WO 03/ 011551 PCT/ US02/ 24022 1 METHOD FOR COATI 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
10

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.



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

di scl osedwolemenssr , thi s net hod has been successfully demromdaiSoztsd? only
wi th non-silicone hydrogel materials. 5 Therefore a need exists for a
coating nethod for coating hydrogel apd silicone hydrogel |enses that
overcones one or nore of these disadvantages. Detailed Description of the
I nvention and Preferred Enbodi nents A nethod for coating hydrogel and
silicone hydrogel articles, and 10 articles made by the nethod, are
provided in which an uncured coating is first applied to the nolding

surface of a nol dAbpliddibe Bf &Boadihg iodtcce eldinfgwhithbasisahatididllis be cured to
formthe article. us, the article is coated during the course of curing

t he mat eri al difpessedvls@ has teen diselopade Hawever.ihisimaihadeas baged for addi ti onal
processi ng steps ter curing is C | et ed. Additianall 15 the net hod
permts the ‘?’ﬁ?%sﬁﬁli]gs 4R Stfﬁtl‘%foﬁi%wﬁ g% of Sfelhcé).n%gglt{rf’%ég% acge a%S"m)r e easily
control | eg thgdefofe KRQ3NExGRAbE AgodtRRdEod firkahting hydepalssl the nethod does
not rely on specific reaction chem stries for attachnent of the coating to

the | ens, assilieonsthydrogkhlenses dohovereomes dnsoy mexpp!l Blesedigidyentegasi ety  of
coatings that cannot be adequately achi eved using known coating nethods 20
are made possible. The invention provides a nmethod for coating articles the

nmet hod conpri sipetail&éPDsdcsibliido s BiichBbh ¥ndPreferitd Frtitdigtatng of © a.)
coating a nolding surface of a nold or a nold half with a coating

ef fective armount Afmethed i coBingdiydwgebandséliepne hydraeelmgtidesapadi tion; b.)
di spensi a mxtur onprising a hydrogel noner si.l i cone- cont ai ni ng
hydr ogel "orahels tie g?/ E%&ﬂﬁh%‘gﬁeoﬁ’{‘)}{/ﬁ&? Bprhihis Wﬁ%ﬁ%ﬁ?aémér“ mol d hal f; and
C.) curing Uupgelpplfe@nd it REI8ing Winifadk! oF aliRoldqh Whadh A it Fore@ag ed with the
coating conposition. 30 .

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



WO 03/ 011551 PCT/ US02/ 24022 3 The invention may be used to produce any of
a wde variety of coated articles. Preferably, the invention is used to
produce opbtobalssc | enses including, without |imtation, PCORISAT24022
intraocular, and onlay |enses. More preferably, the invention is used to
produce contact |enses. 5 For purposes of the invention, by "nolding
surface" is neant a surface used to forma surface of an article.
Typically, nolded articles are formed within a nold or between two nold

hal ves. The mold gf, HR:%x‘i’t'&ﬁ'n‘c{?’ge Héégﬁgg%ﬁgéﬁo%{y&%v@iﬁ%ivg%i%a%ﬂ(&ft&f‘ I nner

surface, the nolding surface,” an non-"nol Surface. One

ordinarily skiticleedPidfiertiblg, thetinwntibn isegadioipreduck bphthbheicn@ised ng surface wil |
be of the dimensions and surface type requisite_ for formng the desired
nol ded arti cinsludpg, wifhgwt liritetion, sentigsiigtaoculas, and otaydenssseMAte nol ecul ar

wei ght 15 (" MA! pciently hi |d. di ssolution of the
coating int op{\éﬁéégblif;{%%ir@?gﬁé%&Eécg{éé)zcgqu%égé&%%\r{%{ggsés of the invention,
preferabl g the nolecular weight is determ ned using gel perneation
chromat ography ("GPC') with a light scattering detector and a high

sensitivity refraEeiRusposengbheduration by “moldiag arpice” fouednt PL- Rl avai | abl e
from Pol ymer .[aRs uﬁgﬂg 6 FGerhck Reh 281{0{5;? ﬂrey‘f)zéaa@g %%8@%8 NQagl; o, m |1 near

col um equi ppecf1 W guard-colum o onents "and a sol ution

of 0.5 wei ghtorPed G&fhin a hicldbrisBHRESNEdEN18 hdiveRt Tivd mbRT saibld@arss t he el uent .
Flow rates are 0.5 nL per mnute wth injection volunmes fromabout 10 to

about 20 L. wWed tpifeal aearfipledguelaninner ssipen dhe pwhding sudasgt indgpnsel ect ed and
t he nonongr 5 m'xtukie usegq..Cj Ig) a_pfef. rreﬁ dem%gdi man@ the Mv of the
coating i'§ gPESHI-IPICINE SEGE $85 R BRIRESKIled e H8 Y £°C08RES Ul coat i ng
conposi t i onstRApHE ndbl¥ing GRFhdeywill bebf tiH @RfeRfiohd @i sabatd type édquise ef er abl y at

| east about 4 cP, at 25 degrees
for forming the desired molded article.

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



30 centigrade. For purposes of the invention, preferably the viscosity is
determ ned by di ssolving the nononer or polyner conponent in a suitable WO
03/ 01155IWB@3husSse/ 24022 4 sol vent and measuring the vi s®@ogiusy2/at2a shear
rate of 40/s. Preferably used, when the article formng material is a
silicone hydrogel is 1.00 weight pergent in a 1:1 solvent m xture of

et hanol: ethyl lactate or isopropanol:isopropyl lactate. 5 By "hydrogel
nononer” is nmeant is a material that after curing and hydration is

el astoneric and has a water conte bo t ce or nore. By
"si | i cone- c SAMENATHGRY S FVWB% ﬁaé%ﬂ&dgeh}%& eS%ﬁY use:ét)nomer t hat
contai ns 0Nyt il %cﬁ'f&ﬂxﬁﬁ ﬁlawrfayﬁsmﬂ&ngqafy £IR9$88 vRfigiithe i nvention, the
term " nononer ers to npounds havi ng er average nol ecul ar wei ghts
| ess than a@mﬁenﬂm&,l 1bdia¢nt¢ramtubeoﬁmhmeﬁhzbld¢ta®md to mediumto high

nol ecul ar wei ght corrpo ﬁz or polymers, sonetines referred to as

macr omonomeAEOREPPangLiiseRIp datehayi ng number average nol ecul ar wei ght's
greater tfHhan about 700, containing functional groups capable of further
pol yneri zati on. The term nononer includes nonomers, nmacronononers,
macroners, and ;Bppgﬂwgelrmond?nﬁbdﬁmamﬁﬁanmtepiakﬂlhtadﬂeycmziﬂg/mized mononer s
or nononmers that are capabl e of furtherH% ¥ tion 20 In preferred

enbodi nent, hyHeation yeHestaRerpy By Ipe & Walsrer YVHgHt BT Hgel and
si |1 cone- Co%tr%llcﬂ* %yhéﬁﬂgﬁﬁe&on@aﬁﬁl §h§&oéé1?n&ﬂr{&?dls9&‘ﬁﬁf&ﬁyd}g el consisting

essentially © consi stin coating a nol ding surface of a nold
or a nmold hahénothdrhha cotaits bge exfmexetmlvcemalgmmps of a high nolecular 25
wei ght h1yodr ophilic coating conposition; b.) dispensing a m xture conprising
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.



a hydrogel nononer, a silicone-containing hydrogel nonomer, or a

conbi nation thereof into the nold or nold half; and c.) curing under

condi ti orwogaiotsbl e to forman article coated with the co&Crrggoratepnsi ti on.
For purposes of the invention, by "hydrophilic" is neant a material that,
30 when pol ynmerized, exhibits an advagci ng dynam c contact angle of |ess
than about 100 degrees in physiological saline. WO 03/011551

PCT/ US02/ 24022 5 In a nore preferred enbodi nent, the invention is used to
produce physiologically conpatible contact | enses and, thus, provides a
met hod for coating contact |enses the nethod conprising, consisting

essentially of, apd Soeonstetd Gab&fimedt, IheGiiod iduk@tdipausdr f ace of a
mold or a mold half with a coating effective amount of ~a hi gh nol ecul ar
wei ght hydr opfyslolagicalytcomgatitde nprosdt lénses arel, thudj wpwides awgpethodifsat ur e
conprising a h.dro&gl Tnnoqsr, si |l i cone-cont ininﬁggﬁpr? el, nonomer, or
a conbi nati diPHEF potilonses the methpg) QMPrIsHg) PSHRS ©% 1Y ing under
condi tions synkRbhEot 9 )%4iMed HeRLRG AL NS okRR a8 WialY Wiliea cOat i ng
conposition, wherein the lens exhibits physiological compatibility. By
"physi ol ogi calatiyg effegaveiatmolmttof'a logh thpkegslaoiveight hydregnipacedbing” is nmeant

that the |l ens exhibit |inical performance, i er of on-eye 15
wettability %?qusgéqnégﬁaﬁgen?gl PAuE Cﬂ@ﬁﬁwg%h@g&ﬁgc’%ﬂﬁ%ﬂ 4to or better

than that Ogili@d}lefctoﬁfaiiﬂiﬁé)ﬁ'yd?béeg BRmofer, ¥ 8 Wbl fHedeol $nt @l M ned by

measuring non-invaslive, tear break-up time using a tear scope pl aced
bet ween a slinbld drangldihify adcopeariap dnderl cenditinessugabls te jem Ttmtdatns wear er

bl i nks and hol ds the eye open while the e. i s viewed through the slit

| anp, tyib‘gcallepi/c%?tte W ]?)HW@?’HI*% C@gmoawoaarwg%al&ttﬁa@n% \éﬁib‘is The tine between
the blink a ey ved non-wetting of the lens surface is the
non-i nvasi vgl‘iﬁ“{Sg’g‘?él 2{12{')& Pé&%ﬁﬁ%‘l me. The non-invasive tear break-up tinme for

the lenses of the invention are equal to or greater than that of an
etafilcon Alens (B)g/ “glgyléli%)llogticgll(})/rczo%r})gtl ti 1{y’ ’to? gpr)]hysiological compatible” is
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



about 5 to about 10 secs. Preferably, the lens of the invention exhibit a
non 25 invasive tear break-up tinme of about 7 to about 10 secs. Surface
deposi ti oworgsissance i s neasured for both the front and Patisot/zng2
surfaces by scanning the entire lens on eye using a slit lamp with a
magni fi cati on of about 16 to about 20% and a beam w dth and hei ght set at
30 approximately one-half of the corneal dianeter, typically a wdth of
approximately 2 mm and a beam hei ght of approxinmately 6 nm Deposits WO

03/ 011551 P : . pscrete deposits, such as
jelly burrps%?ggéé %%%32 %%‘?%tgg)sép %?ts’as?lpﬁrghgjgﬂgb\%ﬂ?’ ?’ Oﬁﬁ%gﬂ}f\?%&ﬁhﬁshdé | ens during
bl i nk or Jos&jvhsohwililislovéwith lsd fengduridyoblinkse MyphsndRRBI te@tﬁh%.]s a grade O;

grade 1 is ;g,ou 1 ttg about, 5 percent of the lens surface with deposition;
grade 2 is ab8eLsEVIe apusition & pgiadefl; sreded isrbeuibis abouh’ pereie 3 is about

16 to about TN rade., 4 i reater than about 26
per cent depo%?[%i?g‘#g(g %ngﬁ%(g}i}gggglgg?%%ﬁ aPS?téf%ea%O eSELCBE the i nvention

are equal 5t owith dgpesiticer gtabas id &bt 06 tordboat 24 i)ér@élﬂ dépds@ith andBRsHNY that |ess
than about 15 % of a clinical population will have Grade 3 “or higher
deposi tion &t SeFedpdhgedioub6 praent depostting: i Thy ssufpsudspositios fargké ul i n t he

i nvention i 2 i.de varje none and. pol yners known
n the art. Ererer e alof kot &5y ERblT i ther R0 BRF oL BR1 de.

pol y(2- hydr anyetily thatesdtaat oat €3 % oPOEIHiER pBykiatdl WACK M Trsde 3 PO! y(acrylic
acid), poly(nethacrylic acid), 15 poly(maleic acid), poly(itaconic acid),
pol y( acr yl arftdésher deppsijioneafiabeneweak aféyearpol y( di met hyl acryl ani de) ,

pol y(gl yfgrol nethacrylate), polystyrene sulfonic acid, polysulfonate

pol ymers, poly(vinyl pyrrolidone), carboxynethylated polyners, such as

car boxymet hyl cel | Gb4g.compediGRABBA @S inBhHER Ry BHHER a&i&%ﬁé”s, pol ylactic
acid, polyglycolic acid, 20 block or random copol yners of "t he

af or enment i orfége vanety ohamonpers agdgolymers 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



m xtures thereof. Preferably, poly(2-hydroxyethyl nethacrylate), poly(vinyl
pyrrolidone), poly(acrylic acid), poly(nmethacrylic acid),

pol y( net Wwawssyl@s de, or poly(acrylam de) is used. Mre prefrarsabbap?2 pol y(2-
hydr oxyet hyl net hacrylate) is used. 25 The coating conposition may, and for
spin coating purposes preferably doed, include a |ow boiling point, or

| ess than about 90 C, solvent and a high boiling point, or greater than
about 100 C, solvent. Suitable |l ow boiling solvents include, wthout

mLation,  Dakdy mdL Q086 sA b A8 B ERLA AR Rflyd! ool s such

as nethanol, ethanol, isdpr panol ut’an Usef ul
boi | i ng sol velyea, pmpyhdeglwmllmmﬂhwpm)&ddbhk%ﬁmﬁﬁ fodoQmid4022 7
imtation, -, et and i sopro actate, e ene_an

I t at tﬁl thlyl d gllp)lll | act at t hyl d

(pol y)ethyl e %ﬁ?%%@“opP@BVP%hélﬁmgé -hexaralnlypctpaly bmedohd; di met hyl

f or mam de, #%% o e I X

1-octanol, ﬁﬁé%?m%%g{a%? gt%%?l 3 i rrecgﬁlo1 b%t]‘%@t g%%lggl 4%11 aﬁo(gglol but anol ,

1,2 and 15 41 Bt]teamedmﬂ watbr, ancBﬂlbepkan@gpmhuy,wmlaﬁo ofithd 1&\#0@0 ttekgsh Typi cal 'y,
the ratio of, t. MltO he hi h boiling solvent will be about 1:1 at room
t enper at ur e. °H Elgf(? Bﬁﬁl"‘ﬂgbeﬁw doladtirpdepasiueg on may i ncl ude, and
preferably includes, at |east one surfactant. Suitable surfactants

i ncl ude, without 10 linitati on, anionic surfactants, such as carboxylic

acid salts, sulf oAilditianilly, theabating @ulgosition ngi iflclaad, bad pRIFGamkori ¢ and
polyphosphor cid esters, cationic surfactants, sucﬁ as long chain
am nes and tRENAcs af east ope gfagiaat. aﬁﬂtabmw@fﬁﬁaﬂ‘ésﬂﬁm withput sal t s,

uartern 0n| ni act ant s, such as
ol yoxyer i BRI Bidfio shndihd Sufdtimon B A58 s, SHb a0
pol yoxyet hylsatigtsatfusi¢ Euad gfilts phivaphordl ﬁﬂhﬁi dﬁ)hoﬁiﬂioﬁﬁfa&@é}fﬂeﬁ{ 8&tionic

pol yoxypropyl ene glycols, polyethoxylated pol dlnethyIS|onane copol yners,
f1 uori nat ed S&ngafﬁ’é‘fse%ur%@ loag QK@B BB1igasand theimwlts,cheminhsind

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



carboxylic acid esters, zwitterionic surfactants, such as pHsensitive and
pH insensitive surfactants, and the |ike, and conbi nations thereof. The
speci fi c WO oByppssand anmount of surfactants used will depemdTason24obe ot her
conponents of the coating conposition and the nolding surface used.
Typically, greater than or equal to @bout 0.001 weight percent and | ess
than or equal to about 5 weight percent based on the total weight of the
coating conposition will be wused. 25 In a first step of the nmethod of the

contod ont o PRSI Ry ik e ATRH et e SUCL Bt EufPe AT oY 2 7 S

exterior surfaees 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 ordinarily skilled in the art will recognize that one of

pCT) USo2s 24022 5 oMk FAEReelY sifpfRRUE Ruth o, B e U™ ot e

nol d hal f'5s g@f@e 89thesholiamet bd bechtihitak affte with bhacepabla@rfacposi ti on,
when dry, on the nolding 5 surface of the nold nust be such that an

article wit hroaughuese spspin| b eihodipents movijphiiwartidde in 3 eontachlembodi ment s i n
whi ch the arg| ﬁeléra 1'}//% rpg?,lg- L e%%tsulrtgpelsrgu 115)'{<3§sfc%r tﬁleg i{%dlrjr? egg%llé'ié PCQSQE%E surface

¥/ .
roughness of Py ens 1S S an nmis si rabl e.

Thus, by coakbdug5e0 heGk d¥seraBied Urius, b5 JIBMY effddtivammubiit i9fncb@ncoat i ng
conposition sufficient to provide a dry filmthickness 10 of the coating

conposi tion emowHef s wiatigg sumpesdieontsasficigut to prowidela dry il thiskepsat ed article
with an ce bl e surface roughness and for conta | enses preferably a
nydr ated Pen! e sre pRHR Lt PR PofiRullecd PR Lol 0ol * 500 nim
More pref er aRydtatell @ftictOWitBeh ab@PRbREAEISBNEhesd £iR] PABdHActMnsescoat i ng
conposition used is an anount sufficient to produce a dry film

preferably a hydrated lens peak-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.



15 thickness of at |east about 5 nmand no nore than about 70 nm
preferably at |east about 5 nmand no nore than about 50 nm nore

pr ef er ablwoas/olsast about 20 nm and no nore than about 4@®cmmSoFhw2roati ng
conposition nay be applied to the nolding surface by 20 any suitable

met hod including, wthout [imtation, gconpression, swabbing, spray
coating, ink jet printing, aerosolization, nebulization, dip coating, spin
coating, and the |like and conbinations thereof. Preferably, spin coating is

used. Also. pref eqaply, (L BESOAANG Salhl e lidSURLES, fan tacky, prior

to introduction e ar érm ng a 0 nol'd. Drying

maybe 25 car ldved s@ificeusisita thiythatiof b hR1dRE Aethce BUlriieanefgbl y is carried
out at tenperatures up to about the glass transition tenperature ("Tg") of

the nold maiMare preferpblgithe sirfagn trmsionas thmeorbng epveppstiondggrdatasr at i on under a

bl anket of itr ny .t rature up to about..the of the nold

mat eri al . Duﬁ}ahgagglﬁ%e&yb%@ﬂﬁr%eg’%@%ﬁ?féﬁ%?‘ggaégg?er%? tl]f’f‘lboﬂglj%gr other filters
preferabl § agefieseshvhioh it36 apfiaveienGAedsaiet Aeth @Pateg dpplcdnd. WO 03/ 011551
PCT/ US02/ 24022 9 In a spin coating nmethod, the coating conposition

pref er abl y higsperatyrgnwdfost picfeietdy.tthe siréage tangiontof e apptinheompésitiong sur f ace' s
surface energy. r referab t he.surface tensi of the coating
conposi tion %Sm%rreggatn:%cﬁ) eﬁgw%gﬁ%mhaéo%@ﬁégr?%cﬁ]eg%r%\%? ﬁ‘r?é’fmlg*ngt he surface
energy of theymekding 5 surface to which it is applied when neasured at the

coating application tenperature. Mst preferably, the surface tension of
the coating conposition is nore than 8 dynes/cm bel ow that of the surface

th | di face. 10 In.a.preferrged spin coating nethod for
foe T £8Pmi g coltbipreri si Soad o Hris® hL Sl DotblnaR "5 coati ng
of a dry thigknessingfis a2a4s d8pdsR R g oF0dr) MRiOH:Ss & 49BLHs RPartitt f ace of a

mold. If the surface tension of the coating” differs fromthe surface
energy of t h&0 nml ahthymgidnag surfachaha ateddit Ifghabpnfesd ension of the coating

differs from the surface energy of the mold by greater than about 8 dynes/cm
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



when neasured at the coating application tenperature, a suitable spin
profile 15 is at |east about 6,000 and no nore than about 8,000 RPM using
at | east wabow11521 and no nore than about 20 | of coating ecmpse2/2d0en and
spinning for at |east about 3 sec. If the surface tension difference is
| ess than about 8 dynes/cm the nold{ps spun up to at |east about 3,000
and no nore than about 5,000 RPM using at |east about 2 and no nore than
about 10 | of coating 20 conposition and then the nold is spun up to at

| east about 7, 000 %ﬂg 0! s}&%@?ﬂw%&%d&@@?ﬁ%eﬁ% ];nﬁlrag%ﬁeﬁgo%%?t about 3

seconds prior to StoOpping. €exXcess coa accu & he nol d

edges nust bgafepiaPhatlis aafisktire BBMGisifBY hidogd midRehed U sildbnany conveni ent
met hod including, without 25 [imtation, swabbing the excess, renoving the

excess usi ngcard@binghydeigeemonomesoer aogbaratione thergof Ze disaensed axo ther ef er abl vy,
the excess is noyv usd n.atr .jet. ln using the.air-jet, it is
critical tha{noiqs(?rﬁﬂ'?%dlaﬁsQgﬁe%lpgh.o%?li %HO%T%?{SH?Q\““‘B%WB‘ urned on and,
pref erabl g, Whﬁoﬁllfmﬂtaﬁfonphﬁﬁgplﬂl‘ﬂ: Sn&Hes) préRradly Srelad @F vigan about 10 psi.
30 WD 03/011551 PCT/ US02/ 24022 10 In the second step of the nethod of the

i nvention, aecrdgining &lydoyael mgnomers drat alaytbhased wchided withoue conpri sing a
hydr ogel nonpner,. a sijlic - cont ainhi ng hydr ogel nqner., .or conbi nati ons
thereof is d1@68%%1’eé’olyﬁf(8é%ﬁﬁ8nemo}€Vll%)?%% T?O@E]&fﬁmlﬂ?g}drogm nononer s
are known angydrbg} sdaps Rpcsd@ih a'finfBtibadligtdup ShhEiRRE alpb B ERIBT S,
preferably acrylic- or ylglyl - containing.” Hydrogel nononers that nmay be
used i ncl udedoukile bangt Suitehietmaanionrsrs ipolugewitiouy listetign Ipplyethyleasi ng one or

f t i nal I i, t f ti
Tont a ni 10 ° e Bhet Abradie s Yo o Gl R R g i bRt R, S t hout
[imati on, gl fahbloanmabisGhie ehd caipRXtba Silnab oyElausasi e and

et hoxyl ated bi sphenol "A reacted with “one or nore equival ents of an
end- cappi ng getaprybe meikacrgdmephydidsetmhthiacryloyl chloride, vinylbenzoyl

chloride, or the like, to produce 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.



met hacryl ate, nethacrylic anhydride, nethacryloyl chloride, vinylbenzoyl
chloride, or the like, to produce a polyethyl ene pol yol having one or nore
term nal wologoersszabl e ol efi ni ¢ groups bonded to the pol yechyusenztopnl yol 15
t hrough |inking noieties such as carbamate or ester groups. Additional
exanpl es of hydrogel nononers includejqw thout Iimtation, hydrophilic

vi nyl carbonate or vinyl carbamate nononers as disclosed in U S. Patent No.
5,070, 215 and t he hydrophilic oxazol one nononmers 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"

nononers refer torhdfmBRIRE hydeaéidhstontrd fiRd ¥ Pidke HeQilkiong- (- CH=CH2) and are
generally highly reactive. Such hydrophilic vinyl-containing nononers are

known to 25 polkajrieg hydrogd|vaelinl il the swshiiqn maybe giflieg agrype orgrinylic-

"acrylic-containi.n noner s ose noner s. £ont ai ning the acrylic
group: (CHZ g a%ﬂﬂgéﬁ?oﬁlﬁr%{hﬁmg& ‘%P%%‘HO% ) gjl’seﬁ?and whi ch are
known to gol yigd- gc@itmﬁﬁ%%dn&ﬁnﬁa%ﬁiol@ﬁe WitHod Pl thiioH, Natim9Dlacindy; di met hy|
acryl am de ( ), 2- hydroxyeth nethacr | at e HEN%) glycero

nethacrylate&wﬁahwanﬂyBUhyﬂo h%ﬁﬁb@%ymahNd@et bMy@mﬁ#ﬁéﬁ@gb&eol

PCT] Us0z! 240925 sraiae Ko ey B meR el moPdn ] S dhat® ' ne
silicone- CQNh%mnbygomMﬂkqgﬁﬂIﬂggﬁ&ﬁ in the invention nay be either
acrylic- or vinylic- contalnlng and the nononers thensel ves may be

crosslinkers. Useful 5 vinylic-containing nononers include, wthout

limtati N-vi uch as N-vinyl p rol i done P")

Nvi gl - RBet byl ek diaee TR ot B uRSEeddy  - et hy
formam de, afidsdNn¥i dd%lairdsOf IR @R [WiLd-) réﬁ‘ie‘éﬂuﬁ’@’ﬂlm%y rP'r&’efa@P}n%ebc@tamg preferred.
10 Particularly useful silicone-cont al ni'ng hydrogel nononers include

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,



those that contains at least two [-Si-O] repeating units. Preferably, the

total Si and attached 0 are present
an anourwogp®atser t han about 20 wei ght percent,
greater than about 30 wei ght percent of the total
silicone- 15 containing nononer.

nononers are of the followwing of Structure l: 0O\ CCH3lr R51
X-(L)a(CH2) p- Si - (OCS1R52R53R54) q 20 wherein R51 is Hor CH3, gis 1, 2, or 3

and for each - - ' ntly an al kyl or an
aromatic, preé tehraa %/Xyggﬁyﬁ%%%rrrle e}ﬂhﬁ%lﬁ%&@é}ﬁﬁgﬁgﬁényl, or a siloxane chain
conpri si ng fmethadrylexypRRyheyemidthgsiBixyihethilsBanep 25 is 1 to 10,

Xis 0 or NR55, where R55 is H or a al kyl

or 1, and L

10

15

20

25

r

in the silicone-containing nononer in
and nor e ppmafser/adobky

nol ecul ar wei ght of the
Pref€pred silicone-containing hydrogel

= (3-0),

groa;p with 1 to 4 carbons, ais O

msthacylaxypenyipeitakeyldigiloypnaand G -medreyBlyy2- conpri ses from 2
to 5 carbons ich I I | ... conpri se..et her or hydroxyl groups,
for exanple, h%"\%%x %Qnﬂﬁ%yzHﬁo%a{%@s&%ﬁ%?lw&%ﬁ%o'xy@gth%lls%asnebf such nononers
include, sithout limtation, WD 03/011551 PCT/ US02/ 24022 12
met hacr yl oxypropyl bi s(trinmethyl sil oxy)methyl sil ane,

met hacr yl oxypr opyltis inoga predesedd i wielloxgn menhglksl teanimated

met hacr yl oxypr,opyl pent.anet hyl di.si ane, d - met hacr.yl oxy- 2-

hydr oxypr opyﬁ%%@%e@}ygﬁ@%qeg tr&%m% F%G?II a&i@‘ﬁ%ﬁ%‘(}?é‘@ﬁﬁ@" }llgt isS nore
preferred tosgs®uteiinear nono-al kyl term nated pol ydi net hyl sil oxanes
("nmPDVE") such as those shown in the followng Structure I

1}59 1|159 1}59
R58—§i—0-<§i— 02)— SI}i— Rgo

Rso Rso  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,
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
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.

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



R59 R59 R59 R58-Si-O~Si-OSi-R60 1 | tl 10 R59 R59 R59 where b is a

di stribution having a nost frequently occurring b value and that b val ue
is 0 to MWO,03prsferably 8 to 10; R58 is a group contai ni ngca/dsozatoeandi cal
pol ymeri zabl e ethylenically unsaturated noiety, preferably methacrylate, 15
met hacryl am de, styryl, Nvinyl am def3N-vinyl |actanms, vinyl carbonates,

vi nyl carbonates, maleate, or funmarate; each R59 is independently an al kyl,
or aryl group, which may be further substituted with al cohol, am ne,

D" ounar hedmbComahiludk 1 Shd o BA1RE arBlELPEADIN oY Rakdyt t ol 21 KV o

aryl groups, nore pre y net IS an a aryl group,
whi ch may besiRfetmontadning hpdibpélun@dmatd isehil éattals, puatoseare kelsxsg, car boxylic
acid or ether %roups, preferably unsubstituted al kyl or aryl groups,
preferably add:S1Bateny Noae7btHoringpperaied dersibingts atiEaty huyefeisedeude het ero
atons, nore g . e . 25

Addi t i onal s@?ﬁgﬁdgﬁé%hﬁ% %ﬁ%‘ﬁlﬁg‘!"% rll%%ﬁ%e%(@%g%%%%’%%g%&o@?%d with the

si | i cone- Bondihconengninyting genoneraiSiactafe Soueiny fRSsilicoas Hydrbgdl®of or m t he
articles produced by the nmethod of the invention., Any known silicone-
cont ai ni ng h{rBYIHoREHR e hydweyalkylpgnenfirstivgaksilicensrrontagingi ni ng

hyd I ' [ ' Ity tde :Sh 1 -cont ai.ni hyd I
Wb 03/ 01155 PETPEREEAREH O S PHEANY S S4B e FARTHERE B8 0% o m e

articles of dirgyibnvestenod). ThéEprfensd bilieOMec@ihinitnBg dIbediea&l nononers
useful for this purpose are disclosed in U S. Patent No. 6,020,445
i ncor por at edVsEreilkylamine-$unchionsl apgpopiprs eomenrisingea block ef ighdenadi t i onal

sili conemo%gﬁ&h&%fwg%?n%rgjsinw%{@&s conbined with the 5

si |l i cone-contai ni hg non ructure Ito formthe silicone hydrogels
of this invention are the hydroxyal kyl am ne-functional silicone-containing

RN
RIJﬁi—oX?i—o §1—Rg
R;  "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:



nononers disclosed in U S. Patent No. 5,962,548 incorporated hereinin its

entirety by

hydr oxyal Woloawiret f unct i onal

nononer of t
7 15 Struct
nost frequen
0 to 500 and
preferably 2
or aryl grou

reference. The preferred silicone-containing |inear

he follow ng structure: RR R4 R6 Rl Si-OSi-O Si-
ure |1l wherein: where nqiand meach is a distribut
tly occurring n and mval ue, respectively and that

or branched

nononers conprising a bl ock @cTrEnzawe0

~~ ~R3 n Rs
ion having a
n value is

that mvalue is 0O to 500 and (n + m =10 to 500 and nore

trhQ r% ;. R2, R4, R5, R6 20 and R7 are independentl
i may be further substituted with al cohol,

y a al kyl,
ester,

anm ne, ket ongithGiay Rowixb tiat adkesbt ohe 6f RER,, SIdAURSe adtoedifs abStrudansubst it ut ed
| groups; and Rl, R3 and R8 are | ndependently an al kyl, or

aryl group, Wi whemmRepe afdivalang plkyligroup sethed ~(CHb)s- alerak dofioh, 1 est er,

ar hoxvl i cid or _ ether oup, preferably 25 unsubstituted
fd b(ﬁgff %r%x(l}igb(%ggéfng%osf qu?eae\lilgé; g:ot rggen- cont ;i ning structure:
R@anﬁ@lp@e%%deg?%(h%}%gp%l groflp whidhUshHbEfdidem th the

al kyl or ary

am ne, keton
al kyl or ary
SR10 -R9s5N
provi so that

at | east one o are according to St

ructure 1V,

wherei n RO i subgtilgiedarinan altdhpl, égtwismdwtcas, caftEr@)iGacidiogrthes is from1l to
10, preferably,3 49, 8u2n sk sRLELEL D Y 3
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1}12 CI)R14
e

Ri3 Rys

Structure V
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,
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

groups on the monomer comprises polymerizable groups. Riy, Ri3 and Ry

are preferably H.

In alternative embodiments, the silicone-containing hydrogel
mixtures useful in this invention, composed of the silicone-containing
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.



5 Ro and Rl11 are independently H a alkyl or aryl group which maybe
further substituted with an alcohol, ester, am ne, ketone, carboxylic acid
or et her wgretpssor has the foll ow ng structure: R12 ORL4PCIETSE/RDE2 R13
R15 Structure V 10 where R14, is H, or a polynerizable group conprising
acryloyl, nethacryloyl, styryl, vinyl§ allyl or N-vinyl |lactam preferably
H or nethacryloyl; RL6 is either H a alkyl or aryl group which can be
further substituted with al cohol, ester, am ne, ketone, carboxylic acid or

et her groups, or rhiﬁ:im | LS| r >, nethacryl ate,
styryl, 15 vinyl ,Tg? %k&%rﬁ v%@f%@?ﬁlf%pﬁ%?ﬁg@g%ﬁ% Sg{c%? substituted
with an al cofwittaining hydiogelanyonies oRh{y, inRkdioanchykitaeeactylidependent |y H, an

al kyl or aryl, which  can be further substituted with alcohol, ester,
am ne, ket ondnvkegnipinipg; Suchopenoragers gapdherpsebies de usnd reposshigkivd 5, or R15 and

R13 can be b dfﬁgglgg.- 19 [ﬂ]? ri t re.. Wih the proviso that

at | east sorr%% gﬁ't e .hglﬁc‘fl{ljﬁé; OF%E gr0 %ﬁ%g%ghé{%%’ br?olﬁ%or%cr)ra{begrrpri ses

pol ymer i z&abl iatgthesiikondechtaifthg haabghl of tlarReeneieédidh)indtudd n al ternative

enbodi nents, the silicone-containi n% hydrogel ~m xtures useful in this

i nvention, cHApYBed sBeh asEvETYl lasrs (e nNYPh Ny ipd-Npgihabedetamidemer s of

either or b St ) iU Id_al s ' ntai n_hydrophilic

MoNoners. Tﬁ@%@%}%’%w ?Cgtannﬁﬁg nl\g&{snglgiﬁ#‘lgtg%laflf’marﬂ@ggﬁ %ér&ﬁ?%’é“a&ﬂ?ze’of t he known

hydr ophi | i ¢ ®iIROIRER Beitig pfelrrddn meki ng hydrogel s. WO 03/ 011551

PCT/ US02/ 24022 15 The preferred hydrophilic nononers used to nake the

silicone- containing hydrogel nmononers of this invention may be either

S Trifny V! bR R RS Ao R TR QAT 62 oIy L STRE I RAE USed 25
include polyoxyethylene polyols having one or more of the terminal hydroxyl

groups replaced with a functional group containing a polymerizable double
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,



agents. Hydrophilic vinyl-containing nononers that may be incorporated 5
into the silicone-containing hydrogels of the present invention include
nononer s WOooR/0assSN- vi nyl lactanms (e.g. NVP), N-vinyl-N neroylusazatwar de,
N-vinyl -N-ethyl acetam de, N-vinyl-N-ethyl formam de, N vinyl formam de,
with NVP being preferred. 10 O her hy@ ophilic nononers that can be

enpl oyed in the invention include polyoxyethyl ene pol yols having one or
nore of the term nal hydroxyl groups replaced with a functional group

ol yool | ot naxubiEiegbot Fanfuftau e e READLIR b BRERREIIR' ) T0C, o

W th one or ®IAEH e 1R6Hp¥ebeit S of 15 an end- cappi ng group such as
i socyanat oet hyl nethacrylate ("IEM), nethacrylic anhydride, nethacryl oyl

chl oride, vinylbenzoyl chloride, or the 1like, to produce a polyethyl ene

ol ol having ongygr, 0L & LNl v BOLYTEI 0 30l R0PSLL i Bpups bonded to

t he pol yet hyl ene SeOR TR s Carbamat e or

ester grospsfong thedydkdgel yféih&rne%ﬁﬁnﬁxg,ﬁ?yﬁl%%gal Renbier apkiutdsasefiny! carbonat e

or vinyl carbanmatée nononers disclose 1 U S. Patents No. 5,070,215, and
t he hydr ophilthis inyeatiol webidauiomepkt ehsodiiegmdnemens, SactPgttetiss No.

4,910, 277, both references | rporated. herein in their entireties by
reference. dlﬁt@?ntﬁsmgﬁlﬁ %ﬁ'&ﬂ@ﬁ?%ﬂfﬁc?sélq%%ﬁ@é a5 fqlyasy ae¢ pparent to one
skilled in thatias heentahaRRS RAEEH thy HaoRH hixgu@DNOMErs which may be
incorporated into the polyner of the present invention include hydrophilic

nononmers such as. N, N- d| nmet hyl acryl am de ("DMA"), 2-hydroxyet hyl
e 8 20 G b S Y B U ot o
gg?”ﬁf’ 2?;[— %’%lgt?oﬁe-cﬂﬁttaﬁﬁ% WdrSeA eloRloRBImBGH! 14T iRfiforldoimay A bei ng the

used in the coating composition, 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



O her nononers that can be present in the reaction mxture used to 5 form
t he hydrogel or silicone-containing hydrogel nononmer m xtures useful in

t hi s i nvewoiosm1isac] ude ul tra-vi ol et absorbi ng nononers, reaTtisvE2402Nt S,

pi gnents, and the |ike. Additional processing aids such as rel ease agents
or wetting agents can al so be added 1P the reaction m xture. 10 A
polyneri zation initiator preferably is included with the hydrogel or
silicone-containing hydrogel nonomer mxture. An initiator also may be
used in the ﬁﬁgtiﬁuggbecl%g)cﬁgﬂ %ﬁo%'&n%ﬂate's ?n&gllefe%b?%ﬁrl%ﬁC!hanqb%u{:@?t Ing

conposi tion and nononer mxture initirators my be e sane or different.
The polynerigation initiators used nay be visible light, thermal, an 15
ultraviolet initiators, or the like, or a conbination thereof. These
initiators are well known in the art and commercially avail able. The
initiator may be T]'[TIeS Siltin| %fi&f?itoﬁélyi's%% ed oﬁI Jlr?cfé{ &yn%itmgpﬁéolg\’girch IS an
anount sufficient 1o TRt ACe Phe polymeri'zatron reaction desired.

General | y5 akgitlg the doatdd 2zl to Be foped.S Shiyabedoaitiops il @8papdrons: of the
hydrogel or silicone hydrogel will be 20 used. The nmononer mxture is

di spensed i newnbdief @@mrwcgﬁm, witheut lpidatinge [thermeynt padhee ©bficai ni ng

hydr ogel nononer m xture may, be di spensed i.nto th | d. or | d hal f by
any conveni e%cf%%ﬂ%ﬁ%p?sﬁt&qnua&%ﬁﬁ?no\ﬂl TR ezgsefii t%etaﬁt C?eotwe%%né?({’?ng,

di spensi ng ViRl $¢HaN8E 1.eRYIEB18 Ui Gt Ikl 6f Bk @GreQsed. "HIM@teii@ionand the |ike
and conbinations thereof. In thée next step of the invention, the hydrogel
or si | i cone- efohe arenisagonjidensgequiredrroereithim the ehibtyiof one grdivarilyr pol yneri zed
to form co§t@d a&%%c e. Dwnell time, or the elapsed tinme fromwhich the
monomer o xt Hreeq @ ensed into the nold until 30 curing comences is
critical because the coating conposition is soluble in the hydrogel and
silicone-containing hydrogel nononmer m xtures. Dwell WD 03/011551

PCT/ US02/ 24022 1Qutingwef theistonpeet mbgutetnaay kevoijiated usingihes and preferably is

less than abgplf)trop4r15ate 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.



secs. The curing additionally is carried out under conditions suitable for
5 curing the coated article to be fornmed. Suitable conditions wll depend
on a numwero3piisfactors including, without limtation, thecCamsant4oand type
of the <coating conposition and nononer m xture used, the article to be
formed, and the nature, i.e., visiblgglight or heat, of the cure used. The
determ nation of the precise conditions required are within the ability of
one ordinarily 10 skilled in the art. Curing of the nononer m xture may be

it Fated usi gt g ARPHORLE AL SR0LolIERE) R ROl Lravi of e

i ght, or other neans an is carri e presence of a

pol ymer i zat i @ituenbiidedab aiake HRMlenskndapnictailityedharaetepigticktorany rdstimapr ef err ed
initiator is a 1:1 blend of 1 hydroxycycl ohexyl phenyl ketone and bi s(2,

6- di met hoxy bémppdymgrized napnomers; tierselvei ipdindlylusethimep he preorgrnigdiqaidd t he

preferred nme d I rization jnitiation is.visihle |light. For sone
nonomner reacéulrégﬁs %15?{9?01% %lgﬁlla?ozli ISO%P B?Heo?’rr%]&%urf%&lg{ﬁpg of %beq}kga@i on m xtures at
t enper at us esmslting@iflovie 3PAVER: 101 BgARiclIRIRE v vater, ToBdGW&SHh25- 90C, so as to
prevent phase separation of the <conmponents. In a particularly preferred

enbodi nent f evragoen with puensateoodiisiclegicaltshkng) éaprodaee aydroged of s precur ed
at about 45 C.foall O\ﬁgd @I% t hr ug‘p-curti ng at about 70 C. 25 The resulting
article will® (‘éonc%]é’ §° P%SV%‘H 1 dgjt‘f’?‘@r'conposi tion coated onto the

nmol di ng surface of the nold. After curing of the nononmer m xture and
coating conposition, the resulting article may be treated with a solvent
to remove any di | neprefesied embodiment, asdeonefontamirghydogsblepoisent s, and

hydr at .to formthe h | t act es, th | t
35 used 1y BT b e icmall anielt BlROE SRS cal sal i ne
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solubility characteristics of the
and hydrophilic monomers. This technique affords a high level of control of

the structure of the ultimate product.

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



di l uent used to make the lens and the solubility characteristics of any
resi dual unpolynerized nononers, the solvent initially used may be an
organi ¢ IwQuws@11ssuch as et hanol, methanol, isopropanol, nmPxrarsey24oker eof ,
or the like, or a 5 mxture of one or nore such organic liquids with water,
followed by extraction with pure wateg (or physiological saline) to
produce a hydrogel or silicone hydrogel lens swollen with water. In a
preferred enbodi nent, a silicone-containing hydrogel lens is 10 made by

di spensing into.the nol.d or.nold. hal f, and._.subse ntly curing, a nmacroner
with a react figH IQ?B?QKV%ﬁFmihgpdﬁﬁﬂgpFﬂ%Gﬁ@f@%ﬂ#§Wﬁ?ﬁée fbrers  and
hydrophilic Wo&prﬁﬁigﬁoré&&ﬂﬁhrﬂ%oﬁfdfrﬁétgﬁlsﬁoﬂng'Qpﬂe?éf@dlypf control of

the structure of the ultimte product.” 15 e macroners nay be, and
preferably am@DM8)enbiydropiiliaimogomemn (neth)acrylate and a silicone in

t he presence of a G oup Transfer Polynerization ("GIP") catal yst. These
macroners typically conprise copolyners of various nononers. They may be

formed ingsuch a pRYetdadhacrbier CRRAES iR tggid)8L i n distinct blocks,
or in a generally random 20 di stribution. These macroners may furthernore

be |inear, bmathebiythxypropsitas(trirméthypeitbxyBilanc(dRIST); methyt es are forned for

i nstance if pol ynetha | at es, ,or _crosslinkabl e noners. such as

3-(trinethyl E&eﬁha%yg%?’mmcmﬁhm@o g%fé, %HXII mabacyidte RiYhacr omer .

Initiators, i oo 4. T 1 sts that can be used
&%@3& hile, gﬂ%@tﬁ!&%&,ﬁyﬂ MR Fate 218y dro Ry bt

to make GIP po as for exanple 25 described in
" & oup- Tr ansfethaBylaymde hzdimicthatryby acl. Wit i8\&leatreore preferr&hthptthepedi a of

et ol rehpsaiRa S ot s R E el cr. "
ese pol'yne i ons.

Hydr oxyl - f ungty eRg bt HEMM j d as their
trimet hyl si Igl%lge taér’s, ﬁ%ﬁrﬁggﬁ'ym S Qtsgﬁ%(g??nﬂﬂrhg@ﬂ%% %r?oxyl group
after pol ynmemadafromm reefidnahixeurs cohprising, lcbhsisting eassgiatly of, omacr omers with

gg—?—} [ng)z;)\zliggorzrlgllsggg lota arlbo\{\ll% i1 8.qtm(§jliess ct)fr tilel? ‘g'itnile(%}rllylgi?yq etrL%? 81%5—31\/\1,/:8 a glllt011551
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



19 distribution on the chains. This macronmer is then reacted with a
reaction mxture conprising predom nantly pol ydi net hyl si | oxane

(pref erabwg,03/0nBBMS) , and hydrophilic nononers. 5 PreferredTrsor/ower
conmponents include nPDMS, 3- nethacryl oxypropyltris(trinethylsiloxy)silane
("TRIS"), methyl nethacrylate, HEMA 2(PMA, nethacrylonitrile, ethyl

net hacryl ate, butyl nethacrylate, 2-hydroxypropyl-1-nethacryl ate,

2- hydroxyet hyl net hacryl am de and nmethacrylic acid. It is even nore

preferred that,the 10 nacroner..is froma reaction mxture conprising
FEvm, ot hyl PRt piear b9 riied e oo G B ot ea et
Macromer is SPBARohsREhRIYIBRE ten@haldgolyEmeBPilogAitd and BRGLSHIIiH Y

essentially of, or consisting of about 19.1 noles of the trinethylsilyl
et her of HEMAonedenstogethes wiihl neigonamaenth of addiiviss end plateiniteberst Itis 9 nol es of

TRI'S, and about 3.3 1 f - et h | | tergnated
nono- bﬁ? yl at &%Fﬁ R eéfag ﬂ%ﬂ@myﬁ%ﬁ&rz& %&%ﬁgggﬁ@r%&g%lﬁrp @ﬁ{S@dg gyer eacting
t he af or egentioaH@ethadFibey tedmindtddhaiBrbthdl Q10¥BheE TRIST DVPA eHPIA

3-isopropenyl - (err), (err)-dinmethyl benzyl " i socyanate using di butyl tin
di | aur at e asaml tetecthytertegly2ol divefhaondate CTEADVAY). hly iy mgslpsefeaed be nmade by

ti bl epd . h ddi ti h LTV
24119 b1 SRl 85 % st PRRSHL M B DERu RS B, 25, LTV
The reacti ve,s GOBRGRERESohe IIRSFeiBhiRRdR doribiAlohY ma¥RId: $&oft COMbi nat i on

of hydrophobic sSilicone with hydrophilic conponents. Because these
conponent s at¥onfandn.12 honpmetreitylaxysemsoated pdlydihethryl dilffape €aboss i n

Pycr ophodPo. 2170 S R bl SRRt MA TRBRERE, Sspecially those
Compat  bi 11 20 e F o e DO ol e ] That “ar e
i ncor por at edbalmdelemPfisihg nehorapamnitoer adilitives gnd phoassitiatoes)dad thepi cal | y al so
contain dil ut Igtrgac%ign Isuc%%(ri]l?crted in the presence of 20%wt dimethyl-3-octanol
diluent.
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.



conpatibilize and solubilize all conponents. Preferably, the silicone based
WO 03/011551 PCT/ US02/ 24022 20 hydrogels are nmade by reacting the

fol | owi ngwomaomsst m X: macromner; an Si 8- 10 nononet hacryl exy/user/moant ed

pol ydi met hyl sil oxane; and hydrophilic nononers together with m nor
amounts of additives and photoinitiatp{s. It is nore preferred that the
hydr ogel s are nmade by reacting macroner; an Si8-10 5 nononet hacryl oxy

term nat ed pol ydi net hyl siloxane; TRI'S; DVA;, HEMA;, and tetraethyl enegl ycol
di rethacrylate ("TEGDVA"). It is nost preferred that the hydrogels are
made fromthe reaction of (all ampbunts are cal culated as weight percent of

the total weight BfapRereaEbnbibiiondf FBGHRBPoA&RsAt ledkBIBoutan Si 8- 10
nononet hacryl oxy term nated pol ydi met hyl sil oxane (about 10 28%; TRIS

(about 149%) ; arEivio atsothen 389 60, HENR prefbiably 5 dkest abbaDendatsonere1%
| i | | i " < P" b 50 . H t h t h . b I . . .
Coount o of s RO RSO HEabe bt e b = MBS acei on e "

conduct edsi NedRfincesavERr, A 148%Mou 0 Bid N mSreaBiaRlt seHvkigant . 15 The
preferred range of the conbi ned silicone-containing nononmer of Structure |

and addi t i onpércgitiof therreactive cermpdnegtsie sibinenesconitdinipg exmamet af t he reacti on

m xture, is at |l east gbout 5 apout 10 Lght percent, nore preferably
at | east abogftmcf © n%ﬁ%y‘?m%}(??ﬁﬁn%%ﬁt%é%\g@\g?rﬁ Oﬁgt}ecrgﬁc_tn,veand 20 nost
preferably aéorhﬁ&x%hts%@ﬁ’ﬁ&dré?ﬂﬁ@%oﬂ@m_@ﬂ"n?or_& BRferahl9 WMROatBi @ AboRer cent  of
the reactive conponents in the reaction mXxture. The preferred range of
opt i onal hydabeyih D!l andmomaere thanfabpuicls@percemt of e rmbative compemdntoig ai s at | east

about 5 d nore.t han about.. i ght . percent, r referably at |east
2bout 20 ndUNcPtbr P Ran  aBHE T s R REE b TR0 K56 Hofer or abl y

25 | east aboghn 200@nd Wgﬁ@é&eﬁthﬁ@h@i%@iﬁea@ﬁoﬂ‘ﬁ*ﬁﬂﬁ%e iPQEé‘c‘%ﬂHa@fort he reactive
conponents in the reaction m xture. The preferred range of diluent is from

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



about O to no nore than about 70 wei ght percent, nore preferably about 0 to
no nore than about 50 wei ght percent, and nost preferably about 0 to no
nore t harwabouot11580 wei ght percent of the total reaction mpcTorse224bbe anount
30 of diluent required varies depending on the nature and rel ative anmounts
of the reactive conponents. WO 03/012%51 PCT/ US02/ 24022 21 In a preferred
conbi nation of reactive conponents at |east about 10 and no nore than
about 60, nore preferably at | east about 15 and no nore than about 50

wei ght per ceﬁjﬂ\% t he Qﬁ@%kzg?ﬁqﬁmﬂ%%%é is silicone 5 containing nononer,

at | east about and no" nor an a 50 weight percent of the reactive
conponents i®/Asiliconeisopiopaiodi ng nononmer of Structure |, at |east about
10 and no nore than 50 percent of the reactive conponents is a hydrophilic
nmonomer, nor'8 NP er abmpnewpthacylogmyepyldersinatedpelydingthylsilodanto mor e t han

bout 1.0 ft ) j tS i f bl
isi bl o 1 G ORRtS ve phot oR Y BNy pbieod Ea Rabor o than about 20

wei ght pebcent of the balzafriaggacti on m xture is a secondary or tertiary
al cohol diluent, nore preferably a tertiary alcohol. Mdld materials useful
in the i nvel®YBn are tPUJE&-vingtpyardidongleacti ve to 15 the coating

corrposition@hné one 1 sed. Preferably nold naterials are
pol yol ef i ns, su](::)gm}gs p%frgg%;%ﬁ%%gﬁ%le?ﬁg&%lﬁgw&ﬁﬁtfc pol yoel fins, such as those

avai | abl e unmBACB e t r edghayRmaiAShahichiordb@zédtventi on may be further
clarified by a consideration of the 20 followi ng, non-limting exanples.
Exam | anes | H¥he exanistralyydrafmant ol | owi ng abbrevi ati ons are used: Bl ue- HEMA

pr oduct t base- promot ed di.spl acenent of .one chloride of 25 Reactive
Bl ue # 4P(§iye hydr ox 'é*ﬂmpe%toﬁ%%??%@?%soimtelz 1 (wt) blend of
1-hydroxycyctrisexyl pheméethakSiRSBrdPfis (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



bi s(2, 6-di met hoxybenzoyl)-2, 4, 4-tri met hyl pentyl phosphi ne oxi de DVA

N, N- di net hyl acryl am de 30 DOE- 120 pol yet hyl ene gl ycol 120 net hyl gl ucose

di ol eat e whtoGsiiEsthanol WO 03/ 011551 PCT/ US02/ 24022 22 HEWATAsShy2ioexyet hyl
met hacryl ate | PA isopropanol nPDVS nononet hacryl oxypropyl term nated

pol ydi met hyl si | oxane Norbl oc 2-(2'-h¥8lr oxy-5- et hacryl yl oxyet hyl phenyl ) - 2H
5 benzotriazole PVP poly(Nvinyl pyrrolidone) TEGMNA tetraethyl eneglycol
di methacryl ate TBACB tetrabutyl ammoni um m chl orobenzoate THE
tetrahydr of ugancA® Mo SARLRRERYICHULLE b5 {CFe)s flfRathenzy! | socyanat e
TRI'S 3-net hacryl oxypropyltris (trimethyl 5| oxy ane anple 1 A

pr edomi nant | solysmits/wBlerligt e Whilerteyend yeenddet unﬁB?@ll}/ﬁpdﬂtEMA O}‘ n a 70t:h 2
4 was made usin oup Transfe meri zation an unctionalized w
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g bi s(dinet h?}?lasﬁ% %g?é%tlﬁyrm%éﬁg g%% d}ba-tlgjgtl?(gl%%%{%ﬁ% ?d% g (0.1 noles)
2-trinmethyl sneﬂoxqcbatﬂyﬁ°QG’01n33hdsmr"ylhea1tewIWﬁgeolﬁﬁ@d gasdallowed tdicyol t hr ee- necked
flask under nitro g 0. 025 m)leWi)l Met hyl tri met hyl si | yl

di met hyl ket effd V&S %HﬁlXEF ﬂ&%%o“ BgTPREe apd theplentvasoreteiof ng. The
reaction msu@g}gmqn;taq 694%0’@ an exothermal peak and then to cool to 24C
The sol ution was dil ut eé h 82g THE and

Two coating formulations were made by dissolving the pre-polymer

10  into IPA at 25 weight percent based on the total weight of the solution, along
with 0.1 weight percent of DOE-120 surfactant. The coatings 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



173.5 g (1.75 noles) DVA was fed through a 100 nL syringe over a two 25
hour period. The exothernal increase was controlled to bel ow 55 C by

reduci ng wbasfersd rate of DMA and cooling the flask w th ipcg/usédgioe: onal
TBACB (1M solution in THF, 0.94 nmL, 0.00094 noles) diluted with 9 nL of
THE was fed slowy during the reactigy 160 g dry THE were added to the
solution 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 reaction
time. The WD 03/011551 PCT/ US02/ 24022 23 quenched sol ution was allowed to
reflux at 65 C for 5 hours and then solvents were distilled off while

t ol uene was added until the vapor tenperature reached 110.3 C. To the

tol uene solution was added a m xture of 15.19 (0.08 noles) TM and 0.98 g
di butyl tin dilaurate and the m xture 5 refluxed at 115 C for 3 hours. The
resulting solution was allowed to cgﬁtfle and was t hen flltered t hrough a
menbr ane and the sof vent—evapor ated offf unaelw‘\@ﬁyp@c Lt S0-45 G Two
coating forjmul ati ons were made by di ssol ving the pre-polynmer 10 into |PA
at 25 wei ght percent baseehedn the total weight of 18he solution, @along wth
0.1 weight percent of DOE- 120 surfactant. The coatings ga_g_h_wgr_e appl i ed
to the nol djng surfacesTlﬂ\S conpl ement ary ol d hal {#240f l'ens nolds nmade of
TOPAS(r) 5013: r-\ppl c& the—coattng—was—by ressionm—nol di ng of
approximately 3 of cpamiAng solutionjonto the rmn;?zg surface 15 with a
silicone pad: For theppoeNis curve nol ding surfacepgiihe pad was [orought
into contact_with the coating, droppe onto the nolding surface,
conpressed for approNORBEDY 0.5 sec., held for 12sHc., and rel eased over a
period of proximately 2 sec—For—the back—eurve—no di rg—surface, the pad

was dr opped onto t he Q@Idﬁﬁ@, surface, |conpressed 3P rel eased over a 20
period of ajp‘prcm—na‘t‘efgmsec The goating was gri£d ar room tenperature

|

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-



for 30 nein. Mean dry coating thicknesses were estimated to vary between 1
and 2 m based on thickness neasurenents on flat TOPAS surfaces using

At om ¢ FowoesMissoscopy ("AFM'). 25 Lenses were cast usi n@Crrusompiods by

di spensing into the nolds a silicone hydrogel lens nmaterial of the
followi ng formul ati on: 30 WD 03/ 011536 PCT/ US02/ 24022 24 Table 1 Wi ght
Percent Macroner 18.95 TRIS 14.74 DMA 27.37 MPDMS 29.47 NORBLOC 2. 11
Cd 1850 1.05 TEGDVA 1.05 HEMA 5.26 5 100 parts of the above listed
formul ati on ): | ol =3z di | uent.
Macr omer Pr et\ggl{regp}lj%lﬁgg6%%&%%8%?&%%%?%%%% d h ﬂllsv g% hpﬁagqﬁl?%ﬁg@ under

ni trogen at thebdaetidn vdsssip@hataactomeas alttoed t30x&then( ©. dpproximbielyof

bi s(di met hyl am no) net hild silane, a solution of 13,7 !YI sol ution of

| 5. a
TBACB (386. 00% Crazidcthen 30 mboba f0dvpolnfipy of B-4g TR AGH Bﬁrg{ H@éloiL ®F p- xyl ene,
154.28 g (1. ' e | ative to 15
initiator), ?@%ﬁ@ e{%@%@éﬁ%ﬁ%&@ﬂ%ﬁeﬁ%&d&%éﬁ%@ glé' hlg‘/lrtérrrt%fg hacrylate (8.5
equi val ens s tembattweof @adtivntreathed B0 &0 dnd 88ty KeFan, Glsodmtion off THE To a
467.56 g (2.311 mol) 2~(trimethylsiloxy)ethyl methacrylate (2.1 equivalents
relative to the initiator), 3636.6. g (3.463 mol) n-butyl

monomethacryloxypropyl-polydimethylsiloxane (3.2 equivalents relative to
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



dry, three-necked, round-bottoned flask equi pped with a thernocouple and
condenser, all connected to a nitrogen source, was charged the above

m xture Woeparedlin the dry box. 20 The reaction m xturepraagSoupioerl to 15
Cwhile stirring and purging wth nitrogen. After the solution reaches 15
C, 191.75 g (1.100 nmol) of 1 WO 03/028551 PCT/ US02/ 24022 25

trimet hyl sil oxy-1-nmet hoxy-2-net hyl propene (1 equivalent) was injected into
the reaction vessel. The reaction was allowed to exothern1to approxi mat el y
62 C and then m , of. a 4 pBaCEr bo-3dl nl of dry
THE was net e‘yae%ﬂfeﬁeq%doue USI g%{I Hégé‘gﬁng?%d%&w%%%ﬁaeﬁfeactl on. After the 5
tenperat ure p§ reaction reached 30 C and the netering began, a solution of
467.56 g (2.311 nol) 2-(trimethylsiloxy)ethyl nethacrylate (2.1 equival ents
relative to the initiator), 3636.6. g (3.463 nol) n-butyl

nmonomnet hacr yl oxypgopyl - pal ydi ]$§? I s relative to
the initiator), %@%ﬁ%ﬁ%%@ﬁ%dﬁ&& @Eﬁ&@%ﬁ’%g@éﬁ?}s relative to the
10 initi a orgyn ARG ARyB 0l S(4h WRithy vaitno: sty gt ldameldds added. The

m xture was aPIomed to exothermto approximately 38-42 C and then allowed

to cool to 36acBed Asing hAA % Pre amhe@daanquontodfesh(ooetq;bl(féergdieah@ﬁ|)

bi s(di et hyl a no) th ane,..154.26 et h t hacryl ate
15 (1.4 equi%’g 1Rt é‘%“ét%l {?‘ée"fléhstpﬁ’é“?%fht%ﬁ Sd’rl%e ﬂg“% gig 9.352 ol ) 2
trimethylsi 'tﬁéﬁhuﬁfo'ﬂyaftﬁé%ﬁ@%&meaiv@emt%né PAUKAhBNE SimBbsihiatle to the
initiator) was added and the m xture again allowed to exothermto

appr oxi matelqaseho C. The reaction tenperature dropped to approximately 30 C
and 2 ga4 ons of THE were added to decrease the viscosity. A solution of
439.69 ¢ ter, 20 740.6 g methanol and 8.8 g (0.068 nol) dichloroacetic

aci d was added angg W@caﬁﬂl’?&tx’v’ﬁseméﬁfﬂéd)iﬁﬂlgfd%atﬂlcioﬁﬁw dngl@agde- bl ock the
protecting groups on th HEMA. Vol atil es were then renoved and tol uene
added to ai dfoilows.eRive a:hmpi{es of each 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



the water until a vapor tenperature of 110 C was reached. 25 The reaction
flask was mai ntai ned at approximately 110 C and a solution of 443 g (2.201
nol) TM wod3s185g (0.010 nol) dibutyltin dilaurate werePatdsd2240be

m xture was reacted until the isocyanate peak was gone by IR The toluene
was evapor ated under reduced pressure@mo yield an off- white, anhydrous,
waxy reactive nononer. The nmacronmer was placed into 30 acetone at a wei ght
basis of approximately 2:1 acetone to nacroner. After 24 hrs, water was
added to precipitate 011551

pCT) Usoa) 2a0ss miBbfetbs M ERELRNRY: FarehaRedSY SR I B0 e tueen 45
and 60 C f ortheBridlre Wispladddambiensnitragear dnalrom@sntcind ednsfarrédie arol ds usi ng
visible light for 5 approximately 30 mn. at 45 C after which the |enses
wer e denol deuystalligiag H&Ei andicagerabpitharmich glay. ShemuKBEVAREPorsksh

bor at e- buffered.sal. n | Ut | e ' j the | ens
material i n'?t8 i eb@nﬁ?hiﬁ@%#@@%ﬁ@gﬁ%&é%ﬁg f%@g?ﬁ?rﬂ?%e dwel | time,
was | ess 4 hap Jad hdpthe poliythedibdtionGas @ermiddled By Sxpeingali dyisteyh toas nmeasur ed

usi ng dynam c contact angle as follows. Five sanples of each |ens type
wer e preparexygsn.cutting out a center strip approximately 5 mmin wdth
and equilibrating the strip in borate- buffered saline solution for nore
than 30 min. Contact angles of the strips 15 were determ ned using a Cahn
DCA- 315 mi cr 0- bal ARiCRsul RS Pol§REP s d;y@apimy@bgadﬂmnfg thenhomned withuf f er ed
saline and the cycles were averaged to obtain_ the advancing and receding
cont act angllexafiesr Fetbbr preifisatiorhwascesitiescqut By glissalvingrthe pelymer Bhses were t hen

aver aged1 (5 © a%g%o%{a re]m& peei\prrég%ﬂat%gg%l Cflex%plgsl. eHIeoa{ce{[oplg/he)?a%%s se%gence

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 advanci ng contact angles for the |lenses fromthe coated nolds were 65
4. The advanci ng contact angle for the uncoated control was 99 8. This
denonst r awe3h#s1 t he nol d transfer coating dranmatical ly iPEpruseB2io21 he
wettability of the silicone hydrogel |enses. 25 Exanples 2 - 5 Random
copol yners of DVA and HEMA (n = 272 fpg DVA and n = 23 for HEMA) were
prepared using free-radical polynerization as follows. HEMA (300 ng, 2.31
mol e), DVA (29.7 g, 300 mole), and 100 ng CA 30 1850 were dissolved in

120 nL of 3-nethy - R Th ] r ghly by
evacuating for 10JT¥l %s@ﬁ@ﬁ% ﬁ]ft%rFﬁ?%@%@%ﬁ%’é@éig&%‘;@%ﬁﬁgﬁiwﬂ

PCT/ US02/ 2408fstire2d hekires NiThe 86leents WoR ®RvAtehdddt8é ptodatngadmaific@peated 3 to
4 times and then the mxture was placed under a nitrogen environnent and

transferred bwdigsoleingétialisapronyd aesitae felirweddueihe addition oahgkinen gl ass. The

m xture was osed to visihle.ld Phi,l Lips TL20. W.03T .bul bs, for a
period of ap ﬁé;%ﬁ C%Wys Ya%leﬁrvggln%gs buianr{“ ?#}%GXS ffsyar?érd?lfé\:uilgﬁom s term nated
by exposi Bg tnposyst emther p@ificgesh wlﬁ%qlﬁi@&mlieitﬂﬂidlﬁ?ﬂ BRha0RgicPr eci pi t at ed
by diluting the mxture with hexanes. Further purification was carried out
by di ssol vi ngrid hentpal yiireproduct wes disselvedan aerionee fgdlosvddgivt ati ng wi t h hexanes.
The acet one/ hexanes segquence was repeated and the white polyner was washed
t hor oughl y V\P]ielelpﬂ%g’(%lésé geg?ﬁn%ﬁi ed on a rotary evaporator with the product
being cut into several small pieces prior to conpletion of drying. The
yield was 27.0 g (90 %9 of a white, foamlike product. 15 A portion of the
above product wasAderiingformatitias of 2¢ wirperperd PIIMASTENGY prefl 9.hevif ol | owi ng

procedur 0 Apér@ern% DAES 58 ‘ijﬂ A0 Wrrps' apprh%H f'l[g Ttaﬁi&§ 55 fj3 rfnlo?dss iéls in Example
1. Dry coating thickness was greater than 1 pm 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



was heat dried under vacuum placed under nitrogen and charged with 10 niL
THF. Pyridine, 5 nL, was added to the flask, followed by 645 ng (7.5 20
mrol e) newbaaswyisst aci d. The system was cool ed to bel ow 5PCrarsd2/140826 g (9
mol e) net hanesul fonyl chloride was added to the solution in a drop-w se
fashion over a period of 5 to 10 m n. 2%he m xture was stirred for an
additional 10 mn while allowing it to warmto roomtenperature. 25 A 250
m., three-necked flask was charged with 9 g HEMN DMA copol ymer and 9 ngy

phenot hi azi ne. Th%{’ﬁfyﬁﬁmx\@ﬁi&%g edev\éjutagg%Ig%fﬁg%s,iaga%@gitﬁ . of THE was

added to dissol ve e conpoun e m xe e soluti‘on was added to

the flask Vi ghacsatingd9Rrepiepdrb&by easisingn sohitich Wf EIBMA, BlierHEMAQVer ni ght  at
anbi ent tenperature. 30 WO 03/011551 PCI/ US02/ 24022 28 The sol ution was

filtered threugRGASURBEY igleshydeneighysel tojlpwantepatyiisiblstlighti r r ed hexanes.

The sol vents .e the pr rd.fi issolving it
in isopropyl Pﬁﬁ@sawmﬁgs’ﬁlfl ﬁgﬁ%%ﬁﬁelg\%%gg% %%égﬂgg%uﬁyhe pol ynmer was
washed Wi 5 Zh¥ pdmieks Werehiapesfi@ntduebivs %ﬂk-ﬂﬂ@fdll@mﬂ)by&e%t@lpor at or.

Further purification was required due to the high nethacrylic acid

content. The apreotsiwashes $o timsaye|wEgcicd campenrsits; Pplymesmededer preci pitation

usi ng hexanes. .A.c ing fo lat i of 20 erce PI}/I%{ and 0.1 wt
10 percent D&l%&?ﬁs &“&E@*é@%?‘%@“{i gouﬁégﬁﬁggéﬁﬁ&&n%‘? S 5&:;%? Exanpl e 1.
Dry coating tcbétﬁllggfé%ﬁnéi@ﬁﬂﬂﬂh@_@élﬁrmétél@dﬂ ol ERarasle Teas poI§dTRVIANGM60Bot h - the
native pol yner and functionalized g‘g th methacryl ate) were exam ned as

coatings. LekbedWeweilshiefomsAldgch kbemidal Compayy tiad gedcessErlty wat er i al of
Aidi 1 onaly 55 Baeite Conlite Y BlebRER AT ER ) PR ORT b noe.  Tab e 2
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



Exanpl e Met hacryl ate Dwel |l Tinme Advancing Capping Contact Angle ( 2 Yes
15 mn. 87 3 Yes 2.5 min. 58 4 Yes 45 sec. 62 5 No 45 sec. 82 The
results owomnsirsat e t hat acceptable wettability, or an advemaisnz2eent act
20 angle less than 90, can be obtained with or without the nethacryl ate
group. Further, the results show thaQ contact angle is dependent on dwel |l
time, tines of less than 2.5 mn. producing the nost wettabl e |ens.
Exanples 6 - 9 WD 03/011551 PCT/ US02/ 24022 29 Pol y- HEMA coati ngs were

eval uated for_efficac tabid Ly 1T i ared by
exposing a sr8f1§tﬂe§)snw%¥d%%%ll\,ggEeﬁcgffgﬁk%,m hé%gt ﬁ%%% 1%(5558&1%&& hyl ene

gl ycol to | oyghddt fo18d ihdthe/irsh Bsted| iGTable Pl shbwpshelle@tsV 03T bul bs, using
curing times ranging from1 to 2 hours. 5 The polyners were isolated after
aqueous work-ups foll owed by several aqueous washes to renove unreacted
conponents. Polynmer nol ecular weights of |ess than about 300 kD were found
to be inadequate for use as a coating polynmer with the | ens material of
Exanpl e 15 A poly-HEMA of 360 kD MW available from Al drich Chem cal
Conmpany, was successfully used 10 as a coating. Coating formulations with
differing concentrations of poly- HEMA were prepared as foll ows:

Pol y- HEMA: wat er : et hanol : DOE- 120 10:20:70: 0.1 ww

Pol y- HEMA: wat er : et hanol : DOE- 120 15:20:65:0.1 ww

Pol y- HEMA: wat er : et hanol : DOE- 120 2Gare360: 0.1 ww 15

Example Poly-HEMA in Advancing Mean Peak-to-
Coating (%) Contact Angle | Peak Roughness
() (nm)
6 0 107 <100
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



The coatings were applied to the nol ding surfaces of TOPAS 5013 nol ds
according to the procedure of Exanple 1, except that prior to coating, the
nol ds werwotmseatsed for < 0.5 sec. with an air plasnma to i rpTase2/speradi ng
of the coating solution onto the nold. Lenses were nmade using procedures 20
and the silicone hydrogel lens materi@l of Exanple 1, except that dwell
time was 45 sec. The resulting coated | enses were tested for wettability
usi ng dynam c contact angle and for surface roughness usi ng AFM AFM

i mges were 25 acquired with contact node AFM using a 0.06 N m Si N4
cantilever inmaging in borate-buffered saline solution. |nmaging was
mnimzed before data was acquiredTaB@ 4 ypically was < 10 nN. | mges were
of 20 x 20 m_within the optical zone and on the anteriorsurface of each
lens. Tuo |enses were evaluated for ajtotal of WeightRgeeent Nean peak- t o- peak
roughness vattes—wer =3 ,1 ctated—using 2410 x {0 mareas—from t hese

i mges. Peak-to peakl\‘j_I 551 PCT/|US02/ 24022 éé roughness was defi ned
as the difference in herngjst between tHe Towest andighe highest point in
the area tested. On Table 3 is shown tlhe results. 5 Table 3 Exanple

Pol y- HEMA i n Advanci ng elan Peak-to- (oating (0/() caft act Angl e Peak
Roughness nrﬁ 60 107 < 100710 651425 9 15463276 2048 N A 10
The results dem)nst ratl\éu)p%ﬁ wettabilijty i rrproved \L%;t h i ncrea5| ng | evel s of
pol y- HEMA | mtte coatTE%D'MAUU on. Additional Ty, SUfface roughness

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



i ncreased with increasing poly-HEMA content with the 20 wt percent poly-
HEMA | ens bei ng too rough and m sshapen to anal yze. The 10 wt percent

pol y- HEMWowmabirsgl produced a dry coating thickness on thePoolubonis0is
approximately 200 nm Target peak-to-peak roughness for a useful lens is <
500 nm and, thus, the dry coating thigkness nust be substantially |ess than
200 nmto achieve an acceptable surface roughness while maintaining desired
wettability. 20 Exanples 10 -1 3 The silicone hydrogel |ens material of

Ex le 1 d |
percbnt . Anobtigmacyin da s ot SES AR ftsh TAMPREREELY OF 5o of

I's as foll owgael Ry WO Bl bR tPGE/ IR Aa? AR Dodudl bdakles gél-Mikd Per cent
MACROMER 18 "3RI 8714 DVA 26 MPDVE 28 'IgEGD;‘\}/DZAol HEMA SgI%VP 5gmmrbl ock 2

CG 1850 1 Tives spanmglydelubtfinthesdlomiulhe movugesasibien ditwied Wiha@ di | uents. The
i met hy! - 39681 aarty afersip-digasspeltace PR vaRe BRsBiatoni ¢ n ne 300
E Eaggle%'; :g:\/ﬁ‘??ﬂ@bb%er.b'?fle mi-aat Was et bl dshéd intdebrigéd waer r oughness were

until the material did not appear soluble. The suspension was filtered, dried

in a rotary evaporator, cut into smaller pieces and further dried 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



A hi gher Mw poly-HEMA, containing greater than 1.6 w percent of 10 Bl ue
HEMA was synt hesized using visible light initiated by C@ 1850 and the
resul t antwpeBpmsst had a Mv of > 1, 000, 000. A mi xture of 9@QTrusobbaee2 HENA,
44.1 g HEMA, 615 ng CE 1850 and 150 ni ethylene glycol was stirred until
honbgeneous and the system was degassg8 as described in Exanples 2-5. The
m xture was transferred to a large crystallizing dish and 15 covered with a
wat ch gl ass. Pol ynerization of the olefinic noieties was conducted under
visible light for approximately 1 hour. Upon quenching of the

pol ymeri zati on usi ng oxygen, the m xture was poured into 500 niL

borat e-buffered saline solution and Tbigyed for several hours until the

mat eri al s transfornmed into more rigid form The liquids were decanted
and the 20 pr dtxaoploasRely-HEMAAnAd aciED () Rrydtimat ¢ Miedr Beakd | sal i ne

sol ution. The WO 03/ 011lEmSCoRmE USORot40L2 | 'BRickokssner teaBeakut (i nto several
smal | er pieg¢es and stirre@gdn 500 Adglel@)oni zgam)at erRéwghuvsy ¢ t han 1 hour
to the point that the|product becones gel {like and |wasuggpringly sol uble
in the sol vent. j[fie M XTUrEs Was [Theqogi Tuied Wh a| smghk quantity of
borate-buffered saling solution|to enable|better precipitation 5 of the

polymer. The m xture Wwas fi.0tered angll washed i6v dei ¢oni zeldlwat ¢r until the
mat eri al di d—not :.\npn ar soluble! The suspensionwasfiltered—{dried in a

oot

rotary evapdratof2 cuf intled smal|l er Beces and® urt her d9Ped dntil it
appeared crystat 'm—,- and hydrous. Fedar kK Qhpe potym sithen mlled
into fine parti cpes and sf]iok? ect ed tojgm)re dei grbnyzed wat girw,v\v;shl ngs 10
acconpani ed byeadurddavitR ARPLILTOBAS Bhts.r ri ng Wit h each wash. Washi ng conti nued
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 Mv of
this coagl ng‘h@%sﬂl@éeghowatﬁamﬁﬁgihgﬁletd}y@i@m%hlgkﬂgsi lzalrpsnmgftﬁ'@ouél?' ng G°C and a
2 % solution of the polyner inh a 1:1 ethanol: ethyl |actate solvent had a
viscosity 15adﬁevie?a.c@ep@ﬁblavve@ﬁnmyaandauﬁh@aroughatﬁ of 40/s.

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

10 formulation listed on Table 6 were formed.

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




This coating was used to coat TOPAS 5013 nolds via spin coating according
to the follow ng procedure. Solutions of the polynmer fromO0.5 to 2 w
percent byodsepssif 0.5 w percent were dissolved in a m ped/tsot/ywer 20
systemof 1 part ETOH and 1 part ethyl lactate. The coating was applied to
the nol ding surface of the nold by di3pensing the solution onto the center
of a part spinning at approxi mately 6000 rpmand allowi ng the part to spin
for 5 sec. before stopping. Lenses were nade with these coated nol ds using
the above-d ' FBhLAh . I I f Table 5
is 25 shown ?ﬁ%ﬁﬁﬁﬁggtﬁﬂify an tgﬁr ag§a$gﬁ%ﬁ%g?gﬁgygtEgggggu ?§ﬂg | enses.
30 WO 03/ 011&65hdi1uRaiAkiiSeas 280:2Q, thadildai beinp 3 Pxdimetls/1-BalcyandEMAcaAvanci ng Dry
Fil m Mean Peak- in Coating Contact Thickness to-Peak (% Angle () (nm*
Roughness nncidol ¥.of theoinal mix.was ysed fo galglizgthe mppomep 1 5 72778 790 13 2.0
78 125 1170 *Measured with AFM on TOPAS flats. 5 The results show t hat
changing the dry filmthickness can sinultaneously achieve acceptable

wettabili gy and swOPASe 0 6dghnassbackrariel eolddwtiegatety withe1.pdt- HEMA coat ed
silicone hydrogel lenses with the 10 fornulation |listed on Table 6 were
fornmed. Tabl pergenpsplyiien pichlaepply-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.



Macromer 17.98 TRIS 14.00 DMA 26.00 MPDMS 28.00 TEGDVA 1.00 HEMA 5.00
PVP 5.00 NORBLCC 2.00 Blue HEMA 0.02 CE 1850 1.00 WO 03/011551

PCT/ US02/ 0023811584 The renai nder of the formul ati on were adarusoyes2and

di l uents. The nmononer to diluent ratio was 100: 20, the diluent being

3, 7-di net hyl - 3-octanol . Acetic acid, 34 %of the final mx, was used to
stabilize the nonomer. 5 TOPAS 5013 front and back curve nolds were coated
with a 1.25 vt percent solution of blue-poly-HEMA and | ens nmade 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 {hethedsgsqyere tested for wettability and surface roughness
prior to clinical evaluation. Mean peak-to-peak front surface roughness
was 291 nm and nean advanci ng contact angl e was 83. Five lenses of -0.50

di opter po rweref macnralater r 30,.m.n. wear
schedul e. - ensA*mg'ill}P‘F g&’f@%g‘a an}aﬁ@{%@ \ﬁ&‘?f gbiity, or tear
br eak- up 5' n@oatﬁigqlrﬁ Rﬁﬁh&'&@ﬁﬁa'&ﬁméhﬁﬁvﬁ@d\@dﬁﬁﬁéefféo%%' con A |enses
dermonstrating t appliication of the coating to the lens results in a

physi ol 0gi cabhmoumpsftai Highemoleeuis: w¥iGht0YaGagd &atpdREin, B0 Aispeasids a 35

mixture comprising a hydrogel monomer, a silicone-containing hydrogel

monomer, or a combination thereof into the mold or mold half; and c.) curing

the monomer mixture and the coating composition using a dwell time of less
10 than about 5 minutes and under conditions 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.



What is clainmed is: 1. A nmethod for manufacturing an article conprising the
steps of. a.) 5 coating a nolding surface of a nold or a nold half with a
coati ng evbeswiel anmount of a high nol ecul ar wei ght coat iPog/usonpmsi ti on;
b.) dispensing a mxture conprising a hydrogel nononer, a

silicone-contai ning hydrogel nononer3gor a conbination thereof into the
nold or nold half; and c.) curing the nononer m xture and the coating
conposition using a dwell time of |ess 10 than about 5 m nutes and under
conditions suitable to forman article coated wth the coating
conposition. 2. The nmethod of claim1l, wherein the article is a contact
lens. 15 3. The nEhdwethod oftlaints Iwkdreid, thawbeitia) b1 thaenSTBM@ERFf2dHE St ur e
conprises a hydrogel. 4. The nethod of claim1 or 2, erein the nononer
mi xture conptatdekoutabispin ¢asteghydr ogel nmononer. 20 5. .The nethod of claim
1, wherein the nol ecul ar weight of the coating conposition is greater than
about 300 10. 6. The nethod of claim1, wherein the dwell tine is | ess than
about 45 5 25](secoNismetfiod Fhelaifed hokkreih spindiomify iswheicdidnt hfige del | tine is

| ess than about 45 seconds. 30 8. The nethod of claim1, erein the

coati ng conpéast ebe 21l entae mosetheniabew 24 Yl ofithsaiokiinmequapasttionol vent and a

hi gh boiling point solvent. W 03/011551 PCT/ US02/ 24022 36 9. The net hod
of claim8, wherein the coating of the nolding surface is carried out by
spin coatingt1.5 IPhe hBtBodEL H18Eh i : MOinS Pl ing is carried
out using at |east about 2 | ag% fﬁ%ﬁ%@?@pﬁ%ﬁ%ﬁ%@g&%ﬂ%s@%{ﬂ@he coating
conposi t i on.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.



11. The method of claim 10, further conprising applying, subsequent to the
spin coating step, a pressurized air jet to an edge of the nold. 10 12. An
article fwomeditsyl t he nmethod of claiml1l, 6, 7, or 9. 13. PATAINYa0L2 | ens
formed by the nethod of claim2. 15 14. A nethod for manufacturing an
article conprising: a.) coating a noRding surface of a nold or a nold half
wth a coating effective anount of a high nol ecul ar wei ght hydrophilic
coating conposition; b.) dispensing a mxture of a hydrogel nononer,

SRR LA R e S R i e

usi ng a dwel kecohti® of | ess than about 5 m nutes and under conditions
suitable to forman article coated with the coating conposition. 15. The
met hod of claim 14, wherein the arti cI e is a contact lens. 25 16. The

hod of cl 1 hyd |
et hod of ol 84 13y, MORLGIR IR TOURIEE ML ULE SATRL) Se5. ule compri ses
a 30 sil BCOﬂﬁxthwjd’dhﬁﬁisesf@féﬁéfﬁfnprm&gfglﬂiééﬂe 1?9?& M2QRhRFORS 37 18. The

net hod of claim 14, wherein the dwell tine is |l ess than about 45 seconds.
19. The net hbemsfer Bplymerizationypedust and hpomenzahh@mwmecagaipnmgorrer 5

m xture conpgi Ses a & cti.on product. o e based macromer G oup
Transfer Pol ?fﬁéﬁnﬁ)gﬁ’?g ACTVIgHY, EFma, dé’og%fi?‘ﬁ%’?'l %‘]S%F‘%e m Xt ure conpri sing
Si 8-10 nmonongd] m‘ﬂe)ﬂhﬂ@ihbx&rﬁ:rd’fhé}%ﬁf’s1 %’I YehSREHYdryISL) RKARBed

pol ydi net hyl si [ oxane ot her than Si 8-10 nononet hacr’yl oxy term nated

pol ydi net hyl paydimeding silewade, ant pdiydiphilican oavmgsrer .

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).



10 20. The nethod of claim 19, wherein the silicone hydrogel nononer

m xture conprises the macroner in an anount of about 15 to about 25 w
percent, Wbe38S1B8510 nononet hacryl oxy term nated pol ydi net rgir/Gsot/ptoahe i n an
anount of about 20 to about 30 wt percent; nethacryl oxypropyl 15
tris(trinmethyl siloxy) silane in an aggunt of about 15 to about 25 wt
percent; N, N-dinethyl acrylam de in an anmount of about 20 to about 30 wt
percent; 2- hydroxy ethyl nmethacrylate in an anount of about 2 to about 7

wt percent; etr lyeol. dimethacryl ate in an.ampupt of about 0 to
about 5 wt %%‘rce?ﬁgE%Hl%;@%?f/%f@&?h‘b’ﬂgﬁﬁﬁ%%%ﬁnﬁ(ﬁﬂ@?ﬁlﬂmh unt of about 0
to about 5  2émpeichlowedl@Rpoind delvddiendathi@tbdfingpdhiBolbnt 15, 16, 17, 18,
19, or 20 wherein the coating conposition conprises poly(vinyl alcohol),

pol yet hyl ene oxi de, poly(2- hydroxyethyl nethacrylate), poly(acrylic acid),
pol y(met hacrykic i 5 | | ei c.agid),. .pol é&i/ta ni c _acid),

pol y(acryl am‘é%’e) , %ﬁ%g‘?egj(oéiol’{rg@ﬂ‘é%g’g?v@??ﬂﬁ @’5)0, atb&r?% Wﬁf %ptrége pol yners,

pol ystyr ebe BWafriydi dut @@Fﬂbcog@,ﬁg{sul fonate pol ynmers, pol ysacchari des,

gl ucose am no glycans, block or random copol ynmers thereof, or m xtures

thereof. 30 22. The nethod of claim 21, wherein the coating conposition
conprises poly(2-hydroxye | thacryl ate). W0 03/ 011551 PCT/ US02/ 24022
38 23. The n%%‘hodTg%(Flgﬁlgﬁ&%i M el ?rﬁ%tsﬁlél%’aﬁ?gﬁcj CEHPGSPERSAL f ur t her
conpri ses a oW aBeitd MGk b Mors HakeBbuitd, %ﬁﬁﬂ%(?tﬁ?os@t%ﬂ?t sol vent. 24.

1
The nethod of claim 23, wherein the coating ?? ng surface 5 is
carried out by spin coating. 25. The nmethod of claim 24, wherein spin

coating js carried out usi at __least about.2 | and no nore than about 20
| of t h_el]@oaﬁ'ng_ ﬁ%‘?‘r‘&S@Pﬁ Pga?um 1% f?@ﬁerﬂ?@%knﬁ@ﬂpldmgcﬁl&sﬁql@% f ur t her
conpri sing a&@'sﬁh%ati@@ﬁf%%%&uﬁz%d 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 method 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



the spin coating step, a pressurized air jet to an edge of the nold. 27.
An article forned by the nmethod of claim14. 15 28. A contact |ens forned
by the newbadoofsscl ai m 15, 18, 19, or 20. 29. A contact IpemaiSbye4vezl by t he
met hod of claim21. 30. A contact lens forned by the nethod of claim22.

20 31. A nethod for manufacturing cong@act |enses conprising: a.) coating a
nol ding surface of a nold or a nold half with a coating effective anmount of
a hydrophilic coating conposition having a nol ecul ar wei ght of greater than

about 300 kDz,b.) 4] i i . ISl r nononer, a 25
silicone-con %ini%géﬁg@?@&@?bﬁ%§g§%#§%%§ﬂgﬂ€%§@?%%ﬁ?%%q?ﬁ%ﬁ%%f into the
mol d or nol dhidibgsl nedi@dneer.) curing the nononmer mixture and coating
conposition using a dwell tinme of |ess than about 45 seconds and under

conditions suitable to forma contact |lens coated with the coating

S0 W0 03/ 011351 Py b afbaEY o150 B thelioBo R bR AR 58" Wrer ci n (e

monomer next siliorediydidgeEmondtiéll ogel nonomer. 33. The nethod of claim 31,
wherein the nmononmer m xture conprises 5 silicone hydrogel nononer. 34. The
met hod of claim 33, wherein the silicone hydrogel nonomer m xture

conprises a act i-on oduct. of si |l icaqpe .base croner GGoup Transfer
ol et zati i pr OHGEEIRHT s 23 Ebes BREs R R InEREE PTG "10'S 6. 10
nonomet hacr yh@xiird @iMprided Seatnydodit Byh sifich 061 mRQbieh GRsupy! si | oxane

ot her than Si 8 10 nononet hacryl oxy term nated polydi nethyl siloxane, and a

hydr ophi | i ¢ Femeiee Polyssrizatisa predusbandod pelymievizadle mighencsomptiiegsi | i cone
hydrogel180n§ner . . .
1g.10 monomethacryloxy terminated polydimethyl siloxane,
polydimethylsiloxane other than Sig ;o monomethacryloxy terminated

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.



15 m xture conprises the macronmer an anount of about 15 to about 25 wt
percent, the Si8.10 nononet hacryl oxy term nated pol ydi met hyl siloxane in an
anount ofwel®ewt1520 to about 30 wt percent; nethacryl oxypr @oyiuse2/24022
tris(trinethyl siloxy) silane in an anmount of about 15 to about 25 wt
percent; N, N-dinethyl acrylam de in 4p anount of about 20 to about 30 wt
percent; 2 20 hydroxy ethyl nethacrylate in an anount of about 2 to about 7
wt percent; tetraethyl eneglycol dinethacrylate in an anount of about 0 to
about 5 w percent and poly(N-vinyl pyrrolidinone) in an anmount of about O
to about 5 weight percent. 25 36. The nethod of claim 31, 32, 33, 34, or
35, wherein ghe cqatinitthodcIRRAEIZG] WhereRINRE cSRMgROMY 68Tty borapshol ) ,

pol yet hyl ene oxi de, poly(2- hydroxyethyl methacrylate), poly(acrylic acid),
pol y( met hacr pelye2-Bxdreyyethyp siefleg@ladéle aci d), pol y(itaconic acid),

pol y(acryl am de), pol y(di nethacryl am de), carboxynethyl ated pol yners,

pol ystyrene sulfonic 30 acid, polysulfonate polyners, polysaccharides,

gl ucose agi neg.gl yTanmettdatklain36[ ahelen the pedtingRbmpbsiese afrthepr m xtures

t hereof. WO 03/011551 PCT/ US02/ 24022 40 37. The nethod of clai m 36,

wher ei n t he e@apiisey adevrpodingipert solypitiasd g higobgiting peiak sokyaat -hy |

net hacrylate). 5 38. The nethod of claim36, wherein the coating
conposition further conprises a |ow boiling point solvent and a high

boi I'i ng poi ng9 sol T@aBimetR.of thaen 38! WakeRf the b&iting P thowhsligighsutfies coati ng of
the nmolding surface is carried out by spin coating. 10 40. The met hod of

cl ai m 39, whisrcaimedspit iy spatco#ypg s carried out using at |east about 2 | and
no nore HBan about 20 | of the coating conposition. 41. The nethod of

cl ai m 40, “further conprising applying, subsequent to 15 the spin coating

step, a pressylri zede aethdd®f clafin 39, WHEBINApirt BRiAP iscbarried 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.



42. A contact lens fornmed by the nethod of claim31, 32, 33, 34, or 35.

43. A contact lens fornmed by the nethod of claim36. 20 44. A contact |ens
formed bywohg/omsshod of claim37. 45. A contact |ens for med/usg2/24ee2 et hod
of claim38. 25 46. A contact lens fornmed by the nmethod of claim39. WD
03/ 011551 PCT/ US02/ 24022 41 47. The £bntact | ens of claim42, wherein the
coating conposition conprises a coating of a dry filmthickness of not

| ess than about 5 run and not nore than about 70 nm 5 48. The contact

| ens of claim 43, ' j j b ik ses a coating of a
dry fil mthiLf:ﬁknesgﬂ\%f&{lﬁ%?leﬁg§gagﬁg%ﬂgﬁ%8%m@%%dagﬁ%0&ﬁn€&ﬁ%e t han about 70
nm 49. The oomirées akkeatmgef adhafilm tdckneakesfaion ldshithag @béitsonre @agosi ti on 10
conprises a coating of a dry filmthickness of not | ess than about 5 rim
and not nnﬂ&“@ﬁgﬁ%gﬁd@Puﬁﬁ%ﬁﬁ1 50. The contact |ens of claim45, wherein
the coating conmposition conprises a coating of a dry filmthickness of not
| ess than about 5 nmand 15 not nore than about 70 nm 51. The contact

| ens of chai4h.4, Viecomitat heofdaihi 48) wirminsid doating canpysities a coating of a

dry filmthickness of not |ess than about 5 nmand not nore than about 70
nm 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.



