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bi onedi cal AarL] The present invention relates to a ss for
the manuf ac &@g%ggi%oated articles such as bi onedi cal é&%ﬁ%ﬁ%@@@84l
especially contact |enses, which are at | east partly coated with a
pol yani onic polyner. 5 A variety of different types of processes for
preparing coatings on an "inert" hydrophobic article, in particular
on an inert bionedical article such asja silicon hydrogel containing
contact |ens, have been disclosed in the prior art. EP-A 1 153 964
and EP-A-1 287 060 both disclose polyanionic coatings on silicon

hydr ogel contac} | enses,. which are.prepared by 10 i mrersing the
cont act ngﬂg%%s ch' t§ﬁ CQ&HQ&@EBNEH"%! %ﬁ‘“ﬁﬁe pol yani oni ¢ conpound.
EP-A 1 252 222 discloses in Exanple 7 a silicon hydrogel |ens coated
with a polyacrylic acid and a polyallylamne in a nolar ratio of
10: 1; t h&hepabénn (nviesticmbtiaicn ada prycdss fatthesmedufiange bhevacdnttigtds sheng i n
i sopropyl.al cohol ,. removing the |l ens fromthe al coholic solution and
di ppi ng }D’confeﬁicﬁl %CI%G@SE}%Q%‘&P&CT [sAseeoNipFl e hleattgaygIcoard Wi e and
pol ycat i @pliyeni6QAPPORERE . 15 The above-nentioned coating processes are
in general batch prfocesses, which require extensive handling steps
and tPne. The treatnent is usually perforned at an el evated
tenperatyre,. and the treatnent tinmes are.at | east several ,.m nutes and
in genera Va}Ellte%'I ogéhsffer%ln %?SﬁgpéﬂccfS??g?oer.pﬁfpﬁn%%%oea%{lﬁeoqarneéﬁeﬁem%rf’igjl?'?g”sc are
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manuf act uri ng ‘process w rt cycletines as descri
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need to pr,yi an i nproved process for t hydr ophi l i ¢ .coatj ng. of a
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ot her hand provi des hydrophilic coatings with an i'nproved gur ability
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articles ch as silrc con ensesmﬂ%nyen e rendered
effedbively hydrophilic in a very short time by treating the articles

in a sub%ha tially anhydrous solution of a gol éani oni ¢ conpound. 5The
present il AYBMYFPERIEIRARIILOBING IACCEiTe 2P getteral BAER PIOSCHCHPBBSMUTST  t he
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the bionmedical article for atine period of <b"'mnutes wth a
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a nunber,average mol ecul.ar wei ght M, of > 5000, wherein the solution
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preferably a contact |ens including both hard and particul arly soft

cont act FiEsgisEng prqeesses is well suited, for example, for the integration into a fully automated
high volume contact lens manufacturing process with short cycle times as described, for

example, in EP-A-969956 or EP-A-1047542.

25  Accordingly, there is a need to provide an improved process for the hydrophilic coating of a
biomedical article with a polyanionic compound, which is on the one hand easily integrable in
a mass manufacturing process and on the other hand provides hydrophilic coatings with an

improved durability and wearer comfort.



intraocular lens or an artificial cornea, conprising in each case an
organic b Lal . Further exanples of suitable bi Lca
ar?icles g&éz%ghzéaﬁealing dressingg, eye bandages, 15Qﬁ§ﬁ%?W%@%”?br
t he sustained rel ease of an active conpound such as a drug delivery
pat ch, noldings that can be used in surgery, such as heart val ves,
vascul ar grafts, catheters, artificial organs, encapsul ated biol ogic
inplants, e.g. pancreatic islets, mateni,als for prostheses such as
bone substitutes, or noldings for diagnostics, nenbranes or

bi onedi cal instrunments or apparatus. 20 The organic bul k materi al

under | yi t he bi dical article is preferably a hydrophobic .
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groups. Accordingly, the surface of the preferred bulk materials”al so
has a | offetademartigles B substindially agjiydinys sentignsof@\pstyadievisicdmppuridoni ¢

groups such 25as carboxy, sulfo, amno and the |i ke groups and thus
may be substantially free of ionic charges. WO
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5po|yi5095§q9xmﬂ%?§ gﬁ@{red group of materials to be coated are those
bei ng conven i'ofa § i§ed for the manufacture of bionedical devices,
e.g. 1eontact |enses, in particular contact |enses for extended wear,

whi ch are not hydrophilic per se. Such nmaterials are known to the
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t her eof , Mokligesrthdt cerl barussd [ wagerh paehorgdieart valves, vaseulprgrifes, patlobters, artificial
hydr ophohj r i Kk t.erjals, Exanpl.es .of suitable silicon
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of (i) one or nore hydrophilic nononers, for exanple selected from

t he groupPR3FaHydr oxyet hyl acryl ate, hydroxyet hyl net hacryl ate,
acrypgm de, N, N-dinethyl acrylamde, a vinyl |actame such as

N-vi nyl pyn-ol i done, a (neth)acryl oyl oxyet hyl phosphoryl choline, such
as 2- acr Yhoyigaxy étlkyhatgyhabspleoyinl dieobipmedical article is preferably a hydrophobic

2-neth ; rethyl-2'.-(trimeth i t.nyl ph | -
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trisskri i OXY:= Si - V] i TRl S-VQ., .
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t er mi nal ¢chapgesa pol ydi net hyl si | oxane crosslinker WO
2008/ 074838PCT/ EP2007/ 064241 - 4 -

Examples of suitable bulk materials are natural or synthetic organic polymers or modified

biopolymers which are known in large number. Some examples of polymers are polyaddition



havi ng ei ther a carbon-carbon double bond at both termnals or two or
nore pend - bl e bonds, for exanple, as describ

(2) belomﬁ&éfgﬁgrggyof sui table commercially available%gphgggﬁmgb%
hydrogel s are Bal afilcon A Galyfilcon A Lotrafilcon A Lotrafilcon
B or Senofilcon A. 5 Another group of preferred silicon hydrogels are
anphi philic segnented copol yners conprising at | east one hydrophobic
silicon or perfluoroal kyl polyether segnent and at | east one
hydrophi |l i c segnent which are |inked through a bond or a bridge
menber. Exanpl es of said silicon hydrogels are disclosed, for

le, i PCT | .cati 96/ 31792 d WO 1097/49740 whi ch
o £ e R R R BRI P DN & POV SRt GO PEE.
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segnment selected fromthe group consisting of a goly3|loxane, o
per f | uor dalyrR§fylapilog.aroharcthaseylaniges pelyppieys P rtanenpadiialpgeresadddgerivatives
pol yet he : : r id m
RO Ou%hez%%g%%@{vlmr}/g Ak arléigﬁj%)% s 1@%&:@1 SFRMsbohersTATERE, RRRERESRH: 1
pol y( 8- hpdiyexyend)yl acryl ate), pol y(2-hydroxyet hyl net hacryl ate), 15
pol yacryl am de, pol y(N, N-di net hyl acryl am de), pol yvinyl pyrrolidone
and a pol yet hyl eneoxi de segnent. Still another group of preferred
silicon W%éfé%éi éro%f) f lBRSiISl APEAlARR LR tﬁ&se@e&?%bh@ﬁﬁ&&ﬂ? used for the
crosslinkabl e or "polynerizable prepolyner that is obtai hable by 20
(a) copomanerartaiey baamddecatdevinse, gy dowspdiildnises, mgradiestar hentiah tpneasdor

et hyl eni cal | y..unsat yr.at ed ubl e, bond an t l.east one silicon.

cr oss 1 nkarr gl S et EBpdo Bt St R e Rileg: e
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group; and reacting one nore functjional groups of

b th
resul ti n@obﬁbﬁﬁy%ﬂ]ﬁ% Ry 1@@3{%@1@@6@?@@&!1@%5‘?)Vﬂ@ﬁ%a such as fluorinated

et hyl eni t i1l d f £S are
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by crossljnking a epol.yner ich.is obtainable by WO
2008/074§‘§5Cﬁ%ﬁﬁ§%ﬁ§%ﬁ%%§@faﬂgp@“ﬂﬂa(a) copol yneri zi ng a hydrophilic
nmonongr of the fornula (1) HC

are

Within the present invention silicon hydrogels, perfluoroalkyl polyethers or mixtures thereof,

in particular silicon hydrogels, are the preferred hydrophobic organic bulk materials.

Examples of suitable silicon hydrogels are, for example, those currently used for the

20  manufacture of extended wear contact lenses, for example copolymers of (i) one or more
hydrophilic monomers, for example selected from the group of hydroxyethylacrylate,
hydroxyethylmethacrylate, acrylamide, N,N-dimethyl acrylamide, a vinyl lactame such as
N-vinylpyrrolidone, a (meth)acryloyloxyethyl phosphorylcholine, such as 2-acryloyloxyethyl
phosphorylcholine or 2-methacryloyloxyethyl-2’-(trimethylammonium)ethyl phosphoryl-

25  choline, N-vinyloxycarbonyl-L-alanine, acrylic or methacrylic acid; and (ii) a monomer and/or
macromonomer comprising a siloxane bond or silane group, ¢.g. trimethylsilyl group.
Examples of the latter group are tris-trimethylsilyloxy-silyl-propyl methacrylate (TRIS) or
tris-trimethylsilyloxy-silyl-propyl vinyl carbamate (TRIS-VC), a polydimethylsiloxane having

a carbon-carbon double bond at one single terminal, or a polydimethylsiloxane crosslinker



R2 wherein RL is hydrogen or nethyl, and R2 is -000-(CH2)2-0H,
- CONH2, - I\ O -N, optionally in adm xture with one or
PR, Lrleba@2eihe

nore further rophilic 08 nononers; and a polysiloxaﬁ
that corresponds to foiinula TH3CH, Q -X- (alk)-Si0 -Si(alk)- X - Q
CH, CHL (2), wherein dl1 is an integer from 10 to 500, preferably 10
to 300, nore preferably 20 to 200 and in particular 25 to 150, (alk)
is linear or branched C2-C4 al kyl ene og_.a radical -(CH2)j_3-0-
10(CH2)1 3-, Xis -0- or -NH and Qis a radical of the fornula in
t he presence of a chain transfer agent having a functional group, in
-am noet hane t hi ol

particul ar_.2- ner capt pet hanpol . o specially 2
(cyst eant RiFE Fiste EHOTBERTH dryoieReny vt 1HGmED Sor e PR C-C
Oor gani ¢ @eumObREs o Exachp®) aEdRVHIRAILE BlrinMla kD) BUMS AR EALRY ofSQHPle T Or
exanmpl e with 2-isocyanatoet hyl nethacrylate (1EM, 2-vinyl-azlactone,
2- vi nyl - gommgicipdly lpydilahlel sicon hedrogads grp ﬁylaﬁtﬂon de CabrdilgphdysiLotrhfiloen de,
2- hydr ox B? C éﬁ?&, 2- hydr oxynet hacryl ate (HEMA),
glycidylégﬁy g@%éé¢§%ﬁ§£9 yI'met hacrylat, in particular with | EM or
acryl 8yl chl ori de.
Another group of preferred silicon hydrogels are amphiphilic segmented copolymers
comprising at least one hydrophobic silicon or perfluoroalkyl polyether segment and at least
one hydrophilic segment which are linked through a bond or a bridge member. Examples of
said silicon hydrogels are disclosed, for example, in PCT applications WO 96/31792 and WO
10 97/49740 which are herewith incorporated by reference. A particularly preferred amphiphilic
segmented copolymer comprises at least one hydrophobic segment selected from the group
consisting of a polysiloxane, perfluoroalkyl polyether and a mixed polysiloxane/perfluoroalkyl
polyether segment, and at least one hydrophilic segment selected from the group consisting of
a polyoxazoline, poly(2-hydroxyethylacrylate), poly(2-hydroxyethylmethacrylate),
15 polyacrylamide, poly(N,N-dimethylacrylamide), polyvinylpyrrolidone and a

polyethyleneoxide segment.

Still another group of preferred silicon hydrogels are those obtainable by crosslinking a
crosslinkable or polymerizable prepolymer that is obtainable by

20  (a) copolymerizing at least one hydrophilic monomer having one ethylenically unsaturated
double bond and at least one silicon crosslinker comprising two or more ethylenically
unsaturated double bonds in the presence of a chain transfer agent having a functional group;
and
(b) reacting one or more functional groups of the resulting copolymer with an organic

25  compound having an ethylenically unsaturated group. Silicon hydrogels of this type are

disclosed, for example in WO 01/71392 which is herewith incorporated by reference.

A particularly preferred silicon hydrogel is obtained by crosslinking a prepolymer which is
obtainable by



WO 20081074838PCT/ EP2007/ 064241 - 6 - functional polyners are a

pol yacryl i 1.9 pol ynmet hacrylic acid; a polyitaconi g
copolyner‘@Pgﬁggwgéknnre di fferent carboxyl functionallﬁgﬂgggvgguf%r
exanpl e sel ected fromthe group consisting of acrylic acid,

nmet hacrylic acid, maleic acid, maleic anhydride and itaconic acid; or
a copolyner of one or nore carboxylic acids, for exanple, of the
group 5 acrylic acid, nethacrylic acids-naleic acid, maleic anhydride
and itaconic acid and one or nore suitable non-ionic vinyl nononers,
for exanple, of the group N-vinylpyrrolidone, nethylvinylether,
acrylamde, N, N-di.methyl acryl.am de, vi.nyl. acetate, HEA. HEMA and a
nDnovinyﬁ§6€P§¥Wﬁ9?@%%X%§P@%$C?ﬂ@“@%é@g%ggpﬁﬁ%opolyner is also neant
to cover suitable block copolyners. 10 Preferably, the pol yanionic
conpound is a polyacrylic acid or a copolymer of acrylic acid and one
of the above nentioned further carboxy|R functional nonomers or
non-ioni ¢ nononers, in particulaﬁpa:pd%yacrylic acid. 15 The #lnber
aver age nol ecul ar wei ght M of the pol gani onic conpound is > 5000,
preferably > 15000 and nore preferably? 20000. The upper limt of M
i's in gergkadin ROLs hgHioptrCéd metRyl] QARG iP A YORCH, RS HIJCOWH, AlT@NW@pL},0 a
nunber average nol ecular weight of 1 mllion or above. Accordingly, a
nunber aver nol ecytay wei ght M of the pol yani oni c conmpound of
from 3500 _t.gii 38r miT\i ofl, , gtehdlyabhymixteewth@de bomarerfutther bidropiilie
preferably m 2000 0120 mllion, even nore preferably from
20000 to 780000, and in particular from 80000 to 500000, has proven
as valuable. A suitable.organic solvent for the pol yani oni c conpound
'S in prIEPBeE SO ISP YRR COR fker i RBPIROPS O | the or gani ¢
bul k material underlying thg biopggdical article. Preferred solvents
25are, for exanple, alcohols’, fof &xanple a C2-C4-al cohol, in

parti cul ar et hanob—a&r(ak)-o8i- siopanalk) —&speci al | y et hanol ; &pyco
ethers, for exanple a diet NIeneQLycol nmono- C1- C4- al kyl ether, in
particul ar diethyl enegl ycol ‘rononethyl ether, diethyl eneglycol
nonoet hyl ether (DEGVE), diethyl eneglycol diethyl ether or

di et hyl endgteydil is mombdgat fromd e 00, palrgp 80 673B3BRCTyrERPRDF 72006220 dnd

7 - The preferre [ [ olvent is et ..t is also ible to
ise a m 0 O EeBF R IR PR o bR S Rt SO C Bor Dt o
The poes¢oEs), of Xvuat@rorsEMensl @ idd faakhSoftthefoghlaci ency of the process
and therefore should be limted as nmuch as possible. Accordingly, it
IS preferreq?to enploy a sol @ion into theoprocess conprising |ess
than 20% —prefecahy | ess an__;g%quuLg_5gp%g&§;ably | ess than 5%
and in particul ar | ess than 2% of wat&r. The|sol Gtion of the

pol yani oni ¢ conpdilind for treatment of the bi &n®fdi cal article in
general has an acidic pH value; the preferred pH value is < 5, nore
pr ef er abliythe presensg @fia pleie trprséfr egentt hyvifig o fangtidhat groBp,5n particulam?2-mercapto-

particulap from1.8 to,3 .10.The solution. for treatment of the
bi onedi Cgfharé?ltolrg peemfﬂt%y%gr\%rlméthg?e tgloggiyft(?ﬁ?@e)pg? mer. |In general,

rat her dibut&ting eutsuting copoliher wial yastg@ié CorGHTRe Undn@sectRyTRlieyned in
the process of the invention. Accordingly, the concentration of the
pol ydAi oNNRERRt SN PhexeRw oVighivcrsasrhsmmethastylaol EM) drpny-sastone,
0.1 to 25 A Rk 1| 0 , NSty om
3 to 10 g /\?ﬂ% f4’43){1) Vegfa/?_gilﬁfct&{e, Egrylloﬁ%r ]'rﬁetgéclryloﬁr}ﬂlomg‘, 2 Wd%x?étﬁplldé/ryfa{e
(HEA), 2-hydroxymethacrylate (HEMA), glycidylacrylate or glycidylmethacrylat, in particular

with IEM or acryloyl chloride.

20  The polyanionic compound employed in the process of the invention is preferably a carboxyl

functional polymer, that is a polymer having carboxyl groups. Examples of suitable carboxyl



A preferred treatnent solution according to the present invention is

a solutioqN8PM§m2§&¥acrylic acid or a copol yner of acr¥%#§F%%5&M3 d a

conononer sel ect romthe group consisting of 20net hac ic acid,
mal ei ¢ aci d, nal eic anhydride, itaconic acid, N-vinylpyrrolidone,

met hyl vi nyl et her, acryl am de, N, N-di nethylacryl am de and a nonovi nyl
pol yet hyl ene oxide, in a C2-C4-al cohol or diethyl eneglycol

nono- C1- C4- al kyl et her, wherein the nuoger average nol ecul ar wei ght M
of the polyacrylic acid homo- or copolyner is from7500 to 1 mllion,
and wherein the pH value of the solutionis < 4. 25 A nore preferred
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is from1.5to 3.5 and in particular from1.8 to 3. WO )
2008/ 07 48381 LPEoE b eaylq acid, gnethappgic peid gmpigistacidomaleicsnBy bide mpd

present LAVEM RN R i g@g@ : S&,
exanpl e by s?%ﬁ éoni§¥ﬁ§ o?%?ﬁgﬁﬁﬁag%ﬁfen s?aaﬁ¥gﬁngre&ﬁ (gﬁéﬁw nown
per sé& andylinaadnetimicrytio s malaiclayidamalieicabhwldrid€lhed pidoaidjavigtane nhe or

towards nore acidic pH.val ues nay be perfqr for exanple, . t he
a1 on Fe waEHE n6n Feic Aot oAt Fa R BHC OF e g 0 SO 9o Bien
organi ¢ ﬁﬁthwl othér Uyl @gidet An@hetiGlacry®dndida ves)| Qe HHAIHPMA and
avai | abl e. hey?reat ment of the bi Eﬁed?@%l art%figlcl e wth the tr_eagt %ent
sol ut i onmMogospylabrihylsas poderslr ahedefermsbPadymerdsplde micaniso ervensuitaple

el evat ed ﬁ;qr dependi ng on the solvent used. For exanple, a
tenperathroglgg@{0 ro§§10 to 50C, preferably from15 to 45C is enpl oyed
In cd8e of water as 10t he solvent, roomtenperature, that is a
tenperature of, for exanple, from 10 to 35C and preferably from 15 to
25C is pF@?@?}ﬁlﬁlt{F RRIEHI9TT cquinouRd B AmeBrReTY i pf detpeiier fbdery acid and
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bi omedi cal article is inmersed in the treatnment solution,

t r eat menvarollytd mlyacylidepdsi t ed 150n the bi omedi cal article surface,
for exanple, by dipping, spraying, printing, spreading, pouring,
rolling or spin coating, spraying or particularly dipping being

pr ef @5 r ethe Miiebdr beahdebletddeeseight 36t polyahioiR d@ﬁ‘%bﬁl&ﬁ i9F 5606, preferably
m nutes, preferably <1 mnute, nore preferably < 30 seconds and in _
par ti cul &rl>Q0mdapers pesferatty 12800t dhe Heper Hant is {} gemenaheot ggtical, anionic

pol yani opj 3 i i i | S.f o 3 o)

Prent menf0 SR TRRR Gl @aqRREkr Rt hickiofiak 3o RRIAIISTARE,,
Accor di ngctadiaglyr efuenbee dveagrodolneidr vaiight Ve, df thegrol jiaaionictdosp bireine dioa |
article >_foll aw its.r al fromthe treatnment. sqlution - is
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m scible with the solvent of the treatnent SO|UPIOn. Sui tabl e

sol vent shisgrotenias velgthlow up step are, for exanple, water, ethylene

gl ycol, glycerol, 1,3-propanediol, or mxtures thereof. A preferred

solvent for the followup step is water. Preferably, the bionmedica
articl e A dunilowighgc sdisert ésrakepolyaniumid dvenpoted@isi® plin@lb tidrPoliént with the

di pped/| %{ystg gwe i trhg %Egla%ici b%komgtgr?aﬁghg}yiir?gnthe -b!-ir(l)renezlilczrmrle article. Preferred solvents
25  are, for example, alcohols, for example a C,-C4-alcohol, in particular ethanol or n- or
isopropanol, especially ethanol; glycol ethers, for example a diethyleneglycol mono-C;-Cy-
alkylether, in particular diethyleneglycol monomethyl ether, diethyleneglycol monoethyl ether

(DEGME), diethyleneglycol diethyl ether or diethyleneglycol monobutyl ether.



WO 2008/ 074838PCT/ EP2007/ 064241 - 9 - period for the foll owup step
IS not crij ; ally a time period of <1 mnute, pr < 30
seconds nd%geg%g?gégbly < 10 seconds is sufficient to 5@%@%%@*éﬁufhe
shrinkage of the bulk material. 5It is further preferred that
foll owi ng the shrinkage step the bionedical article is treated with
an aqueous solution conprising a neutral or slightly basic pH, for
exanple a pH value of 7 to 10, preferably from7.5 to 10, and in
particular from7.5 to 9.5. The aqueous sol ution advantageously nay
contain further ingredients, for exanple a salt, in particular sodium
chl ori de r [ e buff.er, for. exanple. hosphate buffer. The
oref er r od " Pl b ARSI el R een S ROSE RAT Brrid Gt mOror
article iltabovdigeripneduszasiolsoliyeas ThE Peestricoof Peter @eteibBraftebts $he efficiency of
addition%l neutralizatjon step is.again not critical; usually a tinme

period ofherossnanddherphors bpulg by limited asmuphirsronpble. Arcerdirghp|iyis arefgred to
seconds | fof Gk I : 1

Sur face SoRTiGORIBR IS BB B tae L Do B Bl R e
and t Bi s pfaferalip tesnthan 6%, prhiniperiicslaelsss thar 2%émpiee, shri nkage and
neutralization may be done in one step 15 by dipping the bionedi cal
article in an aqueous solution of a weak base having a pH of, for
exanpl e, The esTutfordoftiee Pddyaniddic @XFRAESOr RefhcAUTERUSorNEP Rl ih Bénetdi ke
solution. The bionedical article then may be worked up and finished
in a usufs Heasiks PH pelue:dhaprsfcarcd pHrvaliets £ 8rmers praferably <fe peanghore

subj ecte rili i.0R: | rises, for exanple,

20aut ocl 5%%gﬁ¥ﬁéﬁg%%héi%ﬂﬁgﬁi %ﬁ@%@n%ﬁgéggg?n time period at an

el evabed tenperature. For exanple, autoclaving for a time period of
20 m nut tq 1.5 hours, in particular from30 mnutes to 1 hour, at
a tenper3?%?@“%*”?56%@”T¥9?ﬂﬁ%& icap giticls AndryAidpd Al pbPAYMKe cor di ng
to the process of the invention, bionmedical articles, in particular
opht hal m ¢ 25articles, are obtained that have a variety of unexpected
advant agésgovet rethggblutsfl splnsorsrdf dre rttaniontvi comprerideart bropleyat initlod mecess
very suitable for practical purposes..e.d, as,contact |ens.fgr .
ext andedplso ely? ARERE: PR EDREE sl o e RRuR TR Fome Rt Bsiorsevip
and hebr kalivény is, Tdtiesarilo flog 01EROITSE/T, teBstabli BomeX@NMBI @, ardymbdd Brefdrng e r
tip test show ng a very slippery article surface; or by visual
inspectigﬁ?l%ﬁ’ /lqfiselapitte contact angl e neasurenents. For
exanpl e, sessile drop static WO 2008/ 074838PCTI EP2007/ 064241 - 10 -
contact angl es of coated and non-coated | enses are determined with a
DSA 10 dAgpeShapecamentysiugors yebeing todm ftesentsisvdnkpt ississolatiohof iHpothaotgic

Germany). \Wile uncoated silicon hydrogel conta | enses in genera
have. a VAT EETORET ah e G TR TSRO B oKy & oG FRUR FRNPHRE 0
accopgi nenctiAclyeadl,a64SS 281, hilgic !aﬂh@ﬁ%iﬂ'ﬁé,Qﬁc&ﬁQ_éUicﬁ,'Ncaiﬁ?ﬂp%fnélﬁﬂﬂ&es sai d
val ue. Further 5tools for assessing the superior quality of the
surface BHyIvAydetbtst arvampide Mocdmgihyipcrdamideanst pwereyind pelkiethylaveorideon
are ATR-ET tion.test as
Gescri be bor G o B Rhe 0oL BT, . A0S R, RA0h B Efr®
devi ces, nelgulapphighaMpbthe evlye@glisdstchhdso- ©0 bépbimdr &NB&S 75CDIArhslidhg a
10 conposite materi of t i nvention have a very pronounced

bi oconpat? Wh???igﬁﬁkVﬂéﬁoaﬁ?ﬁﬁﬁﬁgﬂsﬁéchanicaI properties. Generally,
theresis | ow mcrobial adhesion and | ow bi o-erosion while good
mechani cal properties can be for exanple found in a low friction

coef fi ci drmorameitrond tedoimasit srlutpmopsesrtliing go thiviprasent érventidreis disofetisn ofival

stability ,of the c osite materials of the inventjion i cel t..
7 ¢ beSherit RGeSO wshpR: St Fioiontef FeleflVVF bt G oR0 GG Taboln
gi ven 15cfabddt, wigd€h il praetey 6 thgsdh@ich Refrbm M enbi 30Madas parfiedladk §8 ¢ 18 thBS
vi sual transparency.



According to the process of the invention bionedical articles such as
contact | e coated very fast, that is within o
nevert hel é)ggg'@ﬁ}g%%gt ed articles are nmechanically very@?@g%%gﬁéﬂ
robust. No pre-treatnent step or the like is necessary, the |enses
may be coated 20 directly follow ng their manufacture. This nakes the
process of the invention highly adaptable into a high volune nass
production process, such as the contacg-l ens manufacturing process as
di scl osed in EP-A-969956 or EP-A-1047542. It is particularly
surprising that the surface treatnment according to the present

i nventi ORyl ffect the.,properties of the

under | yi Eldé g?%%%?[g 8@3})%8%%31?%& ?%P%Wlﬁ‘%lmé mbaP’ ibglp "RF ‘:[ed(%% 'y rg?%%%% &%
of t en af feckamplt bg kienps mpetd ofake Buedicas, WhidhaRakeRndy kndvdiiper se and in

per neabi | i t}/, oxygen tranf jssibility, water contents _or device
georet r y 2514) congmsreily avgable. Lhpk adiustasahtowards mopacilierd valuay masibr

or at le F 9k 1 e : :
nvent i on i 2008 7 55 S BB EL s HT CRAAR IR of Mpirous acigs
not i%di oergthiosdhents swh anatben/AICGirae alsooorhselbiallyeiglabdle. t enper at ur es
are given in degrees Cel sius. Average water contact angles of coated
and non-coated | enses are determ ned as descri bed above. 5 Exanpl es
Exanpl e The Respetaf terbisthedical figidleREM ths @bdtnb@olutiOn 3BuitdblPherfPhbdunder
pol yacrylic acid (M = 90.000, Polyscience) is dissolved in a mxture
of 80 m 2 Plﬁatrf@rldlélmwt an aleiuigempaatyse dependingo®: the seieniugedsF ayexample,
hydr ochl gt [Be BY: t o 1 o [

addi 1 onal BB o BB 0T P A R AN R U b T et ofuger o
sol ut® onthendivert mempbinper2ud, thiat i awahpepdduicrud; foasxamppa fem 10MBBSIC shd

1. 09540. 000).. a . 2. Preparation of a soft silicon hydrogel
cont act prg%ahrlpé@pwgl%? ?gcléﬁ‘é(ﬁretﬁ?fa'iﬁ?éls‘%tflf"f@Ege%{mf?)tpol yacrylic acid
coating (i) Preparation of the silicon hydrogel contact |ens (ia)
Preparati on of PDVMS crosslinker | In a 4-L beaker, 24.13 g of Na2CG3
, 80 g ofhqa@ime anay bsactampdishadledcomiling to pratesesdnewnpsied. Btegample, the

di ssol vey: . - e r...700 g .of e .

bi 5 3- at SEd SRR Ryfiisen TR b S o RiBh.orshestpamans solviopss gt
di sst$ veadn ihe bidAi@gl aficlbexdre, fofexhnlpld, Badipping] Sraany, pRathoWpréading,
overhead stjrring with turbine agitator and a 250-nijt ad§i tion funnel
Wi th mi cPOFRBORIESPE FRIN FRANSTIREVIRGPT PaTtiGhlrdn dipRing beheRredsiEadged to the
reactor, and mxed for 15 mnutes with heavy agitation to produce an
enul sion. 14.5 g of acryloyl chloride are dissolved in 100 m . of 25
hexane ahlk c¢rames thkeoplatecfond tingipeniod ofith® minufésep@borablyyy] matite notke

solution_ij d dropw se.to t.he e si on er .heavy agitat.ion over
one hour?® %?yeﬁg? §?c_8ﬁé{g| aélgé’? P#%Lgarfgow %Ol}ﬁsﬁﬂg@&l%ﬁ%%ﬁ‘gﬁtivﬂw tg? t he
addi 20 onpéifhidniesondBiuh @ tthBlomSdis4l QRRESs Aol B-oRNES BSatARS sBlulioned] t 0
separate overnight. The aqueous Ehase is decanted and the organic

phase i sVRk&§HER TovF@BDlg ehdescrifiedbalow. of 2.0 kg of 2. 5% NaCl di ssol ved
in water. The organic phase is then dried over WO
2008/ 074838PCT/ EP2007/ 064241

According to a preferred embodiment of the invention, the biomedical article — following its

removal from the treatment solution - is contacted with a solvent, which has the ability to

25  shrink the organic bulk material underlying the biomedical article, but which is miscible with
the solvent of the treatment solution. Suitable solvents for this follow-up step are, for
example, water, ethylene glycol, glycerol, 1,3-propanediol, or mixtures thereof. A preferred
solvent for the follow-up step is water. Preferably, the biomedical article — following its

removal from the treatment solution is dipped/immersed directly into the solution. The time



- 12- magnesium sulfate, filtered to 1.0 um exclusion, and

concentr at tary evaporator. The resulting oi

purified Ssgﬁﬂgﬁafgguunldrylng to constant weight. Ana”??péﬁékm§%4l
resulting product by titration reveals 0.175 nkEq/g of C=C doubl e
bonds. 5(ib) Preparation of PDVMS crosslinker Il In a 4-L beaker,

61. 73 g of Na2CC3, 80 g of NaCl and 1.52 kg of deionized water arc

m xed to dissolve. In a separate 4-L beaker, 7008 of

bi s- 3- am nopr opyl - pol ydi net hyl si | oaxane (Shin- Etsu, MWca. 4500) are
di ssol ved in 1000 g of hexane. A 4 L reactor is equipped with

over head i he ator an ddi tion f

ot o foh P T b MR ARy BB B Rl P gt 5

t he react’o rsecoadﬂinﬁﬂem«:felfablly <) satonds aSsutficidht teRvymagh tiad dheinkde opﬂfécwlke
an enuIS|on 6.6 g of acryloyl chloride is dissolved in 100 nL of
hexane aff'€Rarged to the addition funnel. The acryl oyl chloride
solution is added dropwi se to the enul sion under heavy agitation over
one hour. The ermulsion is stirred for 30 m nutes on conpl etion of the
additﬁonlénﬁnﬁhemeﬁgbdamtﬁﬂoW@@sh®ﬁmbﬂ%&mﬂmnhEMpmaﬁaﬂa&m&nahhﬂmbduhan
separate 15 ove e is anted n 0

ohace | < “Wo S et ne & WS o DRBR bisk G oS hehimetk e €2p e
I N wat er preffeblQHieaiT § tPIRsed inSatthanr S6inels RVMES. m%@e%hymlﬁwnf ate,
filtered to 1.0 um exclusion, and concentrated on rotary

evapor at 8fvantpgeouskysust qqngalrbfurthi:rsngreqh@mterforpwmpleeaosabym ma@thulwamum

?: %/'r Q?I éﬁhlﬁfel@%gfgg‘&}@%ﬂ r%ﬁg}aelacgrﬁjfﬁ% &%Il}o{?@?te ﬁaﬁ%ﬁxj d g"hg grsf%i‘r%g ;J eatmelYt is again

Pr epdbat |dqxpmgﬁrrmtms1mg hs %idnrddazb] atide pﬂxb yheeguedu sdluticC Ked Bxele p&aweltfor thiss

equi pped heaL /chilling | oo efI X condensg N2-
inlet/vaé agtrafizaty Eéﬁphbagla%@t af FeEisEs. cal
stirri ngg()re'?erm |, 4t30QBcdnds ﬂl%ﬁeﬂr@{%ﬁglym’ l(ﬂée'éérgis\{é éﬁgﬁc%}rt Qpaogoﬁfahéﬁg\fﬁther
crosslin according to (ia) and PDVS 25 crosslinker |

accor di ngmprovgdsif of the 4@@09 cofting- IpISCﬂdmm’ISSIblﬂm sonslnhmﬂhr: ohrinksgactierr apd dhis o

h d h
Lo 1 oo TRl b s i ARl nd SRR AR e

r e- press by idgiphg thé 1§1bmddi1yalfattlcﬂd)@%ﬁ aquddus sdle@asof RFRER Bk Ratifig h BHEA! Bfl
for a total of 3 tines. The reactor is held under a blanket of dry

ni t r ogen SXanyigs, S0B7 O 7o 88 dpceramplEdn 71 p@ieous NaHEO; on the Ekaswhhioat e f1 ask
a nononmer solution is prepared by mxing 1.50 g of cysteam ne
hydrochl oride, 0.3 g of AIBN, 55.275 g of DVA, 18.43 g of HEA and
364.5 ¢ 6hebkpﬁﬁpaMmﬁdeﬁhhsmsbbumﬂﬂﬁwmgndﬁhﬁbﬁbdamSmhnanMﬁtBnmammﬁéo
filter and then added. to %he re ctor thro a de s uni t

HPLC pums Ol IS SRRl BPIoSe oA SRS PR SAEIPTiGH, for cxample,

t enpepat witgclawing hRRofthavaisediol @ c&Bn Wnt BerfodnBah bl@gaté@teﬂpa%% Fene
hour. In a second flask, a feeding solution is prepared by m Xxing
4.5 g of ewmlwmorﬁ@vmcﬁ@r@ctnn@pqru@ A6 nB9Bes50d . SJfouts, pmmmtr fiamB& hen
filterin

b ot SAMADOMLEE TEHIRL AEeRonSi IS0 Bl
reactor through the degasser/HPLC punp over 3 hours The reaction is

t hen contanﬁd at 68C for an additional 3 10hours, on which heating
has di ScONESIEA HRETIRS 9 AEPURtipg DAmesieslaigien abparh gilprghihalmic

tenpes at bfiles, IACBISALS ih@hale X UMidy budek MRS £thobOodr HoaSK tﬁ'@?n(fr art,

stripped sol vent at 40C under vacuumon a rotary evaporator un
1000 g ofwhsénmke th‘Emln@dVG'IM@UISIbﬂQﬁOr ptra,cmcsl purpeses lc@nhycamiaceldnsaiot h 2000

fd th Addi
Purther PRRGGLHFr kit BB S B8 e Sunsig? WebasF o BTy Thean be
stri ppi ngerpsaess, fot HAMPW, by themingeraditadtlshowiag @RS sBppceyittisle @ﬁlrfacylﬁ by

resulting material is purified by ultrafiltration over a 10
visual inspection; or by suitable contact angle measurements. For example, sessﬂe drop static



This enulsion is then charged to a 2-L reactor equi pped with overhead
stirring, i ion | oop, thernoneter, and the pH

di spensi ngW§?%d8%$18§§ Met r ohm Model 718 STAT 20 Titrino. ﬁ&ng@g@ﬁ‘z‘gn
m xture is then cooled to 1C. 7.99 g of NaHCO3 are charged to the
emul sion and stirred to dissolve. The Titrino is set to maintain pH
at 9.5 by intermttent addition of 15% sodi um hydr oxi de sol ution.
11.59 nL of acryloyl chloride are thendded over one hour using a
syringe punp. The enmulsion is stirred for another hour, then the
Titrino is set to neutralize the reaction mxture by addition of a

15% sol ut ] hioric acid., 25 The product .i.s i.fied
ultrafil {L,erg?clt g%‘lglg%%{cﬁgt\%# ?Ihd ko] 'ﬁ?ﬁg%ﬁné%sualr%gé% rmllrbeﬁtmgm Bg‘f&flfo%%ﬁ?% e
until thengpsiswaice fodnluns daes GhbHe HambergdGeibiaa ). WHIR uhtd@dd silicon

macr om)ng%r is isolated by |ypophilization. WD .
2008/ 0748%EPESH LR tEneeian ganeral have a watergonpeangleafid8o 490° 9pabayst 2

| enses 1 \ j : : : i A
i a0 ver T H e s P Ry R Ut Sk e,
70 g ot &lolssfol ansésomg wei sgherjor gnaity of the sedhck oofingSolpamei e hasoiding, tobhe. 949

of solution at .26..53%.s0l | ecovered, 4.5 a 1% sol ution
of - 5 RORPOR) TR NPT A TG TaL RERTP oF SRragng ack e BSCipton &1
(1 RGACURE{ doscor2¥dDelow iaahsPepipidstskctidnen cal s) are added, and the
solution is then concentrated to a final formnulation having 60%
solids. 200 ng of the fornulation are dosed into poly(propyl ene)
cont act ol g t S | e then. .

T ad: o SR, Bon R R AP i DS RLER By i Prigne
i Nt en8i t yorofoste hifdtontV efitRe inVéreionbhesa eire pitoneumced Bdechpaaibiity Hentbadt Wik
| enses are rempved fromthe nold hal ves. (ige) Preparation of the |
surface 58%{1?1 . aﬂcﬂ)}’a‘?lﬁﬁf‘?ébq}@e?ﬁp’i tg‘érﬁ Hpurigeabial adhesion andlew Rigerasivad
accor di ng/pt|e %&é@l@(@l@ﬁgﬁ prpeRle3 AL ORr Sabiid RURd RO 186 frictd & obBRRont and
holder with the lens is then imersed at roomtenperature for 5 sec
i nto thelaw guasiempropatiest Mereaybt tierdatemstnal iy obthExempbsite materials of the

Foll owi ng _its r.enoval .from.t.he treatment solutiqn,. the | ens hol der
it h e bt ehdont i€ B R s BEDS AL SRR of Rhitsbftine s SRBRS B
treat®d bolk nat&ee adcdrdingddespinadeioh ubésatoeaffsaltt Misud pbhspardhey. The

contact lens is then transferred into a glass vial and sterilized for
30 mm at 121C by aut ocl aving. The presence of 20 the polyacrylic acid

coating ia3.REAYEN R A@-&Tﬂ&f&gﬁﬁ f}g%gﬁaphe SQUBE 40Nkt %g%&%é

at pH 2 and at "1560-1620 cm' a ydrophi i ¢ surface
coat i ng keatéduverhést, ihatis stithgrateechdsyneyesheddss thetcoabd dritlys @andhechanically very

hydrophilicity testi as || as contact. angle neasurenents and f he
Shdan Bl S6Reaba iGN atsretGue S2p pEte HEpisaRy e s aialprea may be Couted

Pr epap at Hﬁébﬂ?ffol@ovﬁﬁ% thefinhanGRBtuRY FhRIRIkeCBBHASEss 0f AR iRAYLBghighlaakRsble
to its surface a polvacrylic acid coating drophobic silicon

hydr ogel @ nhightvolusipgaass praguetihinreqsss, Aiches sl opntaet lonsthamifastusida ptoceds a
m xed polysi : e r.oah ky ether crosslinker, TRI'S and
oy ar o Ly SRR ERE L BB BRR ST RTRIT) Epooo7) osazat - 15 -t he

surface treatnent as described in Exanple 2 (ie). The results are
sunmar i Zif?} in.T bLe | belo Preparation of a soft

b W. (fExarrpI e 4. ,
silicon HyHPBYEHTHCHAE S BH O HRTRofgT AL Arrdies tortle gsepbigyengion in
5pol y8cr yhiiceal @6ésthof Aflck I properties of the underlying organic bulk material. While prior art

coating processes often affect article properties such as transparency, ion permeability, oxygen

transmissibility, water contents or device geometry (e.g. diameter of a contact lens), said

parameters are not or at least not significantly affected by the process of the invention.



Hydr ophobi c silicon hydrogel contact lenses (lotrafilcon B,

copol yneri duct of a m xed polysiloxane/ perfljq

pol yet her ‘??32@@7& gr TRI'S and DMA) are subjected to the surolémmé41
treatment as described in Exanple 2 (ie). The results are sumari zed
in Table I below. 10 Exanple 5: Preparation of a soft silicon

hydr ogel contact |ens having attached to its surface a polyacrylic
aci d coating Hydrophobic silicon hydrogel contact |enses (galyfilcon,
comerci ally avail abl e under the brand name Acuvue Advance (r))
are first of all extracted with 2- propanol (2 rri/lens) t hen 15rinsed
w th wat For
Coat i ng. it SXERAL. P BRAITHRAES: sl ERaGubR 5 Ml R e
and i s sgbjerdt dgrdes Cbhmsw&@eevﬁéreaﬁtﬁﬁmhglﬁomsﬁéd lai&ﬁﬁbﬂ toafledagiabenre
(ie). The resquL (gr e Si'imm“ zed in Table I bel ow. 20Exanple 6:
Surface ORSFHAEERS E3EP6H2P9vF wettability Qualitative assessment by

vi sual inspection of the contact |lens. The ranking is based on the
observation, how fast a filmof the storage solution on the surface
of thé autoclaved contact 25l ens vani shes followi ng the renoval of

t he IensE% %?I%he storage vial with tweezers. 0 = no wetting, i.e. no
filmon the STace droplets at nost 1 = slight or partial wetting;
afilmis r but.te ] IeSS|rmed|ater(<55ec)2:
good wet tFHY RN QT A e present and is rather stable (
filmteari 2008/ 48 P2007/ 0642 16 -

| ubricity-3 Pléff%%%@(}l&a&&ﬁ% 9&/33 Tohe REASnAG 18 Soheran Smriestap o

the fi ng%fhaﬁél@ﬁler& 1#1.66%5 501 ohll 0ORIARRL l%%fl@gﬁ)cﬁlonc haogid éctﬁ'arn%?gluka #
surface with respect to tacki'ness/lubricity 5 = slippery sur

(iii)0watl@934gend @Jbtte(hb)gadéltmhel Ef@élstgrléﬁrﬁmtotalsmbmef ormed by the sessile
d t SA 1 | K H
Ger any. o1 PSR R R ROTES B2 AR R R Bt TG 7

For neasurepandour poses a contact | ens |s taken off the storage
solution with

Example 2: Preparation of a soft silicon hydrogel contact lens having attached to its surface a

15  polvacrylic acid coating

(1) Preparation of the silicon hydrogel contact lens
(ia) Preparation of PDMS crosslinker I
In a 4-L beaker, 24.13 g of Na,COs , 80 g of NaCl and 1.52 kg of deionized water are mixed
20  todissolve. In a separate 4-L beaker, 700 g of bis-3-aminopropyl-polydimethylsiloxane (Shin-
Etsu, MW ca. 11500) are dissolved in 1000 g of hexane. A 4-L reactor is equipped with
overhead stirring with turbine agitator and a 250-mL addition funnel with micro-flow
controller. The two solutions are then charged to the reactor, and mixed for 15 minutes with
heavy agitation to produce an emulsion. 14.5 g of acryloyl chloride are dissolved in 100 mL of
25  hexane and charged to the addition funnel. The acryloyl chloride solution is added dropwise to
the emulsion under heavy agitation over one hour. The emulsion is stirred for 30 minutes on
completion of the addition and then agitation is stopped and the phases are allowed to separate
overnight. The aqueous phase is decanted and the organic phase is washed twice with a

mixture of 2.0 kg of 2.5% NacCl dissolved in water. The organic phase is then dried over



tweezers and excess storage solution is renoved by gentle shaking.

The conta I i.$e Pl aced on the nmale part of a conta
S RrERRLA: R

and gently otted with a dry and clean cloth. A water dr

1pl) is then dosed on the | ens apex, and the change of the contact
angle over tinme of this water droplet (WCA(t), circle fitting node)
is nonitored; WCA is cal cul ated by 15 extrapol ati on of the graph
WCA(t) to t=0. (iv) ATR-FTIR ATR-FTI R 1easurenents are perforned with
a Nicolet FTIR spectronmeter equipped with a ZnSe crystal in an

over head sanpl e hol der (45 angle of incidence) with mcroneter

20contro 0 i1 ht ¥ For: '

cont act _apaes(irE RO M RE) L bt cxpREiol 5 b RRERke b PRRET ovgRlior e,
crystal , rdsilkiag oltys fultberqluaifipd Byhighwacumedtying bocins@hiGrdglananalysThe the
ATR-I nfrared absarbance spectr re all naormalized to the signal at
2961 cm icsuliiog B@H‘gﬁ’ﬁ’ t’é")?tlg‘b]f?ﬁ i @6% @Fq/tgr?g Cs%gleibﬁﬁ‘?se ase at 1720
cm' (VCOOH) with the signal at about 1631 cm 11 ( indicative for

silicon hydrogel presence). 25 n = no change w = weak signal increase
(< 0.5) (ih) Brepweteamatf @DNIG aebslinkerrlease (0.5 - 1.0) 5 = strong si gnal

_ y
Bl ack dyl AUBTSA Loat! b Ch SL4 | Al B ALt e it ed o

pr epar ed diyolh. 559 bapaiage OL Degken708¢daBisB-atikofopyN fdlsidahdth AViRaxdtegBhini N
100 g of vitamin E oil under stirring. For measurenent purposes, the
sur f ace- EfEatd 1 d7Q0)jase dissobied ot 1¢)0 2 eflhesriicad ddl reaetonds gauippercyith n 2

m of an f i } e i.al he
cont act | Penec ooy e I Gk RAMol IR CPIAL Shakth Anflf ARl
gent 1§ shakehies dht bad solmsins efe thdnechgiged tctbe watter, and mixeddoeld. mifihes viths

is then placed. in the above prepar Sudan Bl dye solution for 5

. The PP EI PR TiorE  PURHTed0 P RhHEY By o ton Tt ERE AL
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mixture of 2.0 kg of 2.5% NaCl dissolved in water. The organic phase is then dried over
magnesium sulfate, filtered to 1.0 um exclusion, and concentrated on a rotary evaporator. The
resulting oil is further purified by high-vacuum drying to constant weight. Analysis of the
resulting product by titration reveals 0.435 mEq/g of C=C double bonds.
20
(ic) Preparation of the crosslinkable copolymer
A 2-L jacketed reactor is equipped with a heating/chilling loop, reflux condenser, N,-
inlet/vacuum adapter, feeding tube adapter and overhead mechanical stirring. A solution is
generated by dissolving 90.00 g of PDMS crosslinker I according to (ia) and 30.00 g of PDMS
25  crosslinker II according to (ib) in 480 g of 1-propanol. This solution is charged to the reactor
and cooled to 8°C. The solution is degassed by cvacuating to less than 15 mBar, holding at
vacuum for 15 minutes, and then re-pressurizing with dry nitrogen. This degas procedure is

repeated for a total of 3 times. The reactor is held under a blanket of dry nitrogen.
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In a separate flask, a monomer solution is prepared by mixing 1.50 g of cysteamine
hydrochloride, 0.3 g of AIBN, 55.275 g of DMA , 18.43 g of HEA and 364.5 g of 1-propanol.
This solution is filtered with a Waterman 540 filter paper, and then added to the reactor
through a degas unit and HPLC pump with a flow rate of 3.0 mL /minute. The reaction
temperature is then elevated to 68°C with a heating ramp about one hour.

In a second flask, a feeding solution is prepared by mixing 4.5 g of cysteamine hydrochloride
and 395.5 g of 1-propanol and then filtering with Waterman 540 filter paper. When the reactor
temperature reaches 68°C, this solution is slowly dosed into the reactor through the
degasser/HPLC pump over 3 hours. The reaction is then continued at 68°C for an additional 3
hours, on which heating has discontinued and the reactor is allowed to cool to room
temperature.

The reaction mixture is transferred to a flask and stripped solvent at 40°C under vacuum on a
rotary evaporator until 1000 g of sample remained. The solution is then slowly mixed with
2000 g of deionized water with rapid agitation. Additional solvent is further removed until
about 2000 g of sample remain. During this stripping process, the solution gradually becomes
an emulsion. The resulting material is purified by ultrafiltration over a 10 kD molecular
weight cut-off membrane until the permeate conductance is below 2.5 uS/cm .

This emulsion is then charged to a 2-L reactor equipped with overhead stirring, refrigeration
loop, thermometer, and the pH meter and dispensing tip of a Metrohm Model 718 STAT
Titrino. The reaction mixture is then cooled to 1°C. 7.99 g of NaHCOj are charged to the
emulsion and stirred to dissolve. The Titrino is set to maintain pH at 9.5 by intermittent
addition of 15% sodium hydroxide solution. 11.59 mL of acryloyl chloride are then added
over one hour using a syringe pump. The emulsion is stirred for another hour, then the Titrino
is set to neutralize the reaction mixture by addition of a 15% solution of hydrochloric acid.
The product is purified by ultrafiltration again with 10 kD molecular weight cut-off membrane
until the permeate conductance is below 2.5 uS/cm. The final macromonomer is isolated by

lypophilization.
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(id) Preparation of contact lenses

18.83 g of the polymer obtained according to step (ic) are dissolved in approximately 200 mL
of 1-propanol, concentrated to ca. 70 g total solution weight, and filtered to 0.45 um
exclusion. 67.94g of solution at 26.53% solids are recovered. 4.503 g of a 1% solution of 2-

5  hydroxy-4’-hydroxyethyl-2-methylpropiophenone (IRGACURE®-2959, Ciba Specialty
Chemicals) are added, and the solution is then concentrated to a final formulation having 60%
solids.

200 mg of the formulation are dosed into poly(propylene) contact lens molds and the molds
are closed. The molds are then irradiated for 15 s with an ultraviolet light source having an
10  intensity of 2.18 mW/cm?. The molds are then opened, and the contact lenses are removed

from the mold halves.

(ie) Preparation of the surface coating
A hydrophobic silicon hydrogel contact lens obtained according to (id) above is placed on a
15  lens holder. The lens holder with the lens is then immersed at room temperature for 5 sec into
the treatment solution obtained according to Example 1. Following its removal from the
treatment solution, the lens holder with the lens is rinsed for 2 sec in a water bath and
subsequently treated for 2 sec in a phosphate buffered saline (pH 7.2). The contact lens is then
transferred into a glass vial and sterilized for 30 min at 121°C by autoclaving. The presence of
20  the polyacrylic acid coating is proven by ATR-FTIR spectroscopy (absorption at 1720 cm™ at
pH 2 and at 1560-1620 cm™ at pH 7.2). The hydrophilic surface coating is further investigated
by visual wettability and hydrophilicity testing as well as contact angle measurements and the

Sudan Black staining test (sece Table I below).

25  Example 3: Preparation of a soft silicon hydrogel contact lens having attached to its surface a

polvacrylic acid coating

Hydrophobic silicon hydrogel contact lenses (lotrafilcon A, copolymerization product of a

mixed polysiloxane/ perfluoroalkyl polyether crosslinker, TRIS and DMA) are subjected to
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Example 5: Preparation of a soft silicon hydrogel contact lens having attached to its surface a

polvacrylic acid coating

Hydrophobic silicon hydrogel contact lenses (galyfilcon, commercially available under the

brand name Acuvue Advance®) are first of all extracted with 2-propanol (2 ml/lens), then
15  rinsed with water several times and stored in a vessel in cold water.

For coating purposes a contact lens is taken directly out of the vessel and is subjected to the

surface treatment as described in Example 2 (ie). The results are summarized in Table I

below.

20  Example 6: Surface characterization

(1) wettability

Qualitative assessment by visual inspection of the contact lens. The ranking is based on the

observation, how fast a film of the storage solution on the surface of the autoclaved contact
25  lens vanishes following the removal of the lens from the storage vial with tweezers.

0 = no wetting, i.e. no film on the surface, droplets at most

1 = slight or partial wetting; a film is present but tears more or less immediately (< 5 sec)

2 = good wetting; a film on the surface is present and is rather stable ( film tearing > 5 s)
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(i1) lubricity

Qualitative evaluation by contacting the lens surface with the finger tips.
0 = tacky or frictional surface

1 = indifferent surface with respect to tackiness/lubricity

2 = slippery surface

(iii) water contact angle

The measurement is performed by the sessile drop method with a DSA 10 drop shape analysis
system from Kriiss GmbH, Germany with pure water (Fluka, surface tension 72.5 mN/M at
20°C). For measurement purposes a contact lens is taken off the storage solution with
tweezers and excess storage solution is removed by gentle shaking. The contact lens is placed
on the male part of a contact lens mold and gently blotted with a dry and clean cloth. A water
droplet (about 1pl) is then dosed on the lens apex, and the change of the contact angle over
time of this water droplet (WCA(t), circle fitting mode) is monitored; WCA is calculated by
extrapolation of the graph WCA(t) to t=0.

(iv) ATR-FTIR

ATR-FTIR measurements are performed with a Nicolet FTIR spectrometer equipped with a
ZnSe crystal in an overhead sample holder (45° angle of incidence) with micrometer
controlled clamp-down facility. For measurement purposes, a dried contact lens (vacuum
drying oven, 1mbar, 25°C, 30 min) is placed on the crystal, fixed by the clamp and measured
(about 256 scans). The ATR-Infrared absorbance spectra are all normalized to the signal at
2961 cm™'; assessment by comparison of the signal increase at 1720 cm’ (Veoon) with the
signal at about 1631 cm™ (indicative for silicon hydrogel presence).

n = no change

w = weak signal increase (< 0.5)

m = moderate signal increase (0.5 — 1.0)

s = strong signal increase (> 1)
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(v) Sudan Black dye absorption test
A 0.5 % (w/w) Sudan Black dye solution is prepared by dissolving 0.5 g of Sudan Black B
(Aldrich) over night in 100 g of vitamin E oil under stirring. For measurement purposes, the
surface-treated lens is first of all autoclaved (30 min, 121°C) in 2 ml of an phosphate buffered

5 saline (pH 7.2) in a glass vial. The contact lens is then removed from the solution with
tweezers and gently shaken so that most of the surface water is removed. The lens is then
placed in the above prepared Sudan Black dye solution for 5 min. Thereafter the lens is
removed from the dye-bath, and the excess dye solution is rinsed off with warm water. The
lens is air-dried and assessed according to its degree of staining.

10 2 =no or almost no staining

1 = slight staining

0 = considerable staining

The values obtained with contact lenses as coated in Examples 2-5 and with the corresponding

15  uncoated contact lenses (control) are summarized in Table 1.

Table I
Example |Treatment |Wettability |Lubricity |WCA [°] Sudan ATR-FTIR
time [sec] Black
(wet)

2 5 2 2 16 2 m
2(Control) - 0 0 109 0 n

3 5 2 2 23 2 S
3(Control) - 0 0 105 0 n

4 5 2 2 18 2 m
4(Control) - 0 0 104 0 n

5 5 2 2 25 2 Not measured
5(Control) - | 0 102 0 Not measured
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Example 7: Preparation of a polyacrvlic acid coating on a soft silicone hydrogel contact lens.

Impact of water content and treatment time on the hydrophilization of Lotrafilcon B lenses

(1) Preparation of treatment solutions

(ia) An ethanolic lens treatment solution (“‘solution I”) is prepared by dissolving 3.6 g of solid
polyacrylic acid (M, = 90.000, Polyscience) in a mixture of 800 ml ethanol (Merck #
1.00983.2511) and 9.8 ml of a 1.5 M hydrochloric acid in ethanol (Fluka # 19934) and diluted
by additional EtOH to 1000 ml total volume.

(ib) An aqueous lens treatment solution (“solution II”) is prepared by dissolving 3.6 g of solid
polyacrylic acid (M, = 90.000 ) in a solution of 700 ml water and 3.6 ml of a 1 N aqueous

hydrochloric acid solution and diluted with additional water to 1000 ml total volume.

A droplet of each treatment solutions indicates pH = 2.0 with wet pH indicator paper (Merck
#1.09540.000).

By mixing of appropriate volume portions of solution II (V 1) with those of solution I (V ;)
lens treatment solutions with different water contents are prepared according to the following
equation:

Cu20 = [V u/ (V 1+ V)] * 100 [%]

(i1) Lens coating process: The lens coating processes are performed with Lotrafilcon B lenses
as described in Example 2 (ie) by variation of the treatment time (5 s, 10s, 30 s, 60 s and 300
s) and water content of the treatment solution cH20 (0 %, 5 %, 20 %, 50 % and 100 %).

(iii) Lens surface characterizations:
Lenses were evaluated and characterized by water contact angle, slipperiness, and Sudan
Black staining test according to the methods described in Example 6.

The results arc summarized in Tables 2 to 4 below.
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Table 2: Impact of treatment time and water content of the treatment solution on water contact

angle of Lotrafilcon B lenses

Treatment Time [s]
cmo [%0]

5 10 30 60 300

0 19 21 20 25 14

5 17 37 31 24 21

20 46 43 42 36 36
50 66 71 49 52 57
100 84 90 83 90 79

Table 3: Impact of treatment time and water content of the treatment solution on lubricity of

Lotrafilcon B lenses

Treatment Time [s]
CH20 [%}
10 30 60 300
0 2 2 2 2
5 2 2 2 2
20 2 2 2 2
50 1 1 2 2
100 1 1 1 1
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Table 4: Impact of treatment time and water content of the treatment solution on the Sudan

Black dye absorption test of Lotrafilcon B lenses

Treatment Time [s]
cmo [%0]
5 10 30 60 300
0 2 2 2 2 2
5 2 1 2 2 2
20 1 1 1 2 2
50 0 0 1 1 1
100 0 0 0 0 0




011110000000 -21- dains 1. A process for the hydrophilic
coating of a soft contact |ens conprising a hydrophobic bul k materi al
sel ected fromthe group consisting of a silicon hydrogel, a

per fl uoroal kyl 5pol yether and a m xture thereof, which process
conprises treating the soft contact +t2hs for a tine period of < 30
seconds with a solution of an organic solvent conprising a

pol yani oni ¢ conpound with a nunber average nol ecul ar wei ght Ma of >
5000, \M‘@ra%g t he pol yani oni c conpound is a polyacrylic acid or a
copol ymer of acrylic acid and a conononer selected fromthe group
consi sting of methacrylic acid, itaconic acid, nmaleic 10acid, maleic
anhydri dg, vin Ig)yrrol i done, nethylvinylether, acrylamde, N N

di net hyl Cr‘iy\t’%)ﬁ? d EordhrghslropbHisoRtnE 9 @IspBTeRthes fens esnpiesingrtlsideiphobibe
solution c i I 9 ! f. [, Wherein th H
Vel e of LR sereed DA bl ot BN o silBh Rlaro DR R BRGPT ¢
devoi®d of @obuthenmida pizkwrerthereof, whichZproddsProngeises Bty te Bt Eantt RhdTol,
wherei n the number .aver.age | ecul ar wei ght M| of the 15pol yanionic
conmpound isat%n?%?ﬁn?gﬁégéggToﬁ% Vit sejution of ap crgamic selvR GPMTISRE Any one

of clai ms JotyanidnicWb@p&InA wilea QIR hfersRlY 3o tu1dr %ve%h% Gfs sBAE YRQleinC”
a glycol ether. 4. A process according to claimT erein the
sol ution fdhe pelE@ionisrRomppundhie apehyrcrgimacider 4 epslyimst of ssplliohéidandd a

pol yacryli ¢ agi i r average |l ecul ar wejght M of from
2020000 to 8@8{5%8&?%1 e?%g’%‘%ﬂﬁ@%ﬁ‘é? ‘é‘?nﬁ“@‘ﬁ"e‘?;;ﬂe@a‘f’%éc 351, faonicaicidh maleid s
from0l. 8 t @cid, maleicAnhydidesN-vasirdiidge! Qe ingReel aci§laiids NINL O 4,
wher ei n the;tiﬁfgﬁ_ eriod of the treatnment is < 10 seconds. 6. A
process acégP @‘PQ' egnfe onpyinyRolyetylepe pxidpgvherein tig solptigoesmpeisésng
the soft coatagh 108 Witk oRwarkh WHite; f Cln 18085 kS
renmoved fromthe treat rré‘ﬁt 0soI ut’i on,m&g’\%/%gvea{wr%%tf%% Stglél 1\8’2%\3%%%2 ttch%'%’
ability to astmbetkintthesdutiparis devioid ¢f amatieric pdlymader | yi ng t he soft
contact |ens, and wherein the solvent is mscible with the solvent of
the tred menprose&h tédoffing to claim 1, wherein the number average molecular weight M, of the

15 polyanionic compound is from 7500 to 1 million.

3. A process according to any one of claims 1 to 2, wherein the organic solvent is a C,-Cy-

alcohol or a glycol ether.

4. A process according to claim 1, wherein the solution for treatment of the soft contact lens
is a solution of a polyacrylic acid having a number average molecular weight M, of from

20 20000 to 500000 in ethanol, wherein the pPH value of the solution is from 1.8 to 3.

5. A process according to any one of claims 1 to 4, wherein the time period of the treatment

is < 10 seconds.

6. A process according to claim 1, further comprising a step of contacting the soft contact
lens with a solvent, after the soft contact lens is removed from the treatment solution,
25 wherein the solvent has the ability to shrink the organic bulk material underlying the soft

contact lens, and wherein the solvent is miscible with the solvent of the treatment

solution.




- 22 - 7. A process according to claim6, further conprising a step
of treating the soft contact |lens after the shrinking step with an
aqueous solution conprising a neutral or slightly basic pH 8. Coated
contact |ens, obtainable by the process_of any one of clains 1 to 7.

7. A process according to claim 6, further comprising a step of treating the soft contact lens

after the shrinking step with an aqueous solution comprising a neutral or slightly basic
pH.

8. Coated contact lens, obtainable by the process of any one of claims 1 to 7.



