hydrophilic reactive polynmer may conprise reactive nononeric units derived
from azl act momefescti onal , epoxy-functional and acid anhy ®R¢HES®IRE? i onal
-mononers. For exanpl e, an epoxy-functional hydrophilic reactive polyner for
coating a | ens can be a copol ynmer containing glycidyl nethacrylate (GVA}
nmononeric unit I rafRgt e rate
conpri sing car ofx\%ll c aC| gr oug]’s relfcgglrge le%%raamcfl gcg‘flbm BHERAS

anhydr i deaﬁanyhdxradrml oﬂnpciﬂayhbylldmdxc&ldmvihgétcpm mmatmns;pri se nmonomeric units

derived f mal ef i rj.d de. |
qoner ol epoxyCrAauies BhaR R, & oxsiosliRL UapdicH Bt o BRAEEN cact i ve
groups inahhg lawiwm lah GlidyRAA tdird@icdl HayiHBr1 oA Earkdrt fome aR@WHidhcmbay COOH) ,

al cohol (-0OH), primary amne (- NH2) groups in the substrate, for

exanpl e, WF@FE@MHW?W%W maigghgini si ng as nonomeric units from
met hacrylic acuﬁ r(o%@ure% acr yl ates such as
hydr oxyet hyl net hacryl ate , or a noaI kyl methacryl ates such as

am nopr opyl net hisat idasttle, all common and commercial |y avail abl e nononers. In
t he case of al hyl am nopyri di ne may be
used to speed ?‘h‘ﬂgotgac ?’%ﬁgt%f%ﬁeg%p caﬁéfrlﬁ)trmmg%as wi || be understood by
the skilled chem st. Acidic groups may also be created in the substrate by
t he use of azl actone nononeric units that are hydrolyzed to the acid. These
aci d grougfV)can be reacted wi th an epoxy or anhydride group in the

hydr ophilic reacti gyrer. See, for exanple, US Patent No. 5,364,918 to
Val i nt and [ rated by reference inits entirety, for
exanpl es ofwggﬁﬁms %b %Sﬁghgeneral azl actone or isocyanate-functional
groups in the hydr il Bsreactlve polyners may simlarly react with am nes
or alcohols in the pol yrrer substrate, reactions involving an al cohol
preferably in the presence of a catalyst. In addition, carboxylic acids,

am nes and hydrol yzed azl actones in the hydrophilic reactive polynmers nmay
react with" y-groups in the substrate, for exanple, the nononeric units

described in Ugadi®Hsahdepbitientfy dehbied dibalkyl drue@daBétuted Airig 1
i ncorporated by ref erence |§1&|ts ent?nr(gt 12 WO 0017 0 2&%]&3 ocr 2pp-~

PCT/ US00| 1t339 garpon ators whish may ce%eeﬂ%lmkaaqs betyecen paraen EMS; pr ef or ned
(non-pol yneri zaplied |xO1-QRYi | 1 ¢ pol ymers containing repeat units derived
fromat |east one ring-dpeni ng nononer, an isocyanate-containing nonomer,
an ani ne-cont alpnsmgtmbm@m&pmvnichqmpmwywogtmoﬁwﬁtngO;ﬁDﬂDrrer or a carboxylic

cont ai ni ng nmonQuer e r h18m t r 8. of the
nmedi cal device g%c gs”{é’ ?%) &ﬁnn%sd%gﬁ J grpagmer%/pl cart qm’a?e g ydrophl lic

reactive pmﬂ:yﬂecpsesamteduyfcamhhdvn:o the substrate at one or rmre pI aces al ong
t he chain the polyner. After attachment, any unreacted reactive
functionaltties in the hydrophilic reactive polymer may be hydrolyzed to a
non-reactive noigty, in the case of epoxy, isocyanate or ring-opening

nmonomneric trjﬁai ts.|auitable hydr ophilic non-reactive nmononers for conprising

t he hydrop ZFTLQ«; e U@gg g&c_ enerally water soluble

conventional vinyl ﬁﬂwngg’é é ﬁffdr oxyethyl-; Z- and 3

hydr oxypr opyl - ™42, 3- di hydr oxypr opyl -; pol yet hoxyet hyl -; and

pol yet hoxypr opyl acryl ates, nethacryl ates, acrylam des and net hacryl am des;

acryl am deWhergithacr y| ani de N net hyl acryl am de, N nethyl met hacryl am de, N,

Ndi net hyl acryl lhyl nmet hacryl am de, N, N dinethyl- and N,
o evalta b

N-di et hyl am noet nd nmethacrylate and the correspondi ng
acryl am des andRas hmrosmam alky), radical hdving \li toy6 parbord etoeys, dr anGO-Y-Ryg

2-met hyl - 5. v N t\Ryl - 4vi nyl pi peri di ne;

2- et hyl - 1“9?Q§ﬂf g?%ﬁ}'kiFF Pmet hyl al | yl ami ne; di met hyl ani noet hyl
vinyl ether andRAlisv diydlen alkgleneiadical hhvigg U etelDd cuftvaditdng useful non-reactive
nmononers are generally water sol uble conventional vinyl nononmers such as
acryl ates and net hacryl ates of the gegﬁral structure 12 H2C=C- COOR3 where
R2 is hydrogen or nethyl and R3 is hydrogen or is an aliphatic hydrocarbon
group of up to 10 carbon atons substituted by one or nore water

sol ubi l'i zi ng groups such as carboxy, hydroxy, am no, |ower alkylam no,

| ower diallryam no, a polyethylene oxide group with from2 to about 100
repeating units, or substituted by one or mare sulfate, 13



0 3 OCT 2D13 WD 00/ 72052 PCT/ US00113229 phosphate sul fonate, phosphonate,
car boxam do, sul fonam do or phosphonam do groups, or m xtures thereof;

_Preferably R3 is an oligomer or polymer such as polyethylenﬁ gé%i QP
pol ypropyl ene gl ycol, polyethyl ene-propyl ene) glycol, poly( Qd ? hyl

met hacryl at % ooggdsy(di met hyl acryl am de), poly(acrylic aci ¢¢ruso0/13229

. pol y( et hac (Tlc acid), polysulfone, polyvinyl alcohol), polyacrylam de,

pol y(acryl am de-acrylic acid) polystyrene sulfonate) sodiumsalt,

pol yet hyl ene oxi de), polyethyl ene oxi de-propyl ene oxide), poly(glycolic

aci d), pon(Ia%%ﬁtaﬁ&ﬂd?%ﬂééﬁypsﬂﬁQﬂ%9¥?®1ﬂ@@ﬁe), cel I ul osi cs,

pol ysacchari deg,j.H.Xd LS L eof , and copol yners thereof; acrylam des and
met hacryl am d:gdgégtﬁﬁo%rrrg?g ’HZC~- CONHR3 Rz where Rz and R3 are as

defi ned above;Zdenopdsa®r desNBpd net hacryl am des of the formul a H2C=C- CON( R4~
where R4 is Iogﬁé a{kéh ofa# tg%éﬁﬁanbo and Rz is as defined above;
mal eates and f FRtea an gomang T Fape wherein R3 is as

defi ned above; vi .et:har . £ CCHOR3 14 0 3 OCT 2C3 WO
001 79052 Pty LTS SR Blol 13 1l 1 Bidish 3T T O 7S L phatic vinyl
conpounds of the formula RRCH=CHR3 where R2 is as defined above and R3 is
as defined aboxepréfetrad tstiops-cotitsifinghatthiBR monehérets representeddsyoFemutand vi nyl
substitutggngeterocycles, such as vinyl pyridines, piperidines and

i m dazol es afid N-vinyl |actans, such as N-vinyl-2-pyrrolidone. Included
anong the useful water sol uble nononers are acrylic and nethacrylic acid;

itaconic, crotonic, fumaric and mal efic acids and the | ower hydroxyallryl
nono and



di esters thereof, such as the 2-hydroxethyl fumarate and mal eate, sodium
acryl ate aad net hacryl ate; 2-nethacryl oyl oxyethyl sulfonic acid and
.allylsul fonic acid. The inclusion of sone hydrophobic nonomeys; 'bEl '#gﬁ
hydrophilic reactive polynmers may provide the benefit of causing I
formation of yid da¥déhspersed pol ynmer aggregates in sol ution, pepusenszeg by a
‘hazi ness in the solution of the polyner. Such aggregates can al so be
observed in Atom c Force M croscopy imges of the coated nedical device.
Sui t abl e hydr ophobi ¢ copol yneri zabl e nononers i nclude water insoluble
convent i on&Yy| nyl nmonomers such as acrylates and net hacryl ates of the
general fornmula H2C=C- COORS where R2 is as defined above and RS is a
straight chain or branched aliphatic, cycloaliphatic or aromatic group
having up to POgcarbon gt ons which is gnsubstiguted ogpgubsttuted py one

| k 1al | Lof !
ﬁ;I g?rgsgec?“g Pﬁcﬁgg_rnﬁ%?r Cr:lgei’goerafg%é{:ﬁl?g?’(pflﬁ%&ﬁ . p-ggl §%|Q y %Zhe >§ of 2

to about 100 i t5. or Han ol i goner suchHas po‘l‘yet hyl Hs Flgl(mat hyl,
nmet hacryl ate), poly(ethyl nethacrylate), or poly(glycidyl Pret hacr yl atje) ,
m xtures thereof, and copolynmers thereof; 15 0 3 OCT 203 WO 00l 72082
acryl am des and net hacyl anm des of the general fornmula R2 HZC=C- CONHR$ wher e
R2 and RS are defined above; vinyl etl_gers the formul a =CH > RS |wher e
Rs is as defined above; vinyl estersjof thg§ fornmul a HzC=CHj R where RS
is as defined above; mal eates ar?ﬂ—ﬂﬁ?hTBU€§q9C%%%hﬁﬁioiN’Rﬂ—Nqo—
RSOOC- HC=CH OOCRS where Rs is as defd ned ab&ve; and vinyli substK')tut ed
hydr ocar bons of the fornmul a RRCH=CHRS PCTNS00/ 13229 where RZ and Rs is as
defi ned above Useful or suitable hydrophobi c nononmers include, for exanple:
met hyl , ethyl, propyl, isopropyl, butyl, ethoxyethyl, methoxyethyl,

et hoxypropyl, pRain misEAYdst 1 aXEisPreterably 32 4ad ik HOEA: § R RBfktablyds 1, p
n-octyl -acryl ates and net hacryl atesS as t he correspondi

A C . > e as . ng
acryl anmi dedS arymben YWhich provides agmoighyvsight of 0vy Q00 aad deprsferabhnftdeast,
glc :: 2%’; f \‘jlrgg);,/ F{tn?% 2 FEhAUA of 2 WibocFhlkEd afte? TERSVAESINE isddyddte Sl suchVasthd

’ diradical of isophorone diisocyanate, and each E" is a group represented by:

CH;

|

Another class of representative silicone-containing monomers includes
fluorinated monomers. Such monomers have been used in the formation of
fluorosilicone hydrogels to reduce the accumulation of deposits on contact lenses made
therefrom, as described in U.S. Patent Nos. 4,954,587, 5,079,319 and 5,010,141, The use
of silicone-containing monomers having certain fluorinated side groups, i.e. -(CF2)-H,
have been found to improve compatibility between the hydrophilic and silicone-
containing monomeric units, as described in U.S. Patent Nos. 5,387,662 and 5,321,108.

In one preferred embodiment of the invention, a silicone hydrogel material
comprises (in bulk, that is, in the monomer mixture that is copolymerized) 5 to 50
percent, preferably 10 to 25, by weight of one or more silicone macromonomers, 5 to 75

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



0 3 OCT 20@B WD 001 72052 PCTNS00/ 13229 propi onate, vinyl benzoate,
acrylonitrile, styrene, alpha-nethylstyrene, 1-hexene, vinyl chloride,
-vinyl nethyl ketone, vinyl stearate, 2-hexene and 2-ethyl hegyd 0CT 2003

nmet hacryl ate.. The hydrophilic reactive polyners are synthesized in a
manner knowiOp&7208% from the correspondi ng nonomers (the PEAHSWHIHer here
-al so including a macroner) by a pol ynerization reaction custonary to the
person skilled in the art. Typically) the hydrophilic reactive polynmers or

chai ns ar : ] X : &Hﬂd’ a

pdi ymer i z(gielih%&?gci %‘%F(cffs} a%%&.ﬂ gssuﬁ?%%{b‘lﬁthg&? %@%ﬂ%ﬂf#&?\ﬁti é?tzagf m xf{]gr eto a
sour ce ofa hydtophilicahertoner. Bxampiéscofrhydiophilio moaorders dnchidegbt areinoeti limitede .

Typi cal pol ri.zation initiators include free-radical-generatin

ool yrrer i 28 SUHeTiFaY AR l-CamsConiARing PORREs push 250 el YRS ge,

| auroyl pRémadrdes dRCaagylic Pasiayi daorylRopsubktituteder Qxdhds, ABROYs pPBr oxi de,
tertiary butyl peroxypival ate, sodi um percarbonate, tertiary butyl

per oct oathydroxy %ﬁ!aﬂla&)m&ﬂyr@ﬁdﬁﬁw‘g)’k‘w%ﬁ) .and) taerylamides, ~ sRede 38adi cal

initiatorg.4d t Ndd-.ig .ok hﬁﬁﬁﬁ” | SOy he curing

process vmﬁf*éé#ﬁ%%d%r gﬁeid B%pen L@%ﬁ&“ﬁ%&?m t atgaggﬁgtsegﬁa‘r'\@ﬁt he p ;et-sgi cal

char act ermendnoss sichtak disclosadnn %S, Patert doe SRR 14 sandi cxazslinope maonomess event ,

the level of inittjator 0 Wi vary within the. range of 0,.QlL to 2

wo ght  peet s dplofielhn FRPRIER ! 4 b10B7Y. Slote hdedphily' AOMmEE B W

above- mendpparegttorone skiédsinitiee avar med Wi th addition of a free-radical fornmer.

out 11 the. pr c0Bbeve e BB R aEY FErR Ak RS TN B 1

out in the pre S E8u in

princi pl esudbtratéOthitedah et 6bélhe Séﬂté@acwﬁinFQ@ Gﬁeﬂreﬁﬁtleiﬁvetftﬁh H¥&BRhe wat er;
€,

al cohol s such as | ower al kanols, for exanp| et hanol and net hanol ;
car boxani disclosed dm varipugsipuhlicationg andrermbeiag cefitivuously developedcfos yse/iarsontagtuch as

di et hyl l%h'éeg%%&g ediBl hatlceSt Nyl ketone; ketones such as acetone or
cycl ohexanone; hydrocarbons such as toluene; ethers such as THF,

di net hoxyet hangs indiadied ahoe, thegiresganivetion yxi diectadixorthe sodification of the

trichl oroethane, and al so.m xtures .,of suitable solvents of. exanpl e

i xt ur oo Srtiesots SiRorancbictl doide e s SnatPlcts BYimeall g rtalhin i IR

wat er | rreltémiaeé hﬁrﬁ%ﬁﬁ@olj{;@r&?ﬂg&h@h& Mmphigic@glytmblgﬁnmﬁ&gmeﬁwﬂmi on, the
contact | ens or other ica evi.ce exposed to ophi.lic. reactive
pol yners MF%W@@W&E‘E sufface it‘?qﬁl)é“g’g‘fllﬂ i Ve Balym e ol yners.
For ex anpbli%onfbré)%_{'ﬁﬁﬁin?%?&:gf%& ﬁé‘cyﬂﬁa@é_?ﬁgctﬁfé f@l_&dﬁ@&ﬂitfb? Eotﬁpﬁfﬂeﬁﬁg'l ® period

of time in a solution o h ydrophilic reactive polynmer  or copolynmer in a
sui t abl e reaeHvigngronpsy one sthengwrface of thepmedical ds'opq;emltemgwlasthacmdm%dwi le. 17

03 0CT ' . i A

enbodi rrenﬁg%ﬁ%&%éé’g??35@%?\%%§gmﬁg§?{%gmg£§%&ﬁvdrophi lic

pol ynmer s hyirephitici reactivedmlymees (intiusive phbligveress) davipg ihydroky @ (anmamycant ai ni ng

nononer i CSclil‘Tni or 11 %Og%i nﬁtgg,ntgri fwyngts.t.‘lln one @BQCOIL#@&% of the

present ihventl nfm“tn.ﬁ Wpl g-tgﬁig?ﬁe g-’rea CVE® FB1T0 e BB azl'actone group

ngpr e;egz ﬂﬂtegi)ﬂ ioh gxafnflg I dajfdomgigf midﬂdo?apleiliﬁntdryl\lgxﬁﬁpd?pomlblbmfﬁtﬂfhm efdxy wh ter ein
an i ndependen can be an, rou Vi n 0. 14, carhon at ons,

eyl onl B BORP i ST Gnairige b O PO, SHTGH OB Abding 5 1o

12 ring ap@fike ofttheah&didal d&icRUPutileréd felcdvaleftly?fitach hRROpHK O PSlymeRGo thet 0 3

het er oat ons, non-peroxidic selected fromS, N, and O or and R4 taken

t oget her @Piest arisubstratehon to which they are joined can forma carbocyclic

ring containi ngpé # ilic! Rhctfl0 R0mBy | 5 AdmboRit Olopd ch )

nononmeric units areﬂxlsccosec inB%’Zy%l. ng'?)(’ant ﬁlo“‘ géﬁg{slgg tg aunt et al.
comprising reactive monomeric units that contain either an isocyanate or a ring-opening

reactive functionality optionally. Although these reactive monomeric units may also be
hydrophilic, the hydrophilic reactive polymer may also be a copolymer of reactive

monomeric units copolymerized with one or more of various non-reactive hydrophilic

10



The ring structure of such reactive functionalities is susceptible to

nucl eophilic ring-opening reactions with conplenentary reactive functional
groups on the surface of the substrate being treated. For e&ﬁnﬂﬂTezmghe

azl actone functionality can react with primary am nes, hydro or acids
in the substWVew@720%s nentioned above, to forma coval ent bBﬁTj%B@('\RE?n t he
substrate and the hydrophilic reactive polynmer at one or nore | ocations

al ong the polyner. A plurali ty of attachments can forma series of polyner
| oops on thy t ; ' hai n
attached at %otﬁ-ﬁe S Le@éﬁ str@f Qﬂ%?%&@ Hﬁl(t:'étq?f% Pmr%ir%gr?grs for
- maki ng t hepieset g iiel hyﬂmphdmt pol)!mq:rol S!'hemng-@ped@& awpomersoinelnde priegoneyner, or
ol i goner CRRE f t he above formula in

i S to ction
conbi nati on vvl?lﬁi S&W%“?"%Smg ﬁ?oa%ﬂﬂl %’ﬁ%&%’tura %n%e(ﬁsr'ocar bon to which the
azl actone is atMamiredof Irdedphilizirkactive pbismesnrayf benahployedl | For exampleptheded i n

the 18 2003 WO QOI 72052 PCT/ Us00/ 132 9 hydr philic polyner by
2- al kenyl M@W%GM%"‘M%@ #@H’?‘F%ﬁ’ é}%etfﬁ rﬁ%ﬁ‘é?‘g“’at"gﬁknom

conpounds, elo tent.
oo, 4. 304 REelos Y Sdﬁ‘??ﬁgggﬂ>8‘8€ﬁ‘zg’“‘%*“‘*°‘*&°ﬁ‘ﬁg&kﬁa b renctive

di scl osur eﬁmﬁomuashnanenqmmg rynits alang the hpdmplglic, peltymesnmplmlte

2-al | cenyl ones (i.n¢c

> et hony! - FRERRTHRAGRUIGE b B8 syt RS w35 BARE R, 1 B nydpophilis_ e,
2-i sopr Operqaba%-pﬂ}&ﬂmj Ihavu’ig Suppieniental peabtivenfanctionalities that are reactive with the

2- et henyl -4, 4- di net. azol i,n-5-one, 2-i.sopro th
L3S oxas B HVABBHER Teacts? pBNBIEE.s AVBRHT SerRyTg b S fuptibd RofEier

2-i sopr OpeIWjﬂh dhr 800d-Rinktichrab pélyiner] eﬁh&xﬁrﬁﬂkdnsmﬁ}yoﬁlesequentlally applied to the

2- et henyl - -di butyl -1, 3-oxazolin-5

2-i sopr ope ﬁehstrate ﬁﬁeherﬁ?ﬁteé» ha¥rieey If°“11d? HQ‘&Q%T%‘WVE‘}Y(S‘H@“ coatings.

2-i sopropeny! - ApAribRh e W drl) RHOYAcMNe 1561}51&95‘5‘0 5prlse 1 to 100 mole percent of
2-i sopropenyl - 4, 4-pent anef h ene 1, 3- oxazol i n- 5- one,

2-i soprope fPf’PﬂYF monogieria mmwmefsrablyo%éaéa Imote Beresnb most preferably 10 to40

2- et henyl - §1_ y| THe g?l%géoﬁx,g ? £0 &0 99 mole percent of non-reactive

2- et henyl - 4 non
2-1 soprope hydlroplﬁhdfnylbnoﬂnqninmnyd -pﬂc,f&a‘tﬁ)( E40) 95rm&e q)mgant, more prefctably 60 to 90
2- |sopropen | - 4- e g - QXazo I|n 5

S et aer 9P el el e o dRomets; ok PR avoal s b lihavtic, B 7 By e

e one el fual R?‘f%m“““d‘*‘é%’%‘“‘?gﬁ? ﬁoﬁ"“'@‘*ogf‘%%h%‘*%*’é‘%‘f*u‘é%s%%? e wh

or nul a. ere
R and R2 i*'f%fi&éﬁ%@rfﬁmv@eﬂeﬁ‘éﬂ@tﬁw grgeoiecnias weght of vgsmroehlwea? iygi cal
with one t @ofimer ﬁﬁﬂabﬁt ﬁomoﬁi?ao@@dlBéoomsﬁfadﬁyhbmﬁsmt@oo%kyl

radicals with one to six carbon atons or a 3/0 oal kyl™ radi cal With five or

si x car bon S89.80% mosjrseferably frommrhonts000-te110Q,00
2- I - oo P
2- {/;sgslrope%l metfﬂ,éﬁ E}l!élglgxazo m-é‘?%mbbnvg?\%nwg W as acrylamides (NN-

spiro-4'- (Zlmctb!imrﬂmdﬁl DMA)OMMM qucld ap hb‘)myiyy:mﬂdmoaneanﬁl pudylplklylene

cycl ohexane.s 2 ne

2- (- lpropeﬁ‘y r&ﬂ) i’lﬁasn'élte 01‘“’8 %elﬂlyg%&gr?%hta%%% Jéréaat rpéﬁg'pﬁ' ec%leas
corrpounds rmgthquhprahhmedxy&pxyﬂql guetbacnylatese auchi asnhgdroyethyk mdﬂihc@llatm ORL
, Rl ______ | (H}%r 2llccjilnoct:llomers m'i'? S0 (’jlxrxllglucli‘:b4 z%l&ja erions sucE X W d{lﬂ i I&}C -0

methacryloxyethyl-N-(3-sulfopropyl)-ammonium betain (SPE) and N,N-dimethyl-N-
methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betain (SPP).

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

35 mole percent, preferably O to 20 mole percent, most preferably 0 to 10 mole percent.
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R2 RL/ N~OR3 R4 The first step is a Shotten-Bauman acyl ati on of an am no
acid. The polynerizable functionality is introduced by using either
acryloyl or methacryloyl chloride. The second step involves a ring closure
with a chloroformate to yield the desired oxazolinone. The p8ddoect g

| sol ated and rified by the usual procedures of organic chegm

i ndi cat ed abo‘&ﬁ,ﬂ&{’ﬂé conpounds can be copol ynerized with hy%#%il?ﬁgnd/or
hydr ophobi ¢ conmononers to form hydrophilic reactive polyners. Ater
attachnment to the desired substrate, any unreacted oxazol i none groups may
then be hydEimpled of NhydréisobicO bR 4rBe alkyRZ@kihAGRte OfRAIMRES alkyl O

am no acids. |n gleneral , .the hidr_ol ysis step 20, WO 001 72052 w Il foll ow
t he general mF'&ﬁE?( pigH lone-qhoinactylamidrissuch ag-petyligerydamidey and the Ik The

car bon- car bon doubh@nieied BSlNRED hga.%pﬁiic 08402 pbRtef Mhay bompte Whctive
unreacted, but the reaction can take place when copolynerized into a

pol ymer. Nowmondmerici yyite xdeniyed sfrom @aslrotonerfunctionsbf epoxypfubetionalp ging maeidz ed

w th azl act NGl d |_fmietie Y; g T tLV

ol yirer s wsaBsrdtiheanR mABIH. SPor QahBlerhd Ao HAAARNN HySeohiflE Kalfive
pref erabl y pblymértfot comtiyg adénd @an ble ai copdlymyr contdising gheidyFmethbaylae@MiArs of
conpnoners are disclqQsed.in gmopean Pat ent . Pub].j caﬁi on 0 392 735, .the

di scl osur e BPOSTRFTCHUHES, WD, B Jeech R s%emple kit apleos ubsirale comprising

di met hyl acr ¥riixyH€adié ﬁfbﬁsﬂ PRsferfed” EXMAHIERST dnHydHddSHindtidnAl HyRFcbhill¥ YéeBid | 1 Ci ty
to the copol yner. Such azl actone-functional nononers canbe copol ynerized
with ot her PRIVIBeFS cemprise\menosesic it dervedofiem anonpmiegthsuch as culeicgmhydridesi ng a
monomer of  gi4Tabéic &fy &{i&e\.’i ty ratio to that of an azlactone nonomer will
result in a random cogo ymer. Determ nation of reactivity ratios for

copol yneri zat i orinagenerdl, sepoxyw-Euctionaldiesative FBroupsi gt eshydfidé*@ingtivmal reactivn, 2nd

Ed., John W +425- 430 1981 the disclosuyr wWhich is

i ncor por at \e/\ééog%s ﬁe&g;@r%ofi}hﬂérreeflélt.lveAﬁ?lﬁﬁraf%a\?teW&% %éox ﬁc g'(g%%no% 0]havi ng
a hi gher r eGOH),vortprichady aindrie (QNHa)grdnpaint the gubitrate, frnekainple] Sbstrdtes shade bl ock
copol yner cgai n wth a hi 8her concentration of azlactone-functiqnality near

the ternmi nuSOBs PPYMETS, SOMPTiSifg (A5, FRPMIBIENC suitso ffom Jge ndfigr MAA),
azl act one- f pyedxyaRimeiaBiy Rk es 'GRCR &rh)%&x?&gﬁg&tﬂhét\&ildw (BEMAS28E atBalkyl
s

free-radicall polérrerl zable site can a e utilized for providin

azl act one- f Be&acTHlates such as aminepropytmeshacrilate, allogmmancand sopmercially ayritabley t o
the present piohMG&L.i 5isUR Gl ' i;%?aﬁ’m1 re
prepared by free ra ICg.| Sgﬁ?%ﬁ?%h?%t%?%%gg#a%%ée%%g rs, opé;l)’it(’)eﬁal |y
wi t h conononssdgo speedethe réastioh ahrdons tenwtature, Mowill be IinBerdtddd by chedslaél 608,

| ncorpor at egh s *AGHE Supl Haf! fso MR"réhted i He 3005Trale By e Msd of adlactone

monomeric units that are hydrolyzed to the acid. These acid groups can be reacted with

an epoxy or anhydride group in the hydrophilic reactive polymer. See, for example, US
Patent No. 5,364,918 to Valint and McGee, herein incorporated by reference in its
entirety, for examples of such substrates.

In general, azlactone or isocyanate-functional groups in the hydrophilic reactive
polymers may similarly react with amines or alcohols in the polymer substrate, reactions
involving an alcohol preferably in the presence of a catalyst. In addition, carboxylic
acids, amines and hydrolyzed azlactones in the hydrophilic reactive polymers may react
with epoxy-groups in the substrate, for example, the monomeric units described in US
Patent No. 4,734,475 to Goldenberg et al., herein incorporated by reference in its

entirety.
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21 0 3 OCT 2003 WO 00l 72052 PCTNS00/ 13229 |imting exanpl es of

azl actone-functional oligoners and prepolyners are disclosed in U S. Pat.
Nos. 4,485,236 and 5,081, 197 and European Patent Publicati (b{] 0 392 735, all
i ncorporated by reference herein. In another enbodi nent of HOCT 28t i on,

t he ring- opsvo eug2eseacti ve group in the hydrophilic reacti v@Cﬁ’é’Sgﬂﬁé?”r s an
eépoxy functionality. The preferred epoxy-functional nononer is an

oxi r ane- containing nmononer such as gl yci dyl nethacrylate al Iyl glycidyl

et her, 4-vi nyI -C ohax e e @HQH

epoxy- cont ai ni ng %g%egsgmgyd}%gntugfggi %1 nﬁ ?etlﬂmi%ﬁc nrg}é%c Ive poe:)]yrrers
are att achgdrobhilisi golyraste comelinirey repeati wnits &dﬁvech ﬁrmyaﬂmasmﬂxe rling -aperiugnt i onal
manuf act uri nﬁ lerocesses For exanpl e, contact |enses for apg catr on of the

present i €hn 2B o FORRNRAETRARPAIIE JACTOMIT0 i fRSFPREILINg,

t echni quesydioRyXbithitling MoAGHREr, Ak tal EdrBoXyiY| ddataidhey ﬂﬂﬁéxﬁ&darﬁ%ﬁdﬁdl thh and
anterior Iens surfaces. Spi ncast | ng nethods are disclosed in U S. Patent

Nos. 3, 4ogea92ge &rups 0B he surface of dhemedigalsdavigecsugh 3¢ p icantast pRsoRbsFate.

di scl osed ﬁ’"ﬁ# § f e
nmonomeri c 1 xt ufe |§§c§ héﬂnp’fsea?tﬁ’e\]é y %é%&gﬁe%?%%gg‘%g?%ra%%ﬁ%%ger to
provi de a plames addngl theschairyiofighe mbbmaredAfﬁenaﬁttadmﬁt gnyamrmtedmmwe exanpl e,

U S. Patent No. 555,732 di sgl ose cess i,n whi n excess of a
romorrer i ¢ PR ie? & s g onpieRRrEE Bl Foy VRV BB B FAE AR o
;at_[] ticle habieg, ﬁnrt?aéusebgqroxy meﬁgfécﬁ:@ﬁg&ﬁﬁmﬂg ﬁﬁhfméﬁée:hﬁs large t h: CklneSf]

e posterior sur t.he cured, spincast article is ently | athe
cut to provide %“té@ﬁfe’&‘gppmgﬁgoﬁﬁﬁqi’ﬁ“t‘}?@“ﬁ%éigf@&Wﬁ?‘ﬁﬂﬁg’é’g’ % Cposteri or
l ens surf aa‘éﬁ‘cnvg%fwﬁfs iH&Gd %‘En@ﬁll?%{eﬁédlﬁﬂlé cofvéntionhll vty idRorers Behayt ti ng of
the |l ens surface, for exarrp finishing operations. After producing a

| ens havi nirhydrexysthyl-; 2cang3 drcgcbraqseyl-,ﬂﬁ-ri@éregwl-epqlx;ﬂr@m:é ;@8&i dual

vt cal |y, PR bERRedas AR bR ARE AL b de BaRE T o

in order tmedrim?lm’nnie E#m&bylseplamatemfm@hylpmﬁmmhmmmmoducts produced by

P B e, S B R R

ef ficient mmoabylmgm&daﬁdha&ylataaﬁdaﬁw co@Sspbiiding derydanitdésandni f or m y

and the. poryRer B £V brifios g i ey Lo ReuP e N |

hydrogel s, §lb{19%ﬁ&1h¥ zdmethgpl-tvh@mnru@ka&lwm%nah}m gont ai ni ng nononer s
whi ch may 22 3 WO 00] 72052 PCT/ US00/ 13229 tend to separate

fromthe h@me@ahmn@%mbrﬁbwmeﬁrwaﬂpm@rdgm c diluents include, for
exampl e, moNohYidyfeddiythSusehll hinflicfledn ol senbaiipRheplaiie | ©
nonohydric al co suc exano n- nonano% el'’ng especlally
preferred; c@hvohtwnatwmylmrmmysl sucheasgicnytasés, and mhephmlcrylages ofithe genpiral samdture et her s
such as drethylene gl ycol nonoet hyl ether; ketones such as nethyl ethyl

ket one; esters such as netlyl enanthate; and hydr ocar bons such as tol uene.
Preferably, the organic di ‘Erent is sufficiently volatile to facilitate its
removal froma cured article by evaporation at or near anbient pressure.
CGeneral ly, the diluent i#CACtUQORs3at five to sixty percent by weight of
the nononeric mxture, with ten to fifty percent by wei ght being especially
preferred. The cured lens .is then subjected to solvent renoval, which can

be acconplished by evaporation_ at or near anbient pressure or under vacuum
An el evat edhererRed hydipgenos methyl andRady Bydrogenas iy angliphatie hydrpgarbaagaipar y t o

evapor at e to?rﬁgﬁio i\%xﬁ?&otn atlddfs %uf:&ﬁute&ﬁi‘&ﬁrcﬂgﬁ&gw%f’so% ﬁ:?ig Cg{? tfpg@\?dhtakons for

t he sol vent ep w vary “dependi ng on suc as the
vol at i | i ty cesboxyhdydioky)emtincg hver hikylsméwi fowesr dislkyarsing,@ polyethytrapoxide as can be

dily d di f d
ertodt et SeRCVELHE A At 100 ol bl RLbba RO bR E T )

| east 50C, for exanple, 60 to 80 C. A series of heating cycles in a linear
oven under inert gas or vacuum nmay be used to optim ze the efficiency of
the solvent removal . The cured articlejgfter the diluent renoval step
shoul d contain no nore than twenty percent by weight of diluent, preferably
no nore than five percent by weight or |ess. Follow ng renoval of the
organic diluent, the lens is next subjected to nold rel ease and opti onal
machi ni ng operations. The machi ning step includes, for exanple, buffing or
polishing a |l ens edge and/or surface. Cenerally, such machini ng processes
may be perforned before or after the article is released froma nold part.
Preferably, the Iens is dry released fromthe nold by enploying vacuum
tweezers to Irft the Iens frontthe nDId) after mhrch the lens is

Y o o Y - o . o -




set of vacuum tweezers and placed against a rotating surface to snooth the
surface or edges. The lens may then be turned over in order to machine the
.other side of the lens. 23 0 3 OCT 2003 WD 00l 72052 PCTNS@@/&ﬁzéc
Subsequent to the nold rel ease/ nachi ni ng operations, the lens 1§ %j ected
to surface tneabero$2 according to the present invention, asPCE’SH/1322¢
-above, including the attachnent of the hydrophilic reactive pol ynmer chains.
Subsequent to the step of surface treatnent, the |l ens may be subjected to
extraction to renove residuals in the | ense General |y, in the manufacture
of contact B ﬁ%l@ﬁesugf e’d’?‘o Ph%“%ﬁ?fﬂ%“”l’r‘?@( s‘iﬁ?“ﬁ’é‘fdeor%?{‘%/ﬁpﬁ%‘?%‘? FPER: The
. i nconpl et el ot RIWERRrésEl material fromthe polynerization process nmay
affect optical clarity or may be harnful to the eye. Residual material may
i ncl ude sol vent stH@{abé'rﬁilﬁéllyhmweﬁPthsh@ asipelyietyisneglycalnt r enpoval

oper ati on, N i ] i resent
ag by-lprodulct%I gg;gﬁqﬁtggggaggp ;ﬁeﬁ{y@gﬁ%ﬁle{g@ Cesékglg@y%g&géﬁe%}g\% "E%hgt may
have m gr at pdy(flinethyl herylapiide) mobydacrydicfagidin polyémétbargylicoid),eotysulfiede, net hods to
extract such,resi duyal terials .fro he ,pol.ynmerj.zed,.co ct lens materi al
Phel ude o Pl ERsh ol hbacignint. DR BRY SR g T 2o T or
extraction gifoliate) sepinabiatt p@ﬁ(k@lﬁl@@ Meg,rﬂo?(é&wﬁeﬁd SIRDroy1anetoxate),i on with

wat er (for extraction of hydrophilic residual nmaterial). Thus, some of the

al cohol extpalyglysplicasid): plilactisasidispaly vinylpymelidppeleeallulosies.or k of t he

pol ymeri ze . i I . extracted fromthe | ens
mat eri al bggﬁggé&%gd%sgﬁgﬁiﬁgg@ﬁ%gg%%%ﬁ tonfortably on the eye.
Extraction of t heerdimidhoindmeshacritaeniesnf thesfiarnpda achi eved by enpl oyi ng heat ed
wat er for several hours. Extraction should be as conplete as possible,
since inconplete extraction of residual material fromlenses may contribute
adversely to Hi@=C:G@NHR;3| i fe of the | ens. Al so, such residuals may inpact

| ens perfornmance land conf ort by interfering with optical clarity or the
desired uniform Bgdrophilicity of the lens surface. It is inportant that

t he selected, extraction sol uyti in no way adversely affects the optical
clarity of Vhefs zéﬁ‘éki‘%ﬁ?éeﬁne‘gl’&?’?;ty is subjectively understood to be the
llevel of clarityaphafidéeshdH&Rackylnil& T thesfoMinia'al | y i nspected. Subsequent
to extraction, the lens is subjécted to hydration in which the lens is
fully hydrated with water, buffered saline, or the like. Wen the lens is
ultimately fulH,g=CCAON@&GRd (wherein the lens typically may expand by 10 to
about 20 percent jor nore), the coating remains intact and bound to the

| ens, providing dur abl e, hydrophilic coating which has been found to be
resistant to delafination. 24 WD 001 72052 03 OCT @1 PCT/ US00/ 13229

Fol | ow ng hydration, the |lens nay undergo cosnetic inspection wherein

trai ned i nspheled®yds lowepsikyl dfheo 8 edibacitome iR, i§ 8 definéd dHoye;and t he absence
of defects such as holes, particles, bubbles, nicks, tears. Inspection is

preferably at 10malceeidd fsdatats of Hk Femulahe | ens has passed the steps of
cosnetic inspection, the lens is ready for packagi ng, whether in a vial,

pl astic blister pacl%;?’@be 0 b r container for maintaining the lens in a
sterile condition f @'ehégﬁ r. Finally, the packaged |ens is subjected
to sterilization, which sterilization may be acconplished in a conventional
autocl ave, preferably under an air pressurization sterilization cycle,

sonetinme re t hr-steam m xture cycle, as will be appreciated
by the skil It@é{egfrj]t( gsa%ieggee‘fdgé‘éqbly the autoclaving is at 100 C to 200

vinyl ethers of the formula

H,C=CH-0-R;
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Cfor a period of 10 to 120 m nutes. Follow ng sterilization, the |ens

di mension of the sterilized | enses may be checked prior to storage. (bjects
and advantages of this invention are further illustrated lgy3tgge $ugj | owi ng
exanpl es, t@& B/t)ﬁsparti cular materials and anounts thereobcfgshoi8skel N t hese
exanpl es, a WerT™%s other conditions and details should not be construed
at unduly Iimt this invention. EXAMPLE 1 This exanple discloses a
representative silicone hydrogel |ens material used as a coating substrate
in the fowhaeiRads Sdafipedabovelhe fornul ation for the material is provided in

Table 1 below ,JTABLE.1.0 a tP.s '

L3R & vomenvpalippaerit RSt forma: ocur 0. 2t nt agent ~0.05 25 WD
001 72032 The following naterials are designated above: TRI S-VC
tris(trinmethylsiloxy)silylpropyl vinyl carbamate NVP N-vinyl pyxrolidone
VZDu a silicongspudni ng vinyl carbonate as previously described in U S.
Pat ent No. 5, 534, 604. 3\/I NAL N-vi nyl oxycarbonyl al ani ne Darocur
Darocur-1173, a W initiator tint agent

1, 4- bi s[ 4g{ 2. REL: ﬂ”‘#’ _,a‘p{ﬂp [ S 208

PCT/ US00/ Yé%ﬁ@%%&%ﬁ@?ﬁ%ﬂ{%ﬁhggﬁ%ﬂg T UStT & egﬁgl‘ﬂazr‘fkgggeg%;?s or preparation
of a cont that hirdmgenparidor to surface nodification.of a contact |ens according
to the present Jjnvention. Silicone hydrogel J.enses nmade of the formulation
of Exanple 1 amgéuaﬂ'mé&c‘ﬁﬁ‘?%ﬁéﬁc ¥ EW%W%H@GWW‘&%@& an
inert nitaROQRis RERESHE asBvitlyl-2pyirbiRioher mul ation was injected onto a

cl ean pol ypropyl ene. concave npld half and covered with the conpl ementary

pol ypropyl ene Hshdedamane thepseful watspsolyblempnamesssarpacralicandppathacpdicat a

pressure plid.AhchSt, Adishid, BEndHodht nfldesidsUhd the G erd @dkyatiey 1 MoAbagd I N the
presence of WV light (6-11 mWcn? as measured by a Spectronic WV neter).

The nol d digstersithrreadsuehvasithe 2-hydroxetind fimpasate a8l meldate.isodinm astylate ad  The top
nol d hal f ST : i1 AL A t 60C for 3 hours in
a forced g:é?ﬁ8§en’?b ré%&\gogwr%%oﬁgﬁgoﬁc\&g{%gggtﬁ'ﬁo&gqf@é | ens edges were
bal | buffed foThdinclssicmoftiomathy@8pipbiqmonsnters in tHedrydephiflic 6éactive EXAMPLE 3 Thi s
exanple illustrates th t hesis of_ the.hydrophi.lic. reagtiye copol yner

i nvol vi ngp%zyg’ﬁyséﬁaytﬂ‘;oﬂgﬁ té%?enﬁﬁf%f;ﬁ?s ?8”%‘%‘0 Eg‘ﬂ%&épe(ﬁ@ﬁ’ ) enpl oyi ng
t he i ngr edgdregaiesiift sohaidhfevideRd®¥ 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

Re
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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26 0 3 O CT 2003 WD 00172052 PCT/US00/13229 r N OO0 + ~~O-N~ S O HO ~ H
48 (CH3(CH~~0CO~j Sn((CHz)~CH~z N O THF ~~0~ ~O-S H BHT O N TABLE 2
-Reagent sAnmount (p~Anount (m Di net hyl acryl am de (DMA) 16 03 OCT 2003

g0. 1614Vi nyl - 4, 4- di net hyl - 2- oxazol i n-5-one (VDMO) 4 g0. 0288VAZO- 64
initiator0.o®w0gWsA per cent Tol uene200 nl Al |l ingredients eREEHE0NR2ED. 64
were placed in a 500-ml round-bottom fl ask equi pped with a nmagnetic
stirrer, condenser, argon blanket, and therno-controller. The above was

de-aerated wt 3.0 4 Af s added, the solution was
heated to 60C g@%g%ﬁnﬁﬁaﬁaﬁlgéﬂ?é%%g% e reaction was conpl ete as
nonitored by F' TIR (Fourier Transform Infrared spectroscopy), the solution
was slowy added to z m of diethyl ether to precipitate the polymner.
The m xture was stirred 10 mn, allowed to settle 10 min, and filtered. The
precipitate was drjed und§r vacuum at 30 to 35C overnight, and the

nol ecul ar wei ght dBeeT 0 be WMh = 19448, Mwv = 43548 and Pd = 2.25, all
based on pol ystyrene standards. (Pd refers to pol ydi spersity.) EXAVMPLE 4

Thi s Examplifrd JaH&kE%cEiﬁﬁM&eabWé‘t hesis of a prepol yner of N,

N- di met hyl'acrylam dé that is uséd in making a macronononmer (or "macromer")
for eventual usinylethers oftheformelahydr ophilic pol yner according to the present
i nvention. The prepolyner is nade according to the follow ng reaction

schene. 27 0 3 OCT 2al1l3 WO 00/ 72052 O ~Ni CHs CH9 OH HS
H;C=CH-O-Rs

where Rs is as defined above;

vinyl esters of the formula

H2C=CH'OCO‘R5

where Rs is as defined above;
maleates and fumarates of the formula

RsOOC-HC=CH-OOOR;

where Rsis as defined above; and

vinylic substituted hydrocarbons of the formula

R,CH=CHR;y

where R; and Rs is as defined above

Useful or suitable hydrophobic monomers include, for example: methyl, ethyl,
propyl, isopropyl, butyl, ethoxyethyl, tﬁethoxyethyl, ethoxypropyl, phenyl, benzyl,
cyclohexyl, hexafluoroisopropyl, or n-octyl-acrylates and —methacrylates as well as the
corresponding acrylamides and methacrylamides; dimethyl fumarate, dimethyl maleate,
diethyl fumarate, methyl vinyl ether, ethoxyethyl vinyl ether, vinyl acetate, vinyl
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PCT/ US00/ 13229 AI BN THF ~CH3 H 48 Reagents DVA (200 g, 2.0 noles),
nmer capt oet hanol (3.2 g, 0.041 noles), AIBN (Vazo-64 in the &réop
.0.02 noles) and tetrahydrofuran (1,000 m) were conbined in Wo
round bottomflask fitted wwth a magnetic stirrer, condense%mﬁ,gﬁ)
control | er aNtP Y74 5?rogen inlet. Nitrogen gas was bubbl ed throug
-solution for one half hour. The tenperature was increased to 60C for 72
hours under a passive bl anket of nitrogen. The pol yner was precipitated

fromthe resepibsite, Finyt bén@oté, labryléhitrild, styfenefalgtahistth@btyrhe, (1-hkXénedvigylof

pol ymer was |sol at ed) A sarrpl e submtted for SEC (size excl| usion
chr omat ogr ghifFideaviny] aethylctans, wWinkhstearates Hlexvm and?awlh%mbmﬂba@ 3c.02.

EXAVPLE 5 This Eptggp ngiuhueaw@ﬁyrw@m%wﬁtﬂ@sﬁea iR b nAnNR KR SWESer o FGA USi ng

the prepol ymer of Exa whi ¢ch macr onononer is used to nmake the
hydr ophi | i cthe eeraspandingoimpnemers {thesemmphenongr herd ao livdluding ashicsomerh & énononer

Iscszhgang? Iziccordl %%iéo tQ on&u%)rbgry?fo %%W%W%S%ﬁl%ﬂyo% ng reaction

[ CH3( CH~, aQRydisphilicEri)i9hblymenl obckRifkHre form@l bl () Mixihg BelhdBbfie® N The

I f 1 SO 0.03 mml . . e
P; g(F:) §a¥g$ ge?rﬁgﬁlﬁe%ﬁg@‘% %P‘éy‘(‘f"ﬁﬂ“ g ingtigfor; @36’%@2*%18&3 mORFMELANYAAT, i | aur at e
(0.23 g, 3. &ﬁé@t&ai&k&?&fm&améw&&ﬁwa&an&n ridrourih 94d MixturdNtypical
2,6-di-tert-butyl-4-nethyl phenol (BHT, 0.002 g, 9x10" 6 noles) were

conbi ned unpelymerizatior i mqmprb Meﬁee-mahgwcm@gmma@v@a inidatgs ef et h good
stirring fo g1 was al | oned
to stir undé’P ﬁ .roge ov ml g’hpg’ lﬁ@e@g@%’%&% hano?gwedgé added to
react with pm'w;ide rbuizoyhgzrdrﬁld, tetthary batyt mmm;atmsdlmh@mcubbdamteemrﬁf t Ier .
precipitati roma.lar evou K sol i
was dried uﬁg%]rpeﬁ LfsaEae %cﬁu‘?ﬁs(‘ Yyéon%%? dgA?sﬁg ggra&oté#%g? garc]l C l%l-r%) ography
of the pol yﬁhsuataf@e:ﬁetpaty;s&tgp?enm&mnlﬂabdasegavhe tivingf ppddesswitigpf cmssd t s:  IVh

;C-?-/Z 6%00“/"%5@;?1 ﬁpon%e initiator usei indZhe phys1ca1 Bhra 82888 0P thS Somérdber mixture

such as viscosity. In any event, the level of initiator employed will vary within the range

ter

I.'..‘

of 0.01 to 2 weight percent of the mixture of monomers. Usually, a mixture of the
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 dioxaxie; 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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EXAMQLE 6 This Exanple illustrates the preparation of a DVA/ DVA- mac/ VDMO
pol ymer which may be used to forma coating according to the present
_invention. Dinethylacrylamde (DVA) in the amount of 16 ¢ 62@%1@0030' e),
vi nyl - 4, 4-di net hyl - 2oxazol i n-5-one (VDMD) in the anount of (60144
nmol e), di met{yy et am de macroner (DVA-mar) as prepared i rediespiz2y, in
.the amount of 2 g (0.0004 nole), and 200 m of toluene were placed in a
500-m round-bottom fl ask equi pped with a magnetic stirrer, condenser,
argon bl anket, anpd, te rature controller, The spluytion s de-aerated with
2 gon for 30 i nASFHERSE 350, re bpdiRsE e e v oRRE iR S AIERR S AT ¢ he
reaction hegcfek hyrHRH S PlyRds B Smediéd @bvitd) Which l;'n{b?' i35k e-

(‘noni tored9b§ .Fjl"l}ilg)r, the#yéo.l ution Svas slowy ad?ea tos %@g’o mmo et hyl
ether to preRRIBINgMENOMEHEC YBitserIing-opening MPRAMETICHN{t. ol ang smbedipeat of the he

m xture wa LI : ) : 1 ] The
preci pitat re\%/gﬂst ‘}r:egté ’ltjﬂr?cfgllg (?ngsgﬁ%g%\%u%&fgﬁegsgs?ag%go% PH’%’?&S&%% dried
pol yner wadbyslanfollewing dormastel ysi s by gel perneation chromat ography, bottled
and stored in a desiccator. EXAMPLE 7 This Exanple illustrates the
preparation of a DVMA/ PEOVANDMO pol yner gssable to coat a silicone substrate
according to the present invention. Di rﬂetg}(l acrylam de, in the anount of 12
g (0.1211 nole), vinyl-4,4-dinethyl % in-5-one in the amount of 4 g
(0.0288 nmole), and 4 g (0.0036 noley PE m%)}gacryl ate (PEOWR), which
nononer has a MV of | 000, and 200 g toluene were placed in a 500 mil
round- bottom fl ask equi pped with a magngtic stirrer, condenser, argon

bl anket, and tenperature controller. TH2 solution was de-aerated with argon
for 30 mn. Then 0.025,g (0.1 nole % of VAZO 64 was added, and the

reacti on hederain RoaghR’ independenilysan h¢ pe alkyhgrovphavingoh tandd casberp atems, a

(noni tored tihe. tq 0 np? . 0f hyl
ether to th &B%l%?‘fp l%ﬁn}?j #hie‘to%g)g? tﬁltogx%s, \%gryggr%ﬁ g%‘g?g?%e)l m xgﬁtrogx{s\’/vas
stirred 10 amiargnyhigronpehiving 6 do 26 earbOn mtoms, amdi 0ftp |3 beterdatotfib mopsperixjli¢ at e was
dri ed under house vacuum at 30_fo 3%C overnight, The dried polyner was

sanpl ed f orselgpiad yromsS, i, agd O BéRgnPth- daken ftogsthat with Ssreprbopda which heY#r&t or ed
in a desi cGghed can¥Brm a larPoFelic %Q?&n%ﬁﬂ@h?@pﬁgﬁm'ﬂﬁdﬁifgh@% 88229
hesi s of a hydrophi

This Exanple illustrates tHe syn I l'1c reactive pol yner
havi ng a brlusiuch mopemeridrendtsarg disclasedinf.8PapmnNohal Tis1§ida¥alint ek alom t he

backbone of the I e I r.consl.sted. of. the i natJ . t he
DVA macr ononor né[rl?l Q ré‘g;s%;uﬁéfm ?f@é{ﬁgg‘%ﬁ%t@?&gﬁ%ﬁﬁm %ﬁ?ﬁgﬁoﬁg as
fol | ows. Taing-dpeningiredctiddsasith vamlerAchtieyl redttivel fuhetidndl, drbuips Rty hifacy bfim de
(DMVA, 32g, 0.32 noles DIVA oner fro anple.5 in the anount of 4 g
(00008 ol B FoiRte Pt HEAfFd o Fay POAmAH IR ARG BIFAGPaS an FeB vl o)
Vazo- 64 (Al iharQ a8findd, hitirBB8s oriideSn tiaNshbktaits) a3 anéntidRed hbove, TREfoAaLL | ON
vessel was fitted with a magnetic stirrer, caondenser, thernmal controller,
and a ni t r cgwRlenthogd betiyeen thganbsiats apd e ydrophilietraptiverpelymsT 8k gusiPr m9Fe 15 i n
to remve dg¥adhdachy 8tk QINAGD- A Hifallif BF bRimbhidth 125 4 Rifes BEROGHet 0 60C
under a passive blanket of "nitrogen for 20 hours. The reaction m xture was
t hen added loppsmnthe substrates whereinfeachtlpgn compnises adiydrophiliohsin atiaghied af both i r ri ng.
The reactiv cipitated and was collected by vacuumfiltration.
The solid mg‘é‘gg‘*égg&sﬁ‘ga vacuum oven at 30C overnight to renove the ether,
| eavi ng 33. 2 g oAzlacaetfinaional momme(sdafmyking the hydrbpldlic esactive\polymudr\car was
pl aced in abdesi cciator_for storage until use. E LE gnThi S exatrEBI e
s _ct ne cti

i |1 ust r at esP® FY DOMTHERTEPUYMER G5 FHECHT PIRTiSHg 8- onality of the

vi nyl cycl ohgbeyt formilid ROddnetingtioh Wil a (iNyIR: grouy O anigRititated Chydfobrbon 6 | | cone
substrate according to the present invention. The pogl ynmer was prepared

based on t hWhichtheAzlagigne isattachsd. Rrefeeably, azlactqme-fmptionglity ipiprovided inthg 3 ocT
2003 WO 001 72052 PCTNS00113229 To a 1 liter reaction flask were added
distilled Nvinylpyrrolidone (NVP, 53.79 g, 0.48 noles),

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

Ni trogen was bubbl ed through the soluti’dn for 15 mn to renove any

di ssol ved oxygen. The reaction flask was then heated to 60C under a passive
bl anket of nitrogen for 20 hrs. The reaction mxture was then added slowy
to 6 liters of ethyl ether with good nechanical stirring. The copol yner
preci pitated and was collected by vacuumfiltration. The solid was placed
in a vacuum oven at 30C overnight to renove the ether, leaving 21 g of
reactive polymer (32%yield). The hydrophilic reactive polymer was placed
in a dessicator for storage until use. E~N~LE 10 This Exanple illustrates

s 4 . R AR |- 7~R AR



OV N m WO 86 nmde% ~~// ~ nd! % Vazo-64 H3 CH2 so CHa 10 O O Nl O O 32
0 3 OCT 2003 WD 001 72052 PCT/ US00/ 13229 To a 1-liter reaction flask were
.added distilled N, N-dinethylacrylam de (DVA, 48 g, 0.48 nol eﬁé, g* %gbl | ed
gl ycidyl methacrylate (GM 12 g, 0.08 noles), Vazo-64 (AlBN, 8 6 °J,
0. 0006 nol eswoas2dspl uene (600 m ). The reaction vessel waspdiiidogshagd th a
-magnetic stirrer, condenser, thermal controller, and a nitrogen inlet.
N trogen was bubbl ed through the solution for 15 min to renove any
di ssol ved qﬁ?‘r([%egi Th rea% n fl sk was then heated to 60C under a passive
bl anket of PRis nPataper) §Y hérgikeny Tﬁ@a‘?‘é"&cﬂ%ﬂmﬁﬁsxtlﬁ’é Znakkenyl etrlasioned
slowly to 6nddohﬁf§ar@im&inh)ébm§éxfh@§ théit Sy Hzﬁg'lﬁ&rﬁo@&, o1 é:{aiz{p&gm ke

ct tration. The

reactive p ynmer. preci pitated and was col | e vacuum

solid was ples8eNs 304,205, 086427 aad 53\9®4§9éﬂhﬂghmrmat alortbe dis¢lbsyres ofier

| eavi ng 50.yhich £§ idc6R61 eggtlyve, nol ymer was

placed in a desi célcg?orkﬁ&%gﬁe untl t%é%ﬂ% % '@ ‘Exanpl e

i | lustrates the2sthenyles3-oxadolin-Svaecr - sol ubl e reactive poI ynmer of

DV GV OFPMA, gcgar di o, the follow ng reaction schene: o %0 OH O non

o o 84 e T EhaRte g R o 55 o 8 GoT 2005 WO

001 72052 PCTNSOQ/{isopzbpenyld, %ﬁg&uﬂj_oﬁgacti on flask were added distilled

N, N- di et hyl acr lamde‘]\)é . 6 moles), 1 H | H,

SH- oct af | uor ope T‘WFP(S‘F C"'('?‘F'é‘b’b‘l @ﬂxﬁﬂhn'i'o% 0. 003 nol es, used as

recei ved), di stzlel:ueﬂylawaxﬂétﬁ 111959;?&%@% (GM 4 g, 0.028 noles) Vazo64

(AI'BN, 0.03 g, 00018 nol es)” ahd t ol uene 8300 m ). The reaction vessel was

fitted with a nﬁ@??@fqpenséﬁ,ﬁmthylcbhdwgbm-ﬁ -anker mal controller, and a

nitrogen inlet. 2% 5 [ uhthe solution for 15 mnutes to

renmove any di ssol ve gﬁ%&]’&ﬁhtﬁlﬁgwr%%%éll og Pask was then heated to 60 C

under a passi ve2iiiopropenylef-meathykbhatnl-1 8roxadlinegisre, The reaction mixture was

t hen added sl o i f et et her Wit h good nechani cal stirring.
ve pofistieid uahl-srtetielin s i

The reactive polyner B%col l ected by vacuum filtration.

The solid was pzamprbpeﬁyla.mammmeeyl R3-0R4liR¥Qme] ght to renove the ether

| eaving 19.3 ¢ reactive (92% yi el d). The reactive pol ynmer was
placed in a des?d‘??%??ﬁ’t‘y ot RQng'géé -QX4EQlin-Jraee,

2-isopropenyl-4,4-pentamethylene-1,3-oxazolin-5-one,

2-isopropeny 1-4,4-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-o0xazolin-5-one,
and
2-ethenyl-4,4-pentamethylene-1,3-oxazolin-5-one,

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

following general formula:
R2
A1 —)/ T
0]
Ry R4
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EXAMPLE 12 This Exanple illustrates the synthesis of a hydrophilic reactive
pol ymer of DMA/ MAA, according to the follow ng reaction schene: 34 03
.OCT 2~3 WO 00!720S2 0 ~N nm 78 nde f/o Vazo-64 O OH non 24 ggegdr 5p890 O
~N~ HO O PCTNS00113229 To a 500 nil reaction flask were added d| stillTed

N, N- di et hy| WOrgr63 de (DMA, 16g, 0. 16noles), nethacrylic RGATHRI 4 ¢ |
.0.05 nol es) Vazo-64 (A BN, 0.033 g, 0.0002 noles) and anhydrous 2-propanol
(300 mM). The reaction vessel was fitted vvith a magnetic stirrer,

b ough t hames B sk A7 dhSepaslepnidino® & hERGLAe 4 okt 04 BaabiATre
reaction fl,gsk 40 3arble bR A% HaG0GnH &enﬁ&@@x%ﬁé M PR il ol " 09"

for 72 hours reaction mxture was t ters of
et hyl et hesixwearborgatednsnec basycloalkylstadical with fiveeor eactarben pinysre Specific

e Vacaurutnse BBl ibEbRmy AR b - Re CHEBAOD 4 ER Fof °
reactive pdiétByl-A-éhz0tinsohel) . (VDMO)?aCtSprQi’M ;wa l-pioamqintsno@)

desicciator for storage until use. WO 001 72052
PCTNSO0! 19E3goRAMAIEC Y cTiphexinesinioed (3 T B Eazor haonsh (YaPS i 2shent of

Bal af i | congﬁbbﬁg*\s_aqtd‘}n@ g&&gf@@n\g@bg,{b)lﬁamecommrm ally avail able from

Bausch & L es er, made fromthe material of Exanple 1,

whi ch surface ﬂbmtcnmpumawedrepwedhydwapmnralurcacheamumepol yners made
from Exanpl e 10 above, according to the follow ng reaction schene:
Balatilcon L -~ i Autoclave Lens with Poly SuAaoe A solution of reactive
pol ymer of ExaRdple 10 ( 10.0 g per 1000 nml of water) was preparedo Lenses
were extracted Wit three changes @f 2-propanol over a four-hmar feriod and

then with tiyee anges of wat t one-NaQH intervals. LenB 8arrp| es)
were then placediin the solfT f reactivewpol yner. e dr of A

met hyl di et hanol 2% ne was addedeo @it al yzé,0he reactio nses were
put through one 30-m nute aut ocl ave cycl eat@®RAVPLE 14 anpl e

illustrates the surface treatment of an RGP Lens Sifface according

R2
CICOOC,H _)—l'——
2t _ Ri1 Y Nl
Hexane o]
R3 R4

The first step is a Shotten-Bauman acylation of an amino acid. The polymerizable
functionality is introduced by using either acryloyl or methacryloyl chloride. The second
step involves a ring closure with a chloroformate to yield the desired oxazolinone. The
product is isolated and purified by the usual procedures of organic chemistry.

As indicated above, the compounds can be copolymerized with hydrophilic and/or
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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to the present invention, as shown below. The lens was a QuantumIi RGP
contact |lens, commercially available from Bausch & Lonb, Inc. 36 030
.CT 20p3 WD 00/ 72052 RGP contact |lens substrate CH3 CH2 CH2 10 ~ ~ON O O
Lens with Poly Surface PCT/USCO 13229 Tri et hanol arnine A 83l 06T 2080f

reactive polyosdr2082 Exanple 10 (5.0 g per 100 nl of water)pewssipnepar ed.
-Lenses (20 sanples) were then placed in the solution of reactive polyner
with two (2) drops of triethaaolam ne and heated to 55 C for one (1) hour.

' The surface co, teii I&gses were thep rinsed off twice with purified water

and al | owed t oVighfpliownthg gepstal reagtionet: h aced on an untreated | ens woul d bead

up and roll off the surface while a drop of water was placed on the treated
| ens spread conpletely, wetting the |lens surface. 37 0 3_.CCT ~p,3 WO
00/ 72052 PCTI H800/ 13229 X-ray Photo El ectron Spectroscopy g&PSy data was

obtai ned at the\Surfacg Science |ab within Bausch and Logh. \AJKhysi cal
El ectronics [ P J e 560_%1))@2‘@ wetd onQld for the face cHMaracOMdri zation.
This instr@hent ut Ny a Tonochr omat ed Al %NH

o

o]
Ry R4 Ri

The carbon-carbon double bond between the R' and R? radicals is shown
unreacted, but the reaction can take place when copolymerized into a polymer.

Non-limiting examples of comonomers useful to 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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anode operated a 300 watts, 1 SkV and 20 m | lianps. The base pressure of

the instrument was 2.0 x 10 "1 torr and during operation the pressure was
5.0 x 10"8 torn. This instrunent nade use of a hem spheri cal a‘snﬁ&ﬁznfi The
i nstrunment had an Apoll o workstation with PH 8503A version g 0 Pwar e.

The practical nmeasure for sanpling depth for this instrume Er.,l% ﬁg{r‘pl I ng
angl e of 45 WANZ8R  Each speci nen was anal yzed utili zi ng 2{' ows-ora/éso ution

survey spectra (0-1100eV) to identify the el enents present on the sanple
surface (10-100A). Surface el enental conpositions were determ ned from
hi gh-r esol likitiy &pmples ofchlaatonefuretiond) oligbmamnind wejctvhed arddistlesed in

carbon. i SRS BBSTind SR SR creoB e RO O A L% Flins. vis
conpl et ed hicorpbkai i feferen@é hérbi@. Phot oel ectron peak areas after sensitizing

those areas with the instrunental transm ssion function and atonic_cross
sections for thi gofher smbodimentefethedpventipy thegngrepening reactive HowR BthPenses

a0, cont O 5aRbBykaSg BTHR 43 REANEAE. TrSURAAL G GRSona
Ant er i or Avenapetsis b oXEMeddniathinigs mdnoreerGuel) a3glydidyl 6etiacndste,Lally] glycidyl
Control Aver agel8..7Q. 056, 15. 22Q.0(post & .ant .,.are thestd . .
Gov. 20, 00 T AR RIbaH B atoRids, e 10 S5 BT fib srosweoapine
DVA- co- GVARRé&diersendyte used. 38 WO 001 72052 0 3 OCT 2D03 PCT/ US00/ 13229

EXAMPLE 15 This_ Exanpl e illustrates another surface treatnent_ of an Quantum
Il RGP contact Theh¥droplilicesagtive palymers iare-gitachqd, tg filisqne medigal dsyices Which

according tgay ﬁﬁnid@'ﬂg%%%ﬁ&%‘ﬁ{ah%cﬁﬁﬂgE&Q@s’sesgﬁf@iaxhﬁé,scoﬂag'ic&%§ frte O 60
~ 10 ~' ~0 OO O N~ ~HOO /N~ O T-~ethandarti~ O ~~wn ~y i N11\

O pVl a 39 application of the present invention can be manufactured employing various conventional

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

After producing a lens having the desired final shape, it is desirable to remove
residual solvent from the lens before edge-finishing operations. This is because,
typically, an organic diluent is included in the initial monomeric mixture in order to
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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WO 001 72052 0 3 OCT 2003 PCT/ USO0/ 13229 A solution of reactive polyners of
Exanpl e 10 and Exanple 12 above (2.5 g of each polyner per 100 nil of water)
.was prepared. The m xture of polyners was used in an attenpt tSOUE’t"iM a

t hi cker polynmer coating via a |ayering effect. Lenses (20 saprp es) were

t hen pl aced iwo doheossol ution of reactive polynmer with two drrgIEUSe0/13229
+riethanol am ne and heated to 55C for one hour. The surface-coated | enses
were then rinsed of F twice with purified water and allowed to dry. A drop

of water placed on an.untyeated J.ens woul d bgad and r.oll off .t rface
Ohi 1o o (PBNED semedt s he R Bt RE S Bter F bt eshatin ilenrs et Srot 1| g
the lens suixhdfle; nmnehydeicFalcsloldY &ithscopy, GiMipAt-chBmkd Sdliphatid Omeadhydidiat t he

conbi nati on of polynmers gave a thicker polyner coating. Conparisons between
a Quant um lalcohelassuvh tah naeexpmd]yarsl nmosdnoh yeipf | especially, prefemedp dliglsspciceant i ng of

Exampl e 14 (FL G .an he coati,ng .of this aml 5 I 3 re shown
TG, |1 e Sk Pl e B e PrRpbe et B Biefiss HhrlmdioeS, 2 e
at the Surfetiee; RetbmaaCeuchads ilethyl retiyhueineaederk Osibh a8 MANA | @ahthklepahd oni cs
[ PHI] Model, 5600 XPS was used fqr the surface characterization. This

|ar acl . )
i nst rument Wydracaers schah il ndirefarably. S oaemispdiusntl saficiserlyelede 19 skv and
20 m | 11 anpgeirithfieitd ARVl €6 W Sured aftidfe by StpbitRo at"@in&r BmBiedOpredsufed’ N and
during operation the pressure was 5.0 x "10'8 torr. This instrunent nade use
of a hem spBenerallz the dilhnent és inciuded jath ve tarsinty pesesntaby aysight of the manomerion wi t h

PH 8503A ver.si A tical. re.for sanpling depth
for this ins x?dﬁ?fe%ﬁl ‘g’l%as‘%@\rf%ﬁ?‘h‘é’@%’&&b%g‘# egécﬁang%%Xi&dEach speci nen was
anal yzed utili ziThg careddensrie thehsubjested tor sobwenseaovalawhith tdWeddcomplishedent | f y
the el enents %réesemt on the S% | e surface 410- 100a) . Stérfg(g? el enent al

conposi t i on®Y FHEPYALQN & 95NR ATRRIEN! ARESSYTE O AT VARG, L AR Elexated FEmPRRIG 1 ¢ he

el enents dedagCiecemplBydd® shoiter @eed tibhle| eBesBatyy L8 Jevarsondts -thel HiGfeft. € TRE RIS
i ncl uded oxygen, nitrogen, carbgn, silicon and fluorine, Quantification of

0 [ :
el ement al cEMBEFaNFS BYPressye copprsder By selvent graquabster ilt viey densediag 8%t ron

peak areas fich ?ictq??ﬂssﬁxkivéiaﬁﬁtyt &0@16 dBE@R and'te} _Eéiﬁc hﬁﬁ&rﬁ%ﬁﬂ:’on&rﬁ@%m ssion
function and atom c cross sections for the OI’BIta| s of interest. The XPS

data for t heancbetreadily edetesmingddby omer tilledyjre thg wetn iArcqudisgetosA prefesed 40 0

215,85, 067 B 7t G LR Rl Rl B Mmooy ik 819 RERGE O ver®

devO0. 51. 21. {60 eXdinplé 601td 80n°C] ACseries of Aeating cadés i@ 1iHear dven dader Gfeptoges ok ant
are the sanestd dev(.50.00. 70. 30. 4Thear eti cgl onmi ¢ Concgntratjong for

DR co- GV FEHER P Dpgpeci PR iizs S LEStpasiCE ORI Ry T B T8 os ¢ he
surface treatereny diRentieimadl lstepshbuld @bhtaitnol 1B6YE Man( IReht§ Pertbit byl WASR Bf
comercially avail able from Bausch & Lanb, Inc., Rochester, I~ nmade from

the materia ilyent, B@ﬁﬁﬁﬁlié“‘l’,mméfhﬁmq%bb)t‘f’@&htr?éhss-e_npl oyed the hydrophilic
reactive gg'hg rr”gfﬁoly%%%’g fRMMESLER! Giganlc BIEHHE h@GGRATd IRk uBjebiag b Rhdi@wWi ng
i ;
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
lené 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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attachment of the hydrophilic reactive polymer chains.

Subsequent to the step of surface treatment, the lens may be subjected to
extraction to remove residuals in the lenses. Generally, in the manufacture of contact
lenses, some of the monomer mix is not fully polymerized. The incompletely
polymerized material from the polymerization process may affect optical clarity or may
be harmful to the eye. Residual material may include solvents not entirely removed by
the previous solvent removal operation, unreacted monomers from the monomeric
mixture, oligomers present as by-products from the polymerization process, or even
additives that may have migrated from the mold used to form the lens.

' Conventional methods to extract such residual materials from the polymerized
contact lens material include extraction with an alcohol solution for several hours (for
extraction of hydrophobic residual material) followed by extraction with water (for
extraction of hydrophilic residual material). Thus, some of the alcohol extraction
solution remains in the polymeric network of the polymerized contact lens material, and
should be extracted from the lens material before the lens may be womn safely and
comfortably on the eye. Extraction of the alcohol 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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DVA- co- OFPMA- co- GVA From Exam | e 1117.111. 070. 10. 01.8 ] EXAMPLE 17 Thi s

Exanple illustrates inproved inhibition of |ipid deposition for the

. Balafilcon A lenses (PureVision | enses) coated by reaction with various
hydrophilic reactive polynmers accordi m&% present invention. Sanple E

| enses was coat gq.. UsJ . ' . %é r, of
Exampl e 11, andqg’égrjr%{agglf?‘%g&h%gis%}aeg&ggg .E‘ﬂg° us néﬁgl\@g%gﬁiﬂs %cg&oaf t he
sane EOl y megoatirign sylistrate Finathel fifowing fxemples.e Thes fremulation yorc Gt ewtardl iy 1 %
and 2% sol uﬁr&%esd x%fTaBﬂel b[g%lev/.G\/l copol ynmer of

TABLE 1
onent Parts by Weight
TRIS-VC 55
NVP 30
VaDys 15
VINAL 1 -
n-nonanol 15
Darocur 0.2
tint agent 0.05
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Exanpl e 10. The |l enses were placed in an aqueous solution of the reactive
hydrophilic polymer with a catalyst and run through one autocl ave cycl e.
The lenses were then rinsed in HPLC grade water, placed in flr@H6THOOL

wat er, and aWd)&) ?dé gd for a second tinme. The control | enses pChwssoAizERce
treat rrent) were placed in HPLC water and aut ocl aved. One control |ens was
the Balafilicon A lens prior to any surface treatnent. A second control

| ens was the commercial PureVision |ens with a oxidative plasnma surface
treatment . Fesfollonsngmetegialsrien desiggatedazovenr omat ogr aphy (GO was enpl oyed,

i ncluding an HP vl c tvﬁgﬁ .He carrier gas. In
the in vitro Ilpﬁggdeposmgégmp %S(E)lg s@#ﬂ;ﬁ es vvere subject to
deposition for ebiYH of th&- W&yﬁyb@et ested, enploying a lipid mx of
palmtic acid ester, 1chole tqero ? k) (?and nmuci.n i n MOPS buffer.
Micin was utiliz zés a s@rflisepe;rontining VipyY CatpRoate a3 PISVIORIE i on of 44 0 3
OCT 2003 WO 001 72052 PCTN@eNtiBei4r V.5 ' ¥atdnit Mods,534[6@. above lipid mx in the
anount of 1.5 nil _was added to the test |enses, which were subject to
deposition in a $MAshaki NgviRdeErcahepy 4agineo4 hours. The | enses were then

removed from t hepyghgr batﬂlroc{ul pp;gdaw,mdggd}lu Saline to renove any residual
deposition solution, and pl aced glass vials for extraction. A three hour

1:1 CHO 3/ MeOH tntegentt i odmﬁﬂmﬂwﬁlﬁ’mﬂe@mw a three hour hexane
extraction. Extracts were ﬁgn%)l ned and run on the GC chromat ograph.

St andard sol uti ons of eac or ipids in the deposition m x were made in
1:1' CHCl 3/ MeOH and run on the GC for determ nation of the concentration of

lipid extracted fromthe | enses. The ig é!“g Eipid deposition profiles for
the | enses tested, using the protocol e shown in Table 5 bel ow

TABLE 5 Sanpl EAVﬂi@Qﬁcahbw flustrates a process for preparation of a contact lens prior to
Concentrat!| on* E39. 9EE36. 7F51. 2FF39. 6Pl asna- Oxi dat i on

Cont r ol 117Nsurige frapdification of@neontash dens| acrrAingstpathe Presepe inypntiony e Silisgiesent s
the deposit h9d}o édéésemm oot SBRRIARA dreDRHe ThBolEwele! Sast-RdidedtiRnd hat

| enses coat ed a Ing to the present invention can
polypropylene molds. Under an inert nitrogen atmosphere, 45-ul of the formulation was

injected onto a clean polypropylene concave mold half and covered with the
complementary polypropylene convex mold half. The mold halves were compressed at a
pressure of 70 psi and the mixture was cured for about 15 minutes in the presence of UV
light (6-11 mW/cm? as measured by a Spectronic UV meter). The mold was exposed to
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.

EXAMPLE3
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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exhibit reduced |lipid deposition, a particularly advantageous property for

conti nuous wear hydrogel |enses. Many other nodifications an &gjﬁ&bons of

.the present invention are possible in light of the teachings

therefore understood that, within the scope of the clai s, dRRopfsemeENt

i nvention éﬁﬂoﬂgmﬁractlced ot her than as herein speC|f|caIIy escrlbed 45

-0 3 OCT 2913 CLAIMS 1. A nethod for treating the surface of a silicone

nmedi cal device conpr|5|ng (a) formng a nedical device froma silicone

mat eri al by polynerizingd a m kture containing at |east one silicone

cont ai ni ng nononer and g¥~Teagt one nononer aV| reacti functionalities
|ﬂ§heg

sel ected from azl act gff carboxylic acgd, nd epoxy
functlonalltlggzaﬁdzé ps thereof; and (b fornlng a hydrophilic
reactive polyner havijng conpl ¢nentary reactive functionalities al ong the
pol ymer chain selected from az#act one, isocyanate, acid anhydride, epoxy,
hydr oxy, primary or secondary am ne, or carboxylic acid functionalities,
and conbi nations thereof, wherein in the case of the hydroxy or am ne
conpl enmentary reactive functlonalltles the silicone
azl actone reactive functionalities and in the case of {thejcarbpxylic acid
conplenentJ?VCWHﬁ%FNGHﬁ?Wty, the silicone materizal co es epoxy reactive

functionalities; (c¢) reactipg t?_n%/grophlll reactiv of step (b)

havi ng conpl eTHent ary reactive fu oNatN i &s—al oyt wchain with
sai d reactivesgfiunctionalities oA or mear the surface i cal device
formed in step (a), thus formng a bi ocorrgati bl e surface on the®medical

device. 2. The nethod of Caim1 whdAB he nedi caI devi ce i S a silicone
contact |le ntraocurar tens and tThe ¢ C The
met hod of ei@hﬂ im2 wherein_the ghggﬁ VICéﬁ#S a_s I|c ne
hydr ogel , cDmtathmlamdanndafDMAblt act lens. 4.|Thg nethod (ﬂf.lﬁdny precedi ng

cl ai m wher eq=r Dﬁzlfﬂ* T TR A% TAa T8 A~ ACA R ARSI CACn Ik S s oy +o—1-06 r"ol e
percent of W*ﬁ%ﬁr%e'@ﬂ @‘a?fslr?l‘% sDMPLaLf Bve functi El'p%-sﬁtl es. The et hod
of daim 4W,O.Bﬂ ymer Ca @F?é@e’ﬁt 0 to 99 nol e
percent of_ nononeric units that are derivef from pnon-geactive hydrgphilic
mononer s. |6Yol¥enget hod as cl ainmed in any pr Z,Qﬁinhg cl aifm wher ei n hydrophilic
reacti ve potymer——conprises—5to—56—percentof-nonmonertc—unts—dertved from
functionally reactive nononers selected fiomisocyanate, epoxy, azlactone,
anhydri de cont aAlhiinggedientoesen, vam-mm'mpmedna d BE0-md frouraidtsbttomSldsk 20

percent of non c units derived,$om hydr noners. . e met hod
b iy pr cEURERY W) TRASS SRTFE, OSHFE: GHR PRECiRd BREpORALE: (Hfpr | sos
50 to 95 niHoRe AL d6-abratell wATANLEON fos 30thins Ak IWEZD o8 Giasidded, BRCdolnRn 46

AVENDED SHEET
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 diethy! 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.)

EXAMPLE 4
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.

27



0 3 OCT 2003 hydrophilic nonomers selected fromthe acryl am des, | actones,
pol y(al kyl eneoxy) net hacryl ates, nmethacrylic acid or hydroxyal kyl

et hacrylates and 5 to 50 percent of nononeric units derived fr
functionally reactive nononers sel ected from epoxy, azlactongz%ﬁg}éWﬁ&dride
contai ni ng NMRRG K852 Wherein the al kyl or al kyl ene groups haeeusod10226
carbon atons. 8. The nethod of Caim7 wherein the functionally reactive
nononers are selected fromglycidyl nmethacrylate, mal efic anhydri de,

i taconi ¢ anhydri de, and isocyanonethacrylate. 9. The nethod of any
precedi ng cl ai m whereinythe hydrophilic reactive polymer is derived from
hydr ophilic sel ect ed fr m d| thyI acryl am agpyl am deiBNand Nvi nyl
pyrrolidi none. IQB/Eéﬁ bf ahy preﬁé%?hg’clain1mh§??ﬁ7?77ﬂ?

hydr ophilic reactlve ol yne conprlses 0 to 35 nol e perc&HE nononeric units
derived from hydrophobi c no " 11. The nmethod of any preceding claim
wherein the hydrophilic reactlve polyner conpri ses azl actone noieties
having the following fornula: R3 4 -CR ~ 0 wherein R3 and R4 i ndependently
can be an al kyl group having 1 to 14 carbon atons; a cycl oal kyl group
having 3 to 14 carbon atons; an ar gfQup Raving S to 12 ring atoms; an
arenyl group having 6 to 26 carbon atohs;ﬂﬁnd 0O to 3 heteroatons sel ected
fromsS, N, and nonperoxidic 0; or taken together with the carbon
to which they are joined can form rbocyglic ring containing 4 to 12
ring atons, and n is an integer 0 1} 12. |The nethod of O aim 11 wherein
t he hydrophlllc reactive pmbjﬂﬁﬂ’ he reaction product of a

m xture of nononers conprising thenononer r%Presented by the general
formula: R RL ~ N O R3 R4 47 AVENDED SHEET 48 0 3 OCT , 208 wherein R and
R2 i ndependent | yRdagen@@MAKng@@mate@)nmmcamodthmwer(MI3491041 awleshIAIBNt h one

to six carb at nd i al radicals with
one to six &Pspgﬁ%nlﬁ§3§ OﬁggrﬂgfﬁﬁQ3¥ %%ﬁﬁfgﬁbgog?%%asarbon at ons.
13. The rret hadbm‘éd [l satiwien liker rodired ottond ﬁusk finedowith a magrretit eirrerdcdndanser,

g :“s gzlr 0 pe n l% ‘ﬁgﬁﬁ Olgfﬁgﬁef&l&&? ; nivitrogen gas wvgs bubbled through the solution
2vinyl -4, 4- %rre% Imlfhamom%m;seaat&-ew inctédsed 1§ so%h%&}s W PpREST Ng

clai mwherein the nedical_device is dipped in a solution _conprising at

| east one hplankesiof mtr@gmal':heimmlwrecmﬁatsdw&ma&eerﬁt@%mmmm

subst ance. oy face
conpri si ng: ilgersné{jl 8} | Ce%ﬁﬁhl@%ﬁ%@wél o(r;lie&g’ %e%?‘%?@g?ﬂn%%: §%

pol yneri sat ien¢lugién dxwmmgmwx)m:mmgavg aMn=|=3>'é1§t Myne 7493, ambPd=283t ai ni ng
nonormer and at |east one nononmer havy %tive functionalities selected
from azl act one, carboxylic acid, an1ﬂ%g&%£§T0xy, and epoxy functionalities,
and conpatibl e cdhhlﬁmhmmaauuhmmsoﬂm amdmﬁydﬂbphhhimm@ob&mnua adidgnclieed t o
t he nedi cal devjc rei nts of attac nt are .t sult .of the
oacton of PRI REEKTUE § ARSI Romth 5 AR ks e, BB IRt TR | 1y
or secondar ?o%di‘%fEf@xﬁﬂ)ébW&ddCB mmd whichRitRsthdrdbRr s QrHdk B@Jokdiﬂg;to&h@ng the
chain of hydrophilic reactive polyners with said reactive functionalities
on or near the surface of the nedical device wherein in the case of the
hydr oxy or am ne conpl enentary reactive functionalities, the silicone

mat eri al conprises azlactone reactive functionalities and in the case of

t he carboxylic acid conplenentary functionality, the silicone materi al
conpri ses epoxy reactive functionalities, thereby producing a clear,
transparent bioconpatible coating. 16. The nedical device of the Claire 15
wherein the nedical device is a silicone contact |ens or intraocul ar
device. 17. The nedical device of Claim14 or Claim1l6 wherein the nedical
device is a silicone hydrogel continuous-wear |ens. 18. The nedical device
of any one of Clainms 15 to 17 wherein the hydrophilic polyners conprise 1
to 100 nol e percent of nononeric units having said reactive functionalities
and 0 to 99 nole percent of nmononeric units that are derived from
non-reactive hydrophilic nononers. 48 AMENDED SHEET
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0 3 OCT 20(f3 19. ~ The nedical device as clained in any one of Clains 15
to 18 wherein the reactive functionalities are derived from nononers
.contai ning one or nore groups selected fromglycidyl, azlacg@nelT 2003

i socyanate, and acid anhydride. 20. The nedi cal device of agﬁﬂpneszpcjains
15 to 19 wheW& 97398 hydrophilic pol ymers are derived fxom'SAoREl
selected fromacryl am des, |actans, poly(al kyl eneoxy) net hacryl at es,

met hacrylic acid or hydroxyal kyl nethacrylates. 21. The nedi cal device of
any one of C ai gRlohing Racdidn¥BiRinft N the hydrophilic polymer conprises

noi eties along the chain having the following formula: R4 O N1 CHIn 0 11
H O wherein R3 and R4 independently can be an al kyl group having 1 to 14
carbon atons; a cycloallcyl group having 3 to 14 carbon atons; an aryl
group having 5 to 12 ring atons; an arenyl group having 6 to 26 carbon
atons; and O to 3 heteroatons selected fromsS, N, and nonperoxidic 0; or R
and R2 taken together with the carbon to which they are joined can forma
carbocyclic ring containing 4 to 12 ring atons, and n is an integer 0 or 1.
22. The nedical devicgofy any pne of Cainms 15 to 20 wherein the

hydr ophi li c pol ymer cdgnprnses ieties alongghe chain reppesented by the
general fornula: wherd R4 indgpenden Qevete hydr ogen at om or
a lower alkyl ragkgcals e|R3 R4 ON-H t¥% si x chrbon atonms, and R3
and R4 indepentfent |y Y1 radicals with one to six carbon atoms or
a cycl oal kyl radicals 46 carbon atons. 23. The nedi cal device of
any one of Clains 15 to 22 wherein the hydrophilic polynmer chains attached
to the carbonaceous |ayer are the result of the reaction of a m xture of
pol ymers conprising (a) a first hydrophilic reactive petyner Vi ng
reactive functionalities in nonomeric units along the hydhophillic pol yners
conpl ement af§H( € FipeitCHkeHE unct i onal iti es on the surfage @f thg nedical

devi ce and, in 49 AVENDED SHEET 0 3_0 cr 20®3 additi 7 second
hydrophilic reagtive pol yner "havi appP&nQdLaéffEﬁunﬁ iwonal i ti es
that are reactpye with the first hydpophil Nc reactive pol ymer._24. The

medi cal device of Claim23 wherein the first hydrophilic reacti ¥ pol ymer
i s an epoxy-functional polyner and the second hydrophilic reactive pol yner
is an acid-functThenal prgmilymer , feomh he Examplel t aheo(1S0y @ sédIentmales)y

Sherein ¢ ndyE M Ene ST RdE 5 6 200030 FIRE A EEH R 0AE Tnr i ses
the reacti of00r @OlS), tettahgdeaRa EIIEF,er000Ymi)ua 2 6riateriiidylopfithiyL phalt | ve

pol ymer and _an_aci d-functional hydrophilic polyner. 26. The nedical device

of any of CEAO-0P5 & 315" mples)aiere combing ppdes aaitipgenblanifet. cHifRIxEEE Was

azl act one- f yacdyi9BSC QRH??&I dtfering Yoi stvér Wurd) FYGHRLRES SQIPYE ah& thelixafze d
groups near or on the sufrface. AVENDED SHEET ~ AY. s. A?. AAF2. A AFl . A
L. Au. A. A9. Awas allaiwed ABstir and¢r nitrogen overnight. Several ml of methanol were added to react

Ea L, sl ey e e, ol el fas e Cofedl e deipiduth, - A A

00( O#. #. ??0ftematarge VoRme 28 Htis) of cAPIABRD ~ The sGAACR Aied A2 hBuBvacinh ?7x 277>7?
Dl X 3 IO, N, T, Y, T, S, SO, 1, 1 W, YO

DDDDDDDD ~ o] DL~DDVDVDVD>SDVDVDAADP>?? <D p)
S RIS iz excison, dhromatamashy o (e, DAYPEH Yersos, PAGRITRS . o
| ‘“X>X>| >| ??stastar 5ollowing results: Mn = 2249, Mw = 2994, and Pd = 1.33.
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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.

EXAMPLE9
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(O\/ AIBN
U F 600 ml THF
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10 W99 10%‘0 a 1 liter reaction flask were added distilled N-vinylpyrrolidone (NVP, 53.79 g, 0.48
moles), 4-vinylcyclohexyl-1,2-epoxide (VCHE, 10.43 g, 0.084 moles), Vazo-64 (AIBN,
0.05 g, 0.0003 moles) and THF (600 ml). The reaction vessel was fitted with a magnetic
stirrer, condenser, thermal controller, and a nitrogen inlet. Nitrogen was bubbled through
the solution for 15 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.

EXAMPLE 10
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:

o)
\)\‘ N\/ + \”/‘io/wo

86 mole%
14 maole*s

Vazo-64
. Hs
* CH; P CH.‘,—]—1 -
o (0]
N— o]
/ 2

o)
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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.

E LE1l

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

() (A - (Vo)

mon mon
84 mole% 15 mole% 14.5 mole%

Vazo-64 t
=G C C
_[-Hz 89 A, 1 3 H, 1055
(o] o

0,
N—
/ :E;e
F <2
E o]
E
H
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10% h& ()- 10% h& ()-f 10% h& ()-f,S 10% h& ()-sf 10% hé& (

XY[LILLLT uj 0% ()- 10 h 10 h 10 h910% h& ()- L610%h g% h

h& () - #S 10%@9%/(301\Y\AA aaBj @ 109%& ()-!F10%&' ()- FLO%& ( é”s"%gf% "()-Y
2109%: () -"y10%: ()-abbcccccc}ASH 10 10 10 910%: () - 5|\/[L0%&' () * OMLOY&! () -

| ASL*10%+& ()-:!Y 10%x& ()-cdddr ddddESH= 10 10% hé& ()-Y 310% h& ()- 10%

h& () - #@L.0% h& (- Ezﬂdé‘yqlh&re@éuoﬁlﬂ%W&ve@ 28844 QBa R BONEdik{ialyLppdisiat ) - &
g10% h& ()- 10% h& ()-!:1099h9h& ()- gl0% h& ()-I 10% h& Iglsz@ 8%8thSH:
10 (DMA,16 g, 0.16 moles), 1H,1H,5H-octafluoropentyimethacrylate (OF

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.

E LE12

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

reaction scheme:

" -ﬁ»m ! ca' ] -
Balafilcon Lens O OH 4+ 0 2 Jeo o 2l Autoclave
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Surface o L
Hz
OH
1

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
periéd 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 108 torr. This
instrument made use of a hemispherical analyzer. The instrument had an Apollo
workstation with PHI 8503 A 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 (o] N Cc Si F
Lens Posterior Average 22.3 48 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® ! Control Average 18.7 0.0 56.1 5.2 20.0
(post & antarethe  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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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 u;:ilizing a low-resoiuﬁon 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 4A below.
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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). '.Len‘ses 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 pblymer 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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TABLE 4B
Sample Polymer Concentration No. Lenses treated
A 1.0% (2.5 /250 ml H,0) 30
B 2.0% (5 g/ 250 ml H,0) 30
Control None 30

The atomic force microscopy (AFM) images of the control is 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 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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TABLE 4C
Sample O1s Nis Cis Si2p Fis
Control Posterior Average 177 7.2 66.9 8.1 0.0
std dev 0.9 0.2 0.8 0.3 0.0
Control Anterior Average 17.9 7.0 66.9 8.2 0.0
std dev 0.6 0.6 0.7 0.4 0.0
A _Posterior Average 17.9 8.9 69.5 1.8 2.0
std dev 0.3 0.2 0.6 0.6 0.2
A __ Anterior Average 17.7 9.1 69.7 1.7 1.9
std dev 0.3 0.3 0.8 0.3 0.2
B_Posterior Average 18.0 8.9 69.9 1.2 2.1
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
a4 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 coaicd 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 1 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 lipids. The above lipid mix in the amount of 1.5 ml was added to the test lenses,
which were subject to deposition in a 37°C shaking-water bath for 24 hours. The lenses
were then removed from the water bath, rinsed with ReNu® Saline to remove any
residual deposition solution, and placed in glass vials for extraction. A three hour 1:1
CHCly/ MeOH extraction was subsequently followed by a three hour hexane extraction.
Extracts were then combined and run on the GC chromatograph. Standard solutions of
each of the lipids in the deposition mix were made in 1:1' CHCl3/MeOH and run on the
GC for determination of the concentration of lipid extracted from the lenses. The in vitro

lipid deposition profiles for the lenses tested, using the protocol above, are shown in

Table S below.
TABLE §
Sample Average Lipid
Concentration* (ug)
E 39.9
EE 36.7
F 51.2
FF 39.6
Plasma-Oxidation 117
Control
No-Surface-Treatment 2433
Control lenses

*The average represents the deposition profile for 6 deposited lenses.

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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mixture containing at least one silicone containing monomer and at least one
monomer having reactive functionalities selected from 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 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 step (b) having
complementary reactive functionalities along the polymer chain with said reactive
functionalities on or near the surface of the medical device formed in step (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 or Claim 2 wherein the medical device is a silicone
hydrogel, continuous-wear contact lens,

4, The method of any preceding claim wherein the hydrophilic reactive polymer
comprises 1 to 100 mole percent of monomeric units having said reactive
functionalities.

5. The method of Claim 4 wherein the hydrophilic reactive polymer comprises 0
to 99 mole percent of monomeric units that are derived from non-reactive hydrophilic
monomers.

6. A method as claimed in any preceding claim wherein hydrophilic reactive
polymer comprises 5 to 50 percent of monomeric units derived from functionally
reactive monomers selected from isocyanate, epoxy, azlactone, anhydride containing
monomers, and combinations thereof, and 0.5 to 20 percent of monomeric units
derived from hydrophobic monomers.

7. The method of any preceding claim wherein the hydrophilic reactive polymer

comprises 50 to 95 mole percent of monomeric units derived from non-reactive
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% & ()- ai ndiydidphilic thdridiers sclectcd from the acrylanudes, lactones,

& ()-2010% & 0% & 1098 & () - 01004 & 3s&10%
& 8 ’ 3\/10(&%5"&2 }‘91%“%??& A"a‘ g5, me E‘EW %At OI(QYéIEQm%)&ﬂF&hacrylatimds

& ()-%rx|[:,510 50 exdentl&i%actofmbric units Hadoed f@m ﬁmé(t@nl@y/?e‘&ct(vk monXg%% & ()-

F, #10% & () - % & ()-xvU4d  f#z10W& ()- YI0W& ( & ()-10 10
10 , 810% &el(eyted fyom W&Z@ytowrhng Eentafm&mpymers Tosyeinthe :

10% & M vU4; 10W & 10 & () -
10W & 8 Smkﬁ%%r@%ﬁ%&“&m%%&q% i &ﬁ%-vmv 10W& () - 8/\;: X 0
10W& ()-; BWE meﬂmmf&ll( 7Wll@%&le(f)lncm&t@b&cﬁMpnmareIO%/&' ()-

10 ()| PO o e e 4 bond: aiypnde Y

isocyanomethacrylate.

9. The method of any preceding claim wherein the hydrophilic reactive polymer
is derived from hydrophilic selected from dimethylacrylamide, acrylamide, and N-
vinyl pyrrolidinone.

10.  The method of any preceding claim wherein the hydrophilic reactive polymer
comprises 0 to 35 mole percent monomeric units derived from hydrophobic
monomers.

11.  The method of any preceding claim wherein the hydrophilic reactive polymer

comprises azlactone moieties having the following formula:

R3
|
<R
_'q /(CHZ)n
(o)

wherein R? and R* independently can be an alkyl group having 1 to 14 carbon atoms;
a cycloalky! 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 0 or 1.

12.  The method of Claim 11 wherein the hydrophilic reactive polymer comprises

the reaction product of a mixture of monomers comprising the monomer represented

by the general formula:
R2
T
R1 N
0]
R3 R4

47

AMENDED SHEET



mX quyz{nmvvU4; 10W& ()-; 10W& ()-; 10W& ()-5W nX ; 10%/&'()

10& ()-1-vU4; 10%& ()-5W nX ; 10W& ()-; 10W& ()-; 10%%

A0W& ().-_2vUA; 10%; 10W& ()-; 10W& ()-; 10W& ()-; 10W& (%DCTZ&B
10W& ()-; 10%W& ()-nN.vU4, 10W& ()-; 10WE& ()-; 10W& ()-; 10W& ()-
10 & () -5V mX widraht! adORUidépendent9 Boed d ydrd@ilebid araa%e fificyl 10W& 0-
A0WE ()- 1-yU4; 10%& () -5V nX ;. 1OW& ( 0oWwe& ()-: 10W& ()-

109w & ()- gedioalopith anseg SIXfetho&atO)nSf anfd% i‘) mdeﬂe@dﬁﬂw(dfnote W & ()

10% & BrBE

10%/&'8 s %’Jisn%/\k 5‘%{%&4 m%'/LOavm %}07%@??&1&)503%9‘%& 0
109 & ()-5\wtoms ; 10W& ()-: 10W& ()- aei mqr}|-vu4 10 & ()-5W nX ;

10 & ()-; 0%/ 0%
Toong (). ! owé*%ﬁmeth%ﬂ‘é%%%ﬂ%% 02 i Beimoromtf e Sz o ()
Jl.gogg 8 ; Zéoxgz\jo\khﬁpr?/}(&c( %.-ésopiﬁ?gy&4(4i%1ﬁ;&/%yh%ogﬁbhw-oné@.ﬁﬂl&- ()-

W& ()-: W &' W & DvU4; 10%: 10W&
10W& ()- *ﬂ%@%‘%ﬂhﬂ@cwﬂ)m PN & () - 10(%&' ()-frL+vUs :y" 10%9&' ()-
f1- 109 814() The]rﬂ%odgof(&y prm&ﬁﬁ’é’@lal& Whersin ﬁﬁ%lﬁlc(a) déAle 1§%pbbur{a vud Tyt 1
- 109 & ()- + 109, & ( 0% v(- 1094 & ()- 0/@1004
& ()-z y9$so c@npl osga)l a%mhygmp@ lcseaczmao Ynqryn ﬂleshsew & ()- :3-
10% & ()- @? ,0- 10% & ()- ;/- 109 & ()- o/u4 " £10% & () -
- F10% &'() E700% & f) 10] 10] 10]  ::10% & ()- ;y8T 10%
&' ()-+1% A silicoregngdéca] flevice; mclgd_;gg &hxqrophlhc sutfos @miprising; - 10% & ()- ;|

0% & ( §? i ﬁ}ﬁiﬁﬁwgﬁé B o SR e ﬂfc’ms%%%%satwa% B (). 1.
010% & () - mumjr@%ﬁh@ng at Beast-o@S Gilipote 4pntaining Mid@Rmet {nid-at least one

monomer having reactive functionalities selected from azlactone, carboxylic

acid, amine, hydroxy, and epoxy functionalities, and compatible combinations
thereof; and hydrophilic polymers attached to the medical device wherein the points
of attachment are the result of the reaction of azlactone, isocyanate, acid anhydride,
epoxy, hydroxy, primary or secondary amine, carboxylic acid or compatible
combinations dong the chain of hydrophilic reactive polymers with said reactive
functionalities on or near the surface of the medical device 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, thereby producing a clear, transparent biocompatible coating.

16.  The medical device of the Claim 15 wherein the medical device is a silicone
contact lens or intraocular device.

17.  The medical device of Claim 14 or Claim 16 wherein the medical device is a
silicone hydrogel continuous-wear lens.

18.  The medical device of any one of Claims 15 to 17 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.
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010% & ()- . 010% & ()- /. 010% & ()- . 010% & ()- GOSTi x~kK34;/. 010%
& ()- . 010% & ()- . 010% & ()- (/. 010% & ()- . 010% & ()- na@4;/
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& ()-z 10%& 19 SFhosedic] JeviGsn s Boywdie of ClaBA Y5 ® 18)wherelfabed% & () -

haiEdiin
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£ (7R ot et bt e, 105508 0%

'()- T510% & ()ag()* R+ | hU4: % & () % & ():M S, 109
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00 58 B el e e 3300 (-
y10% #- & () - BAye %@’S’i’&@%ﬁ@ﬁ%%@w{iﬁ @é%%ﬁ%aﬁwm(thawlme #-& () -
$10% #- & () - ©1.10% ¥ Sedidal GeviddSbatly Enelof Claild P9t 208 Hetein the hydrophilic
310% #- & ()- 67! 8$828384858C8| obU4® . f#910%. & ( 4 10- 5 18-~

-10-
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& ()- :10% & ()- ~610% & ()- - B0 RSEFRASHCI [ bU4;

o)

wherein R® and R* independently can be an alkyl group having 1 to 14 carbon
atoms; a cycloalky! group having 3 to 14 carbon atoms; an ary! 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 0 or 1.
22.  The medical device of any one of Claims 15 to 20 wherein the hydrophilic
polymer comprises moieties along the chain represented by the general formula:

wherein R® and R* independently denote a hydrogen atom or a lower alkyl

Rz, R4 o
N>L<
n H OH

to six carbon atoms, and R? and R* independently denote alkyl radicals with one to six

radical with one

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

23.  The medical device of any one of Claims 15 to 22 wherein the 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 units along the hydrophilic polymers

complementary to reactive functionalities on the surface of the medical device and, in
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" #SUR' () *+, -ighRd r Bled thBeEBARAhY B SERIIY retiv
Ent r yWor dDocunent I #$%&' -(B)’l}?& /0 2345678% Sy eriagh
<=>7 @\BCDEF GHICIKFIpREBRE K ﬂ{w simultapeonsly ghiepwantialbirpplied tpthe devigeto
" #S98 () * +, -pd GARA456789: ;
<=>? GABCDEFCH JKLI\/NODQQSTU\/V\XYZ[\ “abcdef ghi j ki nno1pqrst uvwxyz{| J
| " #$9R () * +, -29.01Bregnsdiasl device of Claim 15 wherein the hydrophilic polymer attached to

<= >”@\BCDEFGI-{Ih§ %g@%@%wﬂem o reRRGHRLAN: b RARR SO IREFSal ~

I " HSUR () *+, -
<=>7? (GABCDEF GHiyiiidptilioRrQRE Ve ptdyivz nd an asidefurdtighal jhixnoplope palymenxy z{ | } ~
1! 0, * -
& ()", g 012&1%511%&8 cal devxce o@any of Claims 15 to 25 wherein the silicone material
comprises azlactone-functional monomeric units that have been converted to acid

groups near or on the surface.
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