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S| LI CONE HYDROGEL CONTACT LENSES COWVPRI SI NG HYDROPHI LI C PQ4 CEA NS
ATTACHED TO AXP PYFERVEDI ATE CARBON COATING . FIELD OF THE YRVENMIERE The
present invention is directed toward the surface treatnment of nedical

devi ces such as contact |enses and nedical inplants. In particular

present invention is directed to a nethod of nodifying the T\mmm% Mﬂ“ﬂm
medi cal device to increase its bioconpatibility or hydrophil

coating the device with a carbonaceous |ayer followed by the att-sslasrent of
hydrophilic polynmer chains to the carbon | ayer by means of chem cal

reacti on between reactive SURRACKHZREATMENE ORSILIEODF aceous | ayer and
conpl enent ar y INDROGEL CONTAGHERENSES COMPRISING/ HYDROPHILICRQELEMEKR he
present inventi oICHAINS ATTAICHED FO AN INTERMERIATE2GARBON CIOATING!i cal
device having such a surface coating. The invention also enconpasses
certain copolyners useful for cwr:r n IHK&EHT" . BACKGROUND Cont act

| enses made from silicone nater e=reefr—thvesti gated for a nunber of
years. Such mater mkgr&mu@mhaddlmecteemmﬂwsdﬁéeuemeﬁmmard@{oa@ses
hydr ogel s and non- hydrogel s. Non- hydrogels do not absorb appreciabl e
amount s of wetieh asmségsnsmmdo ical dmplaglys o pagylar.cthe ipresent: igyentian ds,
equi l'ibrium sfakeq twéim%hsof%mfyﬁaglme Qaaf&eaomahfeammoaé@w to0fRALES it han
about five weight percent and noré commonly between about ten to about

ei ghty wei ghtbigrempetihilityReryhydsenbilisity) byt ¢nating Mté'?"l%!omﬂer@t cmmmdtmr ogel

nonvar tabl o o Sl RTRSHARY B TRy LR S I RBRE", T

need for renddrdhegiceh eeacum‘ batweanf regative functibmatisiess ol ytiokr oq:hodamu@ rlayeo ragd

hydrophilic. |ncreas hy.dr ty,. of the n surfae

i nproves the VE’P[%PPP? ﬁvc[ he cgggklg%:t et}]‘geh dr\Mth éoqu?r[ ui &5 Rt A eye.
This in turn quanav&salid\ﬁrewediro Levnfact lensadr ottieemediodl deticé mvﬁgsuch aslirl’seecase
of conti nuous- Wear ses, the surface is especiall ort n T surface
of a conti nudi?&u® v@“’oé‘?“f&%“%“@tﬂ‘ Z%P%‘“ X’F‘Eg #gned,
not only for @gmagaﬁs but to avoid adverse reactions such as corneal edemm,
i nfl anmation, or |ynphocyte infiltration. Silicone | enses have been

subj ected to plasma surface-treatnent to inprove their surface properties,
for exanple, in order to make the supiasrOUKD hydrophilic,

depositresistant, scratch-resistant, and the Iike, Exanples of common
pl asma surface tr&ontashienses Wé‘l‘%@@nﬂm‘j’l@dﬂﬂmﬂ%}@m h@ m‘@ﬁ%ga&drfph%é‘émb@ a
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monomer s as, #dndmomhydrogels. Npﬂlydmpb do nijoabserb amse@w a!mmtS(@)Wmmhmeﬂs i ons
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t reat nent s ar®wates coktamtvigreates Lthdn atout ﬁuess/etghrrpmmt ragd adre lcem:nbnlgahemeem wth

a plasm of a i ner S.0r, 0X b drocar sma. For
exanpl e, ﬁ'étttgﬂ{‘ %Emnﬁ'g%tzéy% M dl&%/ °§I lﬁw'ffﬁ%ng?gb B®Ess for
provi di ng a hﬁ}/ﬂfdg@lfaﬂd(lﬁyﬁtdgﬂ silitofe Sdnltaccnﬁses@éndpethyw:etahwsahy&aphdmeﬁ&-n t he
| ens is subjected to an electrical glow discharge {plasm) involving a

hydr ocar bon aV§felsifarecesol | oned by oxygen in order to increase the

hydrophilicity of 1Hage 48NS iSthe bAGheve Wid Resphized tHdinded Yar Rind&r g thd RifagxXG P! €
2 (oxygen gas), water, hydrogen peroxide, air, or_ the like, the plasm

fends 1o et chooniset lenses datophilie s merp hyciophilie. facreasingcthe hydiophilicitnpt ghe
functional gr&Hﬁétv-leW‘?ﬂféa S&s{;r@@s mewaatmtysmhée@nd& %&&%&u tedit4iaid G dat | on

renders the surtface o iI"icone |l ens nore rophili1c. However, the
coverage of styeh Bhis fimdwntimpeevercthe weay cn@forbe}/ mn@n@pteleam tInethe) epse of
roperties of ce of
ltohepl ens, COBE& %P@gﬁg&ﬁ%cweqs f\{cﬁé acent?‘%ﬁ%{ gén%ftars]%r ac?]t;a'@'ar e
capabl e of rotatlng t hus exposi ng hydrophoblc groups to the outer surface).
Such coatings have been found to be thin, whereas thicker coatings tend to
crack. Hydrocarbon plasmas, on the other hand, deposit a thi er
(e.g. froma few Angstrons to several thousand Angstrons thi@mm@%mgwwmmm
surface of the lens, thereby creating a barrier between the
silicone materials and the outer |ens surface. Follow ng deposi tc®M2of a
thin carbon layer on the lens to create a barrier, plasma oxidation can be
enpl oyed to increase the hydrophilicity of the surface. Although known
surface treatnments can be effective in inproving the surface properties of
non- hydngel silicone contact |enses, problens are encountered when such 2




2 3 SEP 2003 treatnents are applied to hydrogel lens. Silicone hydrogel
| enses are coghgfniels @S unhydrated state, but subsequently %(/ p uring
manuf acture and prior to use. This hydration causes the |ens

dramatically swell, commonly from about tea to about twenty percent in

vol une, dependi ng upon the water content of the lens. Such swelling of the
| ens commonl y_nmay caus as coatings to.crac del am nat e, .and/ qr rub
of 1+ Furt her BFE Lo BRETREASTHR, 68 2l BE shfes i do it yRabiesinHrot
permitting preafrsal tdems, infiaamation)ordptphdegtedhfiraionsi ng | ens destructi on.
Various patents di Ios? th%ﬂattach nt of hydrophilic or otherw 5%5,

bi oconpati bl e pol yiHEsne leupesihaye hesn sphected to plasmgsurfacespeatimant fotmprqve theirger ¢ o .
render the | eqffab®popdiies W¥RAdmpe, Gn ofdef takethe surlthce mdre h§dtbphike, d&ofin2, 014

teaches am nation of a substrate followed bé reacti on w tg&ggher pol yners,
such as a PECesis@nt, samtergpistagy ang thelikea Exgmplss ¢§ seramen plgema sysfac)wesnenth wi t h

such an appro i : t.bfa i i LS. m 0.t he
difficult of g’te {ﬁgtﬁ?b?u%ﬂ%%e po#?%%g&?ﬁgqsﬂgﬁ%h%m%%&% pg)ggl %&ggasﬁgt ent
5, 344, 701 di sexygem gs, tforeexamplec imB. Ratend Nos.of,05G318; d5122M2andd 1400 @rs to

a substrate b | a - The_i QN ity i > field of
sur f ace- nedi a%]gl g;ﬂ?%rg{ a 03?2% Péeé%%’o%}s/%{a%?ﬁg’yg’ﬁgéfegé %lio‘ éll'?%’tgg%e Fﬁ#)c
separ ati ons, tombinationgofaikidizing agests pad hydresartwhs, forosxample)weter ardi eftgnel 2t inc

orts and react o The oxazaql inone gr is attached
f gpg po?ous sh‘ﬁﬁ&@geéﬂn%ﬁ%ﬁe?&ﬁ? 4’@6%4?0@%?°%f‘ﬂ:§’qﬁmfﬁgg‘%&%ﬁgﬁpﬁfeati on
in the oxazol hlee®ReowH) MBS thdsé Borhprikid Sirst @esRRnOWitE b HTddha OF ah APt rat e

surface. Alternatively, the substrate can be coated wi th nononers and

reacted with pX¥esprdoliasved By hydrocgben plasma gFersxamply, Ush atsntdie 4. 1345 &r oups
that have beeﬁeﬁ&a&hﬁ.ddfs&o%egea BrokiacRr l(i)g&g(?ig?rh BaribtS 8shtih® i b adftore or

biologically active material, for exanpl eins, since the oxazolinone

i s attacked bpolswrethens lenstiherein therdensds sehiented tounlecmricabglowNtischarge (elasaul t o
Vali nt et al m@gﬂ'm g §h¥ b&Bin Moo e?‘éQfol?ovJeAd i)? c}xgk in %Lderqbsiﬁ*:rgég tﬁé]e use
of oxazolinone nonOners as I nternal wetting agent For® Cont act enses,

whi ch agent s hydrophiligitaofthe tens susfageir f ace of the contact |ens. WD 941 06485

di scl oses a conposy rial cial bi di cal devic ... an
opht hal m ¢ devi ce,sw%tgrﬁiégld‘éﬁgypa can ogc%x)éf"g}les ,(g\r;ﬁ‘#%néasgr wﬁ%?’eﬁ’(ﬂg{g%bl e
sur f aces capapérexidé, ainadrdheiikeathe plasma tendstol exohethe ifrfaae)ofthel fenk,| codating fadicdon
whi ch conposite, mat.erial conprises bul terjal and a hydrophilijc
coating char a?:‘fde?’i‘é%e@ ﬁ?@f’ﬁgrtémt“% X@ﬁ?&ﬁhﬁsl st?if’ A% TR sé‘ab ’“Aétwn
carbohydrat e gdniies BRdugéafantlicynd Rns 8ded hpRogHINY Powdvet, tBe SdVefags 6f Rih t he
bulk material, either directly or via functional groups

of an
ol i gof unct i onZHACH FERRFRY mayaRioH D FergRIets e i tem Bk PErRsEish af fie silifoRe marisy
functional gr Qﬂ?%n%& BpafedPathEnpfact 8RMHE18E, W 4 Nifdhe niofdtlal ¥t et at
the surface of the bul'k material and with the carbohydrate, wherein said
reactive groups lenscsuefaqerse canableof metating thus expesing lyideapbabicigroups do gl outer
material or whgkeLn 1 i : . face
of the bul k nerers SBb CoERE b @AY WO unE Sihcilak FER Ridedimi S| 70°
SEP ~ I n vi ewcrafk.t Hpdredathos plasmasyon|the dtberimand; depbsit 4 thirf carbomlayery(e.gcfadn 3
cl ear) hydrophjli ing r . Silico hyer ogel. cont act
| ens or ot her @#e&% 5%1%%3;\% %&&Phg%ﬁ%arﬁgvé%gog%o%c?u}' ozi‘cgl%c%%feia%gg ﬂfehg I's
dur abl e and wherdby rceeatingf 4 bantiededtareemthieend&iyihg silicsriehasterials amd tHecoukee lens

desirable to f t. t hat al th t act th di cal
Govi o t o be MBPREcaRiarpd et Rionss S saARoB T G e g o BreALeTEn ¢ .
3a AVENDED SHpfadma oxiation bitbhemidlces Erindftlsethe hiydrSsicly of themiifade. coat i ng, in

the case of a conégf | ens i mul taneously_ tear-wettable and _ highly

t , 1S
permeabl e to oxygefithough kBowy syriacgJLsamments can be gHective ip JRBRYRE e I1SAHEE | ens
was capabl e Ofroperibd mﬂausnym%ga sPHeBRE ctttict 1626&S BFoBRIR akPEncAuiRRl witen SRhE
W t hout adverse effects to the cornea. SUMVARY OF THE | NVENTI ON The present
invention is directed toward the surface Rreatnent of silicone contact
| enses and ot her silicone nedical devices, including a nmethod of nodifying
the surface of a contact lens to increase its hydrophilicity or
wettability. The surface treatnent conprises coating the device with a
carbon | ayer, followed by the attachnent of hydrophilic polynmer chains to
the surface of the carbon |ayer. The carbon layer is then plasma treated to
formreactive functionalities containing oxygen, nitrogen, and/or sulfur.
Conpl enentary reactive functionalities in nononeric units along a
hydrophilic reactive polymer are then reacted with the reactive
functionalities on the carbon layer. In a preferred enbodi nent, a
contact-lens surface is pretreated with an oxidizing plasma prior to

) Y b1 N o I T N _ Y . I




wo oorn6l3 Z 3 SEP 2(~3 PGINS00113524 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
As stated above, the present invention is directed toward surface treatnent
of silicone medical devices, including contact |enses, int?3o%kR 03| enses
and vascul ar inplants, to inprove their bioconpatibility. By the term
silicone, it is neant that the material being treated is an organic polyner

conpri sing at ybfddhs &b\éspm@r:&%sl&ogw 1&@ @daﬁcone rdrbgeP Nsek agst':oata{i)'tﬁl ges),
preferably 10 to 100 percent wei ght silicone, nhore Erefera I 0 to 90

percent by wepgpdrated F‘F"Go‘ﬁ’és“"ﬂﬂé@ﬂb'é‘g@'#ﬁd ﬂwsmmfmasn htofusgndhiser y

advant ageous fyatisR Rhisestiht Qéhs 116 deMMtiaMy swell) S@mmofiyl £ asdut teaQPeLEYAr 0gel s
or sikicone rigid-gas- perrreabl e naterials. The invention is especially

advant ageous BRY PEICFY dh¥PI¥RF ARGRAine vaqn the Tetss coptent of thelerss Sueh svellizg s are a
vel | -known cl ashe Rbs Mn!)aﬂn@ cakt IEnRQENNES® JNER dlafhateS iridfos nib sHed

pol yméric sys cont n|n water in an e i briumstate. Silicone
hydr ogel s gen Wﬁ\E‘W’ Féﬁ%&?ﬁ‘%?f?‘”gﬁ@‘a%@?“?ﬁ%“%{mmﬁ PRPFei ght

percent and n&b&xﬁﬁﬁ%ﬁ&idﬁhbﬁymﬁga&ﬂ&uﬁdﬁmto about eighty wei ght percent.
Such materials are, usual | red rrerl xt ure_containing at
| east one sili conglc?gﬂ’fsalpﬁ?éﬂ‘g ﬁg% n%"’ Pl t%gﬂgp%dﬁbpﬂﬁhﬁwé”rmnorrer
Ei t her the si bxba:mpeﬁiﬂmo@nmngxahmmmﬂmsurﬁcc dflaeoxhgodremhlofdeaomaalmﬂetﬁay
e On, 2%, Apblea Rl fblen P UERloId 3 61 AR b VR0 oPPRG LS

AalTL es ét e

nonomner haV|ng mul ¢ e func O
cross-linker m;tra!vefomddyeéchmmth@m plicrs, surhas erRES slarnqplm)lnmri C units

f th th t
o oy us Su@l Bl Batte. Yl pbikcn G0 B SorRlaly Wika g RN Baih " 2
4,153, 641: 4, ¢mwsshmﬂ@ 4(93&9 theglifficalt pfataching thepobymgr ol silicorg ebsTRe: - and

5,358, 995. Exanpl Qﬁsoﬁa@pslmml eisabaes RN A 5F HzdRARE dofactdfld LS -
i ncl ude bul ky pol ysil oxan%wgl | ryl th) acrylic nononers. An exanpl e of

bul ky pol ysi | BREARFIP@yFPs @s‘ﬁbn'g?ﬁ’e‘?‘é"“‘i‘%“ has piilicy intheBeld of ¢ he
folgl gvm I;g]_gF(())r Emlﬁaéhl-ﬂgxed\xﬁed oﬂ/\&tﬂﬁzlealﬁéﬁoﬂs for Sphthesii0 8r Bﬂﬁﬂe@@@ls&ﬁéRﬁnngg (
R1 I - = Xi | - n
wherei n: X denﬁlf'g ity s ép%m é’i‘?#‘h‘?@“ﬁlﬁd&&é??a%%t‘r’w{i%ﬂa e@2Bfdr ogen or
met hyl ; each RéBbranecreastorsd e byazdlinvné goumis hitached tah pyrous sabbtrate kppayehtiny |

di | |
radical or a g fioh RRSARAGEL meamaon i Eoazoflode ﬁ&.ﬁ&;}uﬁ%qfﬂl 2 come

I ndependent |y ‘denotes a | over pheny

preferred bul fopmesdchyonigsms op the Sr‘l‘b!ﬁfﬂ&cﬁf“#?‘iﬁxﬁmp*}*{d}'t the substritereantbe|coatbdox y) si | ane
or tris(tri WW'rﬁdnbﬁW)a%ﬂ'&quo% ;fmhiaaﬁrmtﬁ cro3iied BBating €f ¢4 €d tO as
TRIS and tri Sé;[l‘l met hyl si | OHY?)B si| aﬁﬁﬁ%ﬁ%@ Vi nyI carbarrate sonet i nmes
referred to a oupg;tha Pﬁ%‘ R thopBe Ysrdia atach ani th a
silicone rracrmabgiamracuvamma &r&xaﬂﬂlyﬁmreg@,rmb Immm)md?aa&md:kuw an

d le. L. No.
4 155, 641t o BB 4 fondl; 57 RE Mo, S Vil b S G L i o

groups, i ncl udpSp5aak4/to daijet aly disndash derugd afoyazoliwvot imenonmirees intanial wepingsent at i ve
silicone-cont Qg&mc&mg&@ L: & a§,| 9%@&?%%&“ p%! car bonat e
or vinyl carbanmat A sucﬁ %1 ﬁ | d

vi nyl oxycar bonyl oi%s%@g%r 3fsflf’s€f?8??é°[°ﬂg7lma '§1‘TSB°>?5H%° biomedical device, e.g. an

3- (trinmet hyl soghthalmicnieyice,\prmtigularlyzrdowacti teps, with one or more wettable surfaces capable of

3- (vinyl Oxycaﬁcﬁ@ ‘iﬁha}oe{ P lot LaJebu%(fMd' tfi@éoh%t:'&ﬁﬂ{ésﬁé h@@ﬁll cgrlﬁ?ris% s(tri
A

met hyl si | oxy) si vVin car banat e res silyl]
propyl allyl bk %hYFt"Phlé‘( eqatingahargqtasisgdgn fhptsthe wd}qsh-bbyqatm oppists

carbonate; t §&fa carbohydrate attached covalently to reactive groups at the surface of the bulk material,

either directly or via functional groups of an oligofunctional compound, said oligofunctional
compound in turn having functional groups being capable of reacting with said reactive
groups at the surface of the bulk material and with the carbohydrate, wherein said reactive
groups are either inherently (a priori) present in the bulk material or wherein said reactive

groups have been attached to the surface of the bulk material by a plasma surface preparation.
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2 3 SEP 2003 WO 001 71613 PGI/ US00/ 13524 but yl di net hyl si | oxyet hyl vi nyl
carbonate; trinmethylsilylethyl vinyl carbonate; and trine%gglsilylnethyl
vinyl  carbonate. Another class of silicon-containing nono SEP rdf3udes
pol yur et hanepol ysi | oxane macronononers (al so sonetines referred to as
prepol yners), which nmay have hard-soft-hard blocks |ike traditiona

ur et hane el astoners,_ .k e «S1 |4 . Ul.e al. i,scl.osed..n a

vari ety or publicat }ndjrr?s@ %ecﬁ%ﬁg% ﬁ?okgfb%q%ﬂmu%ﬁ}ogﬂae ﬁgﬁ%g?glea&fhy g

Pol ysi | oxany! alcpatipg favshhadrseanfasilicondyldgogelepitact denPor phied medicaledeivigel tagel s,
Jour nal of Apphkgg ven VQl : e P,

Publ i shed Applicatfgg&%ﬁﬁéﬁé?%%%ggﬁgﬁﬂé?ggﬁggé§%g§%%g?%éggﬁ sJ%'qéghoners,
whi ch di scl osurfirther; ihwpwd be desirablp tr foarm ¢optingetbety diowe thenconted lengtor pdieyy. - .
Further exanpl gsafelt dilict ©oOHEmAte bR RREHIERAPHBLciatitle ?&nggaeﬁm&ﬂob ifeOt MUl ae,
1 and I11: (Il) E(*DA*D*GQa*D*A*D*E ; or (II1l') E(*D*GDA) a*D* E;
wherein: D denotes an al kyl diradical, an al kyl cycloal kyl diradical, a
cycl oal kyl diradical, an aryl diradical or an al kylaryl diradical having 6
to 30 carbon atons; G denotes an al kyl diradical, a cycloal kyl diradical,
an al kyl cycloallcyl diradical, an aryl diradical or an al kylaryl diradical
having 1 to 40 carbon atons and which may contain ether, thio or am ne

| i nkages in the main chain; * denotes a urethane or ureido |inkage; a is at
| east 1; A denotes a divalent polyneric radical of Formula IV: - Rls Rs
-(CH Si-O~i-(CH._ 7 wo oorrl16i 3 wherein: SEP 2003 NSC0113524 each Rs

i ndependently denotes an al kyl or fluoro-substituted al kyl group having 1
to 10 carbon atonms which may contain ether |inkages between carbon atons;
m is at least 1; and p is a nunber that provides a noiety weight of 400 to
10, 000; each of E and E' independently denotes a pol ynerizabl e unsaturated
organi c radical represented by Fornula VI: R~ R4 ~ (CH2~- { X} x-
(~(~)y-RzS24 Wherein: R23 is hydrogen or nethyl; R24 is hydrogen, an al kyl
radi cal having 1 to 6 carbon atons, or a -CO Y-R26 radical wherein Y is
-0, -S or -NH;
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R25 is a divalent al kyl ene radical having 1 to 10 carbon at 05y, t‘m'gs a
al kyl radi caIwB%Kl,:liggj 1 to 12 carbon atoms; X denotes -CO  Qfrs 524
- : to

denotes -O or Ar denotes an aronmatic radi cal having car bon
atons; wis Oto 6;xis Oor I;yis Oor |I;andz is O or |I. A preferred
silicone-containing urethane nononmer is represented by Fornula (VII1): 8
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 Rom- NG ek oo R i eash ek Eqi lengyis simglineppsly teyyptiaPlg and highly ¢z
a H H H E - OpurBéiid\o Skiaeh2OFhat e Nefible Vi 86 B bibcbmpaibillzé@Sénslwand i s
preferably 3 or 4, ais at least 1 and preferably is 1, p is_a nunber which
provi des a nofiaible REFQRGNLQHS Wean overnight, prrferableifor & Weekfor mase Witheut |adyase 30,
R27 is a di ra&'fegﬁlto&gc@mgi‘i socyanate after renoval of the isocyanate group,
such as the diradical of isophorone diisocyanate, and each E'" is a group
represented by: CH3 / O-CH2I U Another class of representative
silicone-containi ng nononers '%ﬂ#gﬁwﬁﬁw oners. Such nononers
have been used in the formati q—r‘m'rre—%rogel s to reduce the
accunul ati on of defeprdsentdnvention sodirected sxwardithel surface treftmentof siticeheontadted i n
U S. Patent S. 4,954 587 5 079.319 and_.5..010, 141, The.use Of

si | i cone- cont S 1P %B‘Hé e ’ﬁg‘éfﬂée}f}’éﬁitlg‘flhdl?ﬁ 1 5epd efmmoditying the Srfee of; o
-(gFZ) | H, have chbeea ladins ihedseTi fsohﬁdrﬁﬁlﬁﬂéﬁ?idd?i\béﬁagﬂi t vie Nsutface Ergatmenthi | i c
and siliconecontaj ning nmononeric unjts, as descri in U.S. Patent S.
5,387, 662 and*OSFISE KA8ng| °04f&°§rmﬁ@ab°emman@ wedby fe pgRmEtoN, a
silicone hydrggelphiiRifiynter RAIPIJ $i8 Sukface oPthe arbbh fyer. SFhe! darbbh SayePRANER'

m xture that iI's copolynerized) 5 to 50 percent, préferably 10 fo 25, by

wei ght of oneplasmanateddp fQ@UMMﬁWEMWQQM@XMFm{@d@FM@H-abI y

30 to 60 perc, [ : : I il | X

001 71613 P-3l ?@bglﬁ%@%ﬁg%?ﬁﬁﬂ%@%ﬂ?‘%@%ﬂ%@ﬁ@%ﬂﬁaﬁéﬁ% 8?8’%’8‘“%8 F%‘}a%%t",

pref erably 20palymeOarpdhencreacted withethgireactife funktjahalitidsi dni the aarbondayer.Exinrpl es
of hydrophili n s..include. but are not |im to, .ethyl eni cal.

unsat urated | éfgf%ﬁ %Wﬁ&hg ‘d'c%ar?g ?:%’F %‘@ﬁ%ﬁ P‘é"é"ﬁ%.&‘ﬂ% f %’i/’?‘?# ipgalsrr?g H’é{”y

met hacryl i ¢ atodiepositydn af the catbon lagery in ardgud fhprove sitiesidrcafithé sarbanllaperaThe

2hydr oxyet hyl i net hacryl ate .and 2- hydr oxyet.hyl acryl ate and acryl ani des, such
20 ot nacr y1 SRAECEGY SRR 1 P SRS AR vt oty A pRectage By s
carbamate _ nppRERAS Fnlly, df idvétibhTovers terteinShovElRédpBlymbRSwhith &réCuséfhbin and
oxazol i none nonagners such as disclosed in U S. Patent No. 4,910,277. O her

hydr ophi | i ¢ nefeER&RPIGIIONS.ne apparent to one skilled in the art.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 shows an Atomic Force Microscopy (AFM) topographical images (50

um?) of a control contact lens described in Example 8 below, for comparison to a contact
lens according to the invention; the image of the anterior side of the lens is shown on the
left of FIG. 1 and the image of the posterior side is shown on the right.

FIG. 2 shows Atomic Force Microscopy (AFM) topographical images (50 pum?)of
a contact lens coated described in Example 8 according to one embodiment of the present
invention, which lens is a fumarate silicone hydrogel lens coated with a polymer
containing dimethylacrylamide (DMA) and vinyl-4,4-dimethyl-2-0xazolin-5-one
(VDMO).



The above silicone materials are nerely exenplary, and oth 3rg3£tpe gl s for
use as substraloeriért can benefit by being coated accordi %T,bgoohgg,‘present

i nvention have been disclosed in various publications and are beil ng
continuously devel oped for use in contact |enses and ot her nedi cal devices.
The subject method utilizes standard plasna oxi dati on and deposition
processes (also referred . L -Eh i processes") to
provide a thin, durable égapgigpigﬁﬁmg|J£ﬁ£§#§£¢H§§§$§@€§relininary to the
coval ently bonded Ad staret rabove, tie fresehtoinventon il divgeted| towarp Glisfager tfeatmfneopl es of
such plasma pr.ocesses.are provided.in U S Patent Nos 143, 949;
4,312,575, an 1608 ediee) deKieph JREIILRH STt PR o °<=&¥aﬁ%yéﬁﬁeﬁaq il
known in the iglants} td irhfrove el bicR¥npAiblirRV Biabe Reth Gilicodd, ASiFEncant thaChe
treatnments invol ve passing an electrical discharge through a gas at | ow
pressure. Themategelheing trealrdds amPrganicraglyer comarigiag gt fepst diye Respent by yeight | y

13.56 M), a&ﬁiﬁsaagggom-crm@eeﬁ ?f@ﬂmﬂbh% th I BEEE by FeighE sitiSGt. more

El ectrical disc bg{s produce’ultraviolet (UV radiation, 7in a Ition to
bei ng absor beprefeyabit 3t 30 gerpant by wieigbt silicangeiThe present tinmentionr kas Heen foynd n
energetic ele i . j . cul es,
and radi cal s. 9‘%‘%3@@“@%@3@?@@@8#’%@3&%@ 3}@%{}1&%@8&3&%&%@%@%& es in
bot h ground arigidegesptrectalic abatsgialswhTliEhinvegioh ia especiallly adtaatageons tfar silidone

di scharge is pegun. The circulating.electrical field caus hese excited _
at oo and ol DEAPEL oS Radielfapt Bhiel nHIEEL] &F Rerel ot PR agRa RS of 1
chanber and t bsnprise hadatedf crofidinked polinBéridsisteths icomtainidg. waté? in aneq@ilibriah3 2 3
sEP 200 PCTI US00/ 13524 TQE deposition of a coating fron1aH£Ias onto the
surface of a ff8fe léﬂ°n‘h_3¥ CEABWHhIAYE 2R ORI %“lt’r"dﬁ‘ﬁ‘_ gH- Btseresht

pl asnas “ﬂthog&n&Eﬁmﬂﬁﬁhﬁhﬁﬂﬁ&ﬂ@ﬁaﬁ@&i&ﬁﬁ!ﬂﬂté%ﬂﬁﬁkﬁhqaﬁéyﬁt gtefte PRischt | on) .
Mononers can be deposited fromthe qas phase and polynerized in a_ |l ow
pressure at noEtarls aeqispally preparsd by polysserizing Hmixfure corainipg atileast engfilicong-o a
substrate uti Ld.gd; j r I dphiiRS i ab [ about
1000 watts. A&ITDC!U' gatq{(gd p a?iﬁg,ﬂf%%ygg%ylat, rraym?)lgdl_&g%pl Fagldéi%g o
m||iseconds entainipg menpmen of thejhiydrophilic maongmier) may funstemascoerpssrlipkingagenten
utilized to cgndenss: 0 the.g 0 S .
subsequent |y se&ﬁgm%%gggﬁ%gt ol&egﬁggmagafl ﬁngg%tselﬁ?{e}%e rﬁﬂatt%eigi E@gﬁ\%}%ﬁgt he
substrate. Hofvaetionalifidsh sares scparato terasebimkier andayh be Lemplaykd.e xApplivable osilidonerg or
heating to cause..t.he deposi.tion. Low qr high ttage..(5 to 1000, pref.erably
20- 500 Watts)copq%%l%lﬁﬁéméﬁﬁwggﬁmse\;‘gn“sfﬁ% tﬂ%g?rm\é’ﬁ%x}noggﬁh;?ngsl?ygfo {g aggt% rates,
i ncl udi ng si | kaowaeh. thd lagt fd hjumeiousrexadimplesviré provided fre Utk PatentONGs. 401362508 of a

contact |ens al pRpl,i I SidJ €, Lcal ' in
general . The %’é%ag‘g‘g28%3?@35(34’(@@%ﬁ&ﬁ%ﬁ#&@ﬁ’eﬁgﬁwpg’&@dgg\gg’gg‘ins
substrate to a pl aptanphél BiedppRableO BilicP@atainify Mérothefic Ginitk Oinclud® Waliéyur at ed
or unsaturated hydrocarbon to forma pol yneric carbonaceous_ | ayer (or
"carbon | ayer Pyly@iexamylaliod {methypcrylie aaonomprst oAh; exgmple of tbulky rolysdexapralicrh i es
on the surfacgnéh)atiyiic mBh&RGs ls3REsentBd sy thé FolRWiraimalapydr ophi I i c pol yner
chains to the carbon | ayer by reacting the reactive functionalities on the
carbon layer with conpl enentary i socyanate or ring-opening reactive
functionalities along a reactive hydrophilic polymer. Preferably, step (a)
is preceded by subjecting the surface of the nedical device to a

pl asma- oxi dation reaction so as to nore effectively bond the polynerized
hydrocarbon coating to the lens in order to resist delam nation and/or
cracking of the surface coating fromthe | ens upon | ens hydration.
Pretreatnment is especially preferred in the case of a silicone hydrogel
substrate. It has been found, that by subjecting a silicone hydrogel |ens
material to plasma oxidation prior to subsequent plasna polynerization
(i.e., deposition of a carbon layer), the surface of the lens is prepared
to better bind the carbon |ayer that is subsequently deposited on the |ens.
Thus, for exanple, if the lens is ultinmat&ly made from a hydrogel nateri al
that is hydrated (wherein the lens typically expands by ten to 11




2 3 SEP 2p03 WO 001 71613 PCT/ US00/ 13524 about twenty percent),3 tSie 200%ati ng
remai ns i nt aovoewmdéiBound to the | ens, providing a nore dur 2arasemessiing
which is resistant to del ami nation or cracking, or excessive anmounts
thereof. In step (a) then, a thin hydrocarbon coating is deposited on the

| ens, which is necessary to provide for nore conpl ete coverage of the
underlying silicone material. In step (b),,reactive functionalities are
formed on the surface of the carbon | ayer %B formthe point of attachnent
for hydrophilic polynmer chains. In steBisc l‘lee functionalized carbon
surface i s exposed to, and reacOed W th, dropgi! i c reactive polyners,
resulting in hydrophilic polyne atg gﬁ_ o the carbon surface,
rendering the carbon coating gt?§? opfii '%. Any conpl enent ary
reactive functionalities on t e hydrophrlrg reatmwi ve pol ymer that remain
unreacted, after attachment to the car e #Rhgce at one or nore |ocations,
may be hydrolyzed as expl ai ned bel ow. Pref rably on average the
hydrophil i c polynmers beconme attached to th Wsubstrate surface at

plurality of points, therefore form ng one or nore | oops on the surface. As
ment i oned above, whereig: preferred to initially oxidize the surface of the

I ens; for exanplex &hﬁﬂékfgp \)ydr ogel continuous-wear lens is initially
oxi di zed by the uSe of an oxidafion plasma to render the subsequent

hydr ocar bon depos eachdhs independedtiy denotes hpdrogen dranethyl;Such an oxi dati on of the

| ens may be acco t f. g . di zin di a
such as oxygen opgr'f‘:htsf?'&geﬁ&ggé @ldr@%gyggﬁ"p%%gﬁ%g%%l%&l?@ﬁ%% ﬁ%ﬁ?’cane,
air, water, pepresentdéby 02 (oxygen gas), nethanol, acetone, al kylam nes,
etc., or appropriate conbi nations thereof, typically at an electric

di scharge frequency of 13.56 Mz, prefdadbly between about 20 to 500 watts
at a pressure of about 0.1 to 1. 0 t on—SiPrgf erably for about 10 seconds to
about 10 m nutes or nore, nore preferajgé about 1 to 10 minutes. It is
preferred that a relatively "strong" izing plasma is utilized in this
initial oxidation,.for e Le anpi rawn . t a er cent
(5% hydrogen perm@‘? i %@%@éaw&flﬂ ‘B”‘T’ME l\ﬁ‘{"fayl?ﬁgw ot her
met hods of i nprovhiagl ar1gpr onot i ng adhesi on for bondi ng of the subsequent
carbon | ayer. For exanpl , Rl as with an inert gas will also.inprov

bondi ng. 1t woul d 81“50%’2“@8 Sf’g;e RPORERoATe  Hretueryloxyprepylt aﬁlﬂgﬁ’b‘%gnorrer
to pronote adjgg)élne b ﬁg(rﬁaeﬁ?isﬂo@f)asrp@w nivtiRcRdtE SoktietimeP réfead to as

oxi dative surface treatnent | ens surface is sub ected to plasm

pol ymer i zat i OVRIS eandt wisfrimethyisiloxy)silylgropyh vinyhsarbrmate, semrtt;m equrﬁdyweps c
surface on thgikaps. Any hydrocarbon capable of polymerizing in a 12 2 3
SEP 2003 WD 001 71613 PCT/ USOQ 13524 asma envi ronnment may be utilized;
however, the hydr Sueh baky mesomprs may ge gensbisuerized atith aisilicons pacrpmonemert i on

and have a b

hydrocarbonsqkﬁé 328%ﬂ£8ﬁ8%ﬁg C %§§un§§ﬁﬁ§§Fﬁ§§‘g5§?%9 g&gggﬁpﬁggﬁ%gfbon
at ons, i ncl udhegndberile. sHiS. rPateat! Nond, 158,641 o Neichert!| ¢t pahadiscosesfoy uexample,
Exanples |nclud but not t ed t Clto C 15 preferably C1to C
10 al kanes, af*ReH, %ﬁ*ﬁﬁﬁ?ﬁeglg ?@Fﬁgﬁ actyi9¥¥ne, propane, but ane,
pent ane, hex ane, etda;ﬂeeaess diireprydenmative ili¢onk @BAtainGiC Ot thcluded) kitidéne-
acetylene. Also,, C 1l to ronatlcs S ch as benzene, styrene, )

met hyl st yr enecONGing Hany ﬁaég??ﬁf SpERfmae men fhe 1a3rP‘S[ Such

hydrocarbon gﬁﬁaﬂa@cmﬂ&y}vﬂsrﬂgﬂtm&m agnmtl Bléﬁ-ﬂd:tt?@s ilyDpio ﬂs are

capable of fornming a plasma. Various, conbinatiaons of different ydrogarbons

may al so be @ghgnatghe aﬁ\en:drxye&rb?vlfe@)mm deisttmethysiloxywsilanely r pddlar
carbon-coati Neethi RUAF I;mcpyad){@jltm& fprmﬂoﬁn&mm&wsﬁpﬂ Ill,rwyll Ry er s

of thickness, deposition raté, hardness, , With ect to

hydr ogel rat evatbamate; t he Iﬁndﬁmgﬂnwydmﬁb&ﬂhmﬂsd(forvmmhnplemﬁWBm&he blat ane,
i sobutyl ene, and 1, 3-butadiene) are preferred, at least with respect to
hydr ogel -form ng substrates, due to the el ative |ess flexibility of
coatings made fromC 1 to C3 hydr ocar bons such as nethane. Such coati ngs
may suffer during the expansion of the hydrogel substrate in water or
saline and are nore prone to cracking, which is |l ess desirable. The use of
| onger carbon chains in the deposition plasma gas results in coatings that
are nore flexible. The | onger carbon chain coatings have been found to be
nore expandabl e, especially when coating hydrogel substrates in saline or
water. It has been found that, at |least with respect to silicone hydrogels,
the use of diolefins such as 1, 3-butadiene or isoprene are particularly
preferred, resulting in coatings that are nore flexible and expandabl e in
mater Mor e erxrbIe coatrngs are especrally preferred for hrgh mater

o o 2 1. _ o, . S




- The hydrophilic reactive polyners may be honopol yners or Q@ SERn2g3s
conpri sing reashdriGi3NONONEric units that contain either anpdsRey R e or a
ri ng-openi ng reactive functionality optionally. Al though these reactive
nmononeric units may al so be hydrophilic, the hydrophilic reactive polyner
may al so be a copol yner of reactive nononeric units copolynerized with one

or nore of vard o4 i hy, L] | Jﬁg,gs(ﬁ i iy t sef ,anount s
of hydrophob?’géy%ﬁ%ﬁgrgﬂk{:ﬁﬁﬁlt gﬁ%y&%gﬁa%ngﬁ?y e%ﬁhgge‘;rﬁvli g&?ﬁgéhy rdophi lic
pol ymer, and timethysitylmetiylbvinyhchriznmateageous i n providing a thicker coating by
pronoti ng the aggregation of the.hydrophi.lic_reactive polynmer.in,solution.
The ring-openi ng %ﬁ% r(r%]aﬁsncqtfucfgl v] Ohe- FPRREFSndP oWlW?'onal
and aci d- anhypdiysiltxahe fatromordmerDROBOMetidsceftrred tOhs Fresblyids), whichemst i ve
pol ymers may_ be | oyed.. Fo anpl.e, the hydrophilic pol r .chains
attached to fAye g"o{ '56%‘;&"@&5%"5‘? ig’e%?‘%@’ e lég‘ﬂmofé)xﬁﬂé{g?é’gégm? of a
m xture of peleERESare 8i¥EIbded iDvdridty ot phiblickionsiHIadiRg 1 AiCYH-SRM MR FyM omer

havi hg reactive functionalities in nononeric units along the hydroghj lic
pol ymers conpiulisve folysiloxapylalkylc Merhacryiates ¢ ino Palyurethage-Balys risieegelsous

ayer and. | Do@dldl bf Wpiidd bolime SR NYBL G111 551 {RARObES. BRITY Phbishal| NG

suppl emental reacti've'tunctionalities that are reactive with t I'rst
hydr ophi | i ¢ rPapbeition Noo WOE6/31782isclasescexamples dsualy monomers,ylicindis¢l o

pol ynmer with, j.d-funct i (=Y [ | [

sequenti al | ylsglgp :ye'gc > 169}2%&{&%%@% tegh%y' ?‘g‘[&}l %&%;é}g%&gsggcﬁ}{? ﬁtnhﬁn o]
provi de r el amonemgrstals represeatet by FormBaecll endlil: y t he hydrophilic reactive

pol ymers conprise 1 to 100 nole percent of reactive nononeric units, nore
preferably 5 to 50 nol e percent, nost preferably 10 to40 nol e percent. The
pol ymers may @pnprise BDxAID*GRFD*AEDERydr of non-reactive _ hydrophilic
nmononeric units, preferably 50 to 95 nole percent, nore preferably 60 to 90
nol e percent (the react i*vg‘ nononers. once react ed may al so be hydrophilic,
but are by dénition RIPISPIARIBFGEPYE: with the nononers referred to as
hydr ophi Il i ¢ nononmers which are non-reactive). OQther nononeric units which
are hydrophokheredpti onal ly may al so be used in anmounts up to about 35 nole

percent, preferab 0 to 20 le.percent, 1 .00ni 6i 3 ~n soQ i.3s2a nost
preferably 0 to 16 df3PlEs r‘?F.ad‘Eia °8‘§°Wgﬁﬁb‘ﬁ%i%cyﬁ¥9%‘%‘d‘éﬂe al kyl
met hacryl ate,anEJy_llai’ridi&‘l&%@H&Y&ﬁ'ﬂ%&lé&hﬂ\lﬁé@ﬁﬁdd&ﬂﬂnﬁﬁﬁkﬁ acryl am des such
as octyl acrylamde, and the |ike. Hydrophilic nononmers may be aprotic

types such as acr{ dgmpieean alkyldiradiggl; dgyclaalisy] diradicel, amrikyl cye iseleh as
N-vi nyl Py Olgh G A ofiRaicN 16k kb S 995 a0 SR -

met hoxypol yoxyg%’_ﬂy eng rretaﬁgg%_ ates or ma}yébc_a proti cn?';ﬁl);%ssangu“{: Chagmy

met hacryl i c sentgingthenythip Oxgraingk inghemainchain;such as hydroxyet hyl

nmet hacryl ate. Hydg i Ld ) kﬁ%%k%eso include zwitterions such as

N, Ndi et hyl - N- et hgig?é/t%goa%e. ﬁ)%lr&3 -sulT bpropyl ) - ammoni um betain (SPE) and
N, Ndi net hyl - N- net hacatyéasinti; dopr opyl - N- ( 3- sul f opr opyl ) - anmoni um bet ai n ( SPP}.
The wei ght averag | ecul.ar ight .of th dr i.l]ic reactive polyner may
suitably range f rmgt&ﬁ? dﬁﬂﬁn%%gfeﬂﬁ&d%&tj}éf%@g?gbl y from about 1,000 to
500, 000, nost preferably from about 5,000 to 100, 000. As nentioned above,
the hydrophilic reactive polynmer may conprise nononeric units derived from
azl act one- f uf®i onal , epoxy-functional and aci d-anhydri de-functi onal
mononers. For exanpl e[pan xy-functional hydrophilic reactive polyner for

coating a | ens_ be {d.c Rf cont ai ning glycidyl nethacrylate (GWA)
nononeri c unitsﬁgﬁpﬂh a?ﬁf ggé' &FTF am ne reactive fuactionalities or the
i ke on the carbon | ayds. ferred exanpl es of anhydride-finttional

hydr ophilic reactive polyn#s conprise nononeric units derived from
nmononers such as mal ei ¢ anhydride and itaconic anhydride. In general,
epoxy-functional reactive groups or anhydride-functional reactive groups in
the hydrophilic reactive polyner react with the primary am ne (-NHl} groups
or other reactive functionalities formed7by plasnma-oxi dation on the carbon
| ayer. Al though am ne reactive functionalities are preferred,
oxygen-cont ai ni ng groups nmay be enpl oyed, preferably in the presence of an
aci dic catal yst such as 4-di net hyl am nopyridine, to speed the reaction at
roomtenperature, as will be understood by the skilled chemst. In general,
azl actone or isocyanate-functional groups in the hydrophilic reactive
polymers may simlarly react with am nes or hydroxy radicals, or the like,
on the carbon layer. In the preferred enbodi nent of the invention,

pref ormed {non-pol ynmerizabl e} hydrophilic polymers containing repeat units
derived fromat |east one ring-opening nononer or isocyanate-containing
nmononmer are covalently reacted with reactive groups 16

O
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WO 001 71613 2 3 SEP 2p03 PCTI US00/ 13524 on the surface of t [pre¥=Y
devi ce such awoaomet act | ens substrate. Typically, the hyd%ﬂi%@
reactive polyners are attached to the substrate at one or nore places al ong
the chain of the polynmer. After attachnent, any unreacted reactive
functionalities in the hydrophilic reactive polynmer may be hydrolyzed to a
non-reactive gypidf.y. Suitable hydrophilic nmonomers for conprising the
hydrophilic reactive polynmers include generally water sol uble conventional
vi nyl nononers suehRs indeperidentlysienotds arcalkd or finencesubstitutedalky] gnenpaiaving 1

structure: | 9‘?_&%8‘]’%? I .R3 is hydrogen
or is an ali S?uzllﬁl C ny roca%%%rggnl%ﬁg@xﬂ%&?%&fg%eg?%&a gtgrrss’ substituted
by one or nore waneisatdasttli; bndzi ng gr oups such as carboxy, hydroxy, am no,

| ower al kyl am no, l.ower .di al kyam.no, a pol vethyl ene hde group with from2
to about 100 repegﬁW%F&BW%?HCBM%%W%@%@ lﬁibb&rore sul fate,
phosphat e sul f onakegh WE%BCE\dhdeeﬁﬁﬁ@jDﬂaﬁﬁtéoa poliniepibabié dasairated @fgakionam do
groups, or mxtures thereof; Preferably R3 is an oligoner or polyner such

as pol yet hyl éF@cﬁF%ﬁ‘edeMF waMlene gl ycol, pol yet hyl ene- propyl ene)

gl ycol, pol y{(kmdr oxyet hyl methacryl ate), poly(dinmethyl acrylam de),

poly(acrylic acid), poly(nethacrylic acid), polysulfone, polyvinyl

al cohol ), polyacrylrgi de, poly(acrylam de-acrylic acid) polystyrene

sul f onat e) soﬁiﬁum I't, polyethylene oxide), polyethylene oxide-propyl ene
g

oxi de), pol y( I S(CHWHX)x e (The-a(Anhe—RGHeH ,  pol y(vinyl pyrrolidone),

cel lul osics, pol ysaccharides, m xtures thereof, and copol yners thereof;
acryl am des and mazf'hacryl am des of the formula H2C--CONHR3 . Rz where RZ
and R3 are aév%?%&rmd above; acrylam des and net hacryl am des of the formul a
17 WO 00r N6l C=C- CON(R4y~ 2 3 SEP ~ PGTI US00/ 13524 where R4 is | ower
al kyl of 1 to 3 c®yjishydrogemmraethyll? i s as defi ned above; nmal eates and

Vimyl ot hers of ¢ R FODHTIES A3 EL IS AP J b FEbuR SGBR: Aot -CockEs
al i phatic vi nydicdl swipein s -0f, -8her -Ner-jul a R2CH=CHR3

Rys is a divalent alkylene radical having 1 to 10 carbon atoms;

Ry is a alkyl radical having 1 to 12 carbon atoms;

X denotes -CO- or -OCO-;

Z denotes -O- or -NH-;

Ar denotes an aromatic radical having 6 to 30 carbon atoms;

wis0to 6;xisOorl;yisOorl;andzisOorl.

A preferred silicone-containing urethane monomer is represented by Formula



where R2 is as defined above and R3 is as defined above with st §ep pagvi se
that R3 is otfghesfepn hydrogen; and vinyl substituted heter fz 524such as
vi nyl pyridines, p| peri di nes and i m dazoles and N-vinyl |actans, Such a

N-vi nyl - 2- pyrrol i done. Included anmong the useful water sol uble nononers
are: 2-hydroxyethyl-; 2- and 3-hydroxypropyl-; 2, 3-di hydroxypropyl -

pol yet hoxyet hyl -; and pol yet hoxypropyl acryl ates, nethacryl ates, acryl am des
and et hacryl des; acryl am de, nethacryl am de, N-nethyl acryl am de,
N- net hyl met hacryl am de, N, Ndi met hyl acryl am de, N,

N-di et hyl net hacrylam de, N, N- dinmethyl- and N, N-die hyI m noet hyl
acrylate and ne ha’.l:ryl ateOand t he correscpondl ngOacryI

met hacr yl ami des; Niq% cﬂ«lzcﬁzo J—REI‘H
N- et hyl - 4vi nyl |p |n 2- rret -1-vi I|m zole
N-di net hyl al | yl am ne; di rret hyl am noet hyl VI nyl et her, dyrrol i e;

acrylic and nethacrylic acid; itaconic, crotonic, fumarl c 18 Wwo oornpi 3 2
3 SEP 2003 PGTI US00/ 13524 and nal ei ¢ acids and the | ower hydr oxyal kyl
and diesters thereof , such as the 2-hydroxethyl funmarate and nal eate,
sodi um acryl ate and nethacryl ate; 2 rretmacr yhoyl oxyet hyl sul f gni c aﬂ:i d

allyl sul fonic acid. As nentioned %b—b%?Nt %QLQEBEECCH&%PC%?E)EN-%” skd,

and may provide the benefit of causin er séd pol ymer
aggregates in solution, evidenced by hazi neSs in the sol ution of The

pol ymer. Such aggregates can al so be observed in Atom c Force M croscopy
i mges of the coated nedical device. Suitable hydrophobic copol yneri zabl e
mononers include water insoluble conventional vinyl nononers such as;

acryl ates and et heherejn meieat least § pnd ig preforabily 8 or sl isatipast-andonfereblyitel @ R2 i s
as defined ab ?rrﬁ‘n ,&l;% /500

cycl oal i phati g\é?}uﬁi;rgro‘ﬁn’éfill grd(%%q#]cggt}'ng E)Bfgéozg) car bgﬁdz%%%%vkﬁé#afts
unsubsti t ut ed3Q)RzaslulasﬁmdwﬁJ®tﬂaldiisawa1atﬂraﬁmrmoahlkafm isedykmzateogroups yuchras theky|  of

up to 12 carb b hal 0. es I chl oro or ferabl y fluoro,
C2 to CS pol yilfalgiffpﬁ%ﬁorg? dé's?%'a%tffuass gé ﬁ??%‘w%?epﬁ?ﬁ "g'ldi donmer such as
pol yet hyl ene, pol y(nethyl nethacrylate), poly(ethyl nethacrylate), or

pol y(glycidyl nethacrylate), m xtur t hereof , and copol yners thereof;

acryl am des and net hacyl am des of general formula R2 H2C=C- CONHRS wher e
R2 and R5 are defined above; vi ny%wm-he formul a H2C=CH O RS where
RS is as defined above; 19 |

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




wo ooni 6i 3 vinyl esters of the fornmula H2C=CH OCO RS where ;5 defi ned
above; nul eatgy @l unarates of the fornmul a RSOOC- HC=CH- RSis
as defined above; and vinylic substituted hydrocarbons of the Fornu a

Rl CH=CHRS where R2 and R5 is as defined above 2 3 SEP 2003 PCTI USOCO 13524
Sui t abl e hydr ophobi ¢ nononers include, for exanple: nethyl, ethyl, propyl,

SRRl SRR T G oo R T
ol e sk B s st s s ks
et hoxyet hyl \}Pn?)-F @’c‘@ wgf@%‘a @WW?“"HFBH“&\% "X")q ‘B’Qﬂ%ate

acrylonitril %etﬁwmneandal B&SLdTE bMY; St AcyaiRe, suﬁsdm@nelcowwylsuahl Qs i ge,
vi nyl nethyl ket one, vinyl stearate, 2-hexane and 2-ethy Ihex I

met hacr yl at e.hydmoxye Frylatec qﬂéacztlﬂwxfz%hﬂml%te aprd swlﬁﬁléfsz edhchn ag
manner known o] , TRRP m r here
al so i ncl udi ntg&ga 3?{()1%7135%& ?H&ﬁgne | zat | on rﬁ?ﬁ‘gﬁhﬁugfﬁgﬁg%&tﬁ%@t he

person skill etdomqmdrmxchnas dlsalyp:daaIU§ PamneNngzéﬂHQmJ,laad pxazolinione meodbmerer s or
chains are for ). S i

pol yneri zati on | AP tla}llszcilf)ge%l E@? 99,6}, i r’ig ?a %tﬁe%ﬁx&@rﬁ:hh% Qo Iggrs “qklure to a
source of ul tarp@uteadtebn@shlimitmmm adl ation and curing said m xture Typi cal
pol ymeri zation i ni ors.include ee ra i cal - gener ol. ri zation

P Tt or o of "t ho T hots yliebte Heteals S any PRl L PGS BEPE do
decanoyl per OgtibSteatesGRAdcin BéneBEbPKELE cod@ﬁrhzwhmg@d ¥ ipféSent irfehtioARave béex |

per oxypi val at e, sodium percarbonate, tertiary butyl peroctoate,_ and

azobi s- i sobutipeiesed in Yasiopspyblipations and,are Being cintipuovsly develgped farpseingpatagy o
3 SEP 2003 WQefddk dddotier RiehidaF@Ricks 024 111 ustrated by di et hoxyacet ophenone

can al so be used. The curing process will of course depend upon the
initiator used andrheh’éblpﬁygﬂb%d utdlizes stendard plasmasoxidatiom and: deposition: progéssasur e

such as visco & I inaf O 1 vary
within the ra ge o?*rgd 861%5 4 wqﬁ&pﬁ%@%ﬁét)&’gfws% )a{O msi?g g%ﬁlr"rgﬁ%arkr%rs
Usual |y, a misurface updn mmmmmm@mmmmwmamm tion

of afreeradlcl ner izat ormth h||| gactive
pol ymer can b 5‘?‘?‘%’2&%"@ ﬁ‘ﬁi"ﬁ‘ prpé‘é'v' ]%Q %Fu ?cegsg ?{% 8%({) YPvent s
are in pri nchSePabﬁtm@M;Bw,%%hBQmSlﬁ msm&&m rmnorrer used, for exanpl e
wat er, al cohols su ower al kanol s, hanol d netf hanol ;
car boxam des such é@‘ B&?@W PECREH ‘Hég Bl“éfﬁrgﬁ?’%ﬂ ‘é"l‘F?? VEYEN as

di met hyl sul f@>gre¥idédr belds. h>#1as&tahsdrfak@&edmaemi<ﬁivewe5pa§su@mnaaem@1 Ai¥Chadge

cycl ohexanone; hydrocarbons such as _tol uene; ethers such as THF

di met hoxyet hattEPugh aigas,xairiew H‘&P%‘&'en&?‘écf oqtrigalodisehatss may, by, at radio frequency
astrichl or oet ighigllyalslse I MAZ))T MiHeues mitrowdld 3l Coth@! #fteoies’ @4n BeaFRUE

m xtures of water and an al cohol or exanple a water/ethanol or

wat er / met hanoElegtrigal giseharges prodvse Hisavialet 67V Tagjatien, WWES‘E‘PFE“& W@’hﬂ Wh, the
car bon- coat 00a6R0GAE oletiies § d:\b%rg% st Otesitting! i érfefpeiB Y lfe ﬁf‘
mer & ol’uti on

hydrophilic reactive polymers Ing the su stratelnas
cont ai ni ng th@srcpmldyméracltﬁostam)amlecum, ewhtadicals| eTasnaplasma s sc eanplex

di pped for a tabl e i i h
reactive pol y%“exr or° f5t8 rrer(’?‘llcr"]'}ezsa b°‘€§§’|u§8aﬁj& éxcﬂecp{mtés %h‘%rrﬁ%%q%pr otic
sol vent such aszeame:t thlldﬁschdrge 1sABeguﬂd|mtc&dﬂahxgve1¢cnidabﬁemmm thesd encired/es

t he attachnent of active hydr.ophi.lic rrers i conse, nedi ca

tovi o, ot chitgas hERSlef e LRI e ameie o avelen e Toala RE e SeF St

ri ng- openi ng me@mbpmumat@a]bﬂn@ﬁmmbodl ment of the present invention,

the ring-opening reactive nononer has an azl actone group represented by the
following fornmula: 21 WD 00171613 R3 4 -CR\(CH O /

D-
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GO 2 3 SfP 2003 PfrT/US00/ 13524 wherein R3 and R4 independeng Bysgranugpe an

al kyl group hgyigggiels t© 14 carbon atoms, a cycloal kyl groug ,@gqongszg to 14
carbon atoms, an aryl group having 5 to 12 ring atons, an arenyl group

having 6 to 26 car bon atonms, and O to 3 heteroatons non-peroxidic selected
fromS, N, and O or R3 and R4 taken together with the carbon to which they
are joined can for carbocyclic. rin ntaln rin toqns., and n
is an integer O orﬂfade%‘ff&tf?n Sﬁqcenlpg?o%rﬁé? 03'? %%?e%iwtﬁ@s%&“‘ent No.
5,177,165 to sHawhnto i pakibleTiém rHighgenerdgy Lplztsurae withost Uhié) assistdicé BE sputtering

functionalities is susceptible to ucleophlllc ri ening re ions wth
conpl enent ar ySPHEERSS{steds ?‘PB‘HaI N@P%‘B% <8R be gﬁb’g‘? %E’@‘ the 8ﬁepa}@§"r Bﬁ‘i | ayer
or substrate Rmaided Gk G pletrentnsihae (0.065 B3 B&! feRrbyE601a5al0 w?can

react with prinmary am nes, Rydroxyl radicals or the |ike forned by@g asma
oxi dati on of 9nteasHbsHale Ytiizmg contiiuavs Ari mysed plesaase suitebly fag highzes @bowti 1989 bond

bet ween the W&&t o‘@ﬂ%? ﬁ- g:f}ﬁlla'xﬁaiﬁ@ ki 166%%(1@350:{3% of? fifen Qff, TOT €

| ocati ons alongt e p Ity Of rrents can forma series
of pol ymer IobmimnmnuttMcramhnmmu@mtd @ogenso Mgnors@y ofi the gas
hydrophilic c o 2G t to.t tra

Az| act one-fu %r?gf %Dsﬁg%ea?es “‘P@%&%ﬂ‘aﬁl& ﬁﬁeaﬁy@%@%h{ol %h%mrl%ag%trﬁce ﬂpl)egfyrrer
can be any nomaterals with dheciubsteate, I-I".uwemérj}gmlms do ootpequire thg vasiofextencal covding
functionality e above, f rrruJa €O ation wt vinyli.c.group on
an unsat ur at eﬂ%ﬁﬁ?%@a?aﬂﬁenﬂlf eRARHHERy ?ﬂ‘@ °5 cYaaee &sm gpﬁ%cpﬁ%%?‘blﬁzgfsgbabl Y,
azl act one- f unwhtts) pRkiis/cah Sostledst theMost ChdntiCaliysibimpdubbttatesJativamg siiyongs.al kenyl
azl act one m)noners The 2- al keny. azI a tone m)noners are known corrpounds

their synthesis belifgubleans ey be mb@mrwsww&eéms althgpgh also
4,304, 705; 5, %&Mmsﬂmném%ad&&%eeelghaﬂ IR a8l céthprised:Ne di scl osures

of whi ch are |nco(r5<porat ed herein by reference. Suitabl e 2- al kenyl
azl act ones i ncl ude®) 2 étﬂPJE%FWg the surdaeca Af| 4 }ens-sybsirate to a plasma polymerization

2- et henyl - 4- et hyl - iRt ON® C %aturald B Shahfdds hydrocarbon to form

2-isopropenyl -1, 3- oxazol n- 5- one,
2-i sopr openyl - 4- et hyI apoBaesxig zasbpnac@uslaer (or “carbon layer”) on the lens surface;

2- et henyl -4, 4-di
2-i sopropenyl - m(:# éﬁnﬁﬂgé-g%@azo [ r?gggesonthesmfaceofthecarbonlayer; and

2- et henyl - 4- rret hyl(c)at h;attadm&hvdamhihmpoﬁnmnehmns to the carbon layer by reacting the
2-1sopropenyl - 4- net hyl uty 3- xazoll 5-one .

2- et henyl -4, 4- di but yl - fa??g é‘Squ e%ngn e carbo layer with complementary
2-i sopropenyl - 4- met hy| -isbcglideC vt -ringdpeniAg Odeadtive - fifidtionalities along a reactive
2- i sopropenyl -4, 4-di phenyl - 1, 3- gxazol i n- 5- one,

2-i sopropenyl - 4, 4- pent hé‘i%é‘f“@ ReIY®PE3_ oxazol i n- 5- one,

2-i sopropenyl -4, 4-t et ranet hyl ene- 1, 3- oxavvl i n-5-o0ne,

2- et henyl -4, 4-di et hyl -1, 3- oxazol i n- 5-0on

2-et henyl - 4- met hy| B aem?hwtea aélwacféﬁdubarsgms?vesﬂwswfaceofthemedwaldewceto

2-i sopropenyl g ﬁﬁ:ﬁé/—hm&atfbﬁ%%oﬂ-s@& QRS ffdetve} Hond the po gmenzed hydrocarbon

2-i sopropenyl - | - 4-benryl -1, 3- oxazol i n- 5- one,

2- et henyl - 4, 4°q9@m @mmdqtem@%&zbmmnsnmﬂéor@cbnseﬁhge\mw@mm 13524
More preferab %ﬁnﬂﬁ” ?ggmp%@?ﬁ{ ol &1 y the
fol |l ow ng genjtia?altlrl or ﬁ@én%%? c\% %Wc I ﬁ%ﬁ%&%&eﬁt |y
denote a hydrsilieame éw@ngei isubstratewitrhagibeey found dhat by subijectinga snhcqneshnydrogel Aénsn
atons, and R3 4 t | ical 0 Si X
car bon at ons %lrgtr&gall%o ?E%P‘%& Xr %%“né)steﬁueg !é%s“b gym %lc‘h a ?ﬂ% on
Specific exanpﬂmrbdndiymeﬂﬂsuﬁapbmhem is/preéparkidnebditet bind thé@arbbn lyér-thatds

(I1PDMO), 2-vinyl -4, 4 azo

Spi T - (2 - Pl APosien o] IR R hi By e, FUbleus i pisgapely made

cycl ohexane- sfbh@ hdrogel matérit} thaPis hpdeatad (wikereifd e lent Wptdally axpfands Hy tén to

propenyl) -4, 4-di net hyl - oxazol -5-one (PDMO) and the Iike. 23 WO 00/ 71613 9
3 SEP 2003 ' ~CTYUSQOQ | 3524 These conpoundd may be prepared by the general
reacti on sequence:

U




R2 CI R4 ORL R3~ O NH2 OH Cl COOCZHS Hexane R4 NaOH R3 OH H2Q@ $if ap30C ~ O
Rl R2 RL R3 Rdodimgeisi rst step is a Shotten-Bauman acyl ati opcokissnzgql no
acid. The polynerizable functionality is introduced by using either

acryl oyl or nethacryl oyl chloade. The second step involves a ring closure
with a chloroformate to yield the desired oxazolinone. The product is

| sol ated and L5 J iggg' H
i ndi cat ed ab(%%{‘{éﬁ c%%’%d@%?nr@%%F %ﬁ?gi W {eﬁs’ﬁgﬁaﬁ§ﬁ°€:ﬁnd/ or
hydr ophobi ¢ dumble coating vihechfiresistantdo delaminationras gracking, quekagssiyesamonitser
attachnment t | I u C . | . ups may
t hen be hydr%e%/ézagd151 %ﬁcbéf%g}éer%’ ?gﬁd(’: nvoé:ﬁ% Q%{ﬁ%ﬁéggsz%eﬁgsﬁtgﬁg&@%?f%g{}ghﬁ%ﬁi nt o
am no aci ds. nédessgnrne padvidetforandry domplets icsvesdge pf thielundérlyingailicofematerialr #d
reaction of R2 RL /. N.-H.O R4 R4 H20 H or . OH NH O The
car bon- car boﬁ%&)tﬂ%’“ﬁﬁﬁﬁ‘c %’Fﬁeéﬁ“t ﬂ’énegméﬁ%s“@c? %fcﬂ?%%fgg’nil%yeéﬁ g‘t‘? WO
oonsi 3 2 3 Skhin?éAdadielehSROAYBSphlicipolyde tinths. i btep (19, theRmaétionalizead Barbak €
pl ace when copql ynerized into a %QI_ nmer. Non-liniting exanples of

i

conononers u§efas ls_teﬁp?ﬁéd é"@_ﬁ‘!ﬂ TG4 h!id'??’f‘il&'zqeﬁ‘é%v&ﬁ@lmﬁﬁcﬁeﬁlﬁﬁ% Dnpi eties to
form t he hydg,oRBiHiliCpdifRG chifs RALRTRS fhe aBoh hRfee O 3nderid AL E@bor @4k

i nclude those” mentioned above, preferably dinethylacrylam de, hyd?f(g)giyet hyl

met hacryl at e of stine) hydserhilis: Ay ¢pmplepyntaryreagtivie funFlignaliiss oo
COMbNONer s a?&ﬁﬁeﬁ?kﬁ& that mflﬁ?egge%%%# cHehGle k&%& g%“g%’?@& o 3ne of N€

di sclosure o I'S i ncorporat y reference.
di et hyl acr y meome kdeations, msayde hydralyesiras mapleined relow dBrefarably, op avarageythe ophi licity

to the copol %%Bphﬂic polymers become attached to the substrate surface at a plurality of points,

therefore forming one or more loops on the surface.

As mentioned above, it is preferred to initially oxidize the surface of the lens; for
example, a silicone hydrogel continuous-wear lens is initially oxidized by the use of an
oxidation plasma to render the subsequent hydrocarbon deposition more adherent to the
lens. Such an oxidation of the lens may be accomplished in an atmosphere composed of
an oxidizing media such as oxygen or nitrogen containing compounds: ammonia, an
aminoalkane, air, water, peroxide, O, (oxygen gas), methanol, acetone, alkylamines, etc.,
or appropriate combinations thereof, typically at an electric discharge frequency of 13.56
Mhz, preferably between about 20 to 500 watts at a pressure of about 0.1 to 1.0 torr,
preferably for about 10 seconds to about 10 minutes or more, more preferably about 1 to
10 minutes. It is preferred that a relatively “strong” oxidizing plasma is utilized in this
initial oxidation, for example. ambient air drawn through a five percent (5%) hydrogen
peroxide solution. Those skilled in the art will know other methods of improving or
promoting adhesion for bonding of the subsequent carbon layer. For example, plasma
with an inert gas will also improve bonding. It would also be possible to deposit a
silicon-containing monomer to promote adhesion.

In step (a), after the preferred but optional oxidative surface treatment, the lens
surface is subjected to plasma polymerization reaction in a hydrocarbon atmosphere to
form a polymeric surface on the lens. Any hydrocarbon capable of polymerizing in a

12



Such azl act one-functional nononers can be copol ynerized wi tlk PSERr0pPNONEr S
in various cqyhippakisons of weight percentages. Using, a rmn?a%smnﬁj m | ar
reactivity ratio to that of an azlactone nononmer will result in a random
copolynmer. Determ nation of reactivity ratios for copotynerization are

di sclosed in Qdian, Principles of Polynerization, 2nd Ed., John wiley &
Sons) p. 425-430 (1981 t he discl.osute of ich is.incorporated b
reference hePRSHa Ry foRfTien; May, f/,u&{ﬁeé’ h?w v%%ﬁ%%ﬁ”ﬁ?ﬁ\ﬁ‘ﬁg%ﬁ B FAEPUS

rﬁapti vi tK tcsha!t&ﬁtm'ﬁgf palymedizatich Qine I]gmivbl ?tbaﬂﬁgtpt}iﬁtebélb\b dblb_uﬁ2bd)°QCKt 61%!00| ymer
chain with a higher concentyratjon of azlactqnpe-functionaljty near the
termnus of taFFE‘_’s@hﬁ'F-n.OPf %ﬁ@w&mw%?%f I a%nménée‘irss from 1 1o

azl act one- f ungbixtOrkadartdneActhy dhsdifY béthi SiRRERES adioMisibraftld dIpRstc @APunds.

free-radically polynerizable site can also be utilized for providing

azl act one-fu lealinclude; butigne nply Hmiehte.i €l to§dd.i rrefeblyyGhbto £d8 sikanesg t o
the present igiyg t.rgﬂlg'nﬁg LORBMAME) eihhiX) Blopaiie, BtARe! @/ héx ar e
prepared by free&Fg I Ca %%? margfihzat’i on 6? 059} écton’eﬁerrr_lodr?o’ners, ’op)??nghal |y
Wi t h conononerepyiese,dutybanerydlohexans, PentPag, ecatylenss Alsp, $18¢ £8 arematicsisug®B8s 608,

i ncor porated . by referenc | 140t e | @s ,of. .

azl act one-f unbc?%{? egﬁasfy'%ﬁ é%@%@%ﬁﬁg%&gcy%&se %&’2&8?'3@?6%18100 it &egt, Pat .
Nos. 4, 485, 23uclahydirdza®8d grb8ps mmobdurnsolstinnedatsebytitufeddoi o asatheylar8&pabld5, all
i ncor por at ed reference rein. Lo another._enmbodi ment of the jinvention,
et § ng. operi SRR JRHGHY SomoRABoRyH SRR Piso-athont e Ast YR | o an
epoxy functional i tTye usttE 16 @ My@dcabonsy fof the phipdsadf cHbBRBYtink SubRtates is

oxi rane- cont ai ni ng nononer such as gl¥cidyl et hacryl ate, 4-vinyl-1 25 2
3 SEP 2003 WIdUENaEeR Jorronpkabliy 25 %WPBHQSE!% » déposttionsatey bardpgss, etfe | i ke,

al t hough ot heﬂoﬁ&@?f)ﬁ&ﬂi%%@ét% RYArOEE) idérald) e OF 10488 HydrbedPbods }oY exapROOMET S
are N, N-di net hyl acryl am de and fl uori nated nononers such as

oct af | uor operhufdngebiiener ispbityene, gnd i S-brsadiens) aret proferreds cat Jeast with respectrie i on,

certain copoll¥,qp°[ AhSndl e RS ekl ﬁaﬁ%{ i f ound
to be useful tTor ggloatl n%hg’%%éat?%ns. %&Igﬁﬁgsopo yﬁ%r@%@ﬁﬁ?@s‘% a og% 5to
50 percent ofto@Srhyderdrbonssi¢hsasdnsthaned Shcloeeafingsonayosuifet duringabe expensippofner s
selected fro i StJ . t \ dr.i
cont ai ni ng. motbgi-abeE bGP B bl o frin€ 804 e A% Hior 15 el R 6F o
f r om nonr eactdegieabiey dThelnsd bf lamgerocaban skdivscinethe fdepositidneplasmal gasc emdts Shi ng of
acryl am des, | actone pol y(al.kyl enepxy~net hacy yl ates, et hacryli cid or
hydr oxyal | rylwﬁﬁﬁﬁg&@?%eé?‘gg;ﬂeﬂﬁ]\érﬁ%gf’égc tbQ?Icf’%? °%ﬁ%f2§ﬁ havg ﬁ?‘bﬁﬁ’é‘ﬁﬂi\?e 1to
6 carbon ?t OTRore A%pandubie; adpee] alWN@mdcofﬁﬁiglhyﬂfﬁgéd Esuﬁsﬂ‘gftda(ﬁ{saﬂiﬁéfﬁf\kﬁ&ng 0.5 _tg 35
percent of nonoraerjc units derived from hydrophobic nonopers may pravide
di spersed pol yner 'aﬂa@rt??g'%tf@'?gi tﬁ“‘s&? EﬁaftoW“Fﬁ“BF‘géP stligong gv&ggﬁﬁ, H?%Rsér"for
denser coat i ngislefidshSuchY#s PBMbutddfent 6RC Isopend @te/ PRrtiSulalye préfbraéd) Gekultg Sinl | cone
medi cal devi ces whi ch device ma}%/ be nmade bt\; conventi onal manufacturing
processes. Fofoadgsfpatare BWr Hetible and esxppusiabls ip | wad | Mareoflexible coptinge e

I nvent i on CanesBeifigRtrdtfel 4506k ghLPALER 1t es RitleRpbihd CORYRRAIRh ny&atal ques, to

yield a shaped articCle having the desired posterior and anterior |ens

surfaces. Spi ncastTbadydroedsormscoating ggnsbe denosited framn plastpaytfor example, iBa k38, 429
d 3, 660, 545, f i i IL,SG i
Pat ent Nos. - riresBldeBlins by SRR Sl AR Bhiellh U 3RS sttt

of ten fol | onelD toyl080 watth) i prefergbly (ROr400i wattsi in aboute30 seconds tv il @l eniputesoortramre, | ens

havi'ng a desired final nfiaguration. As ex | e .S, _Pat.ent. No.

4555 732" a sBpeaedoay SR deeate B § AeS, Bl HARRY Bongiems SRR B o 1 s
cured by spi nefliieivaderstoodbythé skillal drtisam) for sxumpds) using pulked plaswiang an anteri or
| ens”surface and elatjively large thickness,. The posterior.surface of the
cured spincast ar 3f'&‘? Eﬁ"&“@i&%é@ ?vd?‘gisﬁ@%‘fﬁg‘pﬁ‘ﬁﬁ ‘blléazg‘e%ﬁ‘ﬁ%‘ig | ens
havi ng the de@i & etbullyil&isn e Fortintior) ekedskiOély | itk codfilgdCén Mmitértdie fwithelehy ni ng
operations may follow the lathe cutting of the |l ens surface, for exanple,
edge-finishing operations. After producifdd a |l ens having the desired final
shape, it is desirable to renmove residual solvent fromthe | ens before
edge-finishing operations. This is because, typically, an organic dil uent
is included in the initial nononeric mxture in order to 26 2 3 SEP ~3 WO
001 71613 PCT/ US00/ 13524 mi ni m ze phase separation of polynerized products
produced by pol ynerization of the nononeric mxture and to | ower the gl ass
transition tenperature of the reacting polynmeric mxture, which allows for
a nore efficient curing process and ultimately results in a nore uniformy
pol ymeri zed product. Sufficient uniformty of the initial nononeric m xture
and the pol ynerized product are of particular concern for silicone
hydrogel s, primarily due to the inclusion of silicone-containing nononers

v e I o ey




WO 00l 71613 P~/ US001135~24 lens is dry released fromthe n’? sy aigp! oyi ng
vacuum t weezaysodmeisi ft the lens fromthe nold, after whic goo1883 | S
transferred by neans of nechanical tweezers to a second set of vacuum
tweezers and pl aced 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. y, SEAR ditferbdtes HPEPaksirORRAN B bAY 438 @@&{a@%%ﬁmgttﬁ@ | ens

is subjected to sur treatnent according to the present vention, as
descri bed abdene to rpapartii Therefoee, theatbinkngss lof the hiydracarkon layer shoutd be lesy thatn | ayer

and the subs { BLiCel, i '

Plasma treat %g‘ﬁ{qu%\%‘ g%?dgggxlsegﬁ?%bé}h g%&g%g‘lgk l:;t?g aa'ﬁ @g(?ds)éﬁ%srgg@’ﬁ o %Eér?}éas at

| ow pressur e 506 200cAndsiryms,tas deteimtinéd OXBhanalysisy pi cal |y, 13.56 MHz). As

menti oned above, H}i s electrical discharge . is absor bedefgy t ons, alnéi

mol ecul es in t hei NOGESTSYARious Ways &0 Atach; §,pplymes| chaiR o @y @ﬂ?’@ﬁa‘&?g Bth the

surface of t hfsmadkitlatiod 6MstherthtMs td Prdvidetsuite Mdactivd fivctedhal gyurdi thfthvak ge,
collisions between energetic free el ectrons present in the_ plasm cause the
formation of $ash¥ithdhe pplymery, Feclerebly, a fiffpeen-eontaining gpssis usgd fo &i@camige once
formed, can rg?@a?& M e theoPahyers (owdier, e85 Quie WElining Hsdshndayir t her
ground-state nolecul es. The pllasma treatnenf{ may be understo0d as an energy
dependent pr @bemativelnhe usedity fore pxreen or sifir epastaining groupsi-for exdmpld kydroxy@act i ons

to take plac t f f , dgnel Obd; Cfdir i es
(el ement or r%r'ﬁlﬁtggﬁ‘gjﬁiﬁl r?(grgalrrg’ ooqi B‘?héaar?%g lg a'?e?%%ijalﬁart'l Sk eﬁgg‘zﬁ?. dio
frequency pl aeartive (femtiondlized)to paemete theddovalent attscdhorentodf therbydyephile mbesres.
Typically, the,"particle energy"” refers to the average of the so-called

Bol t zman- st yI'eP§i 88Ut i on of energy for the energetic species. In a

| owdensi ty pl asmaTot dieatehaeidtivn fameiogsl gow on ket tafbonChaer) euchednabddation t he
ratio of the electric field strength sustaining tEe E){nga}ma o the di,scharge
pressure (E/ preferdply YHHizes 7,835 SREPOFLPR FRPrESING AN DX} 8 Pl HAEA g e,
pressure, fl QuyleAtQfariihe, 985886 CRlalkyl amSne\Mhidratife, 3RS | AidBEnE Yormpsundki | | ed
artisan. Background information on plasma technol ogy, hereby incorporated
by ref er ence Preferablygths oxidatiomef thehydrocasbonayepis| perfoymed for 3 perjod afghout 1Phenom
| oni z. Gases ,gep ) fPdnin i i iy i B | : y 977) ;
J. M Tibbi tts?cog@f]yeasen, &%\%wﬁéﬁ?&&&&%ﬁ%%% m%ﬁgﬁfg&%&%el for
t he Kineti cs of 13.56 Mhpsatabeus|1Qrte d PO iwaits, prefezably 2119-598 vatts and/about 0.1 tal.0

Tibbitt, M n el ST ) .
Characteri sat§ &gn'r%@eﬁ sggﬁngalt%gréﬁ%{ry?agégo og}sg%grmbog?ga? eaﬁ\h %ﬁé%gééﬁ%gl% (
1976); C. P. Ho, HheYydwoghilicreadiive pelimerbhayr be Besreactidd pro@uc of -monoiiErs

001 71613 PGI/ US0Q/.13524 U trat hieralcé:v%al%i n@hﬁf ﬁ‘gl asmaf%gl per of nethane
applied on t IFR™EBHHFE 08 8F ™8T PEGHELSn ygf: g fgagmers -°§)ﬁr? 1’@5%‘5 ; H
Kobayashi, A furktiokst! inondvher&heln thisceaserpthe ciehtive fuiitidadin nmidabmery it willn of

Sat urated and Unsat urated Hydrocarbons', .3 277728§§éi197%%6 R Y. Chen
U.S. Pateat NGEPlemepalvotract Wi a supisce hiviee foapiys fuactiopalition, for exgiple,
Hydr ophi | i ¢ Gesidedd by Nplasntdy dkidetiedi CSuehnteaive! RBGHonald Atbnomels Map UddudeH. C.
Marsh, M O Bungarner, N. Mrosoff, J. of Appl. Poly. Sci.

"Pol ynmeri zation of Organic Conpounds in an El ectroless 3 ow D scharge. VI.
Acetyl ene wi th Unusual Co-nononers", 19 2845-2858 (1975). Based on this
previous work in the field of plasnma technol ogy, the effects of changi ng
pressure and di scharge power on the rate of plasma nodification can be
understood. The rate generally decreases as the pressure is increased.
Thus, as pressure increases the value of E/p, the ratio of the electric
field strength sustaining the plasma to the gas pressure decreases and
causes a decrease in the average el ectron energy. The decrease in electron
energy in turn causes a reduction in the rate coefficient of al

el ectron-nol ecul e collision processes. A further consequence of an increase
in pressure is a decrease in electron density. Providing that the pressure
is held constant, there should be a |ined# relationship between el ectron
density and power. In practice, contact |enses are surface-treated by
placing them in their unhydrated state, within an electric gl ow di scharge
reaction vessel (e.g., a vacuum chanber}. Such reaction vessels are
comercially avail able. The | enses may be supported within the vessel on an
alumnumtray (which acts as an electrode) or with other support devices
designed to adjust the position of the |lenses. The use of a specialized
support devices which permt the surface treatnent of both sides of a | eas
are known is the art and nay be used in the present invention. Subsequent
to the plasma processing of the |l ens, the carbon coated | ens are i mrersed
in a solution containing the hydrophilic reactive polyners, as nentioned

______ —— e~ % - . . o - .




contact lens material include extraction with an al cohol sgl4iigep r
sever al hourswéfng.;mﬁxtracti on of hydrophobic residual mat e‘? Qomflﬁ Towed by

extraction with water (for extraction of hydrophilic residual material).
Thus, sone of the al cohol extraction solution remains in the polyneric
network of the polynerized contact |ens material, and should be extracted
fromthe lens naterial before the |le be worn saf el gﬁgﬂ conf.ortably
on the eye. EITIRER GHEGHnE il SRS T FIERELERN: e KON orpgus,
enpl oyi ng heaingchpenihg fredctive gRVPY, dbr dxample, adhictona,Cépory) aeidodnhyglirides, and eyl et e
as possi bl e, a(l nce i nconplete extraction of residual material fromlenses
may contri but! €adversely to the useful life of the lens. Al so, such
residuals may i npahe hRRSphARS fredciv pelyRRR AT B thokbpdith@s @1 coydiyerd
optical clarity or the desired uniformhydrophilicity of the | ens surface.
It is inport AMPFRAE reaRivesapRamesis uaity thatconigin either An| igieyanate 95 a WiRg-openieg sel y
affects the ks Lar Ly, e i : AV 'tssfﬂpgi Lvely
under st ood tg—@{%@? e Jg{\iﬂel of l(I:lfdgr i%lg‘gg%sté%&émiﬁaédﬁ;e%fgﬁs I'S @IQ&SB%/J |y

i nspect ed. SHydempbidint theohysdrophilist feaetivetpolynies maayi glse bbjae copelymen offyrdactivé on i n

which the lens_is f.ul]l I Lk [ r al | n. Ethe |ike.
When t he Iens&lmso%heflfl‘g imn%"f g%{ Rd/(’l%%d‘%tg rog?tgg "ﬁéﬁg iéale“r?g%jﬁén'ﬁ%cr?ge th %rloéh@d'ﬁ? y nmay
expand by 10 mhenoatepivtunitf) pessercshounts ofthydrpphdbiternommierio gnitesimy optionallyabé and
bound to the I ens,. proyidi ng..a durabl e, .hydrophilic coating.which.has been
found to be. rHieiegs e Sy BtRsRERE 150 i Fieh QRN et PR aPEY i REoVHAGHECS oy
under go cosnethicReri RARLE by Prombiaigethd aggragatiosl of e Redrophilid 128400 tpolyider GONt act

| enses for cIa{i_ty and the absence of def eﬁts such as hol es, parti.cles,
bubbl es, ni cklutioR, the yipg-ppenng monamess. incky %BF‘?C‘%’P@W%%WV‘?M%‘W Af ter
the lens has passiachnhyRideif@RsioRd nfoRem®&S.i C i nspection, the lens is ready for

packagi ng, whether in a vial, plastic blister package, or other container
for maintaining t AMixtusessofi hydgpphilisreacivecpaiamers gy e emploged: ofps examplethpal |y,

t he packaged }QH’; f j il J | i terd] | i may be
acconpl i shed }I; n hié%r@éﬁ%‘?%’r]\%ﬁs é%c%égﬁg\}ﬁe% &ggroé\?er%%\qa &mgg ﬂ!étén*cgllﬁir bgtge 2 3
SEP 2pp3 WO 0@4ctios vf ap@iRhuwsed/peBBRss ¢ompsising i(2)aa ifiost hydrepliilid eactiverpotyyuer e,

sonetine ref I e ] e c ' i at ed
by the skill gl{c?a'glgt ’uF"g%“ﬁ’% filctitnalic yﬁ’?ﬁg;‘%%c‘ﬂ'g‘éi *nlé“% ?ﬁai‘%aﬁ% PAES' & for
a period of_ lcfbnipﬁrxﬂeﬁ&ryrtmacaisre ﬁﬁmﬁbrmﬁﬁesgmsl_lmzirbdnaabhdayerhﬁﬂeiﬂ eddmmh. ®@nsi on
advant ages. of FRP FEERIICIecte PPORE Srhie eEPatadoRy s RactaRittg
exanpl es, butaré Feactprrvwitictib st ipdrophilid reactine pelgmer {45 misivere eahprisiiy dncgloxya t hese
t Unduly | rEeTORR OGE: PO SxANBIEeRoR BoEREp ey SBhgu or
represent at i VqsdntiblOalibd & e lbskaieSo B8 teidddhaveReh folnd BEprbwlé fatitRely
Exanpl es as a_coating substrate. The formulation for the material is
%pvihfl_(la_gl iSnVTCtg}Sftsoﬁggggl oW. 5§ABLE 1 Component Parts bée i e o

g - biah &‘é%tﬁﬁ'c RAdRE l%gﬁﬂ%r& i d RER PefbeftorThe
following naterials are desi gna ed above?b Rl S- ngh

tris(trimet hyleagtivemppemenq writspmprereferebly 4 te) 80rmole navaent\mpstipyaferpbly 1B te4@one
V2025 a sili oot ai . . yrofrstone
2025 2 21| LoG08 GAe ATV A ABRLE 5 15 KRS AGe Sk P

Dar ocur - 1173, hysirdghilicrmariostetie uhits; prefagabiyt SO to 95 mole percent, more preferably 60 to 90

1, 4-bi s[ 4-( 2- hacr vl W am.n t hr (Mplely) 1. 2.3 SEP 2003
WD 001 71613 %&?ﬁ%@?}%@ﬁ%ﬁ)&%ﬁﬁ%%h@g 5 %?u“%?'%§ HR &8@?"‘&"&‘8 de Y, o
preparing a cdefinitioh rhetasllypexchisive avith the sionbmers referted tocat hydrophitic aietiofgrst 0 t he

present inventjon is as fallo Si | i cone hydragel lenses.mde of the above
For mul at i on WEPER BERPPREAHER)” 1B PRFOTHETS O IHE B Sadropobis,oPEanatl sy

ni trogen at nogsisy Gsed 49 aburdh up BE athout B hidld Percent préferallg 0a6 20 Hhdle pereérean

pol ypropyl ene concave nold half and covered with the conpl enentary

pol ypropyl ene , convex nold half. The noll@ hal ves were conpressed at a
pressure of 70 psi, and the m xture was cured for about 15 mnutes in the
presence of UV light (6-11 nWcnR as neasured by a Spectronic UV neter).
The nol d was exposed to W light for about 5 additional m nutes. The top
nold hal f was renoved and the | enses were nmaintained at 60C for 3 hours in
a forced air oven to renove n-nonanol. Subsequently, the |lens edges were
bal | buffed for 10 seconds at 2300 rpmwith a force of 60 g. EXAMPLE 2
Tabl e 2 bel ow represents a pol yurethane silicone hydrogel formulation used
in the followi ng exanples as a coating substrate. TABLE 2




Conmponent Parts by Wei ght Uret hane crosslinking resi n55TRI S2
Absor ber 0. Snwdagafed 121 rgacur e- 8190. 51 WT150 ppm 32 WO %e
following nmaterials are designated above: ~~,1,SEP 2~3 /I1800113524 TRI S
[ris(trinmethylsiloxy)silyipropyl nethacryl ate DI\/A N, N- di met hyl acryl am de
Uret hane a silicone-containi ng crosslinking resin as previously descri bed

in US. Pate Alm

agent, narrelﬁlto?tt efgéol?i)‘l ?)2 a ryegt;;e/% &slﬁgpﬁlﬂﬂ@r]n%ﬁmgﬁ%ﬁr aqu
EXAVPLE 3 Taivkethaylhte) ﬂmmmtadedbylt meﬂtaqryihtps ulnag-ahzen sactylamodes sucir tsged:tyl
2t " AR, R o bl kit B RSB 5 628 M0
D2020TRI S40DadiAarnideie @éNadiiothiatiyfamide/ TIMA), | aetdfles - sucH 26 hppimy[ﬁh&oltdﬁdmw ng
materials are de above: TRIS tris(trine | sil | yi propyl
met hacryl at e A9\PO N%&"ﬁé’t"ﬁt}? 1§7Ia§tﬁ’i‘%"%ﬂ§ ﬁ&"g M rﬁ“ﬁpg
crosslini dngiaioﬁé tyPesRcIPisaMetRALHIY aidDe hycliﬁalkm Hetﬁacrﬁa&@ﬁich &bﬁ{drécyéﬁﬁl 662

and 5, 496, 871. Dar ocur a UV initiator a tint_ agent, nane
1, 4- bi s[ 4- ( 2methaayiat oklyétomylﬂly rbmﬁgﬁr%maﬁoﬁﬂwam% amsq\@ssswh g N.Nrp 204;

1 WO 001 71613,k %;ﬁ s(sg?@ ) Edl REN-
synthesis of a p ep?Pymer N Nd| nmet h | acryl am de that Sed in making a

macr ononomer dmhbemMylmovfﬂPﬂ%(}sd\fbpmﬂ)mm betain (§FP).mer, whi ch
prepolymer is m I J oW I | - N ~ CH3
L HS /= OH THE C@le%&hddveggé Pnofeglﬁaxf Qrklggt%me h?&x%i»ﬁxﬁp re%gg\?er%lyrge{%ﬁy

suitably range from about 200 to 1,000,000, preferably from about 1,000 to 500,000,

most preferably from about 5,000 to 100,000.

As mentioned above, the hydrophilic reactive polymer may comprise monomeric
units derived from azlactone-functional, epoxy-functional and acid-anhydride-functional
monomers. For example, an epoxy-functional hydrophilic reactive polymer for coating a
lens can be a copolymer containing glycidyl methacrylate (GMA) monomeric units
which will react with amine reactive functionalities or the like on the carbon layer.
Preferred examples of anhydride-functional hydrophilic reactive polymers comprise
monomeric units derived from monomers such as maleic anhydride and itaconic
anhydride.

In general, epoxy-functiona! reactive groups or anhydride-functional reactive
groups in the hydrophilic reactive polymer react with the primary amine (-NH;) groups or
other reactive functionalities formed by plasma-oxidation on the carbon layer. Although
amine reactive functionalities are preferred, oxygen-containing groups may be employed,
preferably in the presence of an acidic catalyst such as 4-dimethylaminopyridine, to
speed the reaction at room temperature, as will be understood by the skilled chemist. In
general, azlactone or isocyanate-functional groups in the hydrophilic reactive polymers
may similarly react with amines or hydroxy radicals, or the like, on the carbon layer.

In the preferred embodiment of the invention, preformed (non-polymerizable)
hydrophilic polymers containing repeat units derived from at least one ring-opening
monomer or iSsocyanate-containing monomer are covalently reacted with reactive groups
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48 Reagents DVA (200 g, 2.0 noles), nercaptoethanol (3.2 g,9@ Sed xml es).,
Al BN (Vazo- 64yo domidre anount 3.3 g, 0.02 noles, and tetra Uﬁﬁi“t (1 000
m) were conbined in a tw liter round- bot t om f | ask fltte a magnetic
stirrer, condenser, thermal controller, and nitrogen inlet. N| trogen gas
was bubbl ed thr ough the solution for one-half hour. The tenperature was

dt 6 he
Lgr;xfemsoprglgl%ﬁat edﬂg‘rl%%c?ﬂe%icggsg %srstgl \rétgxt?éﬁﬁéﬁg\?\n P'ﬁltaﬁeg ﬁ’ﬁg@g fI et hyl
et her ( 171. l:ﬂydgaphﬂ:cpedcpmepolym&s |areodtmtmd)to th smbstyatecat b wt tricesiplhces aBhg (si ze

whor ain Pa 1 G TR SRS AR S el K prebied reheimfoidi iy, >

oornéi 3 2 3 ﬁEFbphﬂB@'ch&)}Qﬂ)&ﬁ&%yEXM&Ezata'blnsn-Eaetmelmwtyl ustrates the

Thcr omonomer | CSUEE BYRERIE RERAh bp RePraE e PR e POPOERapl o

6 and 8 bel opcluitdigehbrdlRCHaXED BMBlE cearenudmpwxggtnamasr@ae a8 GeRfldldsNghdt 0 t he
following reaction schéme: N- O+ ~.~ NJ S

[ CH ( CH~, oComptheqryletes efthe generatstmcprey-N~O- H BHT O 48 The pol ymer from
Exanmple 4 ( 150 g, 0.03 noles), isocyanatoethyl nethacrylate (IEM 5.6 g,

0. 036 nol es), dibutyltindil rate (0.23 g, 3.6 x 10'5 nol es),
tetrahydrofuran (THF, 1,000 Iﬁt) and 2,6-di-tert-butyl-4-nmethyl phenol (BHT,
0.002 g, 9x 10" 6 noles) were conbi ned under a nitrogen bl anket. The

m xture was heat ed to 35CRIGEH GO sstirring for seven hours. Heati ng was
st opped, and m re_was tir under tr n overm

Several nl of" Fﬁgﬁg ﬁé‘t%’“ﬁ‘&"&&“‘f‘g ‘PB%‘?‘P%‘WF Mwﬁﬁ "%T

mac Ir onono )rre r ?ﬂmﬂ i lb e&bﬂuoitblﬁﬁtfbehtﬁﬁﬂ By oﬁc&gm@e (tjvater gﬁhﬁilﬁ:ﬁﬁg g-oh;%rsgeh as?l u rr:ad(
16 liters) of ethyl ether.. The so|i s, dri under hoyse vacuum (yi e 1
| S g). Size HRY RN cHRBIeYS g‘ﬁgﬁy QﬂT Yethylengioxde v ene

st andar ds ga%eu Wﬁhfﬁ@tﬂWﬁ&tﬂ@@tbb&eﬁmgMﬁm—o@&ﬂ&mt%‘by—o&%%&@ﬁhﬁ% =1 .33
35 WD 00171613 PCTN 0013’ SZd EXAVMPLE 6, This_ Exanple illustrates the
prepar ati on Blosphags\slipnaie, phes WWWW@H% opphosphapamidorgroups,y
coating accopdhfifirdsGhdrbst; Present invention. Di methylacryl am de (DVA) in the
anount of 16 g (0.1614 nol e), Vinyl-4,4-dinethyl -2oxazolin-5-one ('V DM
in the anount of &efgrapwlbzamﬂwp@yrormomwca@pwam eﬂerﬂxqobmsr ( DVA- mac)

ol bene- wor Py Eeacie ol i CETLATRUPHER) el Ay TRyg *?%9‘3%%&9% e

stirrer, cond@iy(slanqth)aagy}amhﬂearphb'(qcr)dlndmﬂ)a ppleﬁatthacwlmmud),(pblyaﬂfonihe sol ution

was de-aerate i th.anaqQn r .n nd, th n0029 nol e of
VAYO 64 e B aiE B ol By iR, Ry ARG E il gt e T U
reacti on was stdfomb)&odm(nmm;tomauylh;e di]aeRpply(élbylmlaxidetpnopMeskma) y added to

2500 nl of et et her te t he r. the addition was
conplete, t h8° %é@@tqe }ﬁ(ﬂnylg ‘ﬁ%ﬂe)t%’@gf‘ﬁ’e 10 min, and
filtered. Thpolpgaeamﬁuésaﬁxﬁmmh&wfemdwaﬂaym&@w;acuum at 30-35C overni ght.

The dried pol yner S sa |.ed for_ anal ysis by perneation
chr omat ogr aphy, W% &‘W@’G’ls °§ %ttor
H2c=T-c0NI—m3
R;

where R, and Rj are as defined above;
acrylamides and methacrylamides of the formula

17



EXAMPLE 7 This exanple illustrates the synthesis of the react§\SEPcengpol yner
i nvol ving a S@bd6e ght rati o of DMA/ VDMO nononers enpl oyi pternisosasz4
ingredients in Table 4 bel ow. TABLE 4 Reagent sAnount

UsedMbl esDi net hyl acryl am del6 g0. 1614Vi nyl - 4, 4- di net hyl - 2- oxazol i n- 5- one4
g0. 0288VAZO-64 initiator0.031 g1.9 X 10-4Tol uene200 m . All ingredients
except VAZO 64 V@rgcghﬁégd in a 500-m round-bottomflask _ . equipped with
a magnetic stirr F ser, argon bl anket, and therno-controller. The 36
2 3 SEP 2003 WD 00171613 PGI/ US00/ 13524 above was de-aerated with argon for
30 mn After VAZO ® was added, the solution was heated to 60C and

mai nt ai ned fqr, 50, hrs..  Af r i C jtored by FTIR),
t he solution %%e S 1%? Wagﬁg‘f)ftlpg 32%%8’5% #\'Xg.ﬁ&ﬁﬁhﬁnﬁ%é‘;ﬁ’ precipitate the
pol ynmer. The m xture was stirred 10.m.n. .allowed to settle 10 mn, and
filtered. The pr e&agﬁeﬁf’é‘?b’ﬁ” tep QEthg forld o uum at 30- 35C overni ght and

t he nol ecul ar wei ght determned to be Wh = 19448, Mwv = 43548 and Pd = 2. 25.
EXAMPLE 8 Thi s exanmROOCHsSHC@AAR, a contact | ens coated according to the
present invention, wherein fumarate | enses (Exanple 3 above) were coated
with a pol ynerhezemRaisasdefinedaboNsi| acryl ani de (DMVA) and

vi nyl -4, 4-di net hyl - 2- oxazol i n-5-one (VDMD). As descri bed bel ow, the
fumarate was pl asivinyl ¢thers efithe formwld a/ but adi eneJarmoni a) and the anine
formed on the carbon-coatod funmarate | ens surface reacted with the

VDMOcont ai ng pol y#e€=CHsORsr i ng- openi ng nechani sm Fully extracted, dry
fumarate | enses were placed in a Branson RF plasma unit ( 13.56 MHz) on a
tray which elevated the | enses between two el ectrodes and al |l owed the flow
of gas aroundwvlideeRd iensdefinedlbove] asna unit was evacuated until the pressure
reached 1.0 torr. A nig was intro ed into the chanber at 1.0 torr for
1.0 minute, and tﬁ@%ﬁﬁw oMy %%@%0 watts for 20.0 seconds. After
a 20-second amoni a plasma, the flow of ammonia was term nated and

but adi ene was introduced at 0.3 torr for 1.0 m nute. The butadi ene plasm
was ignited at ReBH=(HRes for 30 seconds. Finally, the butadiene flow was

st opped and ammoni a was reintroduced at 1.0 torr for 1.0 m nute. Another
anmoni a pl asnpaR, ik adddiafld hbdveald RS GPRUR AL b Wit thSproVi3€ tHal RSEBmEe0at ed

| enses were pl aced into an 1.0% (w v) anhydrous acetonitrile solution of
DVA/ VDMVD pol ythasrhydtogemiiaglt . The | enses were then equilibrated in HPLC grade

wat er, heated to h?‘fgil' I ﬁmm . A GhAYRtks (1
cycle - 30 m nut egglgls@%%%q e&ﬁggségﬁshh?tgtv{engg stegp’?’ggﬂgiﬁe process%were
anal yzed by ndNyvikyideaahssuchas Nopinyl-2-pyoolidoné. XPS) . The XPS data is
obt ai ned on a Physi El ect roni ¢s, [ PHI del 5600. This instrugent
G111 76 & monoch R BEEoR P TSR ML T ot 2t Brod b EER

mllianps. Trashyirsspppess2s-dihgdrokpropylspolyetioxyethyhsand. 0 X 10-10 torr while
37 WO 001 716

3,2 3 SERP 2003 PCT/ USQ0/ 13524 the pressure dyring .operation
w50 X 10-RENEGORPrmIacT A AEAY RiEs A Hmudty SRR Bl SVIERGF s or
The i NSt r U hethasyl@mdANQlrdhyliyihide] Ninethyliethidyl&hidg/N, per si on 4. 0A
software. The_practical nmeasure of sanpling depth for this instrunent at a
sanpl | ng anglmghylany gride; NaN-isrethyiebacmE -A-sameiinls 00 NtieWY Y  ng a
| ow resol uti OpniFslmE ¥eryRECdna FnetithcAfle adhe CordspSialnglatrylahfaedlagdent s present

on the sanple a surface [10-100 A]'. Hi gh resolution spectra would be

obt ai ned on tmehecndsmidesi2sand dtdrylpyriding drand 2-meshylSeduyinyriding: Nursh-4scans.

The el enent al ; Qﬁ"{' j. |1ds ]-qua% INpagl. ﬁmEH' h resol ution
spectra. All ‘aﬁ’?@w é’ge%%vwarlg‘éxﬁﬁre eréﬁlﬁa’a\gjtd{ct)ﬂt eghlgar de% (CHx) peak at
285eV. The atdimethyleminoethyl vioyl ethes; N-oinylpyaxolidorfe; asmyliched methagrylicwtsd; t he
phot oel ectron gaks O‘f,rggr sensitizing those areas with the instrunental
transni ssi on TUNCrico M c cross sections for the orbital of
interest. Since XPS does not detect the presence of hydrogen or helium
these elements will not be included
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in any cal cul ation of atom c percentages. The XPS anal ysis Qf tsE nt r ol
| ens recei ved‘,,',grogl7 jer wet processi ng detected carbon, ox%?g' ,con and
D ,

nitrogen. The resu Es for the control lens, shown in Table wer e
typical for wet-processed funarate | enses. TABLE 5

[CQIO[N[F][Si][Na] Man65. 817. 75. 70. 010. 80. 0Sd0. 30. 20. 60. 00. 30. 0 Lenses
received dry after wet processi ng wer amm_ﬂi a plasma-treated for_ 20.0

seconds, at 100 wend&algigacidsgngd ghelowerhydio Lugnqgndsiiesteprdharsof  such @t t ed

car bon, oxygeg, 2 HylitoxSylaitlaritel 4@ dfalbatedsodtBONR 1dtdanidN ach 1A how for the XPS
anal ysis of ammonia plasnma-treated | enses. Conpared to the control, :

ni trogen and msthegeloyleyxathylsulfenie acid and dllylsuoniopsid: eased, and silicon

remai ned about the 1 ' @Q‘_c,g I [ .
functionalities arpésslg?l;?leo?(g)q %/%BF’eHyF%pltl e N%%e%éaﬁh?gsgg’ #gglfnglgﬁléiﬂ%d, it
was di f fi cul tbenefitteftcawsinigtbe fommatianyqfdispérsedi polyogeagevegstes insoluion, avidenced t he

surface. 38 oorn6i 3 TABL. 3 P 23, PCT/ LS00/ 4 .

1O 10 TN [ Fors T odieRein e oo 85 B Bolher S iapiees o 2 S8 0w e xps

| ow- r esol ut i oAtoatiaFyse Miabscopeintageool the dnated dediaslldeviveni a pl asma-tr eat ed
fumarate | enses detected carbon, oxygen, silicon and nitrogen, as shown in
Table 7 belw. The XPS data showed a decrease in silicon and an increase in
nitrogen and car bosumvreihya}o%m iZdblemRBIBMers MdRIe wabp insblibleg coati ng
had been applied to the surtace of the silicon-containing fumarate |ens
material . |t Seaventionaldinyhmonpmers spqhyasachylatespad methaylates pithe ganersbfopadla ¢ he
ammoni a plasma-treated funmarate | ens surface and the amoni a- pl asna-treated
carbon | ayer with the sane plas conditions. This is believed to be a good
exanpl e of treating different sul aces with the sane plasma conditions in
which the end result is a different surface. The detection of 2.7%silicon
puts the carbon |ayer thickne¥C%CO98t ween 5 and 6 nm TABLE 7

[~7[ol TN (FI [ S~1( Na] Mean78. 27. 811. 50. 02. 70. 0Sd2. 31. 61. 40. 01. 50. 0 The XPS

anal ysi s of the anmgoni alhutadi ene/ nia plasna-tyreatod fumarate | ens,
after being sg";’lfée ?ﬁa%d%ﬁ?%‘fﬁaﬁ%marsg?‘ﬁgtrﬁ%ﬁﬂgﬁ%'f"éctb#*@agﬁmm in Tabl e
8 bel ow. The Icgutoslgphaticidr apsmatieagrdupchasting®p te20 afohatomsorhigesunsabitingeior

nitrogen and sodi um for both sanple ts.. 39
9 substituted by one or more alkoxy, g]ﬁmoyloxy 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;
acrylamides and methacylamides of the general formula

Ry
H,C=C-CONHR;s

where R, and R;s are defined above;

vinyl ethers of the formula

H,C=CH-O-Rs

where R; is as defined above;
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WD 001 71613 TABLE 8 2 3 SEP 2WB PCT/ US00/ 13524 3 SEP 20W

Sanpl e[ C [ O [ Wid dor7h15i ] [ Na] Lnean69. 719. 37. 70. 02. 70. 6sd1. 80. pcdrnifded324€0. 52mre
an71. 218. 37.60. 01. 91. 1Sd1. 00. 60. 50. 00. 40. 4 The XPS data showed a decrease
in silicon and an increase in nitrogen which indicated a

ni trogen-contai ning coating had been applied to the surface of the

si i con-contai ni NGyhHERERLEE @tmlalne XP S Carbon 1's (C 1 s) spectra had a
peak shape simlar to DVA polynmer. It would be difficult to tell if the

| enses were coated with the polynmer as opposed to the plasma-coated | enses
except for the sodi ugjcueirbb®-RAarbon 1 s spectra. The sodi um appears
because any unreacted VDMO in the polynmer will ring open in the presence of
water to formacid functionality. In borate buffer, this acid will conplex
Wi th sodi um r%ealr'%n tdhg%eﬁrgsence of DVW VDMO pol ynmer at the surface. If
this pol ynmer WeF& d%fl PP g opened and conpl exed with sodium there
woul d be 2. 4% sodi madestes dnb Curiarhtgd@fithe Mirhiila about 1. 0% sodi um at t he surf.ace,
approximately half of the VDMO remai ned unreacted with the surface. This
cal cul ati on assuned SULT ac al | DVANDMO pol ynmer. In summary of the
above XPS dat a, the%bﬁ%ﬁ@gggﬁ the I ens surface for the control was
10.8% after plasma treatnment was 2. 7% and after the plasnma-coated
fumarate was ®bgrecRs it ¢efinedatovey/apbVO pol ynmer was an average of 2.4

percent. O all thg ]Hﬂﬁs lﬁ’&?o b8 fhidslia MENt i Oned, only the
DV/ VDMO coat ed Ieﬁlggs a%h%%@ sc‘):gdlﬂum at tﬂﬁe surface, associated with the

ri ng-opened VDMO in the hydrophilic coating polyner. The XPS carbon 1 s
spectra of the polyner coated | ens al so reveal ed am de and am ne
functionality, from BiGHeOGHRsacryl amide, at the surface. Atom c Force

M croscopy (AFM was enployed to study the norphol ogy of the contact |ens

surfaces. AFM wor by _neasyrin ano-scale forces ( 10-9 N) between a
sharp probe awgoeﬁt%ﬁgxﬁﬁlsfﬁgeﬁnéggﬁ%vﬁrface. The probe is mounted on a

cantil ever subst rabgiablthdrdpidbondinesy inélide, friekarhsly:Mhethyl Rl fepyy a | aser
detection system is 40 w0 ooni6i3 ~ soo ~3~ processed to_generate height

i nformation. tRPTORYlgBlitHesthaxyethy) methoxystyl. sthexxpropyl. paenyl, beezyl. £yelahexyhs ed i n
the x-y plan ehmﬂq%ﬁsﬁafyl,%rwcﬁ@-aﬂirvm ahP ALt PR ARHIGE thel ofding h€
| ens surface. In the opti'cal zone of each |lens, three I nages were sanpl ed
on bot h si des a¢rivlanfides prdymethacrylamides; dimethyl fumarate, dimethyl maleate, diethyl

fumarate, methyl vinyl ether, ethoxyethyl vinyl ether, vinyl acetate, vinyl propionate,

vinyl benzoate, acrylonitrile, styrene, alpha-methylstyrene, 1-hexene, vinyl chloride,

vinyl methylketone, vinyl stearate, 2-hexene and 2-ethylhexyl methacrylate..

The hydrophilic reactive polymers are synthesized in a manner known per se,

from the corresponding monomers (the term monomer here also including a macromer)

by a polymerization reaction customary to the person skilled in the art. Typically, the

hydrophilic reactive polymers or chains are formed by: (1) mixing the monomers

together; (2) adding a polymerization initiator; (3) subjecting the monomer/initiator

mixture to a source of ultraviolet or actinic radiation and curing said mixture. Typical

polymerization initiators include free-radical-generating polymerization initiators of the

type illustrated by acetyl peroxide, lauroyl peroxide, decanoyl peroxide, coprylyl

peroxide, benzoyl peroxide, tertiary butyl peroxypivalate, sodium percarbonate, tertiary

butyl peroctoate, and azobis-isobutyronitrile (AIBN). Ultraviolet free-radical initiators
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AFM t opogr aphi cal imges of a control lens is shown in FIG é "f.hi control
| ens was recejved dry after wet processing and anal yzed as ¢ C%Fi vg © The
At om ¢ Force W/P(?P’Z)‘g@opy (AFM inages were 50 un2 with the 5@@?9%‘?5’(‘& de of
the I ens) shown on the left and the posterior shown on the right. The | ens
surface topography of both surfaces showed |lines replicated fromthe tool
enpl oyed (the_lines fromthe tool nmake the nolds which nake the | enses).

The anterior Bnswtedly disthoxyacgiephanopgsan glso pe Bied+ Fhe ¢usive pracessivill fesHrse caught
in the nonone ] . ; m%ﬁ i or

| ens surface &%’gﬁ‘%ﬁpﬁ%@??@%@%ﬁ@%ﬁﬁfﬁgﬂer?tor g&éﬁgﬁc Rl\?gto{rﬁgrug F\‘géss of
4.7 am +/ - 0. 3suclrgpviscasitye 48 anyeyers, the leyelofinitiatoremplayed willivam svitbinghe fangem

2-25dm The i . [ . (an
armont &/ but a0t COITR Soisihs pkilhs BUEE Balne SERBhO, SRR i Gt (2

DVIV VDMO ( 80%4d08&4nertiningdreonorhers isywannetwitls adilitionof a freesmadical forfter. 2. The AFM

i mages were agai n 50ynp \M%h t he anterjor,..on the Ielft and,.t he .ppsterior on
the righe The i mdbBt R iatvn b dirmt B Srdreryfiretese bR Vi Bh o° FERET SoHi

t opogr aphy ljomkgrekénke7faa m&h? ﬁuithlﬁﬂ&l%n_tshr@irfpﬁﬁéiﬁﬁ&ll%l@&lnﬁ Q!ii@ﬁhi(sﬂﬂvea -
coating, and a stress/stretc ature wt i ght verm cul ati on (wave-Iike
surface with Q‘e@%@E.‘Bﬁ{’g?ﬁeﬁ%éFé’ﬁﬁ{’ﬁ}@h such as loyst mﬁﬁml?e%’éﬁ’é"énﬂl‘hi cker,
towards the egifhol sdciivingT; c?&%:m:ﬁd& 3icaGs URARAFIRRAMMIABREM R aprbllt S

verm cul at ed topography results fromthe carbon coating ‘expanding in the

acetoni tril e Svepssuch a5dimetsd sulfaxide osmethybethybetone; ketonessyeh afacetaee @int er i or
| f - . i
eéns surtace E%ﬁoh%gﬂoﬂ&rhfdmc%rb%n?ﬂﬂh %}tomﬁe, Rfhels Shdtds THE, g@g&% $r M

+/2.2, less t nm as desired. e water contact-an the | enses
was neasur ed dinxankachatogenatesl hydeogarbensrshelvastrichlidrasthape, BMANGONMDtures gfispitabloat ed

| ens surface J h rials,
bot h conmer ci g%%gg@%%&%%a{s%mng@ g ’ ?Agr&%@%gha}s"g@fﬂr&%ﬁe dat a
Tabl e 9 bel owwatélmethmobmittiwe. wat er contact angle, typically the nore
wet t abl e or hydrophi li he | ens surface. .41 . 001,71613 TABLE 9 Z 3 SEP
2003 PGTI US00/ 1352% 2\RHAd acpqrding fo e Rreseqt iveaton: B-cpgid; contact lens or

Cont r ol 105Funmhar medidaldedidelmhdydbter posed o\ydedphilic ecazfive polyiers Wy sh@brsBgltiaf | | con

Lens85 In conclusion of the above, the fumarate | enses were successfully

coated with aStRFHOR ¢ SAEHoRCINATBELE PRIYECEMARDRSPRIF et landmy By Xps,
AFM and wat er pﬁ&&to%‘aiplgéml;%& AIEblE Pedod SPANEEa S01bhRbS o MR MR phillit Yedctind €S
the preparation of a | DMA- mac/ VDMO pol yner. Di net hyl acryl am de, 16 g

(0. 1614 nol e) pPolymenar-copalymes i  yritablegnedivm; for sxamplep an) aprotio safxentsueh as gnd 2
g (0.0004 nol gletfitriidi Met hyl acryl am de nmacromer from Exanple 5 above) and

200 nml of toluene were placed in a 500-nl round-bottom flask equi pped with
a magnetic stirrer Ascindigatede pbovgy ¢be ipventiret inveines ttherpattaghment eforeactive er .

The sol ution - i : 1: : o Dl e%)
of VAZO 64 mﬁ%@gﬁﬁgﬁﬁﬁ %ﬁ\g%ﬂe}gﬁe?‘éﬁgm e‘%tv%g' %%&%Pg? %gﬁql&% er the
reaction was congihieg moomerictuniteor fing-dpehiRg monbmerioinitsi dmonecemtwhimednyofitbeled t o
2500 ml of ethyl ether. Ailer the.addit.ion was conplete. the m xtur S
ctirred 10 m Al P e S pfidtcl O Rollie BT Slftont Rttt e s
dri ed under hbythe follaedingfoatul®0- 35C over ni ght. The dried pol yner was sanpl ed
for analysis by gel perneation chromatography, bottled and stored in a

desi ccator. EXAMPLE 10 This Exanple illustrates the preparation of a

DvA/ PEOVW VDMO pol yrer. Di net hyl acryl am de 12 g (0.1211 nol e),

vi nyl - 4, 4-di met hyl - 2- oxazol i n-5-one 4 g (0.0288 nole), PEO nethacryl ate
1000 in the anobunt of 4 g (0.0036 nole), and 200 nml of toluene were placed

in a 500-mL round-bottom flask equi pped with a magnetic stirrer, 42 WO
oornsi3 3 SAP 2L3 P /US00113524
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condenser, argon bl anket and tenperature controller. The s@ISEBP0Sas

de- aer at ed wwigpoaig@en for 30 mn Then 0.025 g (0.1 nol e¥) pETREHGsR4 Was
added, and the reaction heated to 60C for 50 hrs. After the reaction was
conplete (nonitored by FTIR), the solution was slowy added to 2500 mlL of
ethyl ether. After the addition was conplete, the mxture was stirred 10
mn, allowed to settle 10 mn, and filtered. The precipitate was dried
under house vacuum at 30-35C overnight. The dried polymer was sanpled for
anal ysis by gel perneation chronat ograph bottl ed and stored in a
desiccator. EXAMPLE 11 This Exanple |IIu rates a process for the surface
nodi fi cation of a contact | ens accordi 4 he present invention enploying .
a linear DV VDMO hydrophilic reacti vé poT\ of Exanple 7. Silicone .
hydrogel |enses made of the fornul ati o? le 1 (Balafilicon A) above
were nmade, which lens material was caf?#vol ded from pol ypropyl ene nol ds.
The Bal afilicon A lenses were coated witiy a copol yner contai ni ng

di met hyl acryl am de(DMA) and vi nyl - 4, 4-di net hyl - 2- oxazol i n-5-one( VDMO) as

foll ows. Aft ghersial RPeind wqmpahdeansdcmwcﬂkﬁrgrodmvingnsmuwen dtohfa bef ore
treatnment. The | enses were placed in a Branson RF pl asrraesgtgé%di(nﬁm 56MHz)

on a tray mmlpaé%s@tlaaaws?'ﬁeﬂéég BR PIRES AN 4R sEPuR-having 1#ed t he

flow of gas aﬁ%ﬁﬂa &p hBNAE S to 128 cb@S HBmYNAdd 9AS 3eneaedhInRCthdAl pefdxididint i |
the pressure reached 1.0 torr. Amonia was 1ntroduced into the chanber at

1.0 torr for sdlededfiromSeN, anbb,td‘rd{:’phdsrrmkwmgegm witltha carb6iDto wehiidhsthéyoare 20. O
seconds. The . fl W of. ammonj a s.tennjpate d. but adi e was .i.ntrqoduced at
0.3 tort 1 or o4 SR fRTt SorpeeY i GRS AT oL HE SO BB Mk IBBERAT s 1 or
60 seconds. FKi BadH mondn&be.cbmitaﬁlemmﬁédqwm&%%m@es;lmaasltﬁvmamtal was
reintroduced at 1.0 torr for 1.0 mnute. Another ammonia plasma_ was_ignited

for 20 seconds atTl?L‘f)Un&/é‘ﬂ"é‘-"e@fﬁBChaWﬁiﬂYP nyifies, if Whceptible tanyglsophiliceq as
received fromgRg Rhctifhb Withdoriphilcitap FaliileGuittioRiat g2OuBYbPthl stffkceRE ST

coated | enses vvere pE} aced into an 1.0% (W v) anhydrous acetonitrile

sol ution of Dixaoniayenpysubstratey being treated. Tins %ﬂngl&rtbmylmﬁmwahy eas used

it er - heat edephvih B gl bFASEY MG biBE 1EE kR bbb Bl 7 21T
cycl e- 30 m nitiescarban ldy2d, aE)nenﬂéhed aweﬁ)fblmﬂ!ﬁ ﬁ%ﬁﬂ&tﬁm mnmé’ﬁhbmam%m
e e N B TSR R P,
Tabl e 10 bel QWatta‘EHBHEs téh Edi]l:( D]sér[lﬂs [oSlp])l@ﬁm' ldmbs on the substrate, wherein each loop

anteri or nrean64. 319. 56. DO. 40. 30 nt r,ol neanp4. 019. 77. 09. 3Posteri or S
DO. 60. 40. 30. &?ﬁﬂ“&%ﬁ?ﬁa%’% ﬁ Béfé%g'g"%%'f’ dhe 3bstsge

1SD0. 60. 40. 20. 3P A&H&oﬁé—ﬁﬂc&ﬁh@ﬁﬁﬁ&m% f&&xaanglﬁeshsr&bplﬁnc faakdlive polymer can
1SD1. 81. 00. 2Q. 7Pl asma Tr eat ednean84.76. 38. 40. 4Ant eri or

2SD0. 30. 10. 209¢ 2R HSRSMET, BEAPEIYFRSE P8 5! %mgmr@wgépéﬁhepnqﬁm@w ofthso. 61. 0
44 above formula in combination with a vinylic group on an unsaturated hydrocarbon to

which the azlactone is attached. Preferably, azlactone-functionality is provided in the
hydrophilic polymer by 2-alkenyl azlactone monomers. The 2-alkenyl azlactone
monomers are known compounds, their synthesis being described, for example, in U.S.
Patent. Nos. 4,304,705; 5,081,197; and 5,091,489 (all Heilmann et al.) the disclosures of
which are incorporated herein by reference. Suitable 2-alkenyl azlactones include:
2-ethenyl-1,3-0xazolin-5-one,
2-ethenyl-4-methyl-1,3-oxazolin-5-one,

22



WD 001 71613 TABLE 10 {Coot.) 2 3 SEP 2~f|3 PGTI US00/ 13524 9 3 SEP 203

[QIA[N][SI tedmean7l. 519. 07. 60. 71. 2Anteri or Run
LSDi 20, 50 o0 OW B ot cdnaanta. 016 45 61 31 7Post er 1 or - RunPCTUSV3SA

1SD1. 91. 70. 80. 50. 6Coat ednean70. 219. ?7. 41. 41. 3Anteri or Run

2SD1. 70. 80. 50. 50. 3Coat ednean72. 618. 37. 00. 91. 1Post eri or Run

2SD0. 60. 10. 20. 20. 4. As sho in Table 10, the control |enses, wet processed
before plasma tredtRBROPIY rheroX28liR-p98® el enental conposition of 64% car bon,

20% oxygen, 7% ni bLQgRPerNd-nRtyd LI sLs@mblmts-ble surface. Furthernore, the
silicon level of the control |éns went from9.4%to within a range of 0.4

to 3.0% after pladwheryldsrdimathyl-Wprerazolie-Sngsma- coated | ens was coated with
t he VYDMO DVA copob%;ogg%_g’ﬂnlg{\}/‘gfm}l S&?Eg_tstﬁ@ went to within a range of

from0.7 to 1.4% an oxygen level clearly indicate
the coating has b2ethemyigtmethyl-cybl,doyazelinSeonel i ncreases and the carbon

| evel decreases after Q (Y %‘%8% ed. onto the plasma-treated
surface. This V\Du?aS%BreotpgnS'[])%gFe@cﬂm rlllg@q ) V\IIHIISC &l’s 80% of the copol ynmer
conposi tion, has letenytaldadibaglhdoxaolin-Sane, oxygen t han an anmoni a pl asma
treated carbon sugface. The detectjqn sodi yum XPS al so confirnms the
presence of the Dkwmyg%%ﬁ%ﬁ?d?aﬁﬁﬁ' '@'gs%’(?’ | enses. The presence of
_sodi umresults er{iﬁoﬁfbg&W@@ﬁHeﬁﬂ-Mﬂ-bﬂz@Hn—é@nd, group formed from any VDMO
in the polyner chain that did not react with the am ne on the surface of

the contact |ens. 2$9PLPeB¥ifrdrrentamethylener] dxoxgzqlin s for the surface

modi fi cation of shlg@%&ﬁm_%eﬁaogﬁag31@%533‘5_(;&? formul ati on of Exanple
1 (Balafilicon A) enpl Oyl ng_ a 45 _Odl 71613 2 3 sEP 2003 PGINS00113524
DVA- mac/ DV VDVO g-ethemyr42bdigghyigh3-oxazpliesf-amedr ophi | i ¢ reacti ve pol ymer of

Exanpl e 6 above. 2@%@3}1@%%1&*&%?@0%&%@&@ ved after sol vent renoval
ried be (

and extraction an ore tfeatnent. The 1enses were placed in a
Branson RF pl asna2+septop¢nyl-se@htphenylr1 3-axazglinhionsh el evat ed the | enses

bet ween two el ect 5—?5%@? g%q4§+4m%$%§_lfg_gﬂzgﬁn_% . around the |enses. The
unti 17 the pr

pl asma unit was evacuate e§sureé"reachéd 0.2 ton, and anmoni a
was i ntroduced intantthe chanber. The plasma was ignited

2-ethenyl-4,4-pentamethylene-1,3-oxazolin-5-one,
More preferably, the azlactone monomers are a compound represented by the

following general formula:

where R} and R2 independently denote a hydrogen atom or a lower alky! radical with
one to six carbon atoms, and R3 and R4 independently denote alkyl radicals with one to
six carbon atoms or a cycloalkyl radical with five or six carbon atoms. Specific
examples include 2-isopropenyl-4,4-dimethyl-2-oxazolin-5-one (IPDMO), 2-vinyl-4,4-
dimethyl-2-oxazolin-5-one (VDMO), spiro-4’-(2’-isopropenyl-2'-oxazolin-5-one)
cyclohexane (IPCO), cyclohexane-spiro-4’-(2’-vinyl-2’-oxazol-5’-one) (VCO), and 2-(-I-
propenyl)-4,4-dimethyl-oxazol-5-one (PDMO) and the like.
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at 450 watts for 60.0 seconds with a flow of 155 sccm The EI anmoni a
was term nat &b ooéi3but adi ene was introduced for 1.0 m nut%a%mg adi ene
pl asma was ignited at 325 watts for 60 seconds with a flow of 200 sccm
Finally, the butadiene flow was stopped, and anmoni a was reintroduced.
Anot her ammoni a pl asma was ignited for 60 seconds at 450 watts with a flow

rate of 155 scc - | e re,placed into an 1.0% (w v)
anhydr ous acetoﬁ%??%‘%%ﬁ%ﬁn%@oﬁg?aﬁme%%%% OF BRBAREVO pol ymer made
in Exanple 6 above. The anhydrous acetonitrile was used as received from
Al drich. The Ierﬁzes were then equilibrated in HPLC grade water, heated to
80C, cool ed, plgcCed in borate buffered solution, and autocl aved ( cycle

for 30 m nutes I C). The | gftse Were,?éﬁﬂined bef ore anﬂ Bt t pl asma
by X-ray PhotRiel edqf ron Spectg ( XPS) g the Phygscal ey CS

[PH] Model 5600 @escribed in tHe prgyio |l e 8. Tha XPSNHesults for
the | enses are shown in Table 1NHeelow. TAB 1

A sN sd sSi 2pNal sCont r ol Meanl17. 86. 965. 49. oARt %Y or sdRy-~d. 10. &0. 3Cont r ol mean
| 7. 66. 666. 19. 7Post eri or sd0. 10. 10. 30. 3After

Pl asmanmean8. 216. 173. 81. 8Ant eri or sd0. 70. 31. 20. 8Aft er

Pl asmanean8. 617. 873. 60. OPost eri orsd0. 10. 70. 70.0 46 WO 00/ 71613 2 3 Sf P
Z003 PCTI US00I 13574 A sN sC sSi ZpNal sFul |y Processedneanl?. 27.072. 71. 8l

. 3Ant eri orsd0. 91. 12. 50. 50. 5Ful | y R2

Processedneanl6. 97. 47207(9&&1 5Post eri orsd0. 20.91. 5 shown by the
data in the above Tableg 11, 2Pﬁe control | ensegy -pplocedsed before plasma
treatnent) had a surfaggxgieemental conposition of 66% , 18% oxygen, 7%
nitrogen, and 10% silicon at the surface. After plas aat ment, the

silicon |l evel was between 0-1.8% After the plasma-treated | ens was coated
with the ter polyner) the silicon level was from 1.5-1.8% The nitrogen

| evel of a control lens surface was 6.7% after plasma treatnment was about
17% and after t | asma-treated_| ens vvafa,coa ed with the ter-polymer was

about 7.3% It ¢ grsh 8tep i & Phofien-Bapgman,peylation ghan yrune pgid.c The palgnegizable « r ogen
level's, if tignckionisifsis' WafddubeddlyQeinpieltherlabs1dyebr MEhatH Syl BRBAALS erieliEcond | | CON

| evel s remai n about constant between the plasma step and the fully
processed st &P imielves @rringrisiiestith 2 hlopaformate toryickd el desited oxagolinongn dhe he
ter-polynmer @fdautiq€isBlafdd 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
will follow the general reaction of:

NH

R2 R4
> | o H* or OH- R3
Al Pl
° /
R1 o

The carbon-carbon double bond between the R! and R? radicals is shown
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ni trogen. However, the detection of sodiumby XPS confi rnsgtgwr nce of
t he DVA macrqggf) VDMO pol ynmer at a fully processed | en ace. The
pol ymer coate s had about 1.5% sodi um at the surfacePCTH%%bdi um
appears because any unreacted VDMO in the polymer will ring open in the
presence of water to formacid functionality. In borate buffer solution,
the acid wll conplex with sodiumrevealing the presence of

DVA- macr omer / DIVAPRASRRtSds Bitgeaction capstaks placs teben eqpolymesizedinto applymer.
conpletely ring o g%y X 1 i e Wnﬁm‘ 400
sodiumin the pol 5ﬁrre&? WTth abo&% %.F]Sd%nts)%bﬁ%dé%ﬁﬂt h&;%seur ace, gger%wﬁalf of
t he VDMO r ema¥lagtane fungtienekrroigtiesntot foem sher iydraphilit meastiveapalymers bssd tougeat aof

been pf oper | 3 akek RV HRARC RS peldthtd RO pBRbf Wk RatiNE, 10

nmodi fi cat i on hgdérosydthy omethagrydatd GAEMA)damidpe |N-vinpippsolidane &hrthen exdmplesudfat i on

of Exanple 2 enploying a,. Vi 80/ 20 i ght A7 on~qi 3 2 3 sk~
2003, PGT/ USOGPTaRceT A d&%&‘} %‘F"Bﬁ?ﬁ% Pﬁéﬁ‘%ﬁ%‘?‘ﬂ’é 0818 cke dislorse e
af t er sol ventwhiehTiy adcoffathtedx by areferémte. THefetablys @imotlylsrylirhide balsed as a
treatnment. The | enses were placed jn ,Brggon pl asma unit ( 13.56MHz}
on a tray \Ahiceﬂ%‘?%?'é?@’@“ctﬁémi’gﬂ%’ly 1eReoring ¢po trodes and al | owed t he
flow of gas aroundgidie aki@ets@RSfundtitRal | MéttherNichn V&S RpaigmaiRd it Abthetnt i |
the pressure reached 1.0 torr. Amonia was introduced into the chanber at
1.0 tort for mongmersgivarious rqmbinationsof weishtperceptgese sing 2 monamer of similer 20. 0
seconds. The gracetaf! ] o i 1 duced
at 0.4 torr fr%')drcg?{??n}?lﬁ%te. %ﬂ%ﬂl\%ﬁﬂgt@ﬁ;ﬁ %ﬁmg:sam%%d?ﬁﬂif%gd%%%%ﬁﬁ méla}its for
40 seconds. Metermination pEreprtivitylratine for icopolymeesization apsedi inrQdian, Briveiples

rei ntroduced gt . r 1. ' ot h '
ignited for fgpsokg’(':”oen st%rg’t zﬁ‘ggd\’/\é%ns i%g‘ B@%&hﬁ%ﬁ%%@’nségﬁ\?@?ﬁg aced
over ni ght i ntwhi¢hnislincoPdrated by) refanénee hexsin. aklenmtively,iuse of o comormmenhavinpea

DVANDMO pol ynern of aml bove. The lens were. t hen .equilibrated in
FPLC o ade watehet roaghpide daet o8 88 WEaspcICaE b a4 PRRC Bipplymet &

aut ocl aved { Wwithychighdr@bncéfitration of £4actdne-fiiktiéhalityHear théforpinbsofuischaiat ai ned
enpl oyi ng the Physi&a El ectron'te%s [PHI% Model 5600 described in Exanple 8

|
above. The resul t fEiou8bsnof s pretermed A monemess, azlactonepfunctignal jprenotymeps or

[ LA (N[ S ]ofigher! Haviag at’ 1&3%&2&&&8&&&@0 #0sitéA¥ah Qlso be utilized for
Pl asmamean®. 717. 010. 52. 8Anteri or run 1SD2. 21. 11. 02. OAfter ]

Pl asmanean66 Pravidiog aglagone-fupctiopplityin the,hydoyphilis, rsertine palxmer pocording to the
Pl asmamean69. ppdéntdhention. 3ARLIE bR fuhttbngi Mk oEes 3fbr @Rarfid)l,L47E prepared by free
Pl asmanmean63.7720. 14. 211. 9Posterior run 2SD1. 80. 50. 11."4 48 Wwo ooni 6i3 Z 3
SEP 2033 PGT/rastierd polygrerizatiop pfyzlagiqneimangmeniegptionally with comonomers as described
Coat ednean66.;42Pg 2 NHANL §4g ; : .
ural S00. 80, 45 U35 CRER IR TP and 4,655,008, ingarmopted by sefrencs bl Non
1SD2. 20. 90. 7dinfifing eramplGoef aihetonndBoGoml Jlig@bergAnd prepolymensrare disclosed in
23D 2120 29; 8PPAYNEL. 4438256 HRPS 08, 1 and Furpban’PReHh BlbiRlaribel 6 392 735, al

incorporated by reference herein.

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

monomer is an oxirane-containing monomer such as glycidyl methacrylate, 4-vinyl-1-

25



The silicon level of a control urethane |ens surface was é %
(average ant gyhegmie@dnNd 11.0% (average posterior) after pl %ﬁgggfgent and
5.3% (av, ant.) and 10.0% (av. post.) if the plasna coated urethane |ens
was coated with the DMA/ VDMO polyner. OF all the urethane |ens surfaces

just nentioned, only the DMA/ VDMO coat ed | enses had 1.0% sodi um at the

ner e ot 1 un SROINE Aol B e TR g S onBllEhoBRREL iy pd 1Y
L)e(gzes }NEI’ et mg%b:ewﬁptai‘y tdmonpalersnare NoIN-doypgtindactylamide laad fluesnmedcmeanombrd enses
pt for

The | U pears because any unreacted VDMO in the
pol ymer wi | | SPEBS tﬁtg]‘}?rqpﬁn?'ﬁ’é%@ﬁce of water to formacid functionality.
I'n Buffered Boratﬁlﬁféhfdfh@actdfhhépﬁﬁmﬂ itVehtion Q&R Yopilriers afé disvldsey el i ng
t he presence of DV VDMO poI£ r at the surface, If this polymer were

conpl etel y r idgtTiBeahove. aMaIck bays besr Jound:ta beeiyhforqoating apphications Sughy,
sodi um i n t heoRANER Eompfist BbddP 9 W 50lpeRcéndtonietic {u{iﬁ d%ﬂoédaﬁ@m ﬁ@.wcrnaﬁﬁl f of

the VDMO renmai ned reacted with the surface. This cal cul ati on was,
course, assuréastjve menomersisgleetedfromahe STONGOREIRIDERS leporyy aémoqeh@d@ahwlnés had

been proper| | i pas
coated with é’ogtgﬁxglg nﬁb%:gngrgtaﬁ 56?5]?% %E%CCBJ]&MW yner as s own by
XPS. 49 V\Dr&hh?élﬁjkd%oghﬂﬂ: Sf@ome@@iﬁlmdoﬁ'm&nﬂ Wxshng oThacsyl&mdeqol e

i |1 ustrat t hes | L f
D i accontiaRt o ety Bre SRl le, o PRI ” boib"°SE) SERRAET s,
~~// non 14 W&&&pwﬁ&e&&ekﬂkﬁ&r&tﬁyl&ﬁ gour® hiveQ Gb'BOcaibo’h hiofn As

reaction flag kdlwtédeab%\(;ed %gpo I)é%tlsl der 'élorlr\xli)r?sjmngebgytl) %%r elrcaem g m nomerxc units

derived from hydrophobic monomers may provide dispersed polymer aggregates in
solution in order to provide thicker or denser coatings.

The hydrophilic reactive polymers are attached to silicone medical devices which
device may be made by conventional manufacturing processes. For example, contact
lenses for 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
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48g, 0.48 noles), distilled glycidyl nethacrylate (GM 12 g, ,0 nol es),
Vazo- 64 (Al Bl\%, g%_plgﬁ g, 0.0006 noles) and tol uene (600 m)ﬁzg'?)ﬁ?% tion
vessel was fiV? th a magnetic stirrer, condenser, ther 'l er
and a nitrogen inlet. N trogen was bubbled through the solution for 15
mnutes to renove any dissol ved oxygen. The reaction flask was then heated
to 60C under g passive bl anket of n|tr en for 28‘”@8&? The, reactl on

mxture was EHEFIZERREE CPERRGP © fpoly ezt Do Py PobmeRzion 1 th

mechani cal StignbimBSe mil@re 8 td \r&waoﬁwg,%sp&aﬁh@hteﬁ@&aﬁfadom ¢Qlctiget ed by
vacuum filtration. The solid was placed in a vacuum oven at 30C overni ght
to renove theolmese m@mlwhgc%@hwgf%p meaaﬁv@tmmom%q/msdy The

ooni61s 23 Y5l R ARPCRERRY BIPEIRE . (RIS Bl bl ilieal®, | 1

synt hesi s of mxmotmkre mintaheapd ithei polymerized pedpatl ayeref parhcatlarrmycebefwrsdicoyed to

coat a silic di cal .device., A brus branched dro hilic | vimer  of
NN a1 ot hy| SORSPamerR B s nEST of R blee B e
met hacryl at e teid3o Sapatatectiord ¢t hydrophilit cosonoter. aSmahletdrgnma‘ dilehts ivetude aidtled

Bcapl e 5 | n SHEETRSRIOEHC Aptboth fobus pesigimnind: gl typorane

ol o0)  and CsPids Juth B nafbdlth ol h3tentP e ke lefllorbhetn it e s
magnet i c sti rethytene ghgole mekyels shdheasrgllycegion etheds|sech andxeﬁlytnne rgbgehmpnteawl

Ni trogen was RQubb dthr ugh t n_faor nto npv.e

di ssol ved ox 8’% L rs‘eléhctgf(?h % a(sap'lIl ke?onfhghmﬁes ec?strgetéglce%?ﬂglé e?n?)assi ve
bl anket of nlliydmgaﬂaozﬁ GuchZ4} thinettes . Préfemblyp thetdrgamicndikient 8 suffiviehtlp Rolatidaol
slowy to 4 Ijter aqf et et her wi,t h, good nmechanical stirring, The

reacti ve pol ?‘@lr‘mtﬁrlﬁcff'ﬁf’%étﬁ@& 3 ired Aick,PY S¥aPeRany at ar ieAtham Pe?'F B The

solid was pl aseperally] the HiRfedti®iglededak fi9 € emrd;gvr@ht by veigtoF thethiéhonierie! ,
| eaving 33.2 g of pol ynme 83% yi el The reactive pol yner was

re ct|v :
placed in a R, i i 9 ﬁygmﬂa&é&ﬁw@ﬁh%mmmw% This exanpl e
ilTlustrates the syfibged rnfls RRNubRE® RPOIvEnPhivAY, Rdlich)eah 88 Bédol h§lﬁ30t' ve
pol ymer that may be enployed to coat a |ens substrate according to the
present i nverbyieyaporatien at, prnean pnbient prepswre -oF ainder\Magiums y Ancsirvaied 1®m@wexu de-

Coneme: v 0K KR ool B SR 56 Saf CARERy o bt b SIS TIROBRY 150

To a 1 |iter temperatureand pressure,vonditionicforithd isslivent|removdl vtcmy\hlpywdbpmtdmgme ( NVP,

) , ) . -\ | h | - - i.de )
rSrgI (732),9 ngngg%Dtag\tl%éﬁsAﬂbeV%QXngh‘fyg%@aglgx%ﬁagé)theegs%&% \é%gﬂ %ﬁpoﬁwrgagf i40n
T 15l v b e St et
rogen,l
o en 1 609 hofiiche alf hARERC G b Bt fepof e 0 Bret@ul st dodie . e

to 60C under farmﬁ@leyeowmm@énaldfrheaﬁx@ dyctes #0a hiidar ovidhunderiaent @as 6 Xt ur e
was then added slowly to 6 liter et her with good nechani cal

stirring. Theva%’ﬁ‘bmlf&‘r“sﬁﬁl %Fttéﬁle ﬁ‘&“%a%fﬂé"o‘fql‘éﬁ wHoRyl ae Gersd am"le
filtration. Tiaer eld %mm%mmd%xmmma@hégfpeﬁm

renove the ether, leaving 21 g of reactive p mer (32%'yiel d)". The

hydr ophi | i c rcelaennmefcqablvmorvmn YWFWHC’Ggwl lesat or for storage until

use. EXAMPLE 17 osmE? r e: | dMdh a
co- poI ymer cont ai :i]_’Pil ycCl d lﬂ#ﬁé{g atgﬁ{" )lgélsnﬁ ?regém%?%{r%ywarﬁ de
(DMRA) accor direigase@nd hauqmnlememmnmomnom The fnmcrhmmestdpemslsées( faxcksarhiplem t he

mat eri al of t I

extraction. %@eﬁﬁh%%ﬁ?ﬁ% %&?ore rea?j ?B“fﬁ&ﬁnﬁ sesg\gfeo%ggﬁ aced
i n a Branson iy Yl pesformed ibefore or hRethdvhiticleds releasedafyomiainmdld phre v Biefelabiyahd enses
bet ween two el ectrodes and all owed the flow of gas around the | enses. The
pl asma unit was evacuated of air until the pressure reached 1.0 torr.
Amoni a was introduced into the chanber 2¢ 1.0 torr for 1.0 mnute, and the
pl asma was ignited at 100 watts for 20.0 seconds. The flow of ammoni a was
term nated and butadi ene was introduced at 0.3 torr for 1.0 mnute. The

but adi ene plasma was ignited at 100 watts for 1 mnute. Finally, the

but adi ene fl ow was stopped and ammoni a was reintroduced at 1.0 torr for 1.0
m nut e. Anot her ammoni a plasma was ignited for 20 seconds at 100 watts.

(' The anmoni a and but adi ene gases were used as received from Rochester

Wel di ng Supply and were 99.9+ % pure.) The plasna coated | enses were pl aced
into an aqueous solution containing a copol yner conposed of

gl yci dyl net hacryl ate and di net hyl acryl am de (DVA) as described in Exanple
14 above The sol ution of reactive poI ymer (5 0 9, 0 0007 rml es) was
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wo oorn6i 3 nethacrylate will react with the am ne groups cr on .t he
contact |ens @55@&% by the amoni a pl asma, thereby attachié?ﬂ}%ggls ol yner
to the surface. Twenty | enses were run through one 30 m nute autocl ave
cycle. Sixty lenses were placed in an oven at 90C. Sanples (20 each) were
renoved after 1, 4, and 16 hours. The above-descri bed procedure can be

r epr esent ed the fqll ow.n eaction 7z 3 SP 20D3 PCT/ US0Q/,13524 uence:
N Lone. Subts 18 5y BB F g 80 etk i EY SRR KL s TR

anal ysis of tHeendléafterwlhich thenelisds ethsfesred bp eiehidasrt mechamicaliveezefd tahsstond The
#igl_gaag 5532&&\@1’% A T%Eelfc;eﬁr% Mg@% ag(a)in'st aN rgtgﬁﬂg%mfgce’ to 'sngth5tﬁe surfa‘f:\g 019 oni 613
[C[A[N[Si t TR IRRARSPthEd Ve tined berdr BRieB fd mMabhite thddttef Side of the lens.

Pl asmanean81. 09. 27. 21. 8SD3. 11. 81. 91. 3After 1 hour atnean74.417.36.91.490C -

Ant er i or SDO. 81. 30Suhgedient; ior the mejd rslegpeimachining) aprragipnsg the7lensCis. subjected to

Ant eri or SD1. a3k C: = 1ndi

Ant er i or SDL. %‘%r.ﬁ?g.“ . u%cgé’ldg‘%e@%ﬁ%gﬂ.“g%ﬁ@?‘g%.Zf%%?%?i%?‘%bfﬁ“ﬂo@%o. 31
hour at 90Cnphsi2.®lylnciBatkih CPdomerd carBpy. 18yer 30id4 the Gotibsequans attachment of
90Cnean71. 118, 68.,12. 3P rd or SN1.50. 50. 90. 316 hours at

90Cean7o0. 513."‘3’?‘.’%@?@3’%@?‘?’8}% 1. 51. 32. 4Aut ocl avednean68. 620. 88. 81. 9Pos
teriorSDL. )] 0.60PHSMA tratnsenomvolvwes péssing endiéctridah dichdge thrSughbo ¥, at tidve
silicon level of the _cantrol .siJicone fumra surface | 0. 8%
after pl asnaPIEEEe %ﬁé? r'iu_hgo%quemy &ngfyt ﬁsé%axf penfio ?ﬁ?ﬂg’ ‘gﬁés
coat ed coat e@ledtrickl didoBarfds/abhdib e Odtdi® ind/aslebuiléyin thekgds stath ahesfotming BUS,
the silicon level did not change nuch _hetween the plasna process step and

the fully pr8lageathat Bissackgvitlh b sulpeq ol i copth¥t Ientr bon | evel , the oxygen
level, and the cap@gninitiation By a0 erldy diBcHatR! QOIS F@RbdnNeheRRM: TREN

successfully applied. The oxygen | evel "i ncreased and the carbon | evel
decreased af telertronseresensdn theenlasmascagsethe formation efieny, excitedimolecules dnd fres-ace.

This would b e IGE . ar, n than
o amont o pr eSS S sl Sordl RorihS, oy Sac AR N in Sl ot Bt W NARA

as with further ground-state molecules. The plasma treatment may be understood as an

energy dependent process involving energetic gas molecules. For chemical reactions to
take place at the surface of the lens, one needs the required species (element or molecule)
in terms of charge state and particle energy. Radio frequency plasmas generally produce
a distribution of energetic species. Typically, the “particle energy” refers to the average
of the so-called Boltzman-style distribution of energy for the energetic species. In a low-
density plasma, the electron energy distribution can be related by the ratio of the electric
field strength sustaining the plasma to the discharge pressure (E/p). The plasma power
density P is a function of the wattage, pressure, flow rates of gases, etc., as will be
appreciated by the skilled artisan. Background information on plasma technology,
hereby incorporated by reference, includes the following: A. T. Bell, Proc. Intl. Conf.
Phenom. Ioniz. Gases, “Chemical Reaction in Nonequilibrium Plasmas™, 19-33 (1977);
J. M. Tibbitt, R. Jensen, A. T. Bell, M. Shen, Macromolecules, “4 Model for the Kinetics
of Plasma Polymerization™, 3, 648-653 (1977); J. M. Tibbitt, M. Shen, A. T. Bell, J.

Macromol. Sci.-Chem., “Structural Characterization of Plasma-Polymerized
Hydrocarbons, A10, 1623-1648 (1976); C. P. Ho, H. Yasuda, J. Biomed, Mater. Res.,
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wer e equi val ent except for the autocl aved sanpl es. The autoc %v | enses
had nore nitr %an%q? oxygen with Iess carbon whi ch woul d 1[9 ve of
a hi gher the surface (i.e., a thicker coating or er

cover age). 54 WD 001 71613 PGINSO0 3524 AFM i nages were taken of t he
ammoni a/ but adi ene/ ammoni a pl asma-treated silicon fumarate I ens soaked in a

gl yci dyl met ha t e/ DVA c full ocessed, The m c F rce
M croscopy(AFW};?ﬁﬁbé"% ggﬁﬁﬁ'ﬂ P %e't%fydfiéf’%{'ﬁrf?p fedjon, ¢ ‘E?u?a?é‘i?”%urface
(wave-like sUsdh@ee Mhids”,a20, 20993%0 (1988)/atE! EoBdyashi, Ehert OBy’ Bphghdmesul t's

fromthe carbon coati ng expanding in water. The AFM Root Mean Square (RVB)
Roughnesses aMacremglgaules TeRinena) 4 Rebyesrizatione, of 1 Samgated) Apdq | Brsanrated

hour sAnt . POStHﬁI}EcaPB&ﬁ"'\@%iésﬁg 79L R, %%&é@ls%&h@%%s 54 Makeh 13,
hour Ant . Post . Ant . Post . Mean19 013.16.3SdT. 59. 92. 01. 5 ‘i ndi cated by the

XPS data ( RVBI$784 Q‘fme@sforlﬂﬂmngez Hydrophiltabbeting on abféna)mhhbc &avractilens”;and

posteri or n e n{e re not
di sassoci at egﬂ Yﬁ%"{?a’s experl ‘n?w %l I \ﬁ%e@{/\%@ {) (ffo'ﬁgbﬁ% 88
roughness. | n“Rodymedrizgtiam of fOrighmic aGompnunth én fan&leatrdeds eGioms DissBargaat 6 wi t h
a carbon coat| ng,fol | shown by XPS and AFM
anal ysi s. %{Wé?v’ﬁ’o\,\@'f%ﬁl %mfﬁd’%??g%m@% ‘the present invention
are possi bI e | n | iRdsed oh tthQ)rév&ﬁﬁde&Qthﬁé €ield. oflp‘llasms téchrslegyo e ¢ffdrraft ood

that, within the scope Ofeq-ﬂg inms, the p esent venti o can be
practiced ot hE2ngiRg Prepsurg Elﬂqw('?élqny Bégtﬁrq ymaggodification, fan de

CLAIMS 2 3 SHhdéRb3dPThe ¥0 Bénbibiis dedreases 26thé ssfﬂrlshkﬁaieﬂng'hWQs shrace of

a silicone nedical device corrpr|5| ng the fol d@% step (a) su Jecttl ng
€

the surface ofcepses fherialuepf @’R@F‘!&FS%Q Bﬁ#‘ﬁﬁlﬂ?ﬁ"i"fé@] ?@hﬁ-ﬁaﬁﬁ‘&

hydrocar bon- c@pigal Bieddhiré iBRERACHHR éaﬁsés%ﬂ'i@c?éa%%ﬂ?ﬁde&g%[e@@&ﬁ&ﬁfws TiRyer on
the surface on the Iens having a_ thickness of 50 to 500 Angstrons
decrease in electron energy in turn causes a reduction in the rate coefficient of all

electron-molecule collision processes. A further consequence of an increase in pressure
is a decrease in electron density. Providing that the pressure is held constant, there
should be a linear relationship between electron density and power.

In practice, contact lenses are surface-treated by placing them, in their unhydrated
state, within an electric glow discharge reaction vessel (e.g., a vacuum chamber). Such
reaction vessels are commercially available. The lenses may be supported within the
vessel on an aluminum tray (which acts as an electrode) or with other support devices
designed to adjust the position of the lenses. The use of a specialized support devices
which permit the surface treatment of both sides of a lens are known in the art and may
be used in the present invention.

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

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

the monomer mix is not fully polymerized. The incompletely polymerized material from
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(b) formng reactive functionalities on the surface of the zsgrgpnmous

|l ayer; and (cywaeoPRehnNg the surface of the lens to a sol utigFbeyfsa
hydrophilic reactive polymer having conplenentary reactive functionalities
al ong the polymer chain in order to covalently bond with said reactive
functionalities on the carbonaceous |ayer, thereby formng a bioconpatible
surface on thg .Skl : | V4 ol TS h%hﬁi: rein

t he medi cal dgl\?i ﬂ(’:Ael*'I:ﬁtc'slﬁgm{g%a |°gé§%1é£ orﬁégtc? caelnésiﬁgf%l}nt .ag{:u ar lijqeo\l/ﬁhg\g?&& The
met hod of cl aResidyal whaterial may Heclude diotvghts diet/ entizely geraoved | Hyctbe préviahs sglyent

cont i nuous- wear . .4 of clai.ne.l to,3. wherein prior
Lo step (o) TRsALyRRligh ity B hIR eorbr@i i pikep i ieeatle
adhesi on of t &e bygprédusacersthé pylmerindtion t giecess, rdrasven addditives that i monbaveedi cal
device. 5. The,nmethad of claima4, wherejn the plasma pretreatnment conprises
oxi dati on of ﬂﬁ@a?g%i"ﬁ’c‘&ewgﬁ’sﬁ“ﬂif?mﬁé% r oxygen-cont ai ni ng oxi di zi ng
gas. 6. The nethodcghvesiticialrethodd R édirct! Sch RIRGATBMARERS BBIMNAB tpolymerigdaduct ed
at 10 to 1000 watts for a periqod of 1 to 10 m nutes at a pressure of 0.1 to

1.0 torr. 56 contgstdensmaseripl inclyde extrastion Wil natsohal pobuior foreueralohaves(fer
claim s, whetgifactib of 1arPhdbictesiBali i Merid P tARVEY By ClhriabliAwith water (for

oxygen- cont ai ni ng or ni frogen-containi ng atnospheré, conprising a gas
sel ect ed $om extrdcton tof hydrophilie residnal material).ox Vhpsn some of dhermidohol extractinpen

per oxi de, alc . . -y\?E . ' |0 it

pl asma pol yrrer%]{zﬂé?l} %ﬁ&ﬁ’éac [ ?%ly%l?n "sg%g'°‘?§fg‘|%g"°§té’?ﬁﬁg‘; Eegﬁqﬁcﬁyggﬁgngkﬁgé %ﬁjer e
c](c)rrplri si ng C\%shomxhbbﬁus?]dn?/ﬁm tlgeﬂememt&m} .befrl])& tbarlbmsnmlay ]ccbpfayorﬁ.sat(‘jél)eambt hod
of claim 8, wherejn the rocaghons. are ali cC O efinic an ri se
4 to 8 car bonc%ﬂ’g’r‘?e&ylﬁ %“rﬁé"' ftﬁacfﬁ%i"?éqeaql%hgf hﬁﬂe‘ﬁ‘%?ﬂ“tcﬁ’é bﬁf(‘fﬂ‘ﬁ%@r ons
conpri se at | employingthesttd WaterforseveraDioues) Extra&tivithillé Beas conthleke 8s pusiibldj ene.

11. The net hod of _cl ai 1, wherein the reactive functional ties, are forned
by pl asma { 1 oSk RCORPIStE extraction of esidug) ratsrial frgmdensesmay,crntrinte wvsady e 1o

The nmethod of ekl fife ofiHRNék.NALsD Subly #5idEiN hhPinipadiQérs\erforelanB@indc8Rldrt Ses 0
to 99 nole percent of nononeric unjits that are derived_from non-reactive

hydr ophi | i ¢ nBhdnrering) with apticakedlanity) op the: desired piforp dydrophilieity pb thenieps
conprises 50 Eﬂfdp;%é. WOk Gmptitfabelt (R smm&{é& ol leﬁﬁo:{jﬁrdo‘&% M‘Y affects

non-reactive hydrophilic nononers sel ecte rom the group “consisting of
acryl ami des, thecipticd slarigoefitiielensy |Qptisahojanitcis isabyectively @pderstendtadethe levehof d or
hydr oxyal kyl .Egﬁf .1 0. [ of nmononeric units derived
from conpati bft'qgt{’l ungﬁgén‘gﬁ n@%@%&%?’\@%@%%&é sel ected fromthe group
consi sting of isocfasagent epxyctionzthe ddns ixesubjeoid ac hydfationedn cvhitinthaileny is
bl g”ﬂﬁ@ﬁ%@&? g‘;}&“;‘ bErea WIGL B el 2. WA 1 lend i MkS DGy Hully' P
hydrated (wherein the lens typically may expand by 10 to about 20 percent or more), the

coating remains intact and bound to the lens, providing a durable, hydrophilic coating
which has been found to be resistant to delamination.

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

sterilization may be accomplished in a conventional autoclave, preferably under an air
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WD 001 71613 2 3 SEP' 20fl 3~ PCTI US00/ 13524 14. The net hod of, gl -P 3,
wherein the fwa%,j,lgi(}al |y reactive nononers are selected fr &iggl @Jp
consi sting of ‘glycrdyl nethacrylate, maleic anhydride, ita 24 ydri de,
and i socyanonet hacryl ate. 15. The nethod of claim 12, wherein the

hydr ophi Il i ¢ nononers are selected fromthe group consisting of

di et hyl acryl am de, ..acrylam de, hydroxyethyl nethacryl ate, and N yinyl

pyaol i di none. PrEEZf HaRpnsprely ,rg e@rtgiaﬁa?ﬁé'sﬁﬁﬁr%m‘? F-‘f?\{ﬁ' ctive
pol yner conpryifiese afpre@atedby b Skild&d £6dah. PRAPIBEYS he abtoélivinglRlat YOO d 0DB0°
hydr ophobi ¢ nmononers. 1 7. The nethod of claim12, wherein the hydrophilic
pol ymer conpr ¢ §&s RsRiad of 1 hionk2Orrainutes- e Eolipinsgierilizationg thedgpsrjmension ofhe R3 4
N ~-R ~(CH- i sk 7! ently can be an al kyl group
having 1 to 1%5%%%%@%’&% a ﬁ??gﬂtﬁﬁeﬁggr oup having 3 to 14 carbon
atoms; an aryl gr &bjectszand advabtages dafxhisiingntienoars further Hluemated by thefollewinglg 6 t o

26 carbon atofs; t e ro and

nonper oxi di ¢ %Bmgggégpg%ga%ﬁﬁ%arﬁéﬁﬁﬁé%[%ﬁ% egeozfﬁeemrpgtgirno'gﬁsetet’)‘%lf%ﬁst hey
are joi ned cawell as mther canditionscdndcdetailsgsiooldt astnbengorbtrial 20 undulyg limhionkis and n
is an integer. 0 ar 1. 18. The nethod of claim 17, wherein the pol yner
conpri ses them?’%‘ge?‘i on product of a m xture of nononers conprising the
nmononer represented by the general formula: RR Rl / (,j '"OR3 R4 58 WO

001 71613 Z 3 ~ 2t ~33~ PCT/ US00/ 13514 wWhEXAMRLEANd R2 i ndependently denote a

and R 1 ndependentiy SEnBR S HontTE perocstie o fuubbebt 185 HeloBl #inne or
a cycl oal kyl madblivalisg Bkdniplés & a Gostiighsubstfited MThe forhfhlatibh forrtiehmdtendl i§! ai m

I8, wherein the nonoper, is selected fromthe group - consisting of
2-vinyl - 4, 4- dli’rﬁ’émﬁlﬁkgilﬁﬁ n-5-one; 2-isopropenyl -4, 4-di net hyl -2
oxazol i n-5-one; 2-isopropenyl-4 ,4-di nmet hyl - 2- oxazol i n-5-one; and
2-vinyl - 4, 4di met hyl - 2- oxazol in-5-o0ne.TABLE 1

‘ Component Parts by Weight
TRIS-VC 55
NVP 30
V3Dys 15
VINAL 1
n-nonanol 15
Darocur 0.2
tint agent 0.05

The following materials are designated above:
TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbamate

NVP N-vinyl pyrrolidone

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

VINAL N-vinyloxycarbonyl alanine

Darocur Darocur-1173, a UV initiator

tint agent 1,4-bis[4-(2-methacryloxyethyl)phenylamino]
anthraquinone
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20. The nethod of claim 1, wherein the nedical device is dizph&EPi 0K

sol ution cor¥®oTI6d at | east one hydrophilic reactive pol \REFUSORIBS24The

met hod of claim 1, wherein the carbon layer is subjected to a plasna
treatment with a gas conprising ammonia or an al kyl am ne. 22. The net hod
of claim1, wherein the plasma polynerization is conducted at 10 to 1000
watts for a peri Beiploying@his exatesidl; attgpidal pistess forprepiaring P canacti fets priorGo 191 to 5
torr. 23. A silicong nedical .device including a.h hilj.c surface

wher ei n-sar GoGHF FROBCRRRATLIEE t e Hovent DR AR PO Sich G ace o
the medi cal 1688 mede e the(dove ¥eknaditioni Werp QhitiRdldéd BoRSpolpréieael nidMdd he

carbonaceous_l.ayer, wherein the points of attachnent are the result of the

reaction of WdFAndAHpitrogen amosphees: Aomk of tsdprmuylation; was/igiscisdonte a§ka s al ong :
t he hydr ophiyhi (VA =18 i r i ! | dobn eggla;m,p; aceous
| ayer. 24. 'thﬁll-’?ggl cal “3%‘)\% %@d;f%ﬁdﬁ’%@%?%&dgﬁpﬁg medi ca ?\r}?ge is a
si |l i cone comorkex maldbalfr The maid halyeuwere compressed it a pagsswo ofi 39 psipagl BEP 20t ~

PCT/ 1 1S00/ 1:;%% i cal <device. 0 ' ,U,y\/g k! i cal
device is a si |%‘g%se£2e?/idfrggg% ) 13%#}“%%6%&5’9%%%'{%2’%& gﬁﬁﬁﬁé%ﬁ% devi ce
of cl ai m 23 meaheedbyna SphectopitrG¥hmeéter). Tiel moldrwashexposed'to ATV Hgltefor stout he

medi cal deviﬂg& .alg?g th% reﬁﬁlt MP& reaction, of {hsfﬁéxanate or r.ieQi - openi ng
reactive fudtUPEMHAMIYE:s 115 HR £ wanremoved gnd, RS SRR B act i ve
pogyrrelrsdwi t6b°c5ﬁirdhbﬁa@ﬂhvcgce‘dml d\ieamafetﬂolv' %es-lnaﬂmn. sﬂﬁq&ﬁ@,wg&ﬁﬁ@%@f th hle
medi cal device. 27. T ica vice of claim?2 erein the hydrophilic
pol ynmer chai“YEe'E”ierﬂfngg"g{StsfF%%mﬁab%’pﬂbY’%ﬁ&rﬁ°f3r§8r&)rreri c units having
reacted reactive functionalities and 0 to 99 nol e percent of nonomeric

units that are derived fromnon reactive hédrophi i c nmonomers. 28. The
nedi cal device of claim 23, wherein tive functionalities are

derived from nMONQRRL & beBR rEbrBieR gyu?ém GificsH E19bAnifd 08 uSHy MRS

gl ycidyl, azl actone, isocyrgl%{at'e, a?ab aciaggaln‘ﬁ‘ygrl{yg%.g 29. 141e nu%gi cgﬂé devi ce
of cl ai m 23 follgvang¢xamples as g deatipgisubstratepononeri c units are derived from
nononers sel ected fromthe group consisting of acrylam des, |actans,

pol y(al kyl-eneoxy) net hacryl ates, nmethacrylic acid or hydroxyal kyl
met hacrylates . 30. The nedical devi cBABEER| ai m 23, wherein the hydrophilic

Pglr?/mrr:s;: chai ns conpr ”3,,,";5235.}& es—at-otg {%’;ﬁg%@i&a‘;ﬁ;%ng +heq fol | owi ng
Urethane crosslinking resin | 55
TRIS 20
DMA 25
UV Absorber 0.5
n-Hexanol 12
Irgacure-819 0.5
IMVT 150 ppm
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R3R4 O "CHI n O ~H Owerein R3 and R4 independently can be an al kyl

group having carbon atons; a cycl oal kyl group havi 4 carbon
oo b

atons; an aryl group having 5 to 12 ring atons; an arenyl grou?) L ng 6 to
26 carbon atons; and O to 3 heteroatons selected fromS, N, 60 wo ooni6i3
2 3 SEP* 20f1 3 PGI/ US00/ 13524 and nonperoxidic O0; or RlL and R2 taken
together with the ca%: on,to which t(tj]e are joined can forma carbocyclic

e desfggatd p

ri ng containing 4@%@9‘”%@“& ¥&n integer 0 or 1. ' 31. The
medi cal device cl gRIR 23, wher ei Rrid(fEnefylileRPbilyigrofyPm¥MBsyli@Bal ns conpri ses
noi eties along the chain represen%(eql b thgﬁgeyrl\%rr%? formula: R3 R4 O N~ COH
where R3 and R4 i RMendent |y déhdrdimethyloerylsgide at om or a | ower al kyl

radi cal with one {Q.ink carbon alsf{Bne-adthifAg adcklifiingd RARRENdeNt |y denote

al kyl radicals with one to six carbon atons or a cycloal kyl radicals with 5
or 6.carbon atons. 32. The medi ea¢vighslyideecribedinty.8Fatepidde.ei n hydrophilic

pol ymer chains attached to the (‘5363Qggflceous | ayer are the result of the
reaction of a mxture of polynerd conprising (a) a first hydrophilic

reacti ve pol ynmer bhgassung8i9eacti v WViirdtiatamal ities in nononmeric units al ong

t he hydrophilic pgl rs conplenentary,to reacti.v unctionalities on the
car bonaceous | aye d, in addit} f’g‘%‘b)‘m&”@gc‘%hﬂiﬁéfdrophi lic reactive

pol ymer havi ng suppl enent al r eachéthaerylonyethyDpteehnjlining) t hat are reactive with
the first hydrophilic reactive polynmer. 33. The nedical device of claim 32,
wherein the first hydrophilic ré&@%{?‘l‘fﬁmﬂﬁl yner is an epoxy-functional

pol ymer and the second hydrophilic reactive polyner is an acid-functional
pol ymer, either sinultaneously or sequentially applied to the substrate to
be coated. 61 2 3 SfP ~ 34. The nema\“ce of claim 24, wherein the
substrat e conpri sdablg3bslewrspresentscanobyfamangtssilicens kydrpgelifermulation ueeddo been

coverted t0 3Gl JGER WP e RARFWIRE eXdhpldiSs 3 U5HHAE Substrate.

TABLE 3

Component Parts by Weight
{ F2aDao 20

TRIS 40

DMA 40

n-Hexanol 5

DAROCUR-1173 0.5

IMVT 150 ppm

The following materials are designated above:

TRIS tris(trimethylsiloxy)silyipropyl methacrylate

DMA N,N-dimethylacrylamide

FaDyo a silicone-containing crosslinking resin as
previously described in U.S. Patent Nos. 5,374,662
and 5,496,871.

Darocur a UV initiator

IMVT a tint agent, namely 1,4-bis[4-(2-

methacryloxyethyl) phenylamino] anthraquinone
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35. A non-crosslinked copolynmer conprising 5 to 50 percent 3 $EMQEBric

uni ts deri vedwhregfisisinctional |y reactive nononers sel ect ed pcirRRbdiidse49r oup
consi sting of epoxy) azlactone, and anhydri de contai ni ng nononers, and 50
to 95 nol e percent of nononeric units derived fromnon-reactive hydrophilic
nononers sel ected fromthe group consisting of acrylam des, |actones,

pol y(al kyl enooxy) net hacryl ates, nethacrylic acid or hydroxyal kyl

nmet hacryl ates wherein the al kyl or a%b&hﬁ?ﬁ 4groups have 1 to 6- carbon
atonms. 36. A non-c@%ssgi {%ﬁd cl?lgpl Ks i. rreg [ n clai m 35 %gdi onal ly
conprising 0.5 to pEFTRRE  SfUSHaY oﬁg;iéwa%l s 45 By @FPPRBHT hy rg% obi ¢
monomer s, Wheafigkethylabglanlide/ thadfs wkd yl afakingraompcroinanemet foroevenmal teeninathens.
37. The copol yner qf clains 35 or 36 wherein the azl act,one has e .
Foi | ow ng | oristAte TgropBis b PP Tk RISl Eenot o
a hydrogen atgipieh séhehfever al kyl radical with one to six carbon atons, and
R3 and R4 independently denote alkyl radicals with one to six carbon atons
or a cycloalkyl radicals with 5 or 6 carbon atons. 62 AMENDED SHEET 2 3
SEP 20a3 WO 00/ 71§13 PGI/ US00/ 13524 38. The copol yqger of clains 35 or 36
wherein the hydro QPEHnanner i fg& NwoT1 nat ed—ester—oP net hacrylic acid.
39. The copoly of \clainms 35 or 36, conprising 2ffto 95 nol e percent
mononeric units deriveds from nononers selected fromthe group consisting of
di et hyl acryl am de, N vinylpyrrolidone, dinethyl acrylam de macroner, and
conbi nations thereof, and 5 to 40 nol e percent '
vi nyl -4, 4-di net hyl - 2- oxawl i n-5-one. 40. The copol yner of clains 35 or 36,
conprising 20 to 95 nol e percent,,non ric units derived from nononers
sel ected fromthe group consfi stinty of |di net hyl acryl ani de,
N-vi nyl pyrrolidone, dinethyl| acryrdtbde macroner, and conbinations thereof,
and 5 to 40 nole percent gl yloi=l nethacrylate or
4-vi nyl cycl ohexyl -1, 2epoxi dgl. 4A. Thejcopol ynmer of clainms 35 or 36,
conprising 20 to 95 ygte-pe noferic units derived from nononers
selected fromthe group consjisting of_Jdi methyl acryl am de,
N-vi nyl pyrrolidone, dinethyl acrylam démacronmer, and combi nations thereof,
and 5 to 40 nole percent glycidyl nethacrylate or
4-vi nyl cycl ohexyl -1, 2epoxi de, and O to 10 nol e percent octafl uoropentyl
met hacrylate. 63 .A3!. A(l .A& AA AE .AFl .AIF .AF

Reagents DMA (200 g, 2.0 moles), mercaptoethanol (3.2 g, 0.041 moles), AIBN

(Vazo-64) in the amount 3.3 g, 0.02 moles, and tetrahydrofuran (1,000 ml) were

combined in a two liter round-bottom flask fitted with a magnetic stirrer, condenser,

thermal controller, and nitrogen inlet. Nitrogen gas was bubbled through the solution for
one-half hour. The temperature was increased to 60°C for 72 hours under a passive
blanket of nitrogen. The polymer was precipitated from the reaction mixture with 20
liters of ethyl ether (171.4 g of polymer was isolated). A sample submitted for SEC (size
exclusion chromatography) analysis gave Mn = 3711, Mw = 7493 and Pd = 2.02,
wherein Pd is the polydispersity based on styrene standards.
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EXAMPLE 5
This Example illustrates the synthesis of a macromer of DMA using the polymer
of Example 4 which macromonomer is used to make the hydrophilic reactive polymers of
Examples 6 and 8 below, which macromonomer (or “macromer”) is made according

to the following reaction scheme:

[CH;(CH,)1oCO,ISAI(CH,)CHyl,

THF
BHT

The polymer from Example 4 (150 g, 0.03 moles), isocyanatoethylmethacrylate (IEM,
5.6 g, 0.036 moles), dibutyltindilaurate (0.23 g, 3.6 x10™ moles), tetrahydrofuran (THF,
1,000 ml) and 2,6-di-tert-butyl-4-methyl phenol (BHT, 0.002 g, 9x10° ® moles) were
combined under a nitrogen blanket. The mixture was heated to 35°C with good stirring
for seven hours. Heating was stopped, and the mixture was allowed to stir under
nitrogen overnight. Several ml of methanol were added to react with any remaining IEM.
The macromonomer was then collected after precipitation from a large volume (16 liters)
of ethyl ether. The solid was dried under house vacuum (yield 115 g). Size exclusion
chromatography of the polymer verses polystyrene standards gave the following results:
Mn = 2249, Mw = 2994 and Pd = 1.33.
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20~>??>~~~?2~~?~7<?7< |’? ’?’? >’? ~<>| < <| 5 $ p | <??°?27°7°7°°2°0727°g9| | ~7>| >?°

| ............
2977 0pax?>? Diswdyaoyhs } i pmppm o1 (01614 e Mol et 1| [ |

~>>7977~7~
l |Slgl{ v;rgb] X] cé‘%%:a'f'caﬁ caﬁ:%lfig«?l] catPcaa]u%:ogfcafcaFJ] cé)]lé?%aﬁl?:l% cdﬁ%%%ﬁa]a ca] ca]

c™a] ca] cal ca]ma}mmmm-m}m@#mﬂddammpk% Dithe amount of 2 g (0.0004 mole), .
% Cs8JRr u{ vpke calca a a ay caU%c ].caU ca] cau
] ca] caU] ca] ca0f éﬂ)g‘g ‘SF‘C' ir’l?%ﬂé{g‘iﬁ? ]&@%ﬁf@%‘@ﬂ%ﬁ?‘&ﬁhﬂ%‘ Rfaj‘%‘%zuln gb] XU
] ca] cal] ca] c ahlghadcCstitdes; abridrhiet, abgoa Ul kb add temp &Md:@h&alwrcaiaeadlﬂmww cajc
aU] ca] cal ca] caU] ca] caU] caj caiﬂ ca9 fi({vpke ZUl gb] X ‘]é aUl ca]caU ca] c
aU] ca] caU] ca]deAgaed é’é‘bé"@éﬁ(%%ﬁéoor c)a‘f %‘ﬁf call ca
] cal] ca] ca?Cypy'y g’reénon h'ea'tc':d to 60°C for 50 hrs. After the reaction was complete (monitored
by FTIR), the solution was slowly added to 2500 ml of ethyl ether to precipitate the
polymer. After the addition was complete, the mixture was stirred 10 min, allowed to
settle 10 min, and filtered. The precipitate was dried under house vacuum at 30-35°C
overnight. The dried polymer was sampled for analysis by gel permeation
chromatography, bottled, and stored in a desiccator.

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

TABLE 4
Reagents Amount Used Moles
Dimethylacrylamide 16 g 0.1614
Vinyl-4,4-dimethyl-2-oxazolin-5-one |4 g 0.0288
VAZO-64 initiator 0.031g 1.9x10*
Toluene 200 ml. -

All ingredients except VAZO-64 were placed in a 500-ml round-bottom flask
equipped with a magnetic stirrer, condenser, argon blanket, and thermo-controller. The
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surface [10-100 A]. High resolution spectra would be obtained on those elements
detected from the low resolution survey scans. The elemental composition would be
determined from the high resolution spectra. All data will be charged referenced to the
carbon (CHXx) peak at 285eV. The atomic composition was calculated from the areas
under the photoelectron peaks after sensitizing those areas with the instrumental
transmission function and atomic cross sections for the orbital of interest. Since XPS
does not detect the presence of hydrogen or helium, these elements will not be included
in any calculation of atomic percentages.

The XPS analysis of the control lens received dry after wet processing detected
carbon, oxygen, silicon and nitrogen. The results for the control lens, shown in Table 5
below, were typical for wet-processed fumarate lenses.

TABLE 5
(€] [0} IN] {¥] [Si] [Naj
Mean 65.8 17.7 5.7 0.0 10.8 0.0
sd 0.3 02 0.6 0.0 03 0.0

Lenses received dry after wet processing were ammonia plasma-treated for 20.0
seconds, at 100 watts and 1.0 torr. The low-resolution spectra detected carbon, oxygen,
silicon and nitrogen, as shown in Table 6 below for the XPS analysis of ammonia
plasma-treated lenses. Compared to the control, nitrogen and oxygen levels increased,
carbon decreased, and silicon remained about the same in this run. Because all the
nitrogen functionalities are unresolvable in the N “1s” unless it is charged, it was difficult
to determine what type of nitrogen was incorporated at the surface.
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to be a good example of treating different surfaces with the same plasma conditions in
which the end result is a different surface. The detection of 2.7% silicon puts the carbon
layer thickness at between 5 and 6 nm.

TABLE 7

[C] [0] [N] [F] [Si] [Na]
Mean | 782 7.8 115 0.0 27 0.0
sd 23 1.6 1.4 0.0 1.5 0.0

The XPS analysis of the ammonia/butadiene/ammonia plasma-treated fumarate
lens, after being soaked in a DMA/VDMO polymer from Example 7, is shown in Table 8
below. The low-resolution spectra detected carbon, oxygen, silicon, nitrogen and sodium
for both sample sets.
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silicon-containing fumarate lens. The XPS Carbon 1s (Cls) spectra had a peak shape
similar to DMA polymer. It would be difficult to tell if the lenses were coated with the
polymer as opposed to the plasma-coated lenses except for the sodium and the carbon 1s
spectra. The sodium appears because any unreacted VDMO in the polymer will ring
open in the presence of water to form acid functionality. In borate buffer, this acid will
complex with sodium revealing the presence of DMA/VDMO polymer at the surface. If
this polymer were completely ring opened and complexed with sodium, there would be
2.4% sodium in the polymer. With about 1.0% sodium at the surface, approximately half
of the VDMO remained unreacted with the surface. This calculation assumed the surface
was all DMA/VDMO polymer.

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

Atomic Force Microscopy (AFM) was employed to study the morphology of the
contact lens surfaces. AFM works by measuring nano-scale forces (10° N) between a
sharp probe and atoms on the lens surface. The probe is mounted on a cantilever
substrate. The deflection of the cantilever, measured by a laser detection system, is
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AFM topographical images of a control lens is shown in FIG. 1. This control lens
was received dry after wet processing and analyzed as received. The Atomic Force
Microscopy (AFM) images were 50 pum? with the anterior (side of the lens) shown on the
left and the posterior shown on the right. The lens surface topography of both surfaces
showed lines replicated from the tool employed (the lines from the tool make the molds
which make the lenses). The anterior also had pits, which may be from the tool or air
bubble caught in the monomer mix. The Root Mean Square (RMS) roughness of the
anterior lens surface was 4.1 nm +/-0.1, and the posterior had an RMS roughness of 4.7
nm +/-0.3. Typical cast mold lenses have an RMS roughness of from 2-25nm. The
AFM images of the hydrophilc-polymer coated fumarate (an ammonia/
butadiene/ammonia plasma-treated fumarate lens soaked in a DMA/VDMO (80%/20%)
polymer, fully processed, is shown in FIG. 2. The AFM images were again 50um?’ with
the anterior on the left and the posterior on the right. The images were taken towards the
center of the lens. The topography looks like a control lens with a few features revealing
a coating, and a stress/stretch feature with light vermiculation (wave-like surface with a
0.25-0.50 um wavelength). As the coating becomes thicker, towards the edge, a heavier
vermiculated topography appears. This vermiculated topography results from the carbon
coating expanding in the acetonitrile solvent. The Root Mean Square (RMS) roughness
of the anterior lens surface was 8.0 nm +/-3.4 and of the posterior surface was 5.3 nm +/-
2.2, less than 25 nm as desired.

The water contact-angle of the lenses was measured on the control lens surface
and on a DMA/VDMO polymer coated lens surface (8 measiirements). Data from two
other contact lens materials, both commercially available, were also included for
comparison in the data Table 9 below. The lower the water contact angle, typically the
more wettable or hydrophilic the lens surface.
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In conclusion of the above, the fumarate lenses were successfully coated with a
carbon coating followed by a DMA/VDMO polymer as shown by XPS, AFM and water
contact angle analysis.

EXAMPLE 9

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

in a desiccator.

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

EXAMPLE 11

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

The plasma coated lenses were placed into an 1.0% (w/v) anhydrous acetonitrile
solution of DMA/VDMO polymer overnight. The anhydrous acetonitrile was used as
received from Aldrich. The lenses were then equilibrated in HPLC grade water, heated
to 80°C, cooled, placed in buffer borate, and autoclaved (1 cycle-30 minutes at 121°C).
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TABLE 10
[Cl1 | [O] | [N] | I[Si]
Control — anterior |mean | 64.3 19.5 6.7 9.5
SD 04 0.3 0.2 0.2
Control mean | 64.0 | 19.7 7.0 9.3
Posterior SD 0.6 0.4 0.3 0.5
Plasma Treated mean | 84.2 54 9.8 0.6
Anterior Run 1 SD 0.6 0.4 0.2 0.3
Plasma Treated mean | 79.8 8.8 83 3.1
Posterior Run 1 SD 1.8 1.0 0.2 0.7
Plasma Treated mean | 84.7 6.3 8.4 04
Anterior Run 2 SD 0.3 0.1 0.2 0.2
Plasma Treated mean | 83.5 1.5 6.6 23
Posterior Run 2 SD 1.9 1.3 0.6 1.0
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As shown in Table 10, the control lenses, wet processed before plasma treatment,
had a surface elemental composition of 64% carbon, 20% oxygen, 7% nitrogen and 9%
silicon at the surface. Furthermore, the silicon level of the control lens went from 9.4%
to within a range of 0.4 to 3.0% after plasma treatment. When the plasma-coated lens
was coated with the VDMO/DMA copolymer, the silicon level then went to within a
range of from 0.7 to 1.4%. The carbon level and the oxygen level clearly indicate the
coating has been applied. The oxygen level increases and the carbon level decreases after
the copolymer was coated onto the plasma-treated surface. This would be expected since
DMA, which is 80% of the copolymer composition, has less molar carbon and more
oxygen than an ammonia plasma treated carbon surface. The detection of sodium by
XPS also confirms the presence of the DMA/VDMO polymer on fully processed lenses.
The presence of sodium results from an association with an acid group formed from any
VDMO in the polymer chain that did not react with the amine on the surface of the

contact lens.

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

hydrogel lenses made of the formulation of Example 1 (Balafilicon A) employing a
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extraction and dried before treatment. The lenses were placed in a Branson RF plasma

unit (13.56MHz) on a tray which elevated the lenses between two electrodes and allowed

the flow of gas around the lenses. The plasma unit was evacuated until the pressure

reached 0.2 torr, and ammonia was introduced into the chamber. The plasma was ignited

at 450 watts for 60.0 seconds with a flow of 155 sccm. The flow of ammonia was

terminated, and butadiene was introduced for 1.0 minute. The butadiene plasma was

ignited at 325 watts for 60 seconds with a flow of 200 sccm. Finally, the butadiene flow

was stopped, and ammonia was reintroduced. Another ammonia plasma was ignited for

60 seconds at 450 watts with a flow rate of 155 scem. The plasma-coated lenses were

placed into an 1.0% (w/v) anhydrous acetonitrile solution of the DMA macromer

/DMA/VDMO polymer made in Example 6 above. The anhydrous acetonitrile was used

as received from Aldrich. The lenses were then equilibrated in HPLC grade water,

heated to 80°C, cooled, placed in borate buffered solution, and autoclaved (1 cycle for 30

minutes at 121°C).

The lenses were examined before and after plasma by X-ray Photoelectron
Spectroscopy (XPS) using the Physical Electronics [PHI] Model 5600 described in the

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

TABLE 11
Ols Nis Cls Si2p Nals
Control Mean 17.8 6.9 65.4 9.9
Anterior sd 0.7 0.1 0.3 03
Control mean 17.6 6.6 66.1 9.7
Posterior sd 0.1 0.1 0.3 0.3
After Plasma mean 8.2 16.1 73.8 1.8
Anterior sd 0.7 03 1.2 0.8
After Plasma mean 8.6 17.8 73.6 0.0
Posterior sd 0.1 0.7 0.7 0.0
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Fully Processed |[mean 17.2 7.0 727 1.8 13
Anterior sd 0.9 1.1 25 0.5 0.5
Fully Processed |mean 16.9 74 72.7 1.5 1.5
Posterior sd 0.2 0.9 1.5 0.6 0.1

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

EXAMPLE 13
This Example illustrates the surface modification of silicone urethane hydrogel
lenses made of the formulation of Example 2 employing a DMA/VDMO (80/20 weight
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anterior) and 11.0% (average posterior) after plasma treatment and 5.3% (av. ant.) and
10.0% (av. post.) if the plasma coated urethane lens was coated with the DMA/VDMO
polymer. Of all the urethane lens surfaces just mentioned, only the DMA/VDMO coated
lenses had 1.0% sodium at the surface. The sodium results were recovered from the
survey spectra, they were not run at high resolution. It would be difficult to tell if the
lenses were coated with the polymer as opposed to the plasma-coated lenses except for
the sodium. The sodium appears because any unreacted VDMO in the polymer will ring
open in the presence of water to form acid functionality. In Buffered Borate Solution,
this acid will complex with sodium revealing the presence of DMA/VDMO polymer at
the surface. If this polymer were completely ring opened and complexed with sodium,
there would be 2.4% sodium in the polymer. With about 1.0% sodium at the surface,
over half of the VDMO remained reacted with the surface. This calculation was, of
course, assuming the surface was all DMA/VDMO polymer and the samples had been
properly desalinated. In conclusion, the urethane silicon lens was coated with a carbon
coating followed by a DMA/VDMO polymer as shown by XPS.
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This Example illustrates the synthesis of a hydrophilic reactive (linear) copolymer

of DMA/GMA according to the following reaction scheme.

o]
\)\\ N\/ + Yl ONO

mon
14 mole%

Vazo-64

H3
. CH; T cl-lz—]-—1 =
0 (o)
N— O
/

o

To a 1 liter reaction flask were added distilled N,N-dimethylacrylamide (DMA,
48g, 0.48 moles), distilled glycidyl methacrylate (GM, 12 g, 0.08 moles), Vazo-64
(AIBN, 0.096 g, 0.0006 moles) and toluene (600 ml). The reaction vessel was fitted with
a magnetic stirrer, condenser, thermal controller and a nitrogen inlet. Nitrogen was
bubbled through the solution for 15 minutes to remove any dissolved oxygen. The
reaction flask was then heated to 60°C under a passive blanket of nitrogen for 20 hours.
The reaction mixture was then added slowly to 6 liter of ethyl ether with good
mechanical stirring. The reactive polymer precipitated and was collected by vacuum
filtration. The solid was placed in a vacuum oven at 30°C overnight to remove the ether,
leaving 50.1 g of reactive polymer (83% yield). The reactive polymer was placed in a
desicciator for storage until use.
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amount of 4g (0.0008 moles), distilled glycidyl methacrylate (GM, 4.1 g, 0.029 moles)

Vazo-64 (AIBN, 0.06g, 0.00037 moles), and toluene (500 ml). The reaction vessel was
fitted with a magnetic stirrer, condenser, thermal controller and a nitrogen inlet.
Nitrogen was bubbled through the solution for 15 min to remove any dissolved oxygen.
The reaction flask was then heated to 60°C under a passive blanket of nitrogen for 20
hours. The reaction mixture was then added slowly to 4 liter of ethyl ether with good
mechanical stirring. The reactive polymer precipitated and was collected by vacuum
filtration. The solid was placed in a vacuum oven at 30°C overnight to remove the ether,
leaving 33.2 g of reactive polymer (83% yield). The reactive polymer was placed in a

desicciator for storage until use.

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

VCH) was synthesized according to the following reaction scheme:

N
O. N + o(O\/ AIBN
l I F 600 mi THF
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Z@EZ Z_2VUARW | Tiker réamaos Riask Werd sddea A&HEa Nvinyipyrrolidinone (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 minutes to remove any dissolved oxygen. The reaction flask was then
heated to 60°C under a passive blanket of nitrogen for 20 hrs. The reaction mixture was
then added slowly to 6 liter of ethyl ether with good mechanical stirring. The copolymer
precipitated and was collected by vacuum filtration. The solid was placed in a vacuum
oven at 30°C overnight to remove the ether, leaving 21 g of reactive polymer (32%
yield). The hydrophilic reactive polymer was placed in a dessicator for storage until use.

EXAMPLE 17
This Example illustrates a fumarate lenses coated with a co-polymer containing

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

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

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

run through one 30 minute autoclave cycle. Sixty lenses were placed in an oven at 90°C.

Samples (20 each) were removed after 1, 4, and 16 hours.

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

sequence:
HS
NHz - CHZ 80 cHﬂ-‘?t —————
Lens Substrate + Oj o . Autoclave
NH, N— O
/
NH,
o]
o -
N
N
I cn,
NH .
Lens with Poly DMA O 1—cn,
Surtace o\
OH (le
10

XPS analysis of the lens were conducted as described in Example 8 above, The
XPS data is shown in Table 13 below.
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As shown by the results in Table 13 above, the silicon level of the control silicone

fumarate lens surface was 10.8%, after plasma treatment was 1.8%, and after the plasma-

treated lens was coated coated with the GMA/DMA copolymer was from 1.1-2.3

percent. Thus, the silicon level did not change much between the plasma process step

and the fully processed coated lens. However, the carbon level, the oxygen level, and the

carbon “1s” spectra all indicated the coating had been successfully applied. The oxygen

level increased and the carbon level decreased after the copolymer was coated onto the

plasma-treated surface. This would be expected since DMA has less molar carbon and

more oxygen than an ammonia plasma-treated carbon surface. The anterior XPS data

were equivalent except for the autoclaved samples. The autoclaved lenses had more

nitrogen and oxygen with less carbon which would be indicative of a higher DMA level

at the surface (i.e., a thicker coating or better coverage).
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As indicated by the XPS data (RMS roughness) in the above Table 14, both the
anterior and posterior had a similar RMS roughness. The edge or center samples were
not disassociated in this experiment. All RMS values were below 25 nm roughness. In
conclusion of the above, the fumarate lenses was coated with a carbon coating followed
by a GMA/DMA copolymer as shown by XPS and AFM analysis.

Many other modifications and variations of the present invention are possible in
light of the teachings herein. It is therefore understood that, within the scope of the
claims, the present invention can be practiced other than as herein specifically described.
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on the surface on the lens having a thickness of 50 to 500 Angstroms;

®) forming reactive functionalities on the surface of the carbonaceous
layer; and

© exposing the surface of the lens to a solution of a hydrophilic
reactive polymer having complementary reactive functionalities along the polymer chain
in order to covalently bond with said reactive functionalities on the carbonaceous layer,

thereby forming a biocompatible surface on the silicone medical device.

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

lens or intraocular device.

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

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

the surface of the silicone medical device.

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

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

6. The method of claim 5, wherein the plasma pretreatment is conducted at
10 to 1000 watts for a period of 1 to 10 minutes at a pressure of 0.1 to 1.0 torr.
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7. The method of claim 5, wherein the plasma pretreatment is conducted in
an oxygen-containing or nitrogen-containing atmosphere, comprising a gas selected from

at least one of: ambient air, oxygen gas, ammonia, hydrogen peroxide, alcohol, and
water.

8. The method of claim 1, wherein the plasma polymerization reaction of

step (b) is conducted in an atmosphere comprising hydrocarbons having between 1 to 10

carbon atoms.

9, The method of claim 8,wherein the hydrocarbons are aliphatic or olefinic
and comprise 4 to 8 carbon atoms.

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

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

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

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

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

hydrophilic monomers.

13.  The method of claim 12, wherein the polymer comprises 50 to 95 mole
percent of monomeric units derived from non-reactive hydrophilic monomers selected
from the group consisting of acrylamides, lactones, poly(alkyleneoxy)methacrylates,
methacrylic acid or hydroxyalkyl methacrylates,and 5 to 50 percent of monomeric units
derived from compatible functionally reactive monomers selected from the group
consisting of isocyanage, epoxy, azlactone, and anhydride containing monomers, and
combinations thereof, wherein the alkyl or alkylene groups have 1 to 6 carbon atoms.
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1096 & ( } 4. The method of claim 13, wherein the functionally reactive monomers are
selected from the group consisting of glycidyl methacrylate, maleic anhydride, itaconic

anhydride, and isocyanomethacrylate.

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

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

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

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

oxazolinone moieties having the following formula:

R3
}q—cI:—R“
~d e
0_

]

wherein R? and R? independently can be an alkyl group having 1 to 14 carbon atoms; a
cycloalkyl group having 3 to 14 carbon atoms; an aryl group having 5 to 12 ring atoms;
an arenyl group having 6 to 26 carbon atoms; and 0 to 3 heteroatoms selected from S, N,
and nonperoxidic 0; or R® and R4 taken together with the carbon to which they are joined

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

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

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

formula:
R2
m—/\/ |
O
R3 R4




\{109°& () -
\{109%& ()-
\{109%& ()-
\{109%& ()-
\{109%& ()-

\{10%&' ) \{1096& ()-\"dhl mkCBzY8/ \{10%& () -
\

AR O

0% % {10% & ()- \{10%& ()-x}_/zY8/KF
\ \{109% & ()- \{10% & ()-dDzY8/ KF }
\ { 10%&' () \{109%& ()- \{10%& ()- \{109% & ()-t T4zY8/

\{10%&'() \{109%6& ()- \{10%& ()- \{109%& ()-/KF }

where R! and R2 independently denote a hydrogen atom or a lower alky! radical with
one to six carbon atoms, and R3 and R4 independently denote alkyl radicals with one to

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

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

oxazolin-5-one; and 2-vinyl-4,4-

2-isopropenyl-4  ,4-dimethyl-2-oxazolin-5-one;
dimethyl-2-oxazol in-5-one.

20. The method of claim 1, wherein the medical device is dipped in a solution
comprising at least one hydrophilic reactive polymer.

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

treatment with a gas comprising ammonia or an alkyl amine.

22.  The method of claim 1, wherein the plasma polymerization is conducted

at 10 to 1000 watts for a period of 30 seconds to 10 minutes at a pressure of 0.001 to 5
torr.

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

24, The medical device of claim 23, wherein the medical device is a silicone
contact lens or an intraocular lens.

59




ysS3zY8/ \{109%& ()- \{10%& ()- \{10%& ()- \{10%& ()-/KF }p@ysep

V{109 & ( 1096& ()- \{109%& ()- \{109%& ()-/KF 9
\E 0%&'(3 gsgéé%g{\{lowg() {\{10(V6\<(&')() EKF} 2{10%? §‘}‘5‘@ i/é‘cy
\{1006& ()-'+/ 3781 GBzY8/ \{10%& ()-/KF } y \{10%&'() \{10% & () -
V{109 & ()- \{10%& ()-1NSX\ a_/zY8/KF } vy

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

hydrogel, continuous-wear lens,

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

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

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

reactive hydrophilic monomers.

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

29. The medical device of claim 23, wherein the hydrophilic monomeric units
are derived from monomers selected from the group consisting of acrylamides, lactams,
poly(alkyleneoxy)methacrylates, methacrylic acid or hydroxyalkyl methacrylates .

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

comprise moieties along the chain having the following formula:

N

wherein R® and R* independently can be an alkyl group having 1 to 14 carbon atoms; a
cycloalkyl group having 3 to 14 carbon atoms; an aryl group having § to 12 ring atoms;
an arenyl group having 6 to 26 carbon atoms; and O to 3 heteroatoms selected from S, N,
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and nonperoxidic 0; or R andR 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.

31.  The medical device claim 23, wherein the hydrophilic polymer chains
comprises moieties along the chain represented by the general formula:

R4o

where R and R* independently denote a hydrogen atom or a lower alkyl radical with one

to six carbon atoms, and R3 and R4 independently denote alkyl radicals with one to six
carbon atoms or a cycloalkyl radicals with 5 or 6 carbon atoms.

32. The medical device claim 23, wherein hydrophilic polymer chains
attached to the carbonaceous layer are the result of the reaction of a mixture of polymers
comprising (a) a first hydrophilic reactive polymer having reactive functionalities in
monomeric units along the hydrophilic polymers complementary to reactive
functionalities on the carbonaceous layer and, in addition, (b) a second hydrophilic
reactive polymer having supplemental reactive functionalities that are reactive with the
first hydrophilic reactive polymer.

33.  The medical device of claim 32, wherein the first hydrophilic reactive
polymer is an epoxy-functional polymer and the second hydrophilic reactive polymer is an

acid-functional polymer, either simultaneously or sequentially applied to the substrate to
be coated.

61



\{10%& ()-pjmM[:zY8/ S, 10%%& ()- *10% % ()- S)F10%%& ()- ' 10%%& ()-
@s10% % ()- $10%9%&' ()-me| [ NA4/ 1079%4.07%407% 8&&610% %&' () - f 21008 %& () -
03109 9%&' ()- ,/%0%& ()- -s10%9%& ()-Dz|[:NA4/ 10 210%3)6&'2%’- 0m
“109%0) G& () -. | Sz#10% & () - f109%0) G& ()- "109%5) G& ()- 9Z10%5) G& () - zgKNA4/
10 z10d10%0) G&' () - d10%5) G& () - d10%0) G&' () - d10%5) G () - d10%5) G& () -

10%0) G&' () - zZ: NA4/

10d10%5) G&' () - d10%5) G& () - d10%5) G&' () - d10%5) G& () -d10%G) G&' ()-) 2" zZ: NA4/
10d10%0) G& dRQUG 0 0 zZ: NA4/
T0d1006) G () - 4100 %’%“%%025%%8‘%8%% BT TP g
10d10%65) G&' «ziacmm ToRemMSE s that havedzen coyertey mmb@mﬂeqroy onzZ: NA4/
10d10%5) G&' §¢ s G& () d10%G) G& () - d10%0) G&' () -d10%G) G& ()-)?° $zZ: NA4/
10d10%6) G& () - d10%0) G& () - d10%3) G& () - d10%5) G& () - d10%0) G& () -) 7" $%, 048zZ:
NA4/ -

/1021%% oe/g (): dh@WG)gS?oh)a&ﬁW@ﬁgg/g?chS(tb 56l peréat GEmbnomedic89: / Yy X7NA4
| L! 10968 ()“’&%8 %ﬂ@%%ﬂwwwaﬁ%mwm%m consistingafer () -

| +1098& () - epbmc%&bx(e) andl amumn@m&zapmwam {o@SSthORdpetcpnt | df

$109%GE8 109/ %R 10%& | 310%' ()- 90} ] - NA4/ 10 |,
@O%&: ()- 05 | ‘i‘tﬁ%“ D %"F} gg‘? ﬁ?ﬁ’d&«é‘ E“%"Q"E“‘i ‘E“i‘tﬁ’%"g% oi e
Sz109%& () -} gthip mmmwmyes lattbOSRpd1y (alsylbntoryRAhaclylates) BABEEIE) - @

| Stovessas 1 o7 BIRERARREH A il YA o gt %%?ﬁ%‘gﬁ 8e-sss: ()-

| y10%8>$8& ¢arbon|ate®B00R>$&8 () - | y3109&>$&&' () - | 10%&>$&&
| f 1098>$&&" ()-T)~|]:-410&>%$& I5610%&>$&& - 1yl (10%&>$&& ()

|yl %@OYE>$8E! () - | y#I0%>$&L ()« | @r" 10%E>$8&: (

| yYMLOY&>$&8! () - 360 A4 Yo @oBgrgssli fB% &ntl)as F‘P{%ﬁ% ip glaim |35 adglitionally | 1 1004
& ()- | SYlOc/ngprQn%l %h@jé% %m&%’& (flom | BydddpioBic() - | @0%
& ()- 1y10% & £10% @L0% & T AA108>$& | f+10% & ()- |y "10%
& ()-Y° Llomep@mpre)wl&rm l?r)aﬂ&/lmmﬁhwl@ﬁﬁfé%@w | [ NA41010 10 10

| L610% & ()- &9010% & ()- | &I010%&' ()- |.' 10% & ()- | & 10%

& ()-*FA@[:NA41010 | mLO%&>$&& ()-f FY #10%>$0& ()-z | FY #10%8>$&& () -2z
| f MLO%&>$&& () -Y_| 'V|10%&>$&&(f | &F109&>$&&' () - LAT| [ : NA41010

| Y 0%&>$8& () - 13ED$1BomEopslymenof clajms;ifonr 3§ serein the szl actong baxtie foflowing

| MLOY&>$&E fojrouth:GLOYE>$&E () - Tz #$| [ : 410&>$& | &L6109%8>$&&' () -

| 1L109%8>$&& () - | S 010%&>$&&' () - | @- 10%R>$&&' () - (> 10%$& () -u

> 10%<>$<&' () - u$YRINDA410&>$& IR 10% & ()-Z 1y,10% & ()- 110% & () -
11"1s10% & ()- | 10% & ()-10&>$;9&E,&a : AA10&>3& | @0% & ()- |1y10% & () -
110% & ()- 110% & ()-f | 10%R-Y- | WLO%k&' ()-fa~Zp|[: A410&>$& | +109%&Z& () -
1 3(10% & ()- |1S&10% & ()- |#10% & () - W & ()-f 110%

& ()-gprvyz{| | obU410 |310%&>$&& ()-BE 10410 19610% & ()- |210% & () -z

1 3110% & ()- +10% & ()-U/[:bU410 | 1 10%@& ()- Y 10%A>$A& ()-

| OF#1098>$&& ()-Z | ﬁ/f 10% $&& S) IfmlO%&>$&& ()-

| A" 1008588 () TRIR 4 abyimamwe&s'&&a( gikyl radical

|yl 3109%&>$% QY& ngdqg/ [:-410&>%&l
| &6 100/&>$&§&i(“§ )’“l '5%%100/&%5“"‘ )‘"’dR %ﬁ%‘%%dé’?wﬁ%)@é& ()-

| +109%8>$&&' PBF-t0 Fiy r(ﬂ)°y w‘mlsmmqtqm | 10% y& ()-

| S10%y y& ()- |Ss10% y& ()-f | f#10% y& ()-10&>$&10&>$&| [ : A410&>$&I

9% 10% y& ()- Oy#@O0% & ()- |y#@O0%#y& ()- ly "10% y& ()-- 110% yé& ()-
| GlO% y& ()-vU41l0 |1"S10%@X @ ()- | Y10%@X @ ()- | L$F10%@X @& ()-10y ylOy
ylOy y 1;10% y& ()- |,810% y& ()-g*y|[:vW410 | I,f 10%@X @& ()-1 |, @0%@aX
@ ()-1 1,SCGloY@X @' ()- | 10%@aX @& ()- |, 10%@X @& ()- | ,10%@X

@ ()-K[:vw410 | |,f 10%@&X @& ()-1 1610%@X @ ()-1 |,nl0%@X @& ()-z |
109X @' ()- |,Z210%@X @& ()- | f109%@X @ ()- Normal" "Heading 13]c"

"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font
23(/5L; >DMOWal sF}\ 9%guhhb”n ! & 7Z>GIPW ].f | dgwHA

"$&(*,.02468: <>. *8?DU)W } [ ") =1UALKNSZbifp3g

S21 " {(*+2k3%1609=M>( ?@#BCFI KPTV1ZdIl kpv#x} EDgWh %/ b" "' HIc_! 9X~( UW&C<

AMENDED SHEET
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. 39. 'gx:\; copolymer o[f clz.iﬁs 35 or 36, gompjrising 20 t%q95 mole perZeni ¥

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

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

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