WO 03/ 011551 PCT/ US02/ 24022 | METHOD FOR CQOATI NG ARTI CLES BY MOLD TRANSFER
Field of the Invention 5 This invention relates to coated articles

i ncl udi ngwowsbisat |imtation, contact |enses. |In parti celcargsor/m22
invention relates to coated hydrogel and silicone-hydrogel articles forned
by curing a reaction mxture of artiche- formng material in a nold the

nol di ng surface of which has a filmof the coating. 10 Background of the

| nventi on The use of hydrogels to formarticles such as contact |lenses is
wel | known. is further known to increase the oxygen perneability of

for miat .Soni’yt iﬁﬁﬁ?pﬁﬁﬁ%ﬁﬁhﬁtﬂﬁﬁﬁﬁ% BRARPFER 9 tesi rabl e

to increase the surface wettability of hydrogel and silicone hydrogel
articles by coating the articles with a hydrophilic coating. Numerous
hydrophi li ¢ coatings and met hodfseld of thethevantid® appl i cati on are known. For

example, Lt is knogwn.to apply a coati tp a _silicape drogel |ens using
gas pl asn% This tystFvegh ‘Eei%&f &9 §°at8$g‘38%§m°é‘b‘]é%§mﬁﬁ {%ﬁ‘l Ay equi res
dehydration &htécbfenk&n gﬁﬂtl@ﬁlalt heARPeARALLIORS 1PfodidithyRl AR F €at ment,

whi ch treat ment nust arried out under vacuum conditions. 25
Al t er nat i vel giliconk- hyﬂrdgabm;nc]bmfmed by utingpmreactiosmixtertof bdsd coatings to

coat | enses. However, .these met hods, as .do treat ment,
add steps t ofoRIAE TEHErHAR GRS (e dpesudas %iamdnglilg @%{;’{ ¥ t he
production of,.l.iarge quantities of waste. Further, application of a solution

30 based coating uniformy over a lens surface requires extrenely precise
process tontrol .

Background of the Invention
The use of hydrogels to form articles such as contact lenses is well
known. It is further known to increase the oxygen permeability of hydrogels
by adding silicone-containing monomers to the hydrogel formulations to

15 produce silicone hydrogels.

Typically, it is desirable to increase the surface wettability of
hydrogel and silicone hydrogel articles by coating the articles with a
hydrophilic coating. Numerous hydrophilic coatings and methods for their
20 application are known. For example, it is known to apply a coating to a
silicone hydrogel lens using gas plasma. This coating method is
disadvantageous in that it requires dehydration of the lens prior to application
of the plasma treatment, which treatment must be carried out under vacuum
conditions.
25
Alternatively, it is known to use solution- or solvent-based coatings
to coat lenses. However, these coating methods, as does the plasma
treatment, add steps to the lens manufacturing process and also result in the
production of large quantities of waste. Further, application of a solution-
30 based coating uniformly over a lens surface requires extremely precise

process control.



WO 03/ 011551 PCT/ US02/ 24022 2 Application of a coating onto a nold into
which a lens material is dispensed al so has been discl osed. However, this
nmet hod hawolaemsssuccessful |y denonstrated only w th non- ®Criusenaoby dr ogel
materials. 5 Therefore a need exists for a coating nethod for coating
hydrogel and silicone hydrogel |enseg that overcomes one or nore of these
di sadvant ages. Detail ed Description of the Invention and Preferred

Enbodi mrents A nethod for coating hydrogel and silicone hydrogel articles,
and 10 articles nade by the nethod, are provided in which an uncured
coating is first applied to the nolding surface of a nold in which an

article-formng paBpesatioh ofh bdating odtd £eholdinfowhich Aderdmhdtetiglis Thus, the
article is coated during the course of curing the material fromwhich it

is formed el dispanaed #eo hircbeemdiselosesk Heypver.dhiamyppastasdeery st eps after

curing is conmpl et ed. Additi L1y, . he. et ho rm.ts.the thickness and
uni formty of C?‘?‘Féﬁlglg efnﬁas‘[fageragoéﬂ%%'rl%%oéasglf(‘lO{}E g%%f’ E%Iqaé%%atl%an in known
coating nst hoglsefold NAkddexisBeGAN SGatindenethtd iR dostapshydfigel #ldy on specific
reaction chem stries for attachnent of the coating to the lens, as do

ot her known siberiedydragehlonsss thahgvesgomesangeorvzgre ef {hesodisastyantagrys t hat cannot
be adequately achi eved usi ng known coating nethods 20 are nmade possi bl e.
The invention provides a nethod for coating articles the nethod

conprising, conspghilBDessIBRbA af thy [Bfentiemeh PRSI FMgbddimes ) coating a
mol ding surface of a mold or a nold half with a coating effective anount

of a high 25 nol eduhethodviir ghatingderdiogg! ansrapléesine ihydrogel aytides pethsi ng a mi xture
conpri si a _.hydroge noner, a silicone-containing,hydrogel nononer, or
a conbi [rfugt i %}H%H&%S:by?%%&?% Wfavﬁfgﬁw lcﬁa?flf“;““&ﬁ‘ac e%ng- Uring under
condi tions Sgist APIRALE tﬁe%élﬂﬁ‘lg s@ffhdeCdrR BORLL W hIdH b drfi@e FORIhEY CONposi ti on.
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material will be cured to form the article. Thus, the article is coated during

the course of curing the material from which it is formed eliminating the

need for additional processing steps after curing is completed. Additionally,

15 the method permits the thickness and uniformity of the coating to be more

easily controlled than in known coating methods. Finally, because the

method does not rely on specific reaction chemistries for attachment of the

coating to the lens, as do other known coating methods, any of a wide variety

of coatings that cannot be adequately achieved using known coating methods

20 are made possible.

The invention provides a method for coating articles the method
comprising, consisting essentially of, and consisting of: a.) coating a rriolding
surface of a mold or a mold half with a coating effective amount of a high

25 molecular weight coating composition; b.) dispensing a mixture comprising a
hydrogel monomer, a silicone-containing hydrogel monomer, or a
combination thereof into the mold or mold half; and c.) curing under

conditions suitable to form an article coated with the coating composition.

30



The invention nmay be used to produce any of a wide variety of coated
articles. Preferably, the invention is used to produce ophthal mc | enses

i ncl udi ngwowsmphisst |imtation, contact, intraocul ar, and ecrapgotznses. NMore
preferably, the invention is used to produce contact |enses. 5 For purposes
of the invention, by "nolding surface'3is nmeant a surface used to forma
surface of an article. Typically, nolded articles are formed within a nold
or between two nold halves. The nold or nold halves used to forman
article have an i 1 I4) ter

non- nol di ng surfa?gs{nﬁ%ﬁ%ﬁlg%gé P%}c}%s)bﬁdlgedﬁﬁlgf%ﬁ@dg??gﬁ?pﬁ%é%;gni ze that
t he nol di ng sticleacPreférhblypthe divention Rivdehivi ppoducaghtkimhiadensty pe requisite
for formng the desired nolded article. By "high nplecular_ weight" is nmeant
an average nBlcBdingawitheriginitation, coniget)intsagepiag, adomiayHerses-sHoEs to avoi d

di ssol ution ing..i 1 e used. For purposes of
the inventi oﬁ{efetﬁ%bg ’gggﬁvggttlﬁgfs%rsr%%@% dz]il(rgg%\/\/éllltg‘]ht?&#gsdet erm ned usi ng gel
perneati o chromat ography ("GPC') with a |ight scattering detector and a
high sensitivity refractive index detector, for exanple nodel PL-R

avai | abl e from PoFgimipeses ef thepaveptiolgby “Molding swfassdiuseaniaa phenogel 5 m

i I ' dwth h d
ol uti on of BECRERD it dafrect el afflbr Dt o BRTETRIREY mami o 2

the eluent. Fredkathesa aofd O BetWeen RRMATH hlves WIkdmolj &Gholdmaket unes from
about 10 to about 20 L. The precise Mv used will depend upon the coating

sel ect ed anduseddo rroeredrtiohs hays e maegisdce, | the smobdiag syifasd. @1Podi nent, the Mwv

of the cqating is greater han~about 300 .kD. an.al.ternat.i ve, useful
Coat ing. a8 Bet TorPlnS R surko R OBE Sithmapt sitieg infndfe B OB ©) LD
preferably athat @8%holdiRg Wl facetiill RiofdR dRBHEESs 3 eeMtd GpaaRuisker purposes

of the invention, preferably the viscosity is determ ned by dissolving the
nmononer or péiryerering dreptssised mpkled agigle abl e WO 03/ 011551

By “high molecular weight” is meant an average molecular weight
15 (“Mw”) sufficiently high so as to avoid dissolution of the coating into the
monomer mixture used. For purposes of the invention, preferably the
molecular weight is determined using gel permeation chromatography
(“GPC”) with a light scattering detector and a high sensitivity refractive
index detector, for example model PL-RI available from Polymer Labs. The
20 GPC is performed using a phenogel 5 um linear column equipped with a
guard column of the same components and a solution of 0.5 weight percent
lithium bromide in dimethyl formamide as the eluent. Flow rates are 0.5 mL
per minute with injection volumes from about 10 to about 20 pL. The
precise Mw used will depend upon the coating selected and the monomer
25 mixture used. In a preferred embodiment, the Mw of the coating is greater

than about 300 kD.

As an alternative, useful coating compositions have a viscosity of a
greater than about 1 cP, preferably at least about 4 cP, at 25 degrees .
30 centigrade. For purposes of the invention, preferably the viscosity is

determined by dissolving the monomer or polymer component in a suitable



4 PCT/ US02/ 24022 sol vent and nmeasuring the viscosity at a shear rate of
40/s. Preferably used, when the article formng material is a silicone
hydr ogel wWe 0d00G5wei ght percent in a 1:1 solvent m xturePofi/tsotianet : et hyl
| actate or- isopropanol:isopropyl lactate. 5 By "hydrogel nononer” is neant
is a mterial that after curing and Aydration is elastoneric and has a

wat er content of about 20 weight percent or nore. By "silicone-containing
hydrogel nononer” is meant a hydrogel nononer that contains one or nore
silicone grou oses of the in rm monomer "

10 F t
refers to ﬁﬁ%ﬁﬁ@én%% lﬁﬁgﬁﬁﬁﬁﬁwy @F%ﬁ%vﬁgP%@ﬂ$éé &%wgﬁyidfess t han
about 700, \%ﬁ%ﬁtthé;%cll@%ﬂ?rﬁh%/ Hﬁ'ﬁén?a?fi aﬁ%n%%yﬁ&%gélqm o wHight nol ecul ar wei ght

conpounds or polymers, sonetines referred to as nmacronononers or 15
macroners, hpevdenginrirbeslvent exiagee ofdtbanol:athyldectgtetos great er than about 700,
cont ai ni ng functlonal gro%qs capabl e of further polynerization. The term
monomer i ncl$RPEPARBLHSPREIPRY 4 F-onononer s, macromers, and pr epol yners.

Pr epol ymsg;s are partially polynerized nononers or nonomers that are
capabl e of further polynerization. 20 In preferred enbodi nent, the

i nvention provi deBy ‘@ydrighladoficanert dambeag is dyndiedgkthatadgr sifingande- cont ai ni ng
hydrogel articles the nethod conprising, _consisti es entlally of , and
consi sting dfydragion 1%@%?%‘31%39%38?%“?&09?%0 O‘étib?% t()Qer Moid hal f with

a coating eff.eg Evgyagﬁ% &ﬁltﬁllﬁ%ﬁpdérg%l?ﬁéﬂoﬂ{er’zé n&hohydrygeiophi | ic

coating conp05| I'on i spensi xture conprising a hydrogel
nononer, a Shbmﬁmﬂeh£OGManmbﬂ@ommdnﬂ@ﬁbnagnmmmr or a conbination thereof
into the nold or nold hal f; and c.) curing under conditions suitable to
forman Hticle coated with the coating conposition.

For purposes of the invention, the term "monomer" refers to

compounds having number average molecular weights less than about 700,
that can be polymerized, and to medium to high molecular weight
compounds or polymers, sometimes referred to as macromonomers or

15  macromers, having number average molecular weights greater than about
700, containing functional groups capable of further polymerization. The
term monomer includes monomers, macromonomers, macromers, and
prepolymers. Prepolymers are partially polymerized monomers or monomers
that are capable of further polymerization.

20

In preferred embodiment, the invention provides a method for coating

hydrogel and silicone-containing hydrogel articles the method comprising,
consisting essentially of, and consisting of: a.) coating a molding surface of a
mold or a mold half with a coating effective amount of a high molecular

25  weight hydrophilic coating composition; b.) dispensing a mixture comprising
a hydrogel monomer, a silicone-containing hydrogel monomer, or a
combination thereof into the mold or mold half; and c.) curing under
conditions suitable to form an article coated with the coating composition.
For purposes of the invention, by “hydrophilic” is meant a material that,

30 when polymerized, exhibits an advancing dynamic contact angle of less than

about 100 degrees in physiological saline.



For purposes of the invention, by "hydrophilic" is neant a material that,
30 when polynerized, exhibits an advanci ng dynam c contact angle of |ess
than abowD 0300158egr ees i n physi ol ogi cal saline. WO 03/ 01PEFAIS02/24022

PCT/ US02/ 24022 5 In a nore preferred enbodi ment, the invention is used to
produce physiologically conpatible cgntact |enses and, thus, provides a
nmet hod for coating contact |enses the nethod conprising, consisting
essentially of, and 5 consisting of. a.) coating a nolding surface of a
nmold or a nold half with a coating effective anount of a high nol ecul ar
wei ght hydrophilic coating conposition; b.) dispensing a mxture
conprising a hydrpgeh.RRRaeREd eﬁboﬁh@h@%@n@&ﬁbﬁhﬂs@&t&iﬂfﬂ)ﬂ@@kﬁ' nmononer, or
a conbination thereof into the d half; and ¢.) curing under
condi ti ons spliysmbdgcally chmpatitde cmmacad@nsmaﬂdeﬂmsqnavlécﬁ a/\mteﬂmﬂtf@r coati ng
corrp05|t|on wherein the | ens exhibits hysi ica |I|ty By
"physi ol ogi ceH)S EFHRASLITISFS e Hret GOBW@B’@? %}S{{Sgﬁg Eséﬁcﬁ}f? ytﬁ% neant
that the sengexhhbbt e g%étﬁf oCtho RS QEABSE mbll ér%rrﬁﬁd(ﬂalﬂﬂt}?éle 15
wettability ano reS|st nce to surface deposits that is equal to or better
than that ofoating effedtive aoourt dferiggh Doleyler weightbydrophjli¢ soatisger ni ned by
nmeasuring non- InvaSI\h’Sé}St ear break-up tinme usi ngja t ear scoge pl aced

bet ween a s|AMPISHIRE: BRSHISS BRAUTE CPRRLSIRE 2 hu0geldPenomied | ens wear er
bli nks and 1@5%&50%11&]3{%}9&9@%&1 #ohbfick, 0 o ¥ bl AeRArkhe guoh the siit

| anp, typically at a 20 cation of about 16 to 20x. The time between
t he blink angloldhe rhold$hlf; mki&@rouedgmndlenmhdﬁmgs ofitabledo Fensa santdcéice i s t he

non-invasgjve, tear prea tinme. The no I nv ve te break-up tine for
t he Iensié ofeng ?félt"?cﬁ @eﬁﬁat omppeitions ‘imegtﬁ%iff‘%Pthl h that of an
etafilcon A 5 £9 tfb‘?lt r greater than about 5 to about 10 secs.

Pref erably, élﬁg (%%Cs ?{ﬂ#ah 1 venti on exhibit a non 25 invasive tear
break-up tinme of about 7 to about 10 secs. Surface deposition resistance is

measured for both_the fr? nd back yg;ns surf ces b sca}ﬂ ;ng the entire
| ens on eye usi ngB& ‘Bhystolq y\;\:,prcnﬁa 111t or “physio oglcalc mpatible

meant that the lens exhibits clinical performance, in terms of on-eye

15  wettability and resistance to surface deposits that is equal to or better than
that of an etafilcon A lens. On-eye wettability is determined by measuring
non-invasive, tear break-up time using a tear scope placed between a slit
lamp microscope and a lens wearer’s eye. The lens wearer blinks and holds
the eye open while the eye is viewed through the slit lamp, typically at a

20 magnification of about 16 to 20x. The time between the blink and the first
observed non-wetting of the lens surface is the non-invasive, tear break-up
time. The non-invasive tear break-up time for the lenses of the invention are
equal to or greater than that of an etafilcon A lens or equal to or greater than
about 5 to about 10 secs. Preferably, the lens of the invention exhibit a non-

25 invasive tear break-up time of about 7 to about 10 secs.

Surface deposition resistance is measured for both the front and back
lens surfaces by scanning the entire lens on eye using a slit lamp with a
magnification of about 16 to about 20x and a beam width and height set at
30 approximately one-half of the corneal diameter, typically a width of

approximately 2 mm and a beam height of approximately 6 mm. Deposits



magni fi cati on of about 16 to about 20x and a beam w dth and hei ght set at
30 approximately one-half of the corneal dianeter, typically a wdth of
appr oxi mewelog/o21sam and a beam hei ght of approxinmately 6 nPCTDSpDSioes WO
03/ 011551 6 PCT/ US02/ 24022 nmay be appear as discrete deposits, such as
jelly bunps, or as oily patches or fi@mand will nmove with the | ens during
blink or Josephson Push-Up testing. No observable deposition is a grade O;
grade 1 is about 1 to about 5 percent of the lens surface with deposition;

de 11 . i surf ace with deposi t
7610 about 30 perpiRr TRl ReRRE by B L By SRR g bR our 26

per cent depoSim andwillevs with sieeledepadid b1aik Jrdbsdphson MBAIGSteRtind. he i nvention
er than that of an etafilcon A lens neaning that |ess

are equal to_or gqregjt _ f

than about 1¥O9PsRrvaplefenqsitian igmbeaiadi aded IS abealbto@bates ercent hi gher
deposition .of - i composi tions useful in the

i nvention n%ﬁ@g%@g?#ﬁ%ﬁ'& 1&@?‘33\{,&0%?9 %%?gtagg%tfé)ﬁ%aﬁfﬁ% speé?ﬁl.il%pol ynmers known

in the ard. witkteposittbnapade pd aHout 1yto &ouoh® érceﬂ@l:%cﬁﬁtﬂﬂ SAgryd de, _
pol y(2- hydroxyet hyl methacrylate), poly(nethyl nethacrylate), poly(acrylic
aci d), pol y(‘hﬁt%ﬁ&?ryth%ab&@tzﬁperwtﬁémsem- elhe satfret) deppailipl fardboni ¢ aci d) ,

pol y(acryl ami . cr m de I i.met hyl acryl am de),

pol y(gl ycer %ﬂ&ﬁ%@?iﬁ%ﬁlﬁ%%&% egélfﬂ;{gt%%@ﬁ%&%&%ﬂg‘f%%ﬁagﬁoﬁ&(}' 81 f onat e

pol ymers, pahydningthiat lepythirodbodo 18 Ys oCaE1BNEN FBHNNEAL Wl RREYIFRdS3 such as

car boxymet hyl cel | ul ose, . pal ysacchari des, glucose am no glycans, polylactic

aci d, pol ygiSrdBghe dgpgsgiionzfiehpnsoxedsrofaaom copol yners of the

af oremenjd oned, and the like, and m xtures thereof. Preferably,

pol y(2- hydroxyet hyl nethacrylate), poly(vinyl pyrrolidone), poly(acrylic

acid), poly(nethaCsatingeompbsitions vdefuy (B Rafiyh ﬁﬁ}rg@maﬂran?%;fé(_( acryl am de)
me e

is used. More preferably, poly(2- hydroxyethyl hacryl a is used.
wide variety of monomers ‘and polymers known in the art. Preferred are
poly(vinyl alcohol), polyethylene oxide, poly(2-hydroxyethyl methacrylate),
poly(methyl methacrylate), poly(acrylic acid), poly(methacrylic acid),

15 poly(maleic acid), poly(itaconic acid), poly(acrylamide),
poly(methacrylamide), poly(dimethylacrylamide), poly(glycerol
methacrylate), polystyrene sulfonic acid, polysulfonate polymers, poly(vinyl
pyrrolidone), carboxymethylated polymers, such as carboxymethylcellulose,
polysaccharides, glucose amino glycans, polylactic acid, polyglycolic acid,

20  block or random copolymers of the aforementioned, and the like, and
mixtures thereof. Preferably, poly(2-hydroxyethyl methacrylate), poly(vinyl
pyrrolidone), poly(acrylic acid), poly(methacrylic acid),
poly(meth)acrylamide, or poly(acrylamide) is used. More preferably, poly(2-
hydroxyethyl methacrylate) is used.

25

The coating composition may, and for spin coating purposes
preferably does, include a low boiling point, or less than about 90 °C, solvent
and a high boiling point, or greater than about 100 °C, solvent. Suitable low
boiling solvents include, without limitation, n-methyl pyrrolidone, acetone,

30 chloroform, and alcohols such as methanol, ethanol, isopropanol, tert-

butanol, and the like. Useful high boiling solvents include, without



25 The coating conposition may, and for spin coating purposes preferably
does, include a low boiling point, or |less than about 90 C, solvent and a
hi gh boi IWog3poisat, or greater than about 100 C, sol vent. pEmiusatt®21 ow
boiling solvents include, without limtation, n-nmethyl pyrrolidone,
acetone, 30 chloroform and al cohols Such as nethanol, ethanol,

i sopropanol, tert- butanol, and the Iike. Useful high boiling solvents

i ncl ude, without WO 03/011551 7 PCT/US02/ 24022 limtation, methyl-, ethyl-,

and isopr 0pﬂimlit@ﬁ&lﬁtn?ethﬁ%ggfgspﬁl@i%h]réﬁ%qpy&tﬁh@fllgg% atng't(g{%%g}ypgngpyl ene

gl ycol, n-nethyl pyrroli di et or mem oger ani ol ,

1- but anol , 1glyeol pnopllend gliyeol amalethyl pacsdladoak, ditrettBl Fythadridgyent anol

di et hyl - 3- oc o], 3-nethoxy-Il-butanol, 1,2 and 1, 4-butanediol, 5

1, 3- hexanedi @}r?‘f;l\'/dé?%err?m%lnér%fl%@"]k ilfﬂ@?ta??]pilé’&l@%ﬂh -pedancdt 3-greiyl-Bhe | ow to the
hi gh boili SHoY &ittheitivl-3-oPEL LS. LA rature. ..Additionally,
the coati ngnlg%rrpgs’i tli (e)ﬁ#ynmc/) I rr@f gg%?tﬁoé‘#dﬁégéggl%’gﬁgg ?i %@P{?gee%:gﬂat | east one
surfact anb. Biiltealedicduwiteas tahths likac Typieallyitidwatb of Mellbwits eeil@sgh ani oni c
surfactants, SﬁChHﬁS car_ﬁgxyl ic acid salts, sulfonic acid salts, sulfuric
acid salts, YO W1 e By o paenitemp@r@teest er s, cati onic
surfactants, such as long chain amnes and their salts, diam nes and

pol yam nes and their salts, quarternary amoni um salts, am ne oxi des,

noni oni ¢ sur f act aAtditiosallyhthesomil yy@xypetitohenstiacuas, kid Eif&'éi@lbl?, al kyl phenol
15 et hoxyl at.es, gol oxyet hyl enat ed_strai ght chain _al cohols, polyethoxyl ated
pol yoxypr opyPehd sgf‘%/l]@@ﬁt@,ﬂe pufagtenh oxyifahicetiriseteytdiinadadey withpexane ~ copol yner s,

fl [ d ho: l. hain. b i id
uori naj @« lﬂhﬁ&ﬁﬁ, %ﬁbﬁf%glg%caaﬁ{féé ?ﬂé}ygecra%oxgﬁéjg%ﬁgg{s?ﬁ oglhcdaccg oxy'tc acl

esters, zwitterionic sur sSuch as i nsensitive

sur f act ant s, salscbutfindc héik egltsapiehsplsry BatpodyphotdRrieatid o3, sarmid i ¢ 20 type
and anmount of surfactants used w |l depend upon the other conponents of
the coating atst SUsh anleas chan aptingssgd shair seite diamides Aydi cal |y, great er

polyamines and their salts, quarternary ammonium salts, amine oxides,
nonionic surfactants, such as polyoxyethylenated alkylphenols, alkyl phenol

15 ethoxylates, polyoxyethylenated straight chain alcohols, polyethoxylated
polyoxypropylene glycols, polyethoxylated polydimethylsiloxane
copolymers, fluorinated alkane ethoxylate copolymers, and long chain
carboxylic acid esters, zwitterionic surfactants, such as pH-sensitive and pH
insensitive surfactants, and the like, and combinations thereof. The specific

20  type and amount of surfactants used will depend upon the other components
of the coating composition and the molding surface used. Typically, greater
than or equal to about 0.001 weight percent and less than or equal to about 5
weight percent based on the total weight of the coating composition will be
used.

25

In a first step of the method of the invention, a coating effective

amount of a suitable coating composition is coated onto the molding surface
of amold or mold half. Preferably, all exterior surfaces of the article are
coated and, thus, preferably the entire or substantially the entire molding

30 surfaces of both mold halves are coated. One ordinarily skilled in the art will

recognize that one of the mold half’s molding surfaces may be coated with a



than or equal to about 0.001 weight percent and | ess than or equal to about
5 weight percent based on the total weight of the coating conposition wll
be used.wPI3bmsalfirst step of the nmethod of the inventi @ol/tsoweae: ng
effective anount of a suitable coating conmposition is coated onto the

mol ding surface of a mold or nold halgf Preferably, all exterior surfaces
of the article are coated and, thus, preferably the entire or
substantially the entire nolding 30 surfaces of both nold hal ves are

coated. One ' i [ i r j ' one of the
moid hal T SUTHERr R e Shd B e dn M blner ERGPOIES B IER
PCT/ US02/ 240g2rfa8ecoati ng different or the sane as that used on the other
nold half's nolding surface. The thickness of the coating composition,

when dry, on the nolding 5 surface of the nold nust be such that an

artiole with an aRGeREARLE SUAL RGReL AYANNGES, RSHLEP onlik SUDAR) Mot T 1

which the article s a contac erabl'y a ‘peak-t10-pe surface

r oughness 50f sirhRe BY theah 61d thi@0 Be bifchltef Sn bhRle wibabhe&PRblguricalesi rabl e.
Thus, by coati n?meffective anount i s nmeant an _ampunt of the coating

conposi ti on sushness ssplts. olnpmehnidiraents wryhieh theartiqle krreeontapdless, the coating
conmposi tion Orége%%{bgy g%:;%gcgpga&l{rs{%%cee I‘E)Q%ltﬁlg\sm c|>fjthe|:;: %ﬁd#.lséttgg 'leirhg s 1 gipted article

with an acceB Fougnness or nses “preferably a

hydrated | enghda€860 heripdadiradly, Mk, byweaiestectle h@stnttipakambaut 500 nm
Mre preferably, for contact |ens enbodinments, the anount of coating

conposi ti on ameentios tharoating pempesitiansuéitient ¢o proyifiecedry fidmythickness 15 t hi ckness

of at |eaggt apout 5.nm and no nore than about 70 n referably at | east
about 5 ancihsoRRRoPRRYRn SRt e BRoPIl Pt “Tetst about 20
nm and no NMORRIrkR@ArtRRONL 40 amptam%uﬁ%tﬂoa%m@smﬁﬁﬂot t&tadtBhs&e applied to
the nol ding surface by 20 any suitable nethod including, wthout

limtation, pisfpadssihydrateshlamspealy;to-peak surface roughness of less than about

500 nm. More preferably, for contact lens embodiments, the amount of
coating composition used is an amount sufficient to produce a dry film

15  thickness of at least about 5 nm and no more than about 70 nm, preferably at
least about 5 nm and no more than about 50 nm, more preferably at least

about 20 nm and no more than about 40 nm.

The coating composition may be applied to the molding surface by
20 any suitable method including, without limitation, compression, swabbing,
spray coating, ink jet printing, aerosolization, nebulization, dip coating, spin
coating, and the like and combinations thereof. Preferably, spin coating is
used. Also, preferably, the coating is dried, or rendered non-tacky, prior to
introduction of the article forming material into the mold. Drying may be
25 carried out using any suitable method, but preferably is carried out at
temperatures up to about the glass transition temperature (“Tg”) of the mold
material in air or under vacuum followed by equilibration under a blanket of
nitrogen at any temperature up to about the Tg of the mold material. During
the vacuum exposure process, cold traps or other filters preferably are used to

30 prevent contamination of the mold.



spray coating, ink jet printing, aerosolization, nebulization, dip coating,
spin coating, and the |i ke and conbi nations thereof. Preferably, spin
coating iwoOoaseds1 Al so, preferably, the coating is dried, per/useng®erd
non-tacky, prior to introduction of the article formng material into the
mol d. Drying nmaybe 25 carried out usighg any suitable nethod, but
preferably is carried out at tenperatures up to about the glass transition
tenperature ("Tg") of the nold naterial i.n air or under vacuum foll owed by

equi libration und bl it t e re up to about
the Tg of the nol g{%%lrg?&g#ﬁ%ﬁ?dﬁgﬁ © {Oﬁggg(é%}l O%nlq}é%ﬁjg%{;agb? f’rilaloscaess, cold

traps or ot hiywdrishif@eserRidaf tiibhyoBthe mesdfls §i@facdQ shfedeamergyont ani nat i on of
the nold. WO 03/011551 PCT/ US02/ 24022 9 In a spin coating nethod, the

coati ng conpdkire prsierphlnitbe susfage kension of thppaatisgedrapasiticans gorterhan t hat of

the nol di ng surf 'S rface ener Mor.e preferabl he surface tension
of the coati ﬁlﬁnggﬁgsc}yg?%ﬂni Sloévr@g?%q'the f‘ﬁgaﬁe g%%%}f ?ét%aif}?loééwgm bel ow t hat of
the surfage ereicaYo whichhisis APpIEHdVIhe HedshiRE at the cwirfg*hp;plicdtﬁ)napm i ed when
neasured at the coati g/? application tenperature. NMost preferably, the

sur f ace t enstestpestturehdlasbprefwepl.dhp suface tansionof therevatimgeorgpaetjtiies/ cm bel ow
that of the surfa r of. the | din surface. .10 In.a preferred spin
coating net hgén?rgﬁﬁﬁggﬁyfﬁq#%t%ﬂ&kgur Kishgey ogbeﬁn@gg’tgi ng i s used to

deposit a cogirkaeg. of a dry thickness of about 5 to about 70 nmonto a

nmol ding surface of a nold. If the surface tension of the coating differs
fromthe surface energy of the nold by greater than about 8 dynes/cm when

d.at th ti | icati t t .Suitab i file 15
oot Teddt about TE BBGTER PSS HUTEmE AR Tt BB ROk EIRE. o | cast
about 2 and ggn B@z[tﬁ?i@ﬁ’d%d@@@bﬁosi%g doailg SAkY AYCIGREPOBIHLPR t@fdug PI NNI NG

for at | east "about sec. If the surface tension difference 1s | ess than
about 8 dyné&@éhmmnta hmokbhgisuréacs plia mad.t I tht sukfeestensibo of t1@,08Mngnd no nore

E:ggtn i ﬁgom gi’fggsofchIE I’}ﬂeus?llrfgge gr}erglyegis the glbo?&llt)y gregtgrd thgl(lj algrgurt% yggs cna1 bout 10 | of

when measured at the coating application temperature, a suitable spin profile
15  is at least about 6,000 and no more than about 8,000 RPM using at least
about 2 and no more than about 20 pl of coating composition and spinning
for at least about 3 sec. If the surface tension difference is less than about 8
dynes/cm, the mold is spun up to at least about 3,000 and no more than about
5,000 RPM using at least about 2 and no more than about 10 pul of coating
20 composition and then the mold is spun up to at least about 7,000 and more

than about 10,000 RPM for at least about 3 seconds prior to stopping.

Any excess coating accumulating at the mold edges must be removed
and removal may be carried out by any convenient method including, without
25 limitation, swabbing the excess, removing the excess using vacuum, solvent,
washing or pressurized air jet. Preferably, the excess is removed using an air
jet. In using the air-jet, it is critical that spinning is started prior to the jet
being turned on and, preferably, the air jet pressure is equal to or greater than

about 10 psi.
30



20 conposition and then the nold is spun up to at |east about 7,000 and
nore than about 10,000 RPM for at |east about 3 seconds prior to stopping.
Any exceswomsatisag accunul ating at the nold edges nust bePcemsvreito2and
removal may be carried out by any conveni ent nethod including, wthout 25
limtation, swabbing the excess, renoypng the excess using vacuum solvent,
washi ng or pressurized air jet. Preferably, the excess is renoved using an
air jet. Inusing the air-jet, it is critical that spinning is started

Saual to or of eat et Reksnt BB iRt BEEL FREH shaliflorkBland) 2020 10°

I n the seconghassi@Pthef istahigixiRt bodprdding HBydroye Midmder A kiRddneC| e- f or ni ng
material that is a mxture conprising a hydrogel nononer, a silicone-

cont ai ni ng hyaitagel hydrmerbmonanercardonbanations therasfl o flispensgd spewed i nto the

| d | d_hal f. f | k i ncl ude, 5
W thout 11 m F4 GOkt e B and ROt & EpaBR IR Bl ke or vi nyi -
contai ni ng. itde@dRhitANORRISpHi A oG er8 Soreefibly M\l @r vitddyl-hout

limtation, polyoxyethylene polyols having one or nore of the termninal
hydr oxy gr oupmtziningadbdraget monorherathat onalbegselincdatwithtiuhg a pol yneri zabl e

doubl e bond. ,.Sui t abl i ncl . W th | i m ' I hyl 10
ol yoo , o nollJh &t ek PR T T sl i vircty o ShUis BBl A1 cat od

Wi th one orhymés; SdupyRbhROEEWIh a FihcEBHlGARY Rhtna R poliatbriashle
i socyanat oet hyl "nmethacryl ate, nethacrylic anhydride, nethacryl oyl

chl oride, vi dgubbeborsl |Suitehleonimgemersonciute withoat limitapem gatysthalepol yet hyl ene
pol yol haxing one or r term nal | yner.i l.e. ol efinic groups bonded to
t he pol yzvhyglé{ﬁ‘g’ ?}B?Vg%‘)te‘%lkyﬁf?lgﬁ’ﬁﬁlelagﬁ l?ﬁ"r‘?éy]ﬁ%gg’ﬁpg n‘ﬁ@tﬁa‘étgg??’ét?‘banat e or
ester groupsendsldhble@QaivalcRiIRh @ﬁ—@ipph&%r@ﬂﬁbudﬁod@ %%ﬁlatd%ﬁfy}‘de, wi t hout
limtation, hydrophilic vinyl carbonate or 'vinyl carbamate nononers as
di scl osed i nmith8eryRée, emthadoylic a8hpirBle2sthaeniloyhehlbside, optylienzosdx azol one
ONOMErS as éﬂlcs)r? e? %1? le lﬁce,u t'oSp'roduce a polyethylene polyol having one or more

terminal polymerizable olefinic groups bonded to the polyethylene polyol

15  through linking moieties such as carbamate or ester groups. Additional

examples of hydrogel monomers include, without limitation, hydrophilic

vinyl carbonate or vinyl carbamate monomers as disclosed in U.S. Patent No.

5,070,215 and the hydrophilic oxazolone monomers as disclosed in U.S.

Patent No. 4,910,277, both references incorporated herein in their entireties

20 by reference.

The term "vinyl-type" or "vinyl-containing" monomers refer to
monomers containing the vinyl grouping (-CH=CH,) and are generally
highly reactive. Such hydrophilic vinyl-containing monomers are known to

25 polymerize relatively easily. "Acrylic-type" or "acrylic-containing"
monomers are those monomers containing the acrylic group: (CH,=CRCOX)
wherein R is H or CHs, and X is O or N and which are known to polymerize
readily such as, without limitation, N,N-dimethyl acrylamide (DMA), 2-

. hydroxyethyl methacrylate (HEMA), glycerol methacrylate, 2-hydroxyethyl

30 methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid and

acrylic acid.



Patent No. 4,910,277, both references incorporated herein in their
entireties 20 by reference. The term"vinyl-type" or "vinyl-containing"
nononer s wefieni1tser nonomers cont ai ni ng the vinyl groupi ngPCTAYeLRAD?2 and ar e
generally highly reactive. Such hydrophilic vinyl-containing nononers are
known to 25 polynerize relatively easf1y. "Acrylic-type" or
"acrylic-containing" nononers are those nononers containing the acrylic
group: (CH2=CRCOX) wherein Ris Hor CH3, and Xis 0 or N and which are
known to polynerize readily such as, without limtation, N, N-dinethyl
acrylamde (DVA), 2- hydroxyethyl nethacrylate (HEMA), glycerol

net hacryl ate, 2- hyhssieiel nddfelBétvatd:yhRtéifak® Heyslidonkenegl ycol
nononet hacryl ate, nethacrylic acid and acrylic acid. WO 03/011551

PCT/ US02/ 240xmtaining hedrpgelfusefubin thy thveniein membereither aeratict & vimlie- t he

silicone- containin drogel useful .in the invention e either
acrylic- or A 1%-%“?%‘:’?;1%(%}?%655 ]alsflﬁfé“ n en%rP%sth%rﬁ‘sgﬁéglg may be
crossl i Nk8r syinldaeddataidiny nivtohfer £, RiifBuMBREERsS N-OilyUfiSiamél t hout
limtation, N-Vvinyl lactanms, such as N-vinyl pyrrolidone ("NVP"),

N-vi nyl - N- mesuel las Heandmiyaelidone WWE), NW-sinyl N-medybarctienidey Navinyl-- N- et hy|

f or mam de, d .N-vinyl. formam i N-vi nyl. pyrrqli done .bei.ng preferred.
10 Parti cul E&T%hyﬁg%eﬁ%}lldﬁ%ﬂ&%ii@%i E)P??FW ehéﬁlrlggvé?ﬁ&%%ﬁdg W|1tﬂlcl ude those
that cont ai n§. 3yl hoRshiddnd®elmerefetrbd.r epeating units. Preferably, the total
Si and attached 0 are present in the silicone-containing nonomer in an

anount greater than about 20 weight percent, and nore preferably greater
(han aboh, 30 e gl Rt cenb Sk, Lot sl hectl st veLGhl, ol he si1{cone-
of the foll oppRanSfcontaittGh Wat thvo [-Si-O-] repeating units. Preferably, the total

Si and attached O are present in the silicone-containing monomer in an

amount greater than about 20 weight percent, and more preferably greater

than about 30 weight percent of the total molecular weight of the silicone-

15  containing monomer.

Preferred silicone-containing hydrogel monomers are of the following

of Structure I:

($H3>r
X—(L)a—(CHy)p—Si—(OSiRs2Rs3Rs4)q
20

wherein Rs; is H or CHs, q is 1, 2, or 3 and for each q, Rsz, Rs3 and Rs, are
independently an alkyl or an aromatic, preferably ethyl, methyl, benzyl,
phenyl, or a siloxane chain comprising from 1 to 100 repeating Si-O units, p
25 is1to 10, r=(3-q), X is O or NRss, where Rss is H or a alkyl group with 1 to
4 carbons, a is 0 or 1, and L is a divalent linking group which preferably
comprises from 2 to 5 carbons, which may also optionally comprise ether or
hydroxyl groups, for example, a polyethylene glycol chain. Examples of

such monomers include, without limitation,



0 (CH3)r R1 e~ X- aCHSI- GSRRRq ~) ( 2)p- ( 52 53 54) 20 wherein
R51 is Hor CH3, gis 1, 2, or 3 and for each q, R52, R53 and R54 are

i ndependewOlog/oanssal kyl or an aromatic, preferably ethyl, mertuso240enzyl ,
phenyl, or a siloxane chain conprising from1l to 100 repeating Si-O units,
p25is 1to 10, r = (3-qg), Xis 0 or NRS5, where R55 is H or a alkyl group
wth 1 to 4 carbons, ais 0 or 1, and L is a divalent |inking group which
preferably conprises from2 to 5 carbons, which may al so optionally

conprise ether..or (e . : , a pol yethyl ene gl ycol

chai n. Examﬁggh%891&§§£@§%ﬁsﬁ%nn%lr@ﬁ?llﬁ%%%%ﬁv%? 4tnﬁbut limtation, WO 03/011551
PCT/ US02/ 2402xthheryloatypaphih g inmstogyil dxly éﬁhzl@ﬁ&rﬁaw si | oxy) met hyl si | ane,

met hacryl oxypropyltris(trinethylsiloxy metn%l si | ane,

net hacr yl oxypetsgiyisiypepsbrytrardyldsienene, andl(G-metheemloeyyd-oxy- 2

hydr oxypr opy [ | bi F et hyl si:l ox thylsilane. 5 It is nore
preferred toﬂlﬁis%%fp??})ggér&yﬁgﬁo%&%fﬁZ%ntﬂ%ﬁ%}rﬁshﬁio gy%%ﬁylﬁ%ﬂ?di nmet hyl si | oxanes
("nmPDMB") 5such as those shown in the following Structure Il: 10 R59 R59
R59 R58-Si-0-~Si-OSi-R6O 1 | tI R59 R59 R59 where b is a distribution

havi ng a nost freluemorsprofcad (4 wig linegtanoro-alisl terminated
polydimethylsiloxanes (“mPDMS”) such as those shown in the following

Structure II:
1}59 1|159 1}59
R58—§i—o(—§i— 02)— Si-Reo
10 Rsy Rsg ~ Rsg

where b is a distribution having a most frequently occurring b value and that
b value is 0 to 100, preferably 8 to 10; Rsg is a group containing a free radical
polymerizable ethy\lenically unsaturated moiety, preferably methacrylate,

15 methacrylamide, styryl, N-vinyl amide, N-vinyl lactams, vinyl carbonates,
vinyl carbamates, maleate, or fumarate; each Rsy is independently an alkyl, or
aryl group, which may be further substituted with alcohol, amine, ketone,
carboxylic acid or ether groups, preferably unsubstituted alkyl or aryl groups,
more preferably methyl; and Rey is an alkyl, or aryl group, which may be

20 further substituted with alcohol, amine, ketone, carboxylic acid or ether
groups, preferably unsubstituted alkyl or aryl groups, preferably a C;.o
aliphatic or aromatic group which may include hetero atoms, more preferably

Csg alkyl groups, most preferably butyl.

25 Additional silicone-containing hydrogel monomers may be combined
with the silicone-containing hydrogel monomers of Stuctures I and II to form
the articles produced by the method of the invention. Any known silicone-
containing hydrogel monomer useful for making silicone-containing

hydrogels can be used in combination with the silicone-containing hydrogel



b value is 0 to 100, preferably 8 to 10; R58 is a group containing a free
radi cal polynerizable ethylenically unsaturated noiety, preferably

met hacr ylwoe3/o165net hacryl am de, styryl, N-vinyl am de, NPCTruso2/bmer ans,
vinyl carbonates, vinyl carbomates, naleate, or fumarate; each R59 is

i ndependently an al kyl, or aryl groupd which may be further substituted
with al cohol, am ne, ketone, carboxylic acid or ether groups, preferably
unsubstituted al kyl or aryl groups, nore preferably rret hyI and R60 is an

al kyl, or arﬁﬁbn&h }‘mhﬁgl ILat tﬁé’&ﬁ&ﬁe& oﬂﬁ?ﬂn %b Mﬁr{}}; al cohol,

am ne, ketone, r IC ac or et groups, pre era substituted
al kyl or ar yhhgrrmq@&tamnghgdmgélyncmoﬁﬁrshﬁeﬁﬂ&brahgtpu@pdse aﬁrdiMdsle@ group which
may i ncl ude het ro at ons, nore, preferabl C3_8 al kyl s, nost
preferably batyS: PaigntaNer 6§45 1§¢qm@6ﬁé¥€@mwﬁﬁmrﬁygy @Tlenq?’onorrers may

be combi ned Ux@fabah daftfordl bliEGH% glﬂhlg%ﬂ%dw%{%mgﬁts  (OORRES BicPfpe St uct ures |

and Il to form e artlc es pro uc nvent i on. Any

known si l Scombeorxemmhammnggldwﬂhmgﬂlsunwn&rmb fonse thel silicdhe Wpddo feds of
si |l i cone-cont ai.nin hydr ogel s can be used in conbination wth the

si | i cone- conti&i iRy Oﬁyléﬁ"@ﬁ dipgy dlylaminssfyngionalshoyne40aRinieg nononmer  of
St r .UCt ure | I?IB]SIOI‘{IéI‘Std E({q tﬂj% ?5’[%1'1’[(&\'1(?% 9%;2 #4@‘1%0 gped h%rnelnl PS
si |l i cone-contal ni'ng ro el “nononers us TS purpogé are di scl osed

in U S Pat editirélp by@ei@%acél@he MeREROEiditefk-OitfhihgilMeid & edHché®t y by
reference. Useful additional silicone-containing hydrogel nononers
conbi ned wi twdfwa?;mmm%@ﬁ@h@@ﬁmmmge GRBRIBIPESS Blpciser@adame Ito formthe

silicone hy i gn are the hydroxyal kyl am ne-functi onal
silicone- Qog@g]?(ﬁlﬂér heh’%%lléé%%&?osed in US Patent No. 5,962,548

incorporated herein inits entirety by reference. The preferred
silicone-containing |inear_ or branched hydr oxyal kyl am ne-functi onal
nononers conprising a bl ocﬁe dom nmononer of the follow ng

structure: R2 R4 R6 Fﬁl_%lgl_o_(%{s@_sb Si—Rg

Rs 7

15  Structure III
wherein:
where n and m each is a distribution having a most frequently occurring n
and m value, respectively and that n value is 0 to 500 and that m value is 0 to
500 and (n +m) = 10 to 500 and more preferably 20 to 250; R,, R4, Rs, R
20 and Ry are independently a alkyl, or aryl group, which may be further
substituted with alcohol, ester, amine, ketone, carboxylic acid or ether
groups, preferably unsubstituted alkyl or aryl groups; and Ry, R; and Rg are
independently an alkyl, or aryl group, which may be further substituted with
an alcohol, ester, amine, ketone, carboxylic acid or ether group, preferably

25 unsubstituted alkyl or aryl groups, or are the following nitrogen-containing

structure:



~~~R3 nRs 7 15 Structure Il wherein: where n and meach is a

di stribution having a nost frequently occurring n and m val ue,

respect i weby3andst hat n value is 0 to 500 and t hat m val uecCirassoz2/2422 500 and
(n + mM =10 to 500 and nore preferably 20 to 250; R2, R4, R5, R6 20 and R7
are independently a alkyl, or aryl greup, which may be further substituted
with al cohol, ester, am ne, ketone, carboxylic acid or ether groups,
preferably unsubstituted al kyl or aryl groups; and Rl, R3 and R8 are
independentlg aqurael yl, or aryl group, which may be further substituted
with an alc H'%(f, ter, am ne, ketone, carboxylic acid or ether group,
preferably 2%imnigdhstiss tHaesk 184k Vhe 6f RARY! ariTOURS acd@fdiﬁg & Shetirel | ow ng

ni trogen-containing structure: RIOs -R9-N R11 WO 03/011551

PCT/ US02/ 24099, whersiyRecis ardévalant wikyhgtohp syehosi—§GH ravhese slisfiegn lone of Ri,

R3, and R8 are,accordi.ng.to Structur .V, wherein RO is a dival ent alkyl
group such aéo l(?agi%r%glygm%geanén?osﬁpl}egw tho 10, preferably 3 to 6 and nost
preferabl 3R, R}, aBEndRbéndthay HIAQRSNEL ichl i§ | group

whi ch maybe ftlJOrEatnhé{rq1 substi t ut e%ll wi th an Ealﬁ'ic%%ﬁgii’@este?}%bﬁfrﬁr%@/ ket one,

car boxyl i ¢ asibgtigtederitiean algehplesteprantiae, ketomefaathaplingeidoretheur e: R12 OR14

-GG R16 ng’ro%,Sor has the following structure:

1}12 CI)R14
R
Ri3 Rys
Structure V
10 where Ry4 , is H, or a polymerizable group comprising acryloyl,

methacryloyl, styryl, vinyl, allyl or N-vinyl lactam, preferably H or
methacryloyl; Ry is either H, a alkyl or aryl group which can be further
substituted with alcohol, ester, amine, ketone, carboxylic acid or ether
groups, or a polymerizable group comprising acrylate, methacrylate, styryl,
15 vinyl, allyl or N-vinyl lactam, preferably alkyl substituted with an alcohol or
methacrylate; Ri2, Ri3 and R;s are independently H, an alkyl or aryl, which
can be further substituted with alcohol, ester, amine, ketone, carboxylic acid
or ether groups, or Rj2 and R;s, or R;s and R;3 can be bonded together to
form a ring structure, with the proviso that at least some of the Structure IV
20 groups on the monomer comprises polymerizable groups. Rjj, Ri3 and R;s

are preferably H.

In alternative embodiments, the silicone-containing hydrogel
mixtures useful in this invention, composed of the silicone-containing
25  hydrogel monomers of either or both Structure I and Structure II also may
contain hydrophilic monomers. The hydrophilic monomers optionally used

can be any of the known hydrophilic monomers useful in making hydrogels.



Structure V 10 where R14, is H, or a polynerizable group conprising
acryloyl, nethacryloyl, styryl, vinyl, allyl or NNvinyl lactam preferably
H or netwaosplsyl; R16 is either H a al kyl or aryl groupCEiiSotizean be
further substituted with al cohol, ester, am ne, ketone, carboxylic acid or
ether groups, or a polynerizable grotp conprising acrylate, nethacryl ate,
styryl, 15 vinyl, allyl or N-vinyl |lactam preferably al kyl substituted

wi th an al cohol or nethacrylate; R12, R13 and R15 are independently H, an
al kyl or aryl, whi & ' i 10l , ester,
anl i ne, ketone, CgﬁﬂgﬁyﬁﬁgqﬁcPﬂﬁ&%?&g§H§$§%%ghgg?f%ﬁgaﬁgﬁgﬁd R15 , or R15
and R13 can amtdiningegdioggahhi@inedroof thidrinventioh MghyHereitbbritceylicwot h t he provi so
that at |east, some of the Structure IV 20 groups on the nonomer conprises
pol yner i zabl ¥nyreaniining Suchrmencipeys rey themselvyes be apestasyerosslingngl t er nat i ve
enbodi nent s, (i cone- t ail ni I 1 XI.ur.es | in this

i nventi on, c%g%g%s ZHC# d%(ﬁ%?lﬁceﬁg Tc?)%%klgg%g%ﬂ éﬁ%ﬁﬁﬁa‘ig’? yhbfdg%og r%%;?%inorrer s of

ei t her or5bointo tBefsilivbbié-eortaiing h§ilfogels of ehel preszhs@vemion isaadai n hydrophilic
nononers. The hydrophilic_npnomers optionally used can be any of the known

hydr ophi | i c #eRYRe suehssNHvinyhlagaris g ShYPogevanyl iNeme Byyb acesmaide,
PCT/ US02/ 24022 . , L .used to.nake th
5111 cone- _cosr it td AELERER WAL RENG SrrBRRE R st i ¢ ner

acrylic- or with NWP b&ing picfiritd. Such nononers may thensel ves be used as

crosslinking agents. Hydrophilic vinyl-containing nonomers that may be
incorporated 5 into the silicone-containing hydrogels of the present

[ ti i nclud - h [ | . (e. Q. P),
i nyl - P et byl QB AR B AT et br RGlsPERirtBe Al - v et ny!
formam de, Nnviugy bollyox ysayiléhe polydisitaviNgRd e itbrd bLhe tdr@thal hYdrbker

hydrophilic nmononmers that can be enployed in the invention™ include
pol yoxyet hyl &pepsisplresdwitla¢ fungtions sorupraontrinng & pelymsrimitiatiotbler oxy|

bond. Examples include polyethylene glycol, ethoxylated alkyl glucoside,

and ethoxylated bisphenol A reacted with one or more molar equivalents of
15 an end-capping group such as isocyanatoethyl methacrylate ("TEM™),
methacrylic anhydride, methacryloyl chloride, vinylbenzoyl chloride, or the
like, to produce a polyethylene polyol having one or more terminal
polymerizable olefinic groups bonded to the polyethylene polyol through
linking moieties such as carbamate or ester groups.
20
Still further examples are the hydrophilic vinyl carbonate or vinyl
carbamate monomers disclosed in U.S. Patents No. 5,070,215, and the
hydrophilic oxazolone monomers disclosed in U.S. Patents No. 4,910,277,
both references incorporated herein in their entireties by reference. Other

25  suitable hydrophilic monomers will be apparent to one skilled in the art.

More preferred hydrophilic monomers which may be incorporated
into the polymer of the present invention include hydrophilic monomers such
as N,N-dimethylacrylamide (“DMA”), 2-hydroxyethyl methacrylate

30 (“HEMA”), glycerol methacrylate, 2-hydroxyethyl methacrylamide, NVP,



groups replaced with a functional group containing a polynerizabl e double
bond. Exanpl es include pol yet hyl ene gl ycol, ethoxylated al kyl gl ucosi de,
and et hoxwbatedisbi sphenol A reacted with one or nore nol aPCegisovaioent s of
15 an end-cappi ng group such as isocyanatoethyl nethacrylate ("IEM),

met hacryl i c anhydri de, nethacryl oyl cfig oride, vinyl benzoyl chloride, or the
|l i ke, to produce a pol yet hyl ene pol yol having one or nore term nal

pol ynmeri zabl e ol efinic groups bonded to the polyethyl ene polyol through

i nki . . h b St Lk f h
exanmpl s ar SR ERRRR ARRHR T Bk, FahEr A ftbing AR bl 00 o

di scl osed i MMASbeiff2iRHSst Peoferbed?) 70, 215, and the hydrophilic oxazol one
nmononmers disclosed in U S. Patents No. 4,910,277, both references

incorporated herein in their entireties by reference. O her 25 suitable
hydr ophi li ¢ nono s wll Dbe parent to.0 Ki ].l 1.0t rt. Mre
preferred hydropﬁ%ﬁ@%%%?@é%mﬁwrﬁ%eft Blgtﬁleﬁ%a(%{rl%lgr%é)t{%rae &l%% o the pol ynmer
of the presegtm kipMRAkdRNol SRt RPRYdrb el FVABHRT fiStuedd usesl

N, N-di et hyl acryl am de” ("DVA"), 2-hydroxyethyl methacrylate 30 ("HEMA"),
gl ycerol netihdlus vanion dchdd ubixareipley ibsaehiremmopompisdeeactNgHInts\D 03/ 011551

PCT/ US02/ 24022 16 pol.yethyl e .ycol nononet hacryl at net hacrylic acid and
acrylic aci P'RTH® aﬁﬂlﬁleo _%g‘gﬁ‘ﬂgé{wgﬁocﬁﬁsgﬁg@f(ﬁg@&?ﬁ& ﬁei?as%%%%eorrs that can be
present in tgihEaEkLANHI6IBE RIHERANS Racthord Mixddhe hydrogel or _
silicone-containing hydrogel nonomer m xtures useful in this invention

i nclude ultra-viol et absorbing nononers, reactive tints, pignents, and the
|'i ke. Additional processing ai ssucé}. r.el ease .agent s, o0 tting agents
can alsoqge_addedQPBYFW@?WgﬁUP%BW”ﬁ? 9%5%75 ﬁﬂgggﬁgwé?P¥éPF%érinitiator
preferably igiddelusgting tRirbhe nivemnenaixee. Al hitkRseieank@bai ng hydrogel
monomer mxture. An initiator also may be used in the coating conposition,
but is not prsed arthedoatiftgeconysmisitiog, but is not preferred. The coating

composition and monomer mixture initiators may be the same or different.

The polymerization initiators used may be visible light, thermal, an

15 ultraviolet initiators, or the like, or a combination thereof. These initiators

are well known in the art and commercially available. The initiator may be

used in catalytically effective amounts which is an amount sufficient to

initiate the polymerization reaction desired. Generally, about 0.1 to about 2

parts by weight per 100 parts of the hydrogel or silicone hydrogel will be
20 used.

The monomer mixture is dispensed into the coated mold. The
hydrogel or silicone-containing hydrogel monomer mixture may be dispensed
into the mold or mold half by any convenient means including, without

25 limitation, pipetting, dispensing via syringe, pumping via automated or
manual pump, and the like and combinations thereof. In the next step of the
invention, the hydrogel or silicone-containing hydrogel monomer mixture is
cured, or polymerized to form a coated article. Dwell time, or the elapsed
time from which the monomer mixture is dispensed into the mold until

30 curing commences is critical because the coating composition is soluble in

the hydrogel and silicone-containing hydrogel monomer mixtures. Dwell



conposition and nonomer mxture initiators may be the sane or different.
The polynerization initiators used nay be visible light, thermal, an 15
ul travi olwo mmitssat ors, or the like, or a conbination therewfuSo¥iusse
initiators are well known in the art and commercially avail able. The
initiator may be wused in catalytical{y effective anounts which is an
anmpunt sufficient to initiate the polynerization reaction desired.
Generally, about 0.1 to about 2 parts by weight per 100 parts of the

hydrogel or sili k. 1 0, i Xxture is
di spensed i nﬁ%lepﬁlg‘p@eolggsgh%gn%% 0&1\.0’5 #113&%?1?/%?%%%?%& ;gglgﬁsir{g%lna{e@ﬁ:%ﬂgt ai ni ng
hydr ogel nonggggr m xture may be di spensed into the nold or nold half by
any conveni ent nmeans including, without 25 limtation, pipetting,

di spensing via syringe, punping via automated or rmanual punp, and the |ike

and conbi nati ons ’i‘l?eecgu%%f 'ag(lii%o}lnﬁr ig%éﬁieatoﬁpmfdfer &Ql%ltldng\éﬁﬁ%hg Byr he hydrogel
or silicone-contal hi Ag AYdroger “mononsr om Xture s eured, ~or pol ymeri zed

to form ascoafriig thé Edaeddenrtidhd be foried. Stitdbecorlinpaedill Gependfonem whi ch the
nononmer m xture is dispensed into the nold until 30 curing conmences is

critical becewskertoféctasninchyinsompibent imaitatios, st ameuat ppd tyPEOL Mgdr ogel and

silicone-contai.ni ng hydrogel. nmononer .nj xt ures I 3/ 011551

PCT/ US02/ 240551144 C%Fﬂ%sgt?ﬁ?ga[ndﬁgoqo&eg nflng_ﬁe _g%%utpe %%%hentﬁlﬁgsfg%e ‘preferably is
I ess than abgiit (3606 3.c., Viteol6 Uphte haad bf fheRadelibed. STIAddtér@sin@idn under
conditions suitable for 5 curing the coated article to be formed. Suitable

condi ti ons wifthe gespisadomshitiens regatsdrarevithimdhe alylifyradlondordinaviiy t hout

limtation, t nt and type of the coating conposition and nononer
m xture ﬁ@eds,kqﬁ‘?@ggﬁ e to be formed, and the nature, i.e., visible

| i ght or heat, of the cure used. The determ nation of the precise
conditions required are wthin the ability of one ordinarily 10 skilled in
the art. Curing ofutihgofitbamesemet mixines maybdisitiatedtusiigdle usi ng t he

appropriate choice of heat, visible or ultraviolet light, or other means and
preferably is carried out in the presence of a polymerization initiator. For

15  contact lens production, the preferred initiator is a 1:1 blend of 1-
hydroxycyclohexyl phenyl ketone and bis(2, 6-dimethoxybenzoyl)-2, 4, 4-
trimethylpentyl phosphine oxide and the preferred method of polymerization
initiation is visible light. For some monomer reaction mixtures it is preferred
to cure the reaction mixtures at temperatures slightly above room

20 temperature, such as 25-90°C, so as to prevent phase separation of the
components. In a particularly preferred embodiment for contact lens
production, the reaction mixture is precured at about 45 °C followed by

through-curing at about 70 °C.

25 The resulting article will be coated with the coating composition
coated onto the molding surface of the mold. After curing of the monomer
mixture and coating composition, the resulting article may be treated with a
solvent to remove any diluent used or any traces of unreacted components,
and hydrate the polymer to form the hydrogel. For contact lenses, the solvent

30 used may be water or an aqueous solution such as physiological saline.



appropriate choice of heat, visible or ultraviolet light, or other neans
and preferably is carried out in the presence of a polynerization

i ni ti at orwOMAM11551 cont act | ens production, the preferred iPoirtisar/an2ts a 1:1
bl end of 1- hydroxycycl ohexyl phenyl ketone and bis(2,

6- di met hoxybenzoyl )-2, 4, 4- trinethy{gpentyl phosphine oxide and the
preferred nethod of polynerization initiation is visible |ight. For sone
nmononer reaction mxtures it is preferred to cure the reaction m xtures at

temer atures |1 OBl %.AaYGnl ARSI STIECALMF ¢RI AR AT ROC, S0 as Lo

prevent phase separati on onen particul arl'y preferred

enbodi ment f gituepioidedad nlakB the 1PsQAdGhe WlubitifiechhReekisiiy ofiaxy tesRlubs precured
at about 45 C followed by through-curing at about 70 C. 25 The resulting

article wil|upelyseized mdnomershhesolienhigitediypesd maphe ax ogerig lightdo t he

mol di ng surf f.the nold. After curing.of the n ., mxture and
coati ng corrp%lgﬁjtalggﬂl?n?elhgle 13]%?}1 ??W@paal}oﬂ’ir%%éwﬁ%@wﬁag%fr gg?ﬁgﬁ’%? h a solvent
to renovesanyiditeiddhe U5 BdrNuchBahicak@dsalithvaRAGbBsv&opponent s,  and
hydrate the polymer to formthe hydrogel. For contact |enses, the solvent

30 used may ¢xragherwitbpurmwatei(@dpbyssdbgicilealinn) éhprsugtakydsbgagocal sal i ne.
WO 03/ 011551 .PCT/ ll%/ 2/ 2{41022 1&} Al t.ﬁ{jnatti vel y, and dependi ng on the
solubility cHAFECRFOSFT ¢ S%olteﬂgvl Vf'fent used to make the lens and the
solubility characteristics of any residual wunpolynerized nononers, the
solvent initially used may be an organic liquid such as ethanol, nethanol,
i sopropanol , m xt braprefansd embodiorent, deilidoke-confriningshyidrogeliless f one or nore

h ic_|iqui i th.wat || t] i th t
Cor ohy <701 cpichy &ipdtsing 18 i mal S Pl bttt Bt hyar oge T ens
swol I en wi t hmy@bsier with adeRiidh @lik@et RFALEE @ﬂitc%ﬁe-&n:tdéﬁﬁgai&@ﬁfeﬁg lni ng

hydrogel lens is 10 nmade by dispensing into e no or nold half, and
subsequent | yancihyidnaphilec maonosre r This téehaigue atfbidsn mghkleuelefchairoliofic| ude

si |l i cone-cont ai ni oner.s . and, hydrophilic nononers. This techni que
affords a hi ﬁsﬁg’}gqe%g?hegﬁhﬂa@pr%quc{

15 The macromers may be, and preferably are, made by combining a/an
(meth)acrylate and a silicone in the presence of a Group Transfer
Polymerization (“GTP”) catalyst. These macromers typically comprise
copolymers of various monomers. They may be formed in such a way that
the monomers come together in distinct blocks, or in a generally random

20 distribution. These macromers may furthermore be linear, branched, or star
shaped. Branched structures are formed for instance if polymethacrylates, or
crosslinkable monomers such as 3-(trimethylsiloxy)propyl methacrylate are
included in the macromer. Initiators, reaction conditions, monomers, and
catalysts that can be used to make GTP polymers are known, as for example

25  described in “Group-Transfer Polymerization” by O.W. Webster, in
Encyclopedia of Polymer Science and Engineering Ed. (John Wiley & Sons)
p. 580, 1987. These polymerizations are conducted under anhydrous
conditions. Hydroxyl-functional monomers, like HEMA, can be
incorporated as their trimethylsiloxy esters, with hydrolysis to form free

30  hydroxyl group after polymerization. GTP offers the ability to assemble

macromers with control over molecular weight distribution and monomer



the structure of the ultimate product. 15 The macroners may be, and
preferably are, nmade by conbining a/an (neth)acrylate and a silicone in
t he presewoasoiisat G oup Transfer Polynerization ("GIP") eawraisys2402hese
macronmers typically conprise copolyners of various nononmers. They may be
fornmed in such a way that the nononme{g cone together in distinct blocks,
or in a generally random 20 distribution. These macroners nmay furthernore
be linear, branched, or star shaped. Branched structures are fornmed for

i nstance if t hacr.yl tes, -Or crossl.i kab e mers such as
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to make GIP pol ynmers are Known, as for exanple 25 scribed in

" & oup- Tr ansfi@DMB), ynkhydraphibatnopymesW Webster, in Encycl opedi a of

Pol ymer Sci ence and Engi neering Ed. (John Wley & Sons) p. 580, 1987.
These pol yneri zations are conducted under anhydrous conditions.

Hydr oxyl - funct i onplerRAGHR: Smet ddhighohEinchAig iEDM) 80T porated as their
trimethylsiloxy esters, wth hydrolysis to formfrée 30 hydroxyl group
after pol yrremlemacnyhmypﬁjiE’ltnsﬁ(tranﬁhylblbxalsulhm ¢TRISYssetiyle nacroners with

control over I ec r I st i Qn, a mer. WO, 03/ 011551
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(preferably, 't c nononers eferred macroner
conmponent s i melhadgrlamﬁﬂ)wﬁad Rrethaetyhiaeciy.] Hxygreapydit pratred ﬂntﬂnyl si |l oxy) si |l ane

T e S i SR AL, 10
2- hydr oxyet h%%thaﬁ%idf@qrMbaéﬂdqﬁPENﬁ 'T?fsh?&‘i ﬁ]{éf&r&ﬂ!hgt mlxérofn%r gven nore

preferred that macroner 1s nmade a reaction mxture conprising
HEMA, et hy| madeefrbmca nehetion, mikRirS compidsind Obfsistig dssentiwBy ofioef er red t hat

macroner is
consisting of about 19.1 moles of the trimethylsilyl ether of HEMA, about

2.8 moles of methyl methacrylate, about 7.9 moles of TRIS, and about 3.3

15 moles of mono-methacryloxypropyl terminated mono-butyl terminated
polydimethylsiloxane, and is completed by reacting the aforementioned
material with about 2.0 moles per mole of 3-isopropenyl-®,w-dimethylbenzyl

isocyanate using dibutyltin dilaurate as a catalyst.

20 Silicone-containing hydrogels can be made by reacting blends of
macromers, monomers, and other additives such as UV blockers, tints,
internal wetting agents, and polymerization initiators. The reactive
components of these blends typically comprise a combination of hydrophobic
silicone with hydrophilic components. Because these components are often

25 immiscible because of their differences in polarity, it is particularly
advantageous to incorporate a combination of hydrophobic silicone
monomers with hydrophilic monomers, especially those with hydroxyl
groups, into the macromer. The macromer can then serve to compatibilize
the additional silicone and hydrophilic monomers that are incorporated in the

30 final reaction mixture. These blends typically also contain diluents to further

compatibilize and solubilize all components. Preferably, the silicone based



made froma reaction m xture conprising, consisting essentially of, or
consisting of about 19.1 noles of the trinethylsilyl ether of HEMA about
2. 8 nol eswofosmetshyl net hacryl ate, about 7.9 noles of TRl Spcanbozbwer 3.3 15
nol es of nono-net hacryl oxypropyl term nated nono-butyl term nated

pol ydi net hyl si | oxane, and is conpl eteghgby reacting the aforenentioned
material with about 2.0 noles per nole of

3-i sopropenyl -co, co- diinethylbenzyl isocyanate using dibutyltin dilaurate
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tints, integnpal mﬂﬁérﬁé’cﬁﬂnﬂ%ﬁieﬁmuﬁ%ﬁl ;/lzsﬁ‘lrokél{b bfd hi@bgtiiie The
reactive conponents of these bl ends typl cally conprise a conbi nation of
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hydroxyl groups, into the macroner. The macroner can then serve to
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i ncor por at ed 30 .final i,on mxt ur The bl en pically al so
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Preferably, higeishi dorfieofife ﬁgamlg@/o@%ﬂ%bﬁg{oma&%ﬁ@z el hvdrogel s are
made by reacting the follow ng nononer m Xx: nacroner; Si 8

nmonomnet hacr yL&%Y aheigm nmnemeﬂlablyfd:bmemyhatsd pmix@mthyéaﬂb)tayld (ahont I ic

o ror o 1Br ofbhr ditsiahott e AT ba st S fopabaing et omer s San
Si8_lo 5 nmonoaBDARK (MWRXYe t)%wﬁ;tv @%&moxgg@ﬁgy%%@%ﬁt RIS, DVA

HEMA; and tetraethyl eneg yco hacryl I's nost
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15
The preferred range of the combined silicone-containing monomer of
Structure I and additional silicone-containing monomers, if present in the
reaction mixture, is at least about 5 to about 100 weight percent, more
preferably at least about 10 and no more than about 90 weight percent, and
20 most preferably at least about 15 and no more than about 80 weight percent
of the reactive components in the reaction mixture. The preferred range of
optional hydrophilic monomer if present in the above invention is at least
about 5 and no more than about 80 weight percent, more preferably at least
about 10 and no more than about 60 weight percent, and most preferably at
25 least about 20 and no more than about 50 weight percent of the reactive
components in the reaction mixture. The preferred range of diluent is from
about 0 to no more than about 70 weight percent, more preferably about 0 to
no more than about 50 weight percent, and most preferably about 0 to no
more than about 20 weight percent of the total reaction mixture. The amount
30 of diluent required varies depending on the nature and relative amounts of

the reactive components.



10 28%; TRI'S (about 14%; DMA (about 26%; HEVMA (about 5% ; TEGDVA (about
1%, polyvinylpyrrolidone ("PVP') (about 5% ; with the balance conprising
m nor anowotes/oofssaddi tives and photoinitiators, and that PChRaSOB2021 ONn iS
conducted in the presence of 20%w dinethyl-3-octanol diluent. 15 The
preferred range of the conbined silicppe-containing nononmer of Structure |
and additional silicone-containing nononers, if present in the reaction

m xture, is at |east about 5 to about 100 wei ght percent, nore preferably
at | east about 10 and no nore than about 90 wei ght percent, and 20 nopst
preferably at |east about 15 and no nore than about 80 wei ght percent of

the reactive conpagpiesertcd cbiiBina8as bf RBctMedoip@nentig 104sehsut ¢d range of
opt i onal hyd;igiphl lic nmonomer if present in thé above invention is at |east

about 5 and pmere thamabovb 6@, reerewmesieablypé tegstrrbouinkr andgroghielicabl y at | east
about 10 and,no re than about wei ght percent,.and nost preferably at
25 1 east aboltn 200 H g Tl BPE et SRat eS8 TBRGH: SOUeBRT of the react | ve
conponent § i forftAiBin8RGHINRR A esbttibBut JNehdHEh6f tBsh ARNOS0 Rkight | uent is from
about 0 to no nore than about 70 wei ght percent, nore preferably about 0 to

no nore t hanperbeiof 8@ reastiye comppensatstis silindneregitaiping iomatsley ofbout 0 to no

nore than abgut 20 wei.gh e nt,of the.total react.i.on m.xture. The amount
30 of i | uanStbssisils G Shobroat R R B oR e RER G BRARIEE Bt | ve amount s
of ther eaCéérﬂﬁorﬂeﬁﬁﬁpﬁ!ﬁg?d@phiﬁ‘é}n%éﬁé&??&e F&Térhiﬁ 2111\%1&92@8%% abduta preferred

conbi nation of reactive conponents at ‘| east about | and no nore than
about 60, noatwuppdfadalolyorathanebsut a®percet®f drecreaivaoompondmmisabout 50

wei ght ce of the. reactiyve. onents.is silicane cont ai ni ng nonomer,
At Least Taboly Seprettiiohi bl isbAbanato ein iy gl Bo0eP CEREHBFS t ne react | ve
conponent s 'ﬁmﬁhb&ﬁ@%@mﬁ@ﬂbéb&hQﬁﬂ%ﬂ@ﬂﬂ?&mﬁ&nnﬁ%&ﬂﬁ&HE&mhdm%%r'eaSt about

10 and no nore than 50 percent of the reactive
tertiary alcohol diluent, more preferably a tertiary alcohol.

Mold materials useful in the invention are those that are unreactive to
15 the coating composition and monomer mixture used. Preferably mold
materials are polyolefins, such as polypropylene, and cyclic polyoelfins, such

as those available under the tradename TOPAS®.

The invention may be further clarified by a consideration of the

20 following, non-limiting examples.

Examples

In the examples, the following abbreviations are used:
Blue-HEMA product of the base-promoted displacement of one chloride of
25 Reactive Blue # 4 dye by hydroxyethyl methacrylate.

CGI 1850 1:1 (wt) blend of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl phosphine
oxide

DMA N,N-dimethylacrylamide

30 DOE-120 polyethylene glycol 120 methyl glucose dioleate

EtOH ethanol



conponents is a hydrophilic monomer, nore preferably DVA, at |east about
about 0.1 and no nore than about 1.0 percent of the reactive conponents is
a 10 Worwpriapersabl y a visible |ight-active photoinitiatorcansozboet 0 to
no nore than about 20 weight percent of the total reaction mxture is a
secondary or tertiary alcohol diluen22 nore preferably a tertiary al cohol.
Mol d materials useful in the invention are those that are unreactive to 15
the coating conposition and nononer m xture used. Preferably nold materials

are pol yol efy such as nd cyclic polyoelfins, such as
thosg azai | a I'E%ijnder ?E’g%%{zegﬁeﬂgﬁnééﬁ#@i%o The invention may be further
clarified byIPa\ consi deisapiopinodf the 20 follow ng, non-limting exanples.
Exam | anes In_the exanples, the follow ng abbreviations are used: Bl ue-HEVA
product of tREDMSe- pr @ﬁﬁ@l@@theﬁrslﬁww@méﬁ@nmnat@dnpolydinmthy&?loaﬁneb|25 gea](c:tl ve
Blue # 4 dy dr oxyesh thacryl . 850, 1.1 (wt end o

1- hydr oxycyg\lgioé@/yl p h% g%/ Ml%@n% %léa E\%C%ﬁﬁoxy%%ylp]hen}gl) EH’L .

bi s(2, 6- db et hoxybenzoydnzottiadeld- t ri met hyl pentyl phosphi ne oxi de DVA

N, N- di et hyl acryl am de 30 DCE- 120 pol yet hyl ene gl ycol 120 nethyl gl ucose

di ol eate Et®¥F et hanol PoNoBinglselidone)PCT/ US02/ 24022 HEMA 2- hydr oxyet hyl

nmet hacr yl at kSop. DIVIB .ononet hacryl oxypr opyl term nated
pol ydi et hyﬁg?ﬁg%%e {Q%E‘%F)g%negffﬁ C-llﬁlfg}a&?@‘g%- met hacryl yl oxyet hyl phenyl ) - 2H
5 benzotri azDBACBPVP petryfd\iniénidMirh @hldieh@)oate

THF tetrahydrofuran
10 TMI 3-isopropenyl-o,a-dimethylbenzyl isocyanate
TRIS 3-methacryloxypropyltris (trimethylsiloxy) silane

Example 1
A predominantly poly-DMA (“pDMA”) pre-polymer of

15 DMA:HEMA of n= 70 : n= 4 was made using Group Transfer
Polymerization and functionalized with n = 3 mole equivalents of TMI as
follows. 40 g THF, tetrabutylammonium 3-chlorobenzoate (TBACB, 1M
solution n THF, 0.31 mL, 0.00031 moles), 0.09 g bis(dimethylamino)-
methylsilane, 0.7 g p-xylene and 20.23 g (0.1 moles) 2-trimethylsiloxyethyl

20 methacrylate were charged to a dry, three-necked flask under nitrogen. 4.36
g (0.025 moles) Methyltrimethylsilyl dimethylketene acetal were added to the
mixture while stirring. The reaction was allowed to reach an exothermal
peak and then to cool to 24°C. The solution was diluted with 82g THF and
173.5 g (1.75 moles) DMA was fed through a 100 mL syringe over a two

25 hour period. The exothermal increase was controlled to below 55 °C by
reducing the feed rate of DMA and cooling the flask with ice. Additional
TBACB (1M solution in THF, 0.94 mL, 0.00094 moles) diluted with 9 mL
of THF was fed slowly during the reaction. 160 g dry THF were added to the
solution after the temperature was dropped back to 36 °C. The reaction was

30 quenched with a mixture of 3.6 g deionized water, 6.40 g methanol, and 0.06

g dichloroacetic acid at 24 °C after 4 % hours of total reaction time. The



TEGDVA tetraet hyl enegl ycol dinethacrylate TBACB tetrabutyl

ammoni um m chl or obenzoate THE tetrahydrofuran 10 T™M

3- i sopr opeoyBAoossoc- di met hyl benzyl isocyanate TRI'S PCT/US02/24022

3- et hacryl oxypropyltris (trimethylsiloxy) silane Exanple 1 A predom nantly
pol y- DVA ("pDVA") pre-polynmer of 15 ZBA:HEMA of n = 70 : n = 4 was nade
using Goup Transfer Polynerization and functionalized with n = 3 nole
equi valents of TM as follows. 40 g THF, tetrabutyl ammoni um

3- chl or obenzgalenddTBARn WM a8 L td RALR 9 : 31 noles), 0.09
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flask under nitrogen. 4, 3 .025 nol es) Methyltrinmethylsilyl
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reacti on wasqfls pwes ot gdi t : en. to cool to 24C
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was controlled to Belgﬁ/ 5& C b¥1 reducing the feed rate of DVMA and cooling
the flask wi it Yadhengtsed groye 3ng pnd Biegolvsat svapamafed off 94 ni, 0. 00094

nol es) dil ut 1 _Lfo~THE was fed slowy during the reaction. 160 g
dry THE mreﬁggm%ﬂyglﬂ?g @sgl ution after the tenperature was dropped back
to 36 C. The reaction was 30 quenched with a m xture of 3.6 g deionized

water, 6.40 g nethanol, and 0.06 g dichloroacetic acid at 24 C after 4 V2
hours of total rea¥? FoHing Fmulatms\weromade bpdissadvinpdm uspel2a022 quenched
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110. 3 C. To witteO1lobeigiteesehidiDEVIAS sadataghta THE XbaH@s each were
applied to the molding surfaces of complementary mold halves of lens molds
made of TOPAS® 5013. Application of the coating was by compression
molding of approximately 3 pl of coating solution onto the molding surface
15 with a silicone pad. For the front curve molding surface, the pad was
brought into contact with the coating, dropped onto the molding surface,
compressed for approximately 0.5 sec., held for 1 sec., and released over a
period of approximately 2 sec. For the back curve molding surface, the pad
was dropped onto the molding surface, compressed and released over a
20  period of approximately 0.5 sec. The coating was dried at room temperature
for 30 min. Mean dry coating thicknesses were estimated to vary between 1
and 2 pm based on thickness measurements on flat TOPAS surfaces using

Atomic Force Microscopy (“AFM”).

25 Lenses were cast using the molds by dispensing into the molds a

silicone hydrogel lens material of the following formulation:

30



of 15.1 g (0.08 noles) TM and 0.98 g dibutyl tin dilaurate and the m xture
5 refluxed at 115 C for 3 hours. The resulting solution was allowed to cool
and was twen3filssered t hrough a nenbrane and t he sol vent @capsoareel of f
under vacuum at 30-45 C. Two coating formul ati ons were made by di ssol ving
the pre-polymer 10 into IPA at 25 wejght percent based on the total weight
of the solution, along with 0.1 weight percent of DCE- 120 surfactant. The
coatings each were applied to the nolding surfaces of conplenentary nold
hal ves of lens nolds nade of TOPAS(r) 5013. Application of the coating was
by conpression nolding of approximately 3 | of coating solution onto the
nol ding surface 15 with a silicone pad. For the front curve nol ding
surface, the pad was brought into contact with the coating, dropped onto
the nol ding surface, conpressed for approximtely 0.5 sec., held for 1
sec., and rel eased over a period of %p roximately 2 sec. For the back
curve nol ding surface, the pad was Tahlg ped onto the nDIding surface,

conpressed pnd-Teteased over a 20 perfod of a 0.5 sec. The
coating was| dried at roomtenperature| for BORQE%ﬁtﬁﬁég%ydry coalt i ng
t hi cknesses| were estimmtethéro vary between 1 andig9s based on thickness
nmeasurenmentis—on flat TOPAS surfaces using Atom c _For r‘e_M_(;r_oswpy ("AFM') .
25 Lenses were cast usﬂﬁ@sthe mol ds by dlspen5|ngl4ﬁﬂo the nol ds
silicone hydroget—tens tertat—of—the—fot-towng orput-ation V\D
03/011551 24 Table 1 Pé¥¢6802/24022 Vi ght Percen? %gcroner18 95 TRI S14. 74
DVA27. 37 MPDMS 29.47
NORBLOC 2.11
CGI 1850 1.05
TEGDMA 1.05
HEMA 5.26
5
100 parts of the above listed formulation were mixed with 20 parts of 3,7-
dimethyl-3-octanol diluent.
Macromer Preparation
10 To a dry container housed in a dry box under nitrogen at ambient

temperature was added 30.0 g (0.277 mol) of
bis(dimethylamino)methylsilane, a solution of 13.75 ml of a 1M solution of
TBACB (386.0 g TBACB in 1000 ml dry THF), 61.39 g (0.578 mol) of p-
xylene, 154.28 g (1.541 mol) methyl methacrylate (1.4 equivalents relative to
15  initiator), 1892.13 (9.352 mol) 2-(trimethylsiloxy)ethyl methacrylate (8.5
equivalents relative to initiator) and 4399.78 g (61.01 mol) of THF. To a
dry, three-necked, round-bottomed flask equipped with a thermocouple and
condenser, all connected to a nitrogen source, was charged the above mixture
prepared in the dry box.
20
The reaction mixture was cooled to 15 °C while stirring and purging

with nitrogen. After the solution reaches 15 °C, 191.75 g (1.100 mol) of 1-



MPDMB29. 47 NORBLOC2. 11 CE 18501. 05 TEGDMVAL. 05 HEMAS. 26 5 100 parts of the
above listed formulation were m xed with 20 parts of 3,7-

di et hyl -wowmswarssl di |l uent. Macromer Preparation 10 To a a@cy/usont@ener
housed in a dry box under nitrogen at anmbient tenperature was added 30.0 g
(0.277 nol) of bis(dinethylam no)netdfyl silane, a solution of 13.75 m of a
1M sol ution of TBACB (386.0 g TBACB in 1000 m dry THF), 61.39 g (0.578
nol) of p- xylene, 154.28 g (1.541 nol) nethyl nethacrylate (1.4

equi val ent s . j Q_ AL b [ ok 2 .

2-(trinmethyl %ﬂe%%{e%(%%rﬁ%%@a% Irﬂ;?/%tg%%m? %‘%@ eégﬁ %%gﬁgﬁatsgﬁre %tle%ﬁtc\)/e to

i ni tija‘;) o] H ahhg re;h?@&kx?eﬁsag._ (l“ﬁé(rj&ﬂ:t_iq{m;hz}as ;ﬂ}]ovs?l'ddﬁo Emt?aemﬂtwda,pprMmetehec kedl, I
round- bot t one ask equi pped w a therpopcouple and. condenser, a
connect ed t % Gandrth 6’58%@-_,40\,54@]&%?@EW"%ETMH#H’&P@aYmepar ed in
the dry box"%ﬁ?wﬁ@ﬁm%?@cf%tﬁ%p@ %eeﬁe#?tﬁldgpgﬂtﬁgﬁéggﬁﬁ éﬂ%&e stirring and

purging wthnitrogen. e So I on reac .75 g (1.100
mol ) of 15 WReRigbRhildsilreREbWERRER S0 22 a@bthe metering began, a solution of
trimethylsil 06\x7y- 1- net hoxy- 2- et hﬁl propene (1 equivalent) was injected into
the react i ord67e¥se(2.3 111300l 4BtmesAy Ry thd vesdhacsylgis 62 hSAMVRlE ppr oxi nat el y
62 C and the . | Wty g 4 g TBACB in 11 m of dry
THE was net e&gﬁg?{rgtpgi%ﬁ%t 133%3%62%@'#%?%&11 %&’1’% he reaction. After the 5

t enper at ur e @bnde@kicHAbxyEaSNRalydEn&hasitbiahe (B LQivalentbegative ta sol ution of
467.56 g (2.311 nol) 2-(trinethylsil o>}<{¥§ et hyl nmethacrylate (2.1 equival ents
the initiator), 3673.84 g (8.689 mol) TRIS (7.9 equivalents relative to the

10 initiator) and 20.0 g bis(dimethylamino)methylsilane was added.

The mixture was allowed to exotherm to approximately 38-42 °C and
then allowed to cool to 30 °C. At that time, a solution of 10.0 g (0.076 mol)
bis(dimethylamino)methylsilane, 154.26 g (1.541 mol) methyl methacrylate

15 (1.4 equivalents relative to the initiator) and 1892.13 g (9.352 mol) 2-
trimethylsiloxy)ethyl methacrylate (8.5 equivalents relative to the initiator)
was added and the mixture again allowed to exotherm to approximately 40
°C. The reaction temperature dropped to approximately 30 °C and 2 gallons
of THF were added to decrease the viscosity. A solution of 439.69 g water,

20 740.6 g methanol and 8.8 g (0.068 mol) dichloroacetic acid was added and
the mixture refluxed for 4.5 hours to de-block the protecting groups on the
HEMA. Volatiles were then removed and toluene added to aid in removal of

the water until a vapor temperature of 110 °C was reached.

25 The reaction flask was maintained at approximately 110 °C and a
solution of 443 g (2.201 mol) TMI and 5.7 g (0.010 mol) dibutyltin dilaurate
were added. The mixture was reacted until the isocyanate peak was gone by
IR. The toluene was evaporated under reduced pressure to yield an off-
white, anhydrous, waxy reactive monomer. The macromer was placed into

30 acetone at a weight basis of approximately 2:1 acetone to macromer. After

24 hrs, water was added to precipitate out the macromer and the macromer



relative to the initiator), 3636.6. g (3.463 nmol) n-butyl

nmononet hacr yl oxypr opyl - pol ydi net hyl si | oxane (3.2 equivalents relative to
the initiwomB)p1158673.84 g (8.689 nol) TRIS (7.9 equival entPSTrEsha24022 to t he
10 initiator) and 20.0 g bis(di net hyl am no) net hyl si | ane was added. The

m xture was allowed to exothermto apgroxi mtely 38-42 C and then all owed
to cool to 30 C At that tinme, a solution of 10.0 g (0.076 nol)

bi s(di met hyl am no) net hyl sil ane, 154.26 g (1.541 nol) nethyl nethacrylate

15 (1.4 equivalents, rel ati i N4 ?ﬂg 9.352 nmol) 2
trimethyl si I%%?ﬁ{%é?%%ﬂ% ﬂn%?%‘%@?%ﬁ%@%‘“?@@@%ﬁ%a entc%&)rg’g %?izggot o the
initiator) pms added and the m xture again allowed to exothermto
approximately 40 C. The reaction tenperature dropped to approximately 30 C
and 2 gallons of THE were added to decrease the viscosity. A solution of

439.69 g water, ﬁ@wﬁé%%ﬁ%?d%ﬁ%ﬂ%ﬂ&Jiﬁ%ﬂaﬁ9§§gﬁggVﬁﬁ§eHg&hbpiChloroaCEtiC

acid was added a Xture rerluxe oursto de-bl ock the

protecting OfaHRImABIy IvEminHEMS. CVattatilli@sthetdses e desiotedd and t ol uene
added to aid'in renoval of the water until a vapor tenperature of 110 C

was reached.le@bed hsing £0@ Y 1BA, Ahdeichwagedriniorfrash hewtelbulippd ealinfat el y 110 C

and a solution of 44 .201.nol ). TM .and 5.7 .01 ﬂg| di butyltin
dil aurate v@f%logdér@a%rf%ﬁ% Rt Snmmﬁé%t%%e%%??tﬁ%%@%} soc%i/anat e peak
was gone by gl R:i R JrltERE o EvarRhated 16Rden I sehitednpriessure to yiel d
an of f- white, anhydrous, waxy reactive nononmer. The macroner was pl aced

into 30 acetaanss. at a wei ght basis of approximtely 2:1 acetone to macroner.
After 24 hrs, water was added to precipitate out the macroner and the
macr omer 190 03/ 011551 26 PCT/ US02/ 24022 was filtered and dried using a

vacuum oven bet weeh 4@ /AR imbRhiredQni dyhsmic ogtabeapiamt eri al was cured
in the nolds using visible’light for 5 approximately 30 mn. at 45 C after
whi ch the | efolewswBive satepios oeehch lens type were prepared by cutting out a center
strip approximately 5 mm in width and equilibrating the strip in borate-
buffered saline solution for more than 30 min. Contact angles of the strips
15  were determined using a Cahn DCA-315 micro-balance. Each sample was
cycled x 4 in borate-buffered saline and the cycles were averaged to obtain

the advancing and receding contact angles for each lens. The contact angles

of the 5 lenses were then averaged to obtain the mean contact angle for the

set.
20
The advancing contact angles for the lenses from the coated molds
were 65 + 4°. The advancing contact angle for the uncoated control was 99 +
8°. This demonstrates that the mold transfer coating dramatically improved
the wettability of the silicone hydrogel lenses.
25

Examples 2 - 5
Random copolymers of DMA and HEMA (n = 272 for DMA and n =
23 for HEMA) were prepared using free-radical polymerization as follows.
HEMA (300 mg, 2.31 mmole), DMA (29.7 g, 300 mmole), and 100 mg CGI
30 1850 were dissolved in 120 mL of 3-methyl-3-pentanol. The mixture was
degassed thoroughly by evacuating for 10 to 15 min., followed by purging



| eached using 100 % I PA, and exchanged into fresh borate-buffered saline
solution. The tinme between dispensing the lens material into the nolds and
t he initiwoiogn1slithe cure, or the dwell tine, was |ess tirem/iSom4oet es in
all cases. 10 Lens wettability was neasured using dynam c contact angle as
follows. Five sanples of each |lens tyye were prepared by cutting out a
center strip approximately 5 mmin width and equilibrating the strip in
borate- buffered saline solution for nore than 30 min. Contact angles of

the strips 15 .were determ J . s,ggQ %@d i adbal.gnce. Each
sanpl e was %%Wg&g?(n'4&%@%‘?@11{%@%%@%re RE mg%ogérll tﬁgncyg es were
averaged t o {pOh@ktire Wheplackdamaemoniaogen oadhmgntendtaaifeaadioes for each

| ens. The contact angles of the 5 |lenses were then averaged to obtain the
mean cont actergstajlising dishiand cowmed with aFraéchaglossn b gnixBie Was SXmegf%s for the

| enses from.the.coat .d The j t angle for

t he uncoat ecfoé’bsﬁl?clfe ilﬁgﬁaggﬁg%?mmﬁbuégsﬁg%ﬁgegﬂég&tﬁ h@?x@ﬁ%@l%l d transfer
coating ds angtahddnthé B@lgﬁl‘éﬁﬂatioh%swiﬂiﬁ@éd by yxpokinighies sistebctone hydr ogel

| enses. 25 Exanples 2 - Random copol yners of DVA and HEMA (n = 272 for
DVA and n = ox38erf.or HEMA) were prepared using free-radical polynerization
as follows. HEMA (300 ng, 2.31 nmole), DVA (29.7 g, 300 mmole), and 100 ng
CAd 30 1850 were dissolved in 120 nmL of 3-nethyl-3-pentanol. The m xture
was degassed t horugblin olamaﬁwg hreGipfiaed B9 diietiddthentixturd withowed by

purgi ng WO 03/011551 27 / US02/ 24022 with nitrogen. The .

evacuat i ng/ phexgiesg Fuatber mpiwatéen Bag esurred quiby digselvingehe polymer in

10  acetone and re-precipitating with hexanes. The acetone/hexanes sequence

was repeated and the white polymer was washed thoroughlyl with hexanes
and dried on a rotary evaporator with the product being cut into several small
pieces prior to completion of drying. The yield was 27.0 g (90 %) of a white,
foam-like product.

15

A portion of the abo‘}e product was derivatized as its methacrylate

using the following procedure. A three-necked, 50 mL, round bottomed flask
was heat dried under vacuum, placed under nitrogen and charged with 10 mL
THF. Pyridine, 5 mL, was added to the flask, followed by 645 mg (7.5

20 mmole) methacrylic acid. The system was cooled to below 5 °C and 1.026 g
(9 mmole) methanesulfonyl chloride was added to the solution in a drop-wise
fashion over a period of 5 to 10 min. The mixture was stirred for an

additional 10 min while allowing it to warm to room temperature.

25 A 250 mL, three-necked flask was charged with 9 g HEMA/DMA
copolymer and 9 mg phenothiazine. The system was purged with nitrogen
and 50 mL of THF was added to dissolve the compounds. The mixed
anhydride solution was added to the flask via a syringe and the reaction

mixture was stirred overnight at ambient temperature.

30



the m xture was placed under a nitrogen environnent and transferred to a

crystallizing dish and covered with a watch glass. The m xture was exposed
to visi blwoldghtss1t Phil 1ips TL20 WO03T bul bs, for a peri odPcfi/tsppessi mat el y
15 hr and then the polynerization was term nated by exposing the systemto
oxygen. The resulting polynmer was preggpitated by diluting the mxture with
hexanes. Further purification was carried out by dissolving the polyner in
10 acetone and re-precipitating with hexanes. The acetone/ hexanes sequence

was repeated and &ﬁgsmi$ ewgé)hﬁ%g&pﬁ@f%\ggzﬁl}g at %Eglﬂg%l%ltég%édﬂmﬂexanes and

dried on a rotary evaporator W el n 0 several small

pi eces pri orof Rirfed ek &iek OThokoldéntt Rere dEbantdt &lddthwprodddt WagprIRd%) of a
white, foamlike product. 15 A portion of the above product was
derivati zed begdistavingitiadsoprenyd acataie.dellavrs Fsoihp edditign pf bewaere. A

t hr ee- necked,, 50 .ni, round .bat t. | ask s heat, dri.e nder vacuum

pl aced underT ???Iwgﬁwgﬁﬂgg%}?g&%%? g\ﬁspﬁﬁlﬁﬁfﬁ\g_@nﬁsﬁﬁa dﬁ‘;‘?fliutljlgﬁég? 5 n, was
added to Bheefahasikor. fmfth@vyﬂﬂifﬁuﬁ&%am%&i?e@&% Echieh nivgidaagicyl i ¢ acid. The
system was cooled to below 5 C and 1.026 g (9 nmol e) nethanesul f onyl

chl ori de wasaadgertento Theredictiwpabdisiotved ig pesiong, &dloweddtyi on over a period of
5to 10 mn. The.mxture was stirred for an additional 10 mn while
allowing it Prgcw?tmqlbsll?%%%a{l%snperature. 25 A 250 nlL, three-necked fl ask
was charged with 9 g HEMA/ DVA copol yner and 9 ng phenot hi azi ne. The system
was purged with nitrogen and 50 nL of THE was added to di ssolve the
conpounds. The mi Aawatizgfoyainlation 962wt percowtPDAIASIEMA ak0.4 vdsk via a

terper at dPe. Pagergn 8 s A bk a3 S S SO TRB R TR T 1t er e
through a si nt Bgeehding $isicktl®hs bithier AP 1 m as measured by AFM. Both
the native polymer and functionalized (with methacrylate) were examined as
coatings. Lenses were made using the silicone hydrogel lens material of
Example 1, except that the dwell time was as set forth on Table 2 below.
15 Additionally on Table 2 is shown the wettability for the coatings.

Table 2
Example Methacrylate Dwell Time Advancing
. Contact Angle
Capping ©)
2 Yes 15 min. 87
3 Yes 2.5 min. 58
4 Yes 45 sec. 62
5 No 45 sec. 82

The results demonstrate that acceptable wettability, or an advancing contact
20 angle less than 90°, can be obtained with or without the methacrylate group.
Further, the results show that contact angle is dependent on dwell time, times

of less than 2.5 min. producing the most wettable lens.

Examples 6 - 9



of stirred hexanes. The solvents were decanted and the product was purified
by dissolving it in isopropyl acetate, followed by the addition of hexanes.
The pol yneo esasispashed with 2 x 50 nL of hexanes and dri e@Cirruse2/e4eary 5
evaporator. Further purification was required due to the high nethacrylic
acid content. The product was dissolved in acetone, followed by

preci pitation using hexanes. A coating formulation of 20 wt percent

pDMVA/ HEMA and 0.1 w 10 percent DOE-120 in | PA was applied to TOPAS 5013

e anrod by A BEPFEETA oSl Bxd QL RENATS MR ATERRILbARR - 1 1 @

measured by AFM e na pol'ymer an uncti 1ze

met hacryl at e)JTheesRinex ’Ftd\adpasd b 6qidsihgs. soltios @F HEM A, Bada{BSIA)g t he
silicone hydrogel lens material of Exanple 1, except_that the dwell tine

was as set fend RGACTRS 85 ipethylgne shyoabigilovwdnignsily Beibledihd 2 is shown t he

wettability .1 i wJabl e 2 .Met. | at i

Exanpl eCappi %ﬁ%ﬁﬁ%@ﬁ@@%“ il |°gn%/§§%§§ﬁ%g%gﬁ?"§‘$@@és@% mn. 58 4Yes45
sec. 62 SN@A5 The poRheldWerk @50lhtbs afl@riansdus alogk-ipafolRGeEDyabI@alvet t abi i ty, or
an advanci ng contact 20 angle less than 90, can be obtained with or

wi t hout the metdenswyshes so taneys. unfracted epmpensats: Belymes maiesilarhat cont act
angle 15 SePESR OhsPHa ohlcBos) TEE ol BTl . Ry 1004
Pol y- HEVA cogbitigHolen& vaupihdadmandtefal of Ekansly 1andpsstiBIIA bt 360
kD MW, available from Aldrich Chemical Company, was successfully used
10 asacoating. Coating formulations with differing concentrations of poly-
HEMA were prepared as follows:
Poly-HEMA :water:ethanol: DOE-~120 = 10:20:70:0.1 w/w
Poly-HEMA :water:ethanol: DOE-120 = 15:20:65:0.1 w/w
Poly-HEMA :water:ethanol: DOE-120 = 20:20:60:0.1 w/w
15
The coatings were applied to the molding surfaces of TOPAS 5013
molds according to the procedure of Example 1, except that prior to coating,
the molds were treated for < 0.5 sec. with an air plasma to improve spreading
of the coating solution onto the mold. Lenses were made using procedures
20 and the silicone hydrogel lens material of Example 1, except that dwell time

was 45 sec.

The resulting coated lenses were tested for wettability using dynamic
contact angle and for surface roughness using AFM. AFM images were
25 acquired with contact mode AFM using a 0.06 N/m SiN, cantilever imaging
in borate-buffered saline solution. Imaging was minimized before data was
acquired and typically was < 10 nN. Images were of 20 x 20 pm, within the
optical zone and on the anterior surface of each lens. Two lenses were
evaluated for a total of 6 images. Mean peak-to-peak roughness values were

30 calculated using 24 10 x 10 um areas from these images. Peak-to-peak



The coatings were prepared by exposing a solution of HEMA, Blue HEMA, and
| RGACURE 1850 in ethylene glycol to lowintensity visible light, Phillips
TL20 W 03Woalobss1 usi ng curing tinmes ranging from1l to 2 Irewreso2/0The

pol ymers were isolated after aqueous work-ups followed by several aqueous
washes to renove unreacted conponent 30 Pol ymer nol ecul ar weights of |ess

t han about 300 kD were found to be inadequate for use as a coating polyner
with the lens material of Exanple 1. A pon HEI\/A of 360 kD MN avail abl e
fromAldrich e cal ating.
Coating for nUPEEhE ST §a¥ hg\;}?ﬁel%}é%ﬁgzé ]%I ons of %aﬁHﬁ’Efl‘\g/A wer e
prepared as figh éspftfﬁm 18Qh6’a1’€EM§tédﬁKBfTa&ﬂémfmhb@ﬁEae1ﬁ&ﬂts 10:20:70: 0.1 W w

Pol y- HEMA: wat ér hanol : DOE- 120 = 15:20:65:0.1 ww

Pol y- HEMA: wat er : et hanol : DOE- 120 = 20: 20: 60: 0. 1 w w 15 The coati ngs were
applied to the nolding surfaces of TOPAS 5013 nvolds according to the
procedure of Exanple 1, except that prior to coating, the nolds were
treated fgr < 0.5 sec. with an air plasma to inprove spreading of the
coating solution onto the nold. Lenses were made using procedures 20 and
the silicone hydrogel lens material of Exanple 1, except that dwell tine
was 45 sec. The resulting coated | enses were tested for wettability using
dynam c contact angle and for surface roughness using AFM AFM i nages were
25 acquired with contact node AFM ugibig3a 0.06 Nm Si N4 cantilever inaging
in borate-buffered saline solution. |nmaging was minimzed before data was
acquired anf tyExamapley whsPoly-HEMM in fagesivaacmgor |2MeamBeali-toni | hi n t he
optical zong and on the ant@eatinrg ) f dc €ontaceAaigld enBeakTRoughareses wer e
evaluated fpr a total of |6 i nages. Mean peak®t o- pegdk rougimess val ues were
30 cal cul at pgUsSigg 24 10 X 10 gn areay fromghese ijmages< jfgak-t p- peak WO
03/011551 3P

7 10 65 1425
8 15 46 3276
9 20 48 N/A

10  The results demonstrate that wettability improved with increasing levels of
poly-HEMA in the coating solution. Additionally, surface roughness
increased with increasing poly-HEMA content with the 20 wt percent poly-
HEMA lens being too rough and misshapen to analyze. The 10 wt percent
poly-HEMA coating produced a dry coating thickness on the mold of

15  approximately 200 nm. Target peak-to-peak roughness for a useful lens is <
500 nm and, thus, the dry coating thickness must be substantially less than
200 nm to achieve an acceptable surface roughness while maintaining desired

wettability.

20 Examples 10—1 3
The silicone hydrogel lens material of Example 1 produced lenses
with a water content of approximately 31 percent. Another similar lens

formulation, with a water content of 39 % , is as follows:

25



PCT/ US02/ 24022 r oughness was defined as the difference in height between
the I owest and the highest point in the area tested. On Table 3 is shown

t he resulwe.03®11fabl e 3 Pol y- HEMA i n Advanci ng Mean Peak-t @cTHSanploeLoat i ng
(99 Cont act Angl e Peak Roughness (nm 60107< 100 710651425 815463276
92048N/ A 10 The results denponstrate t®at wettability inproved with
increasing levels of poly-HEMA in the coating solution. Additionally,
surface roughness increased with increasing poly-HEMA content with the 20
wt percent poly- HEMA | ens being too rough and m sshapen to anal yze. The 10
wt percent poly-HEMA coating produced a dry coating thickness on the nold
of 15 approximately 200 nm Target f@Bk-4 o-peak roughness for a useful |ens

is < 500 nmand, thus_ the dry coating thickness nust be substantially
| ess than 200 nmto achieve an accept abl e surW&tgéltfét@ﬁﬁess whi |l e
mai nt ai ni ng Feest+ret—wetiabidy Bxanptes 1033 ThesriTctone hydrogel
| ens materi al of Ex%@qmduced | gnses with aJIvvater cont ent | of
approxi mat e[’y 3T percenfgigdnother sinijflar Tens forngulation, with a water
content of B9 % is as follows: 25
DMA 26
MPDMS 28
TEGDMA 1
HEMA 5
PVP 5
Norblock 2
CGI 1850 1

The remainder of the formulation was additives and diluents. The monomer
5 to diluent ratio was 100:20, the diluent being 3, 7-dimethyl-3-octanol. The
lenses of this material were coated with the 300 kD poly-HEMA coating, but

resulting wettability and surface roughness were unacceptable.

A higher Mw poly-HEMA, containing greater than 1.6 wt percent of
10 Blue HEMA was synthesized using visible light initiated by CGI 1850 and
the resultant polymer had a Mw of > 1,000,000. A mixture of 900 mg blue
HEMA, 44.1 g HEMA, 615 mg CGI 1850 and 150 mL ethylene glycol was
stirred until homogeneous and the system was degassed as described in
Examples 2-5. The mixture was transferred to a large crystallizing dish and
15 covered with a watch glass. Polymerization of the olefinic moieties was
conducted under visible light for approximately 1 hour. Upon quenching of
the polymerization using oxygen, the mixture was poured into 500 mL
borate-buffered saline solution and stirred for several hours until the material
was transformed into a more rigid form. The liquids were decanted and the

20 product washed with another 500 mL borate-buffered saline solution. The



WO 03/ 011551 31 Table 4 PCT/ US02/ 24022 Wi ght Percent MACROVERLI8 TRI S14
DVA26 MPDVB28 TEGDIVAL HEMAS PVP5 Nor bl ock2 CA 18501 The remmi nder of the
fornul at iwo odasisaddi ti ves and dil uents. The nmononer 5 toPdirlusen4oenti o was
100: 20, the diluent being 3, 7-dinethyl-3-octanol. The I enses of this
material were coated with the 300 kD gpl y- HEMA coating, but resulting
wettability and surface roughness were unacceptable. A higher Mv poly- HEVA
containing greater than 1.6 w percent of 10 Bl ue HEMA was synt hesi zed

using visible light initiated hy 1850 and. 1 r mer had a
Mv of > 1, 00BClFBE" W %t%%tﬁF%VeBQ S8 el}%“ﬁfﬁ%mﬁﬁk‘ﬁ? ﬁggﬁﬁg%ﬁ%ﬁ@yaw my CG
1850 and 150y4ier & ydr€ BRNA! BoeRko WRDoirk tHat tHRGrotiict beddaiBgentidismdand t he
system was degassed as described in Exanples 2-5. The m xture was

tlransf elrD r Ied tvas spatiaglysoliblesinah¢ satveny Themidvig Wb thenditwed Withi a wat ch

gl ass. Polynerizatiaon of the.olLefinic noieties n .und i si bl
l'i ght for apﬁPﬂiﬂ‘t‘?ﬁ‘P@ ?ﬂ@“ﬂ%’@?&fs@%ﬂn&ﬁf@hﬁlﬁpﬁ%e%q% elg%f;erggq%ipﬁépﬁlgaf |r oxl 3IS| ng
oxygen, the eﬁEgBﬁrn‘é’ﬁSTl?@hﬁ:&dre'wés%&Q&mdwat%ﬁé&ﬁﬂielmﬁimm@teﬁal i ne sol ution
and stirred for Several hours until the material was transforned into a

nore rigid fonththdietelinbdiil det sppeer soddnt Beb suspensioa v fgieseilidiicdashed wit h

anot her 500 borat e-buffere i ' i . o
{LL a rotary evaporator, cutqntsoasln.rllarfl%r Slgcl:e%talng %.ll’tl?-lléli] Qried until it

appeared crystalline and anhydrous. The dark blue polymer was then milled
into fine particles and subjected to more deionized water washings

10  accompanied by 1 to 2 hours of stirring with each wash. Washing continued
until little or no blue color was visible in solution and the product was
filtered, dried at reduced pressure, and ground in a blender. The Mw of this
coating polymer was measured to be 1.2 million g/mol using GPC and a 2 %
solution of the polymer in a 1:1 ethanol:ethyl lactate solvent had a viscosity

15 0of 17.7 cP at 25 °C at a shear rate of 40/s.

This coating was used to coat TOPAS 5013 molds via spin coating

according to the following procedure. Solutions of the polymer from 0.5 to 2
wt percent by steps if 0.5 wt percent were dissolved in a mixed solvent

20 system of 1 part ETOH and 1 part ethyl lactate. The coating was applied to
the molding surface of the mold by dispensing the solution onto the center of
a part spinning at approximately 6000 rpm and allowing the part to spin for 5
sec. before stopping. Lenses were made with these coated molds using the
above-described lens material and a dwell time of 30 sec. On Table 5 is

25 shown the wettability and surface roughness of the resulting lenses.

30
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03/ 011551533 The results show that changing the dry film thickness can simultaneously

achieve acceptable wettability and surface roughness.

Example 14
High Mw blue poly-HEMA coated silicone hydrogel lenses with the

10 formulation listed on Table 6 were formed.

On Table 5 is 25

30 WO

Table 6

Weight Percent
Macromer 17.98
TRIS 14.00
DMA 26.00
MPDMS 28.00
- TEGDMA 1.00
HEMA 5.00
PVP 5.00
NORBLOC 2.00
Blue HEMA 0.02
CGI 1850 1.00




Tabl e 5 PCT/ US02/ 24022 Pol y- HEMA Advancing Dry Fil m Mean Peak- Exanplein
Coati ng Contact Thickness to-Peak (% Angle () (nm *Roughness nm

100. 51002v013/011531 08167401 121. 57278790 132. 0781251170 * Mpasursezi24et h AFM
on TOPAS flats. 5 The results show that changing the dry filmthickness can
si mul t aneously achi eve acceptable weg4 ability and surface roughness.

Exanpl e 14 H gh Mwv bl ue pol y- HEMA coated silicone hydrogel |enses with the
10 formulation listed on Table 6 were fornmed. Table 6 Wi ght Percent

Macromer 17. 9%119- %rré&nA&ep 9 f B%u(l)a@cld}{lo WAB284iH0es KMt OThEMIRAL:

to diluent ratio was 100:20, the diluent being 3,7-dimethyl-3-octanol. Acetic

acid, 1 % of the final mix, was used to stabilize the monomer.

5 TOPAS 5013 front and back curve molds were coated with a 1.25 wt
percent solution of blue-poly-HEMA and lens made as described in
Examples 10 -13. Excess coating accumulated near the edge of the front

surface mold was removed using a cloth swab during the spinning process.

10 The lenses were tested for wettability and surface roughness prior to
clinical evaluation. Mean peak-to-peak front surface roughness was 291 nm
and mean advancing contact angle was 83°. Five lenses of —0.50 diopter
power were fit in a contra-lateral study for a 30 min. wear schedule. The lens
surface was equivalent in on-eye wettability, or tear break-up time, and

15  deposition resistance to ACUVUE® etafilcon A lenses demonstrating that
application of the coating to the lens results in a physiological compatible

lens.



PVP5. 00 NORBLOC2. 00 Bl ue HEMAO. 02 CA 18501. 00 WO 03/011551 PCT/ US02/ 24022
34 The remai nder of the formulation were additives and diluents. The
nonomer Wo odiokisent rati o was 100: 20, the diluent being PCT/US02/24022

3, 7-di net hyl - 3-octanol. Acetic acid, 1 %of the final mx, was used to
stabilize the nononer. 5 TOPAS 5013 fggnt and back curve nolds were coated
wth a 1.25 wt percent solution of blue-poly-HEVMA and | ens nade as
described in Exanples 10 -13. Excess coating accunul ated near the edge of
the front surface nold was renoved using a cloth swab during the spinning
process. 10 The |l enses were tested for wettability and surface roughness
prior to cligisdcieurRiyati on. Mean peak-to-peak front surface roughness
was 291 nm and nmean advanci ng contact angle was 83. Five |lenses of -0.50
diopter power were fit in a contra-lateral study for a 30 mn. wear
schedul e. Th | en wa U|valen in on-e lity, or tear
break-up ti ', é‘"f@ﬂﬁégﬁé‘?eﬁu %CQIBPW&%E\A%? f &) I con A lenses
denonst r ak; ngoatdﬁ%p @1@5&' sﬁﬁade%a%omfa@amamwlm ddogiihebgedigsul ts in a
physi ol ogi cal co § l ens. WO 03/ 011551 PCT/ US02/ 24022 35 What is
clainmed is: imomqtr&"ftaﬁmghmo]lecutmnwélghttaﬂatmgcmpmuqncbé depepingang t he steps
of. a.) 5 coating a npldi surface of a |d or .a nold half with a
coating ef f eBU¥YE mﬁtng&rqquéf%egwowr%fea|5ﬁ#%°¥)fé?%%ml€6£’tﬂi¥?§e’conpos| tion;
b.) di spensi agngm ef“oﬁtag&ﬁbﬁ TR ISt Pirfo EIhAERL nfBRIRITE and 8.) curing

silicone- contalnl roge nmonomer, or a conblination théreof into the
nmol d or nol dtHa:ahtbnmmdmxtu)re mnlrthagoatitnlg@ompnﬂtmm usihg b dwell dimee ¢fHesscoat i ng

conpositign using a dwell tine ess ) .
P 18 than about 5 rvr\lﬁlutes and unc?er concfltlons suitable to form an article coated

with the coating composition.

2. The method of claim 1, wherein the article is a contact lens.

15 3. The method of claim 1 or 2, wherein the monomer mixture comprises
a hydrogel.
4. The method of claim 1 or 2, wherein the monomer mixture comprises

a silicone hydrogel monomer.
20
5. The method of claim 1, wherein the molecular weight of the coating

composition is greater than about 300 kD.

6. The method of claim 1, wherein the dwell time is less than about 45

25 seconds.

7. The method of claim 5, wherein the dwell time is less than about 45
seconds.
30 8. The method of claim 1, wherein the coating composition further

comprises a low boiling point solvent and a high boiling point solvent.



10 than about 5 m nutes and under conditions suitable to forman article
coated wth the coating conposition. 2. The nethod of claim1l, wherein the
article iwoasporssact | ens. 15 3. The nmethod of claim 1l or PRT/UsShE2®R2N t he
nononer m xture conprises a hydrogel. 4. The nethod of claim1l1l or 2,
wherein the nononmer m xture conprises3ga silicone hydrogel nonomer. 20 5.
The nmethod of claim 1, wherein the nolecul ar weight of the coating
conposition is greater than about 300 10. 6. The nethod of claim1l, wherein
the dwell time is |l ess than about 45 25 seconds. 7. The nethod of claimb5,
wherein the dwell tinme is |ess than about 45 seconds. 30 8. The nethod of

claim 1, whed.ein Themeihad bglainB8POBdrtinahe Editind OF the 4RGeS AFa@ tsOW boi | i ng
poi nt solvent and a high boiling point solvent. WO 03/0I1551 36

PCT/ US02/ 240%811el outnley $pist ¢R$EDSF ¢l ai m 8, wherein the coating of the nol di ng
surface is carried out by spin coating. 5 10. The nmethod of claim?9,
wherein spin coating is carried out using at |east about 2 | and no nore

than abous 200.| Ofhdihethedaf élhigh 90MRAGIntshRIGoakds is TheicaRubadnek: ! ai m 10,
further conprising applying, subsequent to the spin coating step, a
pressuri zed lgast apeut 2t apchne thpse thian rheut 2l 1d of G co2tingArpnapdsitiine f or med by t he
nmethod of claiml1, 6, 7, or 9. 13. A contact |lens fornmed by the nethod of
claim2. 15 14. A nmethod for manufacturing an article conprising: a.)

coating a nol di Nphesuetha®6f Qhin1 MFEh G cofpABing aﬁﬂ&ifng)"élfbgecﬁleﬁp@t ing
effective anount of
the spin coating step, a pressurized air jet to an edge of the mold.

10
12. An article formed by the method of claim 1, 6, 7, or 9.

13. A contact lens formed by the method of claim 2.

15 14. A method for manufacturing an article comprising: a.) coating a
molding surface of a mold or a mold half with a coating effective amount of
a high molecular weight hydrophilic coating composition; b.) dispensing a
mixture of a hydrogel monomer, silicone-containing hydrogel monomer, or
combination thereof into the mold or mold half; and c.) curing the monomer

20 mixture and coating composition using a dwell time of less than about 5
minutes and under conditions suitable to form an article coated with the

coating composition.

15. The method of claim 14, wherein the article is a contact lens.
25
16.  The method of claim 15, wherein the monomer mixture comprises a

hydrogel monomer.

17. The method of claim 15, wherein the monomer mixture comprises a

30 silicone hydrogel monomer.



a high nol ecul ar wei ght hydrophilic coating conposition; b.) dispensing a
m xture of a hydrogel nononer, silicone-containing hydrogel nononer, or
conbi nat iwp oBlersepf into the nold or nold half, and c.) cecirgoy/p®2nononer
20 m xture and coating conposition using a dwell tine of |ess than about 5
m nutes and under conditions suitablesyo forman article coated wth the
coating conposition. 15. The nethod of claim 14, wherein the article is a
contact lens. 25 16. The nethod of clain115, wherein the nononmer m xture

conprises a qhydr 7 The. od..of claim15, erein the
nononer nlxtu?e cg%%PF@g@ a hﬁaﬁsiWP?8Hb B 8@8% elﬁ%ﬁghﬁpﬁb 3/ 011551 37
PCT/ US02/ 24080tds. The net hod of claim 14, wherein the dwell tine is |ess

t han about 45 seconds. 19. The method of claim 17, wherein the silicone
hydrogel nonomer 5 mixture conprises a reaction product of a silicone

b d G f P d I i zabl
ot ar o commiysi na e R Rlsh 1 W s e Bl e a Py B ot oyl
si | oxane, 5 pﬁiwtdid’@iﬁﬁ}h‘isédd%@tﬂﬁl bRk omgirmc&a@ba;sa FRORRRE CRGEY | OXY

term nated E ydi nethyl siloxane, and a hydrophilic nononer.” 10 20. The
met hod of cl ﬂWﬁ@QPobh@ﬂéﬂmmﬂm@ﬁsiWMtap@yhydzd@emunmmammqnwmmyture

the S 5. 10 nSoREPRBFyrBA™ BPRIRis B BERStv g o ?Féxﬁﬁe_w.‘ 0 Bn amount
i1 oxy) s??a%??‘?‘”ﬂ]ylﬁ%%&%ﬁ&?ﬁ% R R
N, N- di net hy| pegdiyietlyil didoxiane, and arydrphilfc méramuter20 t o about 30 wt percent; 2-
10
20.  The method of claim 19, wherein the silicone hydrogel monomer
mixture comprises the macromer in an amount of about 15 to about 25 wt
percent, the Sig.;o monomethacryloxy terminated polydimethyl siloxane in an
amount of about 20 to about 30 wt percent; methacryloxypropyl
15 tris(trimethyl siloxy) silane in an amount of about 15 to about 25 wt percent;
N,N-dimethyl acrylamide in an amount of about 20 to about 30 wt percent; 2-
hydroxy ethyl methacrylate in an amount of about 2 to about 7 wt percent;
tetraethyleneglycol dimethacrylate in an amount of about 0 to about 5 wt
percent and poly(N-vinyl pyrrolidinone) in an amount of about 0 to about 5

20 weight percent.

21. The method of claim 14, 15, 16, 17, 18, 19, or 20 wherein the coating
composition comprises poly(vinyl alcohol), polyethylene oxide, poly(2-
hydroxyethyl methacrylate), poly(acrylic acid), poly(methacrylic acid),

25  poly(maleic acid), poly(itaconic acid), poly(acrylamide),
poly(dimethylacrylamide), carboxymethylated polymers, polystyrene sulfonic
acid, polysulfonate polymers, polysaccharides, glucose amino glycans, block

or random copolymers thereof, or mixtures thereof.

30 22.  Themethod of claim 21, wherein the coating composition comprises

poly(2-hydroxyethyl methacrylate).



hydroxy ethyl nethacrylate in an anmount of about 2 to about 7 wt percent;
tetraet hyl enegl ycol dinethacrylate in an anmbunt of about O to about 5 w
percent awo opokas§N-vi nyl pyrrolidinone) in an anount of alpoWtuso2ee2zabout 5
20 wei ght percent. 21. The nethod of claim14, 15, 16, 17, 18, 19, or 20
wherein the coating conposition conpggses poly(vinyl alcohol),

pol yet hyl ene oxi de, poly(2- hydroxyethyl nethacrylate), poly(acrylic acid),
pol y(nmet hacrylic acid), 25 poly(maleic acid), poly(itaconic acid),

pol y(acryl am,gde), i hyl.acryl am e% car box t hyl at ed pol yners,
polystyrenengglfo%Pg8k§%ﬁ8?g%3¥§§ﬁ@%%ﬁgﬁge %ﬁ§ﬁ§?§?3%§?%§ﬁ@@ﬁariQes,

gl ucose ani n@orgbﬁfe@la%wbbﬂiﬁg%)oﬁﬂ sS1ea QY 6 0P DOTBESpdifidoBRht, OF m xtures
thereof. 30 22. The nmethod of claim 21, wherein the coating conmposition

conprises poly(2-hydroxyethyl methacrylate). WO 03/011551 38

PCT/ US02/ 240 23 The .net .of.claim15, erein the coati conposi tion
further corr%%‘i segh%n}egl\%ﬁﬁg?‘%}%g&pg?lﬁ{e%@‘Ie\?\é\%fn quheamﬁ} %Fag?ng poi nt

sol vent . 84.15'Baﬁidmiulﬂqgrspfn&)b@ﬁgn 23, wherein the coating of the nolding
surface 5 is carried out by spin coating. 25. The nethod of claim 24,

wherein spin coating is carried out using at |east about 2 | and no nore

t han about 20.| of,the.cqQatin osition. 10 26. The nmet hod of cl aim 25,
further COfT'p?SI'Si ngh%glﬁfh?ﬁﬁg?la%ﬁgg’e RSP copfng 1$,6ptIcd o4 PHBS &k ep, a

pressurized Rhgt abSht A @ A0 n6 Ye AlantaBEu R H-or kR Qfg tdcl e formed by
t he net hod of clain1f%l 28. A confgct Iengﬂfbrnéﬁ)g %ﬁgpﬁié%%d of claim 15,
18,19, or 20. 29. A contact lens fornmed by the nethod of claim2l1. 30.A

t act by .t h f clai :
contac 118 nSZg o mla‘ge m%thog %f cr:]igllm 89 , f?n’thgr c%!m?n%lzng applying, subsequent to

the spin coating step, a pressurized air jet to an edge of the mold.
27. An article formed by the method of claim 14.

15 28. A contact lens formed by the mJethod of claim 15, 18, 19, or 20.
29. A contact lens formed by the method of claim 21.

30. A contact lens formed by the method of claim 22.
20
31. A method for manufacturing contact lenses comprising: a.) coating a
molding surface of a mold or a mold half with a coating effective amount of
a hydrophilic coating composition having a molecular weight of greater than
about 300 kD; b.) dispensing a mixture comprising a hydrogel monomer, a
25 silicone-containing hydrogel monomer, or a combination thereof into the
mold or mold half; and c.) curing the monomer mixture and coating
composition using a dwell time of less than about 45 seconds and under
conditions suitable to form a contact lens coated with the coating

composition, wherein the formed lens exhibits physiological compatibility.
30



31. A nmethod for manufacturing contact |enses conprising: a.) coating a

nol ding surface of a nold or a nold half with a coating effective anmount of
a hydr ophwbiog/ocsat i ng conposi ti on having a nol ecul ar wei girCTafSoze4d2t er t han
about 300 kD; b.) dispensing a m xture conprising a hydrogel nononer, a 25
sil i cone-contai ni ng hydrogel nononer,39r a conbination thereof into the
nold or nold half; and c.) curing the nononer m xture and coati ng
conposition using a dwell tinme of |ess than about 45 seconds and under

conditions sypt abhf ul AR AR aR! ALl SSuBABLEtn HABHRAR  ng

conposi tion, “wheréin formed Iens ex si'ol ogr c compatibility.
30 WO 03/ 011bfdro ¥ iddodi2t. 24022 39 32. The nmethod of claim 31, wherein the
nmononer m xture conprises hydrogel nononer. 33. The nethod of claim 31,
wherein the nmononmer m xture conprises 5 silicone hydrogel nononer. 34. The

met hod of clg m3 i ilicone, hydr I ngner .m xture
conprises a ?ée'act ?8?1%%?{(’)0 uotrf:lf fagj? 32’ ‘g]%l?rlg%?lﬁ%xﬁgglggrIﬁg(g‘%rgﬁgwpﬁeosup Tr ansf er
Pol ymeri zgt i gificpicdddedgebmdnéem@ol yneri zabl e m xture conprising 10 Si8_10
nononet hacryl oxy term nated pol ydi net hyl sil oxane, pol ydi net hyl sil oxane

ot her than Si 8_10 nononet hacryl oxy term nated polydi nethyl siloxane, and a

RN L L P ST

hydr ogel nononer M XTUr e comprisest

to about 25 mfixtuRedoafises 4 RectPnGrd@ichBN BBEHRIBEEDXNcrbRIFGRG e d
pol ydi met hyl siloxane in an anount of about 20 to about 30 wt percent;

met hacr yl oxyprespigr Polymiesizationpsedgt agd 4 palymesrabipaiitaregampmisingt of about 15
to about ,25 ercent; ,N-di met hyl acrylamde in an anount of about 20
to about 1@0 %\\fﬁ'lp@PBgH?tPa%N?W%W%%p@?Meﬁgﬁg’ém’ ate in an armount of
about 2 to amgain?etmsi%%al%edgﬁ% th&PSi; AGhENIRABAY6R tefthiBiacryl ate in an

amount of about O to abou
polydimethyl siloxane, and a hydrophilic monomer.

35. The method of claim 34, wherein the silicone hydrogel monomer

15  mixture comprises the macromer an amount of about 15 to about 25 wt
percent, the Sig_;, monomethacryloxy terminated polydimethyl siloxane in an
amount of about 20 to about 30 wt percent; methacryloxypropyl
tris(trimethyl siloxy) silane in an amount of about 15 to about 25 wt percent;
N,N-dimethyl acrylamide in an amount of about 20 to about 30 wt percent; 2-

20 hydroxy ethyl methacrylate in an amount of about 2 to about 7 wt percent;
tetracthyleneglycol dimethacrylate in an amount of about 0 to about 5 wt
percent and poly(N-vinyl pyrrolidinone) in an amount of about 0 to about 5

weight percent.

25 36. The method of claim 31, 32, 33, 34, or 35, wherein the coating
composition comprises poly(vinyl alcohol), polyethylene oxide, poly(2-
hydroxyethyl methacrylate), poly(acrylic acid), poly(methacrylic acid),
poly(maleic acid), poly(itaconic acid), poly(acrylamide),
poly(dimethacrylamide), carboxymethylated polymers, polystyrene sulfonic

30  acid, polysulfonate polymers, polysaccharides, glucose amino glycans, block

or random copolymers thereof, or mixtures thereof.



percent and pol y(N-vinyl pyrrolidinone) in an anount of about O to about 5
wei ght percent. 25 36. The nethod of claim 31, 32, 33, 34, or 35, wherein
t he coatiwg@ 03oorsposi ti on conprises pol y(vinyl al cohol), pecyatsshytene oxi de,
pol y(2- hydroxyethyl nethacrylate), poly(acrylic acid), poly(nmethacrylic
acid), poly(inaleic acid), poly(itacgpic acid), poly(acrylam de),

pol y(di net hacryl am de), carboxynet hyl ated pol yners, polystyrene sulfonic

30 acid, polysul fonate polyners, polysaccharides, glucose am no gl ycans,

bl ock or random copol yners thereof, or m xtures thereof. W 03/011551
PCT/ US02/ 24022 40 37. The nethod of claim 36, wherein the coating

conposi tion gpnpr Themethpd of cRinBal @ksteiniit comingaomybétien cordfriseshe net hod of
claim 36, wherein the coating conposition further conprises a |ow boiling
poi nt sol venpPolyththgdraxygthyb sicitiapyladdh nt sol vent. 39. The nethod of claim 38,
wherein the coating of the nolding surface is carried out by spin coating.
10 40. The nmethod of claim 39, wherein spin coating is carried out using at
| east abost 23| amdeAethvardt clahancaRbettin2@e botingtcbmpesabn Agthepposi tion. 41.
The nmethod of claim40, further conprising applying, subsequent to 15 the
spi n coat i ngcynppsesa lpw bedingippiy seliventjaad atiglabpibagpoisf soltrat.nol d. 42. A
contact lens fornmed by the nethod of claim31, 32, 33, 34, or 35. 43. A
contact lens forned by the nethod of claim36. 20 44. A contact |ens forned
by the methogoof ghai®ida.of cthim 38, WR&ERChe bemgloPtERAlihgt Suefaset hod of
claim38. 25 46. A contact lens formed by the nethod of claim39. WO

03/ 011551 PCF/aa80) @4 bz spingeating.

10
40. The method of claim 39, wherein spin coating is carried out using at

least about 2 pl and no more than about 20 pl of the coating composition.

41. The method of claim 40, further comprising applying, subsequent to

15 the spin coating step, a pressurized air jet to an edge of the mold.
42, A contact lens formed by the method of claim 31, 32, 33, 34, or 35.
43. A contact lens formed by the method of claim 36.

20
44. A contact lens formed by the method of claim 37.

45. A contact lens formed by the method of claim 38.

25 46. A contact lens formed by the method of claim 39.



47. The contact lens of claim42, wherein the coating conposition

conprises a coating of a dry filmthickness of not |ess than about 5 nm and
not nore wban/oatseut 70 nm. 5 48. The contact |ens of cl aPeTAB02/deez ein t he
coating conposition conprises a coating of a dry filmthickness of not

| ess than about 5 nmand not nore théh about 70 nm 49. The contact |ens
of claim44, wherein the coating conposition 10 conprises a coating of a
dry filmthickness of not |less than about 5 rimand not nore than about 70

nm 50. The gont agte L&t %%8#(?}?%%%5@?\9@%@ aﬁggc@ﬂe@;ssiﬁ?%acorrposi tion

conprises a coating of a ness o n about 5 nm and
15 not nor e domanisabeadating ofmdribilm THieknesndfant Idsetian @bowt!5aimaAd wherein the
coating conpositio conprjses a coating of a dry filmthickness of not

| ess t han ab‘}ﬁ'itm(ge?nkiﬁnégauwﬁd’cm-rrore t han about 70 nm

5 48. The contact lens of claim 43, wherein the coating composition
comprises a coating of a dry film thickness of not less than about 5 nm and

not more than about 70 nm.

49. The contact lens of claim 44, wherein the coating composition
10  comprises a coating of a dry film thickness of not less than about 5 nm and

not more than about 70 nm.

50. The contact lens of claim 45, wherein the coating composition
comprises a coating of a dry film thickness of not less than about 5 nm and

15 not more than about 70 nm.

51. The contact lens of claim 4, wherein the coating composition
comprises a coating of a dry film thickness of not less than about 5 nm and

not more than about 70 nm.



