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POLYMERI C LENS COATI NG Cross- Reference to Rel ated Applications 6*
This application is related by subject matter to comonl y-assi gned US
Application Serial No. 09/315,620, filed May 20, 1999, and Application
Serial No. 09/541,588, filed April 3, 2000. MELD OF THE | NVENTI ON The
present iwoex247em is directed toward the surface treat mept¢r/o$or2%xds cal
devices such as contact |enses and nedical inplants. In particular, the
present invention. is directed to a nethod of renewably nodifying the
surface of . a.nedical device to increase its bioconpatibili ﬂmmmmwumuuum
hydrophilicity by coating the deviee with a hydrophilic pol

reacti on between reactive functionalities in the contact |ens matedst al and

conpl enmentary r eaCMEEFHOD FORARPLYING POLYMERYCLENS OGATINGner. The
present invention is also directed to a contact |ens or other nedical

devi ce having such a surfac@ys&Refbensk to atibpg't act | enses nmade from
silicone-containing materidl'S have been Investlgated 1or a nunber of years.
Such materials n generally.be divid L n major .classes: '
hydr ogel s and ngﬁ’-l%%ﬁpﬁ@%o?. ‘Mﬁﬁﬁ@d %g%‘ﬁ’gecho&ﬁ%%rmg%s‘é _""3’8}5’13 : | &S
amount s of AHIRAtionVSeABANN BB 05]62G; fad MBS 2001999] drdt AbplicaRéE Sehifl RO,

equi librium'state. Hydrogels generally have a water content greater than
about five Qﬂéﬁﬂdk&%pﬁlede“mtgénmoormre commonl y between about 10 to about 80
wei ght percent. Regardless of their water .~ content, both non-hydrogel
and hydrogel si’licone contact |lenses tend to have relatively hydrophobic,

non-wettabl e surfaces. SurfacefFHIDOFYWHE BIVESIIONSI tion determ ne many of

the physical properties and ultimate uses of solid materials., )
Charact eristics ﬁ:memt inwentionds directedtoward the qurfanedesatipeny pf medical devices

such as contact lenses and medical implants. In particular, the present invention is

directed to a method of renewably modifying the surface of a medical device to increase
its biocompatibility or hydrophilicity by coating the device with a hydrophilic polymer
by reaction between reactive functionalities in the contact lens material and
complementary reactive functionalities on the hydrophilic polymer. The present
invention is also directed to a contact lens or other medical device having such a surface

coating.

BACKGROUND

Contact lenses made from silicone-containing materials have been investigated
for & number of years. Such materials can generally be subdivided into two mejor
classes; hydrogels and non-hydrogels. Non-hydrogels do not absorb appreciable
amounts of water, whereas hydrogels can absorb and retain water in an equilibrium state.
Hydrogels generally have a water content greater than about five weight percent and
more commonly between about 10 to about 80 weight percent. Regardless of their water
content, both non-hydrogel and hydrogel silicone contact lenses tend tc; ﬁave relatively
hydrophobic, non-wetable surfaces.

Surface structure and composition determine many of the physical properties and

ultimate uses of solid materials. Characteristics such as wetting, friction, and adhesion or.
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i nfl uenced by surface characteristics. The alteration of surface
characteristics is of special significance in biotechnical applications,
where bioconpatibility is of particular concern. Therefore, those skilled
in the art have long recognized the need for rendering the surface of
contact | enses and ot her nedical devices hydrophilic or nore hydrophilic.
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coati ngs ar eurfaseinediated bonuitdlyzed t waetjpns yfof Lsyothesinabd zitelspevifid agmsativnst he
medi cal equi, {. U Patent . 4,734, 475 tO | denberg et al, .discl oses
the use of dggg%f‘gcf&"’é sse?aé%pé‘fegmwgﬁwgs'pgﬁ%;&ccéﬁm@ g o SRYHFe
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TP osul 1 at o TRHd P RAGma GRS Al ortyet, Al Gt Bl i oty pap pesppated
optically ch@f ménoHaphind eeace@aivithOpladha tthefors h26@sffinkeds chitm@ne The

medi cal device that renders the device nore bioconpatible. It would also
be desi r abl @xazolinonergroups shat hgve beenatiacheddotlee surface gan thendetused td attechiehat

is nore confortable for a longer periqd of tinmn, sinultaneous]y |
t ear et t abl SINGSHI, Ay e da il for Sxeslenpaiciny Bhog e expdlianny e ppdked by, o
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preferably for a week or nore w thout adverse effects to the cornea.
Further, it would be desirable to provide a coating with these properties

that can be readily renewed to restore its properties to an as-new state.
BRI EF DESCRI PTI ON OF THE DRAW NGS 2




FIG 1 shows an Atom c Force M croscopy (AFM topographi cal Iﬁ%?@
of a control contact |ens described in Exanple 15 bel ow, for 8n to

a contact lenses according to the invention; the inmage of the anterior
side of the lens is. shown on the left of FIG 1 and the inmage of the
posterior side is shown on the right. ' FIG 2 shows an Atonic Force

M cr oscopy pogr aphi cal i nmage~(50 n2) of a contact_|ens coated
des¢ri bed ?f@@x”é‘rﬁfe 14 according to one enbodi nent of t hdC ;S‘#S@yémﬂ

i nvention, which lens is a silicone rigid-gas perneable |lens coated with a
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the present invention, which I'ens i's a silicone rl gia-gasvp Plens
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pol ymer as deufacesenithemedicaheguipnent. FI G 5 shovvs Atonic Force M croscopy
(AFM topographi c ( nt act ted described in
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lens is a sifubgedied Rse & £ BSmpRah xl}%&e in
Exanpl e 11, a copol yner gfsiytljﬂleneth I a%rgy am Ftﬁg‘”agf Cl @tﬁfnegﬁxg%% B and
oct at | uor opetieyhagkhangcsurh thet. the Iouler purfivenof theolens chutainea Mydropltio byduciNgM

t opogr aphi c ntact |ens coated, described in Exanple
16 accor di ng@%ﬁﬁgg’gté?rgoagﬁ?%ﬁfédﬁt ?fc tge O AR Fon PW%?‘I%W‘% Whter s b1°s a
silicone hycueagwedrgmc memcmamm@wmma&, sulls; bisul¥fe of thidsiipne! € 11, a
copol ynmer of dine né't‘\ﬁ ryl am de, de yl nethacrylate, and
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concentratio FIG 7 is an
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surface of E\ i E@M ?@%H‘P é‘é‘e@“&ﬁﬂf‘blgﬂwmﬁpﬂ @W@Mpow taep in
Exanpl'e 18. wettable and highly permeable to oxygen. It would be desirable if such a

biocompatibilized lens was capable of continuous wear overnight, preferably for a week
or more without adverse effects to the cornea. Further, it would be desirable to provide
a coating with these properties that can be readily renewed to restore its properties to an

as-new state,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows an Atomic Force Microscopy (AFM) topographical image (So.ﬁm’)
of a control contact lens described in Example 15 below, for comparison to a contact
lenses according to the invention; the image of the anterior side of the lens is shown on
the left of FIG. 1 and the image of the posterior side is shown on the right.
" FIG. 2 shows an Atomic Force Microscopy (AFM) topographical image (50 pm?)
of a contact lens coated described in Example 14 according to one embodiment of the

present invention, which lens is a silicone rigid-gas-permeable lens coated with a



FIG 9 is an Atom c Force M croscopy (AFM topographical imge (50 nz} of
the surface of an RGP button after abrasive renoval of the p Iﬂyéﬁe& 005at i ng
in Exanple 18. 4 2 8 FEB 2005 WD 02124793. PCT/ US01/ 23026 FIG 10 is an

At omi ¢ Force M croscopy (AFM topographical inmage (50 m~) of the surface
of as RGP button after the hydrophilic polyneric surface was reapplied in
Exanpl e . 1?,0 3bateaA?tY OF THE |1 ~] VENZTON The present i nveidfg gl rect ed
toward surface treatnment of silicone contact |enses and other silicone

nedi cal devices, incjudjng, a nmethod of npdifyj he surface .of a, contact
| ens to i ncrrEByRer %5§CWF8M¥M1?§/ ’&r"%& &gl?h‘yiﬁ“éyu’réﬁ?&af’t‘,‘g Eﬁi{ﬂé ment
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medi cal device froma material cgnprisin oneric units having reactive
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functi onal i t faatedaitize pelymer asdesprb sting of azl actone,

car boxylic acid, ' ’ ﬁmqq Lbhies 4

conbi nati ons ther%‘ﬁ%ﬁ?ﬁ%%ﬁ%&% ?%}t eact| gﬁégl?‘gﬁne’?%\?f)#é“%f
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conplenmentary 5 2 8 FEB 20 reactijve functionalitie |l ected fromthe
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Primary or Sg&enskd i Exafiplel 1, Qcofalyierof ditietgl dirflumide] gpeiiyliheBacrilak,
conbi nati ons thereof; erein: when the hydrophilic reactive pol yner
conpri ses hyadnejaflusropgmylraetbagrylptonent ary ‘reacti ve functionalities, the

medi cal device rd t i) ' (HW | <] \/Mm he
hydrophilic r eagﬂ@gI %‘gﬁ'f/%él%%oﬁrég% sesgéc?g%ggxy %:dpggl?hh%%ﬁrr%%%r?t ary of
functi onal i ty cortfi 1¢e@batedl deleriberin Examplesacemding to oae tinbodiment of the
functionalities; . .
! ! ! ;Jregent invention, which lens is a silicone hydrogel lens coated with a polymer as
described in Example 11, a copolymer of diméthyl acrylamide, glycidyl methacrylate,

and octaﬂuoropcnty]methacrylate,.which is used for coating at a higher concentration

than was used for coating the lens in FIG. 5.

FIG. 7 is an Atomic Force Microscopy (AFM) topographical image (50 pm?) of
an RGP contact lens material button of Example 18 prior to surface treatment. -

FIG. 8 is an Atomic Force Microscopy (AFM) topographical image (50 um‘.). of
the surface of an RGP button after a first hydrophilic polymer coating step in Example
18. .

'FIG. 9 is an Atomic Force Microscopy (AFM) topographical image (50 um?) of
"the surface of an RGP button after abrasive removal of the polymer coating in Example
18.



(c) reacting the hydrophilic reactive polyner of (b) having _conplenentary
- reactive functionalities along the polynmer chain with said ﬂ@&gg$ﬁﬁﬁ
functionalities on or near the surface of the nedical device of (a), at a
reaction tenperature at |least sufficient to maintain the reactants in
solution and |l ess than 55c, thus formng a bioconpatible surface on the
~medi cal device; (d) renoving the bioconpatible surface of step (c); and (e)
"repeating steps (b) and (c) to forma renewed bi oconpati ble surface on
sai d nedi cal device having properties substantially simlar to the. _
ori gi nal V¥ B¥2ATht i bl e surface of step (c). The present inRWEHUBMR3IB al so.
directed, to. a nedical device, exanples of .which include contact |enses,

intraocular~ le .cat het or ' . : ' ' Sk
surface made byﬁﬁ?ﬁ ‘igﬁgﬁmﬁ%@%‘?@&&f@ﬁ@bﬁw&s H?alisgg'ﬁ?%%f
f abri cat edupGEOGE RGP Yultbn hitér the hoafihilid Welpinedd shufidol i 1dgHliM in |
appliances, including retainers and nouth guards, hearing aids, yarns for
cl ot hi ng oExdmpled8t hopaedi c or ot her nedical surgical inplants and :
appl i ances such as punctal plugs, stents and braces. DETAI LED DESCRI PTI ON
‘OF THE I NVENTI ON As stated above; 'the present. invention is directed -
toward.. surface treatnment of Jin dewi-ces —iehitdi Nng contact | enses,
i ntraocul ar I'enses and vascur 1‘*‘""':‘. .’]"'1‘“’4“}9 their.
- biroconpat i bi i tyhe ég«%'eﬂrﬁz%@ﬁﬁoﬂ 1 aRbdied thwaRP RAFAR! trontRENABE SilRERE chifacta
2 8 FEB 2005 1 WO 02/24793 PCI/ US01/ 23028 application to contact |enses,
such as hylensegeind, othserl silivone nidicad gevices,dnduding. al meshgseofmedifpingdhe surface
materials. The invention,is especiall dvant ageous, for Silicqne
(i gi dgas- (R reaBiRet fcoR 8 JHCTERENI hyEPDRCIY. o vedeBility. n Ehe FHEECP: treatmenty
hydr ogel s o M?ﬁﬁﬁ lﬁﬁﬁﬂ? b1 ) i bt P ledd | S
meant thatc%%ﬁ!%“r‘;ﬁ;i;kﬂgrl a %@ng trqja%{llégﬁ?@%% orga#%&g‘é y@ﬁéé%rrpr irkg}lﬁ%st at
| east fi vehRess%No thy stticg loff tisd ¢ontaw derfs- €ibiirate lbygaegns af redotive inctibfalithes1 00
- percent by weight silicone, nore preferably 30 to 90 percent by weight
si | i cone. m@heaﬂn%sut&trstetmm_al repcting With semplementanyhesseive: fimedio _
pol ymer SYidioPeric units along a hydrophilic reactive polymer. Subsequently the hydrophilic
“polymer c.hams can be removed from the contact lens substrate and then rg-appﬁed to
achieve substantially' as-new surface quality. As used here, the term “as-new surface
quality” means a re-applied surface resembling the original surface coathig in appearance
and material properties. In a preferred embodiment, the reaction temperature is from 15
to about 45°, more preferably from about 20 to about 40°, most preferably about

| ambient temperature.,

One specific expression of the invention is a method for treating the surface

of a medical device comprising:

(@  forming a medical device from a material comprising monomeric
units having reactive functionalities selected from the group consisting
of azlactone, c#rboxylic | acid, amine, hydroxy and epoxy
functionalities, and combinations thereof; _

(b) forming a hydrophilic reactive polymer having complementary

reactive functionalities along the polymer chain, said complementary



. containing less than 5 wt. % water. RGP materials useful in accordance
wth the present invention include those materials taught ingg&f%%,@@t No.
4,826,936 to Ellis; 4,463,149 to Ellis; 4,604,479 toEllis; 4,686, to
Ellis et al.; 4,826,936 to Ellis; 4,996,275 to Ellis et al.; 5,032,658 to
Bazon et al.; 5,070,215 to Banbury et al.; 5,177,165 to Valint et al.;
5,177,168 to Baron ~et al.; 5,219,965 to Vaunt et al.; 5,336,797 to MCee
and Vaunt; 5,358,995 to Lai et al.; 5,364,918 to Valint et al.; 5,610,252

to Banb t al.; S.Z0 Y . s &t t al.
US Patent . 346, oTeRefyéduneondifics SeieEled¥romPhe ghod botfptisifl ¥AuBlonEy B
an RGP material . lLiygdyastes acidmanhpdride; depuixgg hydraxys -primieyl grosecordary

systens containing water in an equilibriumstate. Silicone, hydrogets
general |y have a wmige, encadmxylie agid fundigpalities and combinations thereebnt and
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materials are usudl egyel&; yneri zing n xture contai hing-at

| east one sili congycafiindi cunigleiRAtiTS reastive fulctioanlities; thy dnaditall deviceononer .
Either the silicone-containing nononer _or the hydrophili noner . my
function as a croSemprises azlagippgirepetive Milppﬂlk'é‘%g’ BEivﬁbe“déﬁ%oHéllga
monomer having nul t ] p lﬁ’ﬁ?@riz s ING 'tﬂﬁﬁi"btifc‘ﬁl OforBpRERAEAYE
cross-1linker may 6jg“eunv%l ogle’ . p?%ggllséysi Hco elcont al ni nog lr)mnorrea?lyc units
for use in the forfunéticmaliof, Stle coredidaydrdeybdes eompriséd eRoxywn reactiviee art

and numerous exanmples are provided in U S. Patent Nos. 4,136, 250;
4,153, 641; 4,740, Sunectionabities;ns1: 5 070, 215; 5,260, 000; 5, 310, 779; and
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i ncl ude bul polysi meth acrylic ‘nononers. An ‘exanpl e of
bul ky pol ysi | oxanybmipkethentang rédctive innctiomalisics miorigsthecpolpmenchainbyithhe
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device of (a), at a reaction temperature at least sufficient to maintain
the reactants in solution and less than 55°, thus forming a
biocompatible surface on the medical device;

(d) rerﬁoving the biocompatible surface of step (¢); and

(e) repeating steps (b) and (c) to form a renewed biocompatible surface

on said medical device having properties substantially similar to the
original biocompatible surface of step (c). -

The present invention is also directed to a medical device, examples of which
include contact lenses, intraocular lenses, catheters, implants, and the like, comprising a
surface made by such a method.

Examples of medical devices that can be fabricated in accordance with the
present invention include dental appliances, including retainers and mouth guards,
hearing aids, yarns for clothing or for orthopaedic or other medical/surgical implants and

~ appliances such as punctal plugs, stents and braces.
DETAILED DESCRIPTION OF THE INVENTION
- As stated abovs; the present invention is directed toward surface ‘treatment of
" medical devices, including contact leﬁses, intraocular lenses and vascular implants; to

improve their biocompatibility. The present invention is especially advantageous for

Sa



wherein: ' X denotes -O or NR ; each R18 independently denotes hydrogen
or nmethyl; each R19 independently denotes a | ower al kyl radi & 5EB zﬂdéenyl
radical or a group represented by 1R-9" --Si-R 9 ~19 wherein each R19.
i ndependent|ly denotes a | ower al kyl or phenyl radical; at~d his 1 to 10
Some preferred bul ky nononers are nethacryl oxypropyl

tris(trimethylsiloxy)silane or tris(trinmethylsiloxy)sily]
net hacr yI¥0@82248%het i mes referred to as TRI'S and b 080 23028

tris(trinmethylsiloxy)silylpropyl vinyl cazbamate, sonetines referred to as

Thi s-vc. Such, bul k ri i | d-gas-
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poTy( or ganosi‘l oxane)- capped with an unsat ur at ed
group at t hbI8UESS ﬁatéﬁaxaf Tﬁ&mvmﬂoaaaleepeciams adpantageous\bor silj rm& to

el udi Egem?pm‘i;ﬁé leoven.RetlyrgybEmmsbl (REY) Bt eEH

\S/: 'n'yforc‘:r L Lo ”%6%%?%@#4]& B&F’ﬁg téthd 4iEQNEGPR AL Bkt mermﬁteﬁar&mgat e or

bi's[ 4vi nyl %Me&;mwgw)d@mér c»hxbtrnetngamaktyﬁveobmehbhamght silicone (-OSi-
3-(trinmethylsilyl)propyl vinyl cazbon

g E;/I nyl( ;)xjanhz:gy&Terfbm plQ)]Blg/imPtReF@lPﬁ g}’ ﬁfﬁ&%lsgﬁ’%%ﬁg’iel Rfpfepably 30 to 90
rfis(trime sj s ro vi nyl carbamat e;

3 [trls(tripﬁ@% g@{f}‘% I"%u ooyl aIIny 7 ' 28 FEB 2005 WD 02/ 24793

PCT/ US01/ 23028 Wﬁhﬁﬁhﬂs tipibally @tﬂpﬁsmhh@abphdbwwsrmeﬁppbm sydters|

carbonate; tbut |dIrTEth|SI|OX eth car at e rinmet t hyl

vinyl car b@nmamll/nﬂalﬁ%ﬂhﬁgf’ﬁé-t y ﬁ%mﬁff’ﬂ%ﬁ %&F‘B’dﬁ %y,&hg#%e%n%cl les
of 111 CONGRRRh Rloflldd SodtR A s ta0 tgﬁiﬁsmféwbamgmdomé S Q36149

macr onononer SOme to as ggm&*rs that ma have
har d- sof t - heeglisphG0ka79 td@uismdsummms Gttaha‘h& 93tstodFHie:4,996.37%3P

| th d | | d
| OV Chiohal S0 6381 e Egron Btk PR L o iy & alg Py eiRS kY iny Pl 1O
Pol th 5,386,7 MeGefad/WalintS
Vot 7160, |1 Tol7 nlpligh BHE Rl SREpESte Valith of a0, 20 oﬁw o i%@gm ﬁgcﬁs
Pat ent s No.5,3584095,t6 L#i etrall; 5,364,918 81 Valind et 858,610,231 @%mefyseﬁ Qgr
whi ch di scl osur es%f%ng 5%&5{{% tﬂQféﬁﬂ &rﬁtﬁgﬂ%{fﬁﬁﬁlﬁ% Elfis et Gbdchd | 1 ety.

Further exd ane nononers ‘aré represented by Fornul ae
Il and IT1 pré@rrm AeBo@oR Mg infR GP imaterial.
. Hydrogels comprise hydrated, cross-linked polymeric systems containing water

in an equilibrium state. Silicone hydrogels géneraily have a water content greater than

about five weight percent and more commonly between about ten to about eighty weight
percent. Such materials are usually prepared by polymerizing a mixture containing at
least one silicone-containing monomer and at least one hydrophilic monomer. Either the
silicone-containing monomer or the hydrophilic monomer may function as a cross-
linking agent (a c?oss-linker being defined as a monomer having multiple polymerizable
functionalities) or a separate cross-linker may be ' employed. Applicable silicone-
coataining monomeric units for use in the formation of silicone hydrogels are well
known in the art and numerous examples are provided in U.S. Patent Nos. 4,136,250;
4,153,641; 4,740,533; 5,034,461; 5,070,215; 5,260,000; 5,310,779; and 5,358,995.

" Examples of applicable silicon-containing monomeric units include bulky
polysiloxanylalkyl (meth)acrylic monomers. An example of bulky polysiloxanylalkyl

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

6



E(*DPGD*A)a*D*GD*'E ; wherein: D denotes an al kyl diradi ca#,aﬁaéh)al kyl
cycl oal kyl diradical, a cycloal kyl diradical, an aryl dirad @ 008
al kylaryl diradical having 6 to 30 carbon atons; G denotes an al kyl
diradical, a cycloal kyl diradical, an al kyl cycloal kyl diradical, an aryl
di r adi cajyo@hnsazal kyl aryl diradical having 1 to 40 car b®@GTASOMB028nd whi ch
ney contain ether, thio or amne linkages in the main chain; . * .denot es
a urethane or ureido linkage; a is at least 1; A denotes a dival ent
polyrreri c radical of Formula IV: ~ 8 2 8 FEB 2005 PCT/ US01/23028 |~ ~11
-O Si-(CH2}~Re Ke P each Rs mdependentRly denotes an al kyl or

fI uoro-substituted alkyl group havi n _Q ilgo carbon atons whi ch may

contain ether |inkages betvveen car bo t m; is at least 1; and pis a
nunber that provides a noi ety |ght of 20 000; each of E and E
I ndependent|ly denotes a p 1eR1prgan| ¢ radical _
represented by Formula VI: '
18 ng—él-ng
19

wherein: _
" X denotes -O- or -NR-;
each R,y irldeﬁendently denotes hydrogen or methyl;
each R,, independently denot'es a lower alkyl radical, phenyl radical or a group
represented by '
Ry
——él—ng

19

wherein each R, independently denotes a lower alkyl or pheny} radical; and

his1to10. '

Some preferred bulky monomers are methacryloxypropyl tris(trimethyl-
siloxy)sﬂane or tris(trimethylsiloxy)silylpropyl methacrylate, sometimes referred to as
TRIS and tris(trimethylsiloxy)silylpropyl vinyl carbamate, sometimes referred to as
TRIS-VC. '

Such bulky monomers may be copolymerized with a silicone macromonomer,
which is a poly(organosiloxane) capped with an unsaturated group at two or more ends of
the molecule. U. S. Patent No. 4,153,641 to Deichert et al. discloses, for example,
various unsaturated groups, including acryloxy or methacryloxy

Another class of representative silicone-containing monomers includes silicone-
containing vinyl carbonate or yinyl carbamate monpmei's such as: 1,3-bis[_4-
vinyio;cycarbonyloxy)but-l-yl]teu-amethyl-disiloxane; 3-(trimethylsilyDpropyl  vinyl
carbonate; 3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)silane]; 3-[ui§(ui-
methylsiloxy)silyl] propyl vinyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl ailyl

7



wherein: ~ is hydrogen or nethyl; R24 is hydrogen, an al kyl 2r331plggagbg5haw ng
1 to 6 carbon atonms, or a -CO Y-RZ6 radical wherein Yis -0-, -S- NH-;
R25 is a divalent al kylene radical having 1 to 10 carbon atons; RZG is a
al kyl radical having 1 to 12 carbon atons; X denotes -CO or -0OCO-; Z
denotes -O or -NH ; Ar denotes an aromatic radical having 6 to 30 carbon

atonms; W ivioehhfeH; X is Oor |;y is Oor |;and z is O or rred
si I-i cone- cont ai ni ng uret hane nonomner is represent ed by Foé%fﬁsﬁéﬂzg 8 FEB

2005 VIO 02/ 24793 PCTI USQ /23028 ~O-~ ~= ~O O ~ OL | Cg3 1-3 E  OON
- R27- - IN- - CogbemomeoCH? GHbtasftrimethy. Nomeltmllpmnyls. ovinyl 4(an:hqnateH H 1t |;

3 G H Hbl'ftyﬁxmethy%ljo\%iy%ﬁ]yl N%_' o%i’é'z%m %S%ﬁﬁlyl vinyl carbonate; and
' trimethylsilylmethyl vinyl carbonate. .

Another class . of silicon-containing monomers includes polyurethane-
polysiloxane macromonomers (also sometimes referred to as prepolymers), that may
have hard-soft-hard blocks like traditional urethane elastomers. Examples of silicone
urethanes are disclosed in a variety or publications, including Lai, Yu-~Chin, “The Role of
Bulky Polysiloxanylalkyl Methacryates in Polyurethane-Polysiloxane Hydrogels,”
Journal of Applied Polymer Science, Vol. 60, 1193-i199 (1996). PCT Published-
Application No. WO 96/31792 and US Patents No. 5,451,617 and 5,451,651 disclose
examples of such monomers, which disclosures are hereby incorporated by reference in

their entirety. Further examples of silicone urethane monomers are represented by

Formulae II and ITI:

a E(*D*A*D*G)*D*A*D*E'; or
(M@  E(*D*G*D*A),*D*G*D*E';
wherein:

D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atoms;

G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical,
-an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which
may contain ether, thio or amine linkages in the main chain; '

* denotes a urethane or ureido linkage;

ais atleast 1;

A denotes a divalent polymeric radical of Formula IV: ¢ .



OOl OO~ wherein mis at least 1 and is preferably 3 or g av\@
| east 1 and preferably is 1, p is a nunber which provides a mg th ght
of 400 to 10,000 and is preferably at least 30, R27 is a diradical of a
di i socyanate after renoval of the isocyanate group, such as the diradical
of isopho ocyanate, and each E' is a group repres .. O~CHz
Anot her c:’vp(g&lg%jrsepr esentative silicone-containing mnonﬁ&@%?%@%{%&es
fluorinated nmonomers. Such nononers have been used in the formation of
fluorosilicone hydrogels reduce the accunul ati on of deposits on contact
| enses nmade therefro as scribed in U S. Patent Nos. 4,954,587,
5,079, 319 ard~ : £—(€8pF—=i | i cone- cont ai ni ng nmononer s havi ng
certain fluorinated illge 5‘,égups, i.e. -(CFA-H have been found to inprove
h

conpatibility betwee drophilic and siliconecontai ni ngnononeric
units, as described in U Pat ent Nos. 5,387,662 and 5, 321, 108. In one
preferred enbodi nent of the invention, a silicone hydngel nateri al
conprises (JfleBittk, that is, in the nonomer mxture that is copol ynerized)
5 to 50 percent, preferably 10 to 25, by weight of one or nore silicone-
macr ononomer s, Sedch RAGnddpendibilp A¢tesod Wbuﬂuammbﬁﬁupdmﬂe’hg:ouplhavhgdbl y

30 to 60 t t of |
(netﬁ)acrgﬁrgegotr?w“%‘afngﬂhg %g%rcﬁﬁ erl I O?’&B’y ?G%f’ﬁaﬁ?ﬁnﬂpercent

by wei ght of a RysyAPdHst i;engononmer. Exanpl es of hydr oph| |'i c mononers
include, but are not |Iim t’ed to, ethylenicall ¥6unsat ur at ed

| act am cont ai ni nglsmmlmrih@mmd@g amnmctuy\rﬂ@} 00t H000; *  nethacrylic

and acrylic acids

2hydr oxyet hyl nmet ﬁge?grﬁgtéen B@%{?ﬁ%@@gﬁ& ﬁ:o};%tﬂéﬂgﬁ% tggatwaéﬁz} 8&“ such
as nethacryl am ﬁgmanﬁ-pfésémédnypdmﬁmwl am de vi nyl “carbonate or vinyl
cazbamate nononers such as di'sclosed in U S. Patent Nos. 5,070,215, and
oxazol i none nononers such as disclosed in U S. Patent No. 4,910,277. O her
hydr ophi lic noners such as N, N-di nethyl acrylam de (DVR), 2-hydroxyethyl
met hacryl at HEMA), gl ycerol nmethacrylate, 2-hydroxyethyl nethacryl am de,
pol yet hyl enegl ycol m)nomet hacrylate, methacrylic acid and acrylic acid’
are al so usef ul he present | nvention. O her suitable hydrophilic
mononers Wi | 24%@@ sk|¢) (l n_the art. The above silicone
materials are rel ‘Atr er 2ﬁ‘aterlals for use as substrates
t hat can benefi tszy be| ng coat ed according to the present invention have
been disclosed in various publications and are being continuously

devel oped fwhemge in contact |enses and ot her medical devices. As

i ndi cat ed above, gur%gaf‘%g? er\}nm{eﬁnti on is directed to the nodification of

the surface of Such as a contact |eas by neans of
renovabl y .at t achRpdistiydedyen, an bkt eadigali havifg |l © §bibohratehsiorsa -GOY-Rgy M
"renovably attachi ng" refers to creating a chem cal bond between the
substrate materi & %U FW@X}%TQ)‘pTﬁ iof &NHo| yner chai ns which can be severed
W t hout subst ant : e hydrophilic

pol ymer chains o stl"lle I nventglﬂcgn can be @Hﬁ Ftosﬁjy %dr%&(r’%%ham cally renoved
from the substr aRgisatatikyl sddjical bavisghiopl 2caltyonediomms;i on. Sui t abl e  nechani cal
means include high shear fluidi¢ treatnments such as a high speed fluid jet,
as well as cont2cdeRtpsch-90M4CR% with a fluidized abrasive solid. The
hydrophilic poly 1§ coating may al so be mechanically renoved by
grinding or pol.gﬁteﬁgt“ﬁe‘;%r% erred nechani cal method.for renoving the

pol yneri ¢ surf acArdeadtesan abmatidpadicalisavingoto Josartmratenss; | enses is rubbing
the contact lens with a commercially avail abl e abrasive cl eaner containing
an abrasive such%tlsOsplﬁtsas@prhlmﬁﬂmmmmolor1

A preferred silicone-containing urethane monomer is represented by Formula

(VID):



2 8 FEB 2005 WO 02/24793 PCT/US01/ 23028 together with one or rpog@epf208in
anioni c surfactant (such as an al kyl ether sulfonate), a nonionic
surfactant (such as an ethoxyl ated al kyl phenol) and a cationic surfactant
(such as a quaternary ammoniumsalt). Particularly preferred abrasive

cl eaners include Boston(r) and Boston Advanced(r) brand abr asi ve cl eaners,
conmer ci alWQ 022413 abl e from Bausch & Lonb, Rochester, %ﬁgqn32§urtable
chém cal neans for renoving the hydrophilic polyneric surface coa

i ncl ude oxigiqjon, for exanpl e oxidative plasnma, ozonation or corona

di schar ge. er chem cal neans include chem cal hydrolysis, hydrolytic
cl eavage or enzymatic renoval. The hydrophilic polynmer chains are attached
to the surface by nmeans of exposing the surface to hydrophilic reactive
pol ymer s (|ncIusove of olg goners} having rrngop ing o hzo xggate reactive

medi cal devi B OR BeraRCoRY Cf{?%éﬁqiz%bﬁa %"“ﬁ XGham ¢ Pl
po

attached to the shr faceﬁby means of ex ng t surfa éﬂgo rophi |
reactive polynmers (inclusive of oligoners) having hydroxy (primar
secondary) am ne groups conplenmentary to azl actone reactive groups in tlhe
silicone material or having carboxylic acid conplenentary groups

a9

conpl ementary to epoxy reactive groups in the silicone nmaterial. |In other
wor ds, chem cal functionality at the %eracélof t he nedi cal devrce;gs
utili zed to covalently attach hy@e-pij-r-Rz.,pqlt %th@cﬁ NCO—
substrate. The hydrophilic reactive Qplyners honnp&

copol ymers conprising reactive nonomeric units that cont ai }rﬁne)rther

i socyanate or acing-opening reactive functionality optionally. At hough
t hese reactive nononeric units may al so be hydrophilic, the hydrophilic
reactive pol y merWhgEgingn dsatdeas1 @n%tslp;@ﬂerablyﬁ oeé,cﬂ:sméleastdnm@rb&ramy iss1,

copol yneri zed w f vari ous_n dr qphi | i c
NDNONEri ¢ uni ts.ﬁﬁesser angvnhgérgém fleg & ot RHB@*H@% c&ié@flés

optionally be mtdemsnB0)R,tiba ctiwdidapbf hl(ﬁlsWEIhﬁerT%d'MGf ﬁﬁei@b%ate
nononer s i nclude azl actonefungtional , epoxy-functional and

aci d- anhydri de- fEEPRR iSBFLAS thsriredical of\isephor horans difsoeyanatepind eachiBraistd goup
polynmers may be 4 Yady: For exarrpl e, the hydrophilic polyner chains
attached to the substrat ‘may be the result of the reaction of a mixture
of polynmers conprising (a) a first hydrophilic reactive polyner having
reactive functionalities in nononeric units along the hydrophilic polyners
conplenmentary to 12 28 FEB 2005 02/ 24793 PCT/ US01/ 23028 reactive

functionalities on the substrateiyurfage agh—- n addition, (b) a second
hydrophilic reactive polynmer havin@ suppl enental reactive functionalities
that are reactive with the first hgdrophilic reactive polyner. A mxture
conprising an epoxy-functional polymer wth an acid-functional polyner

ei t her sr mul tanémmﬂiey olass e gfie népredehtutivg philicshet contdiking S Whstonke h{g
n,found to prg de relatively thick coatrns Izing a

t ed
(r:rtoit 3re of \ﬂ:ﬁg ?‘t/emﬁﬁ?lyﬂ’érs SUahomagemers have sbeep usedy tlnetheadbmmtlonhef
Surf S ek B b, BB Bl Bl R

reactive polynmers conprise 1 to 10 erce
uni ts, nor tepitomsagidescrided in UE. Rotent Nes: 41964 58W79F319f@55wlﬂgl410m9u§9

nol e perce olLvwners may conpr.ise to, 99 nol e, percent of
non- r eact i Qésmg%rgo&# %‘?%%ﬁ SE ,cprga.m rﬂr“é’FE?tﬁ‘BlsvﬁthiRﬁ. 98. r(CFg-H,

ercent, nhive Beédi Toald ners,
gnce react ed ngy al so bgo ﬁg‘g&?ﬁﬁ?‘r’ I @??%ﬁg%yﬁgwmgnws@aq
excl usi ve Wﬁmﬂ@mmw,@sdmbedm% Patemtyds. 5,387,662 antes,321,08.ch are
non-reactive). cul ar, wei ght of the hydr ophr lic
reactive pol yrrer \;ﬁsur %Bﬁ"@“ﬁgﬁ &?ﬁﬁ%’ﬁ‘r"%&a eonechydrogsbmatgal pr ef er abl y
- f bout 0 100, 000.
rom abou coxﬂprﬁ@@(xh%uﬁ@@la@&om AP fonBHhef ﬁiﬂ}la&é gﬁ&@%ﬁ&}%@gq 5o°

Hydr ophi | i ¢ nononers naf/ be aprotic types su

(N~Tdi et hearesst,yrefierably, 1010125, by weightref oneads nase Bimzone@wam@hmﬁére% 752nd
pol y(al kyl ene oxides) such as nethoxypol yoxyet hyl ene nethacryl ates or may
be protic types such' as nethacrylic acid or hydroxyal kyl (neth)acryl ates
such as hydroxyethyl (neth)acrylato. 1blydrophil i c nononers ‘may al so i ncl ude
ani oni ¢ surfactants such as sodi um acryl am do2- net hyl propyl sul fonate
(AIVIPS) and zwitterions such as

N, N- di net hyl - Nmet hacr yl oxyet hyl - N- ( 3- sul f opr opyl ) - anmoni um betain (SPE) and
N, N- di net hyl - Nmet hacr yl am dopr opyl - N (3-sul f opropyl ) - ammoni um bet ai n ( SPP) .
Mononeric units which are hydrophobic optionally may be used in anmounts up
to 35 rmle percent preferably 0 to 20 rmle percent rmst preferably 0Oto

o ge—

o,



As mentioned above, the hydrophilic reactive polynmer may conprise reactive
nmononmeric units derived from azl actone-functional, epoxy-functional and
acid 13 2 8 FEB 2005 WD 02/ 24793 PCT/ US01/ 23028 anhydri de-functi onal
nononers. For exanpl e, an epoxy-functional hydrophilic reactive polyner
for coatiwg@ryeas can be a copol ymer containing glycidylpcrrisbazngd at e
(GVA) nononeric units, which will react, for exanple, with a lens

substrate conprising carboxylic acid groups. Preferred exanpl of

anhydr | de- femeat, prefbrablycd0dp b prreentdngweight Sisine oREIoEe Relypixed sk Rore i ¢

uni ts derived.irom. mononer [ ' ' j

anhydri de. P}?ﬂt}%“f{gﬂ’%ﬂm%‘ﬁ%’)%y@#ﬁlgﬁ ?%ngjlcgﬁrt’ gfé?i\%?%? gﬁi)osﬁégrgmlt’t@wgm of

anhydri de- fuelrdphild mofdstér. \BxamFree uPbydropHiliemoyotners indlade, butars hotdimitddy ner
a

react with carboxylic (-COXK, cohol  (-AL, prinar ne. (- NLA.groups or
Thiol o oupte. ehmMcnlly \HaEavtBRE oTIRERnEREHRIRESS POt AN DA BV TEo

pol ymers co | Si 0 r,icz Hﬁi ' &y acid  (MAA),
hydr oxyal kﬁ%?%@?%adgﬁc IR B ys(%}?soti(t{l/e y n@?’%&%y ate (HEMA), or
am noal ky! ypRifiaemybatiBscriltinds-lydioxgethplaytytats finbacyylamides,abith ssommon and
commercially avail abl e nononers. Tn the case of alcohols, a catal yst such

as 4 di metmhethasylsopde snd Nofrdinethylacadamides Jagrarnpatess ¥iyd Fargqmate o m

t t L] .be .. { 2 ' 1S Al

oyl o bauehgadh gl B GUIEE] BOS il NG, 567058 A8EHRlmoGhéndmdl D PS

units that gich abdidclobedzads.8Patdnt Nac4,810,Z1E s@ther hydrgphilip monemersisach &sact ed
ith hydri de, ip. t h jli ' | . . See,

For exanpl SN NbOmRR ATy EHids (SHAoABY Soryti ahrbesry e EEMAL eReHT ! nor ot o

D)1 at o opetay e 200idrd iyt dihadRIRE Pl LaABE g nRhackylationer Al

azl actone or [socyanat onz oups ‘I'n"thé hydrophilic reactive
pol yners negettiatiylia aéid ané acylivadidiarmzisoeseful incthe presént inventione Qther/snitable

substrate, reactigns invol\yj an al cohol ferably in the presence of a
catal yst. |hydzephilic B?‘?P°@S¥B‘6h$gf‘ﬁpa’%i%?ig?e ﬂﬁcﬁe@ té‘%‘ﬂ'{hydr ol yzed azl act ones
in the hydrophili tﬁ%tsiliéﬁ PRLMARE Srd B¥relyeekeinplath, dhd QR Ynatirialifor sk dshe
substrate, for eg?r% e thenm)norreric units degceﬁlbed In US Patent No.

4,734, 475 t subSurhteetiabran benefit by béing cvated asordieg ta the PEspeRtdnvanuiiag hayybeens

entirety. '.ln a preferred ' . i i .

ool yror | zanf85iobtia Tt oS RReh B i ek el difelo PR BBAR,
at | east ONRnkdsheid OfRAMedical'deRr, art isocyanate-contai ni ng nononer, an
am ne-cont ai ni ng nono

| ydr oxy- i ning i , |

Cont a1 ni ng. moNoNAS TicebatoveAbaTesPRY Fvesti R EBUES0 herissitsaerol the
PCT/ US01/ 2302 ti f | ' h

tﬁ'gacrg ﬁggﬁe\(éfcaﬂ&&%%uWﬁ e{)@ont%#é fe%.g g¥ éﬂpeha%x%@f PRV o gig?% #ech as

a contact | % e. prca I c reactlve yners are
attached t ogirfe hyb@ﬁhih’b@ol}&neﬁ okainy, Therterm {eaoesblglatindhingiaefeisao nreafing he

pol ynmer. After attachnent, any unreacted re ive, functionalities.i.n the
hydr ophi | i'cchesieelhpad hetwse e sapssEs HyaHe) %Pagﬁ‘ P@‘%ﬂgﬂ‘iwm%‘mﬁﬁ&‘ y, in
the case of .6pEXyeveded AiMARALBstRAHA BHcRRACH RSmBRYBTES hibstedtbt S. Suitable
hydr ophi | i c non-reactive nononers for conprising the hgdrpphlllc reactive

pol ygeLsdi ncl u?ﬁTPehygmphiﬁcpgwmegduﬁ:mféh@?nm;mqagapp alyreoner s such
as 2-hydroxye -- 2- a r ropyles o2, 3-di XYL ORY k1

pol yet hoxyemﬁcayﬁdmﬁﬁﬁrfﬁﬁqﬁgi{?fﬁ%ﬁ% lé‘g{e?ﬂafoerse%mﬁg{é% & §/ﬁi\£af1 é?ﬂ table

acryl am des Wmﬂ@a&ﬁﬁ_@ﬁé" ' tréftmefi shicCds)d 1 gh greed fluid j

N- net hyl acr?ﬁam e, m{r‘ﬁ%ﬂe@g%%?gi% Nf Ndunet hylg%ryl.qmmdé]?t’ﬁl_s,

N- di net hy| neelas cyhtactimgethe birfase withatfinjdizedahtasiye solidi dhpyaydrophilic polymeric

surface coating may also be mechanically removed by grinding or polishing.

a
iC

The preferred mechanical method for removing thie polymeric surface coating of
the invention from contact lenses is rubbing the contact lens with a commercially

available abrasive cleaner containing an abrasive such as silica or aluminum oxide

11



am noet hyl acrylate and nethacryl ate and the correspondi ng acryl am des

and ' nethacryl am des; 2-and 4-vinyl pyridine; 4-and 2 8 FEB 2005
2-met hyl - 5-vi nyl pyri di ne; N met hyl - 4vi nyl pi peri di ne;
2-methyl -1 -vinylimdazole; N, N-dinmethylallylamne; dinethylam noethyl

vinyl ether and N-vinylpyrrolidone. Included anong the u RQhsr €acti ve
nmonomer s WOA2AERRr al | y water soluble conventional vinyl ﬁﬁ{olﬁ%%rs such as

acryl at es and nethacrylates of the general ' structure Rz H2C=C- COORS
where Rz i g BifdF QR RnObr HBleltflan nidniS suifBctint ¢suolyes amalkylothor salfoyste); ac

hydr ocar bon® group of up to 10 carbon atons substijuted by aone or re

wat er sol ubériozicsyrfagan (sh esrnethexytaiodeiayl Phﬁvg} B‘)E{P CW#MF‘E)‘MKS‘T‘%

al I rylam no, |ower dial kyamn i ' from2 to
2bout 100 epaIFEY IR AY, Rarpl PR el
phosphat e, pa:f®gdi BostélARRROAI tanddtisbiestiatlar, cothércialiyievaileble from

phosphonam do groups, or mxtures thereof; Preferably R is an oligoner or
pol yner suBausch & dlopsd, Rpthester, N¥sdd604. pol ypropyl ene gl ycol ,

| yet hyl ene- | | vcol | s L5 aoats |
Dol v(di nethyl | adHbiRg 9*%8%&9%%3-%"?4‘%‘9 gﬁ?&é&go e né?ﬁ’g@éyl PP ¢ rep
2005 WO oz%ﬁ&&%ﬁ&%&ﬁféﬂéﬁﬁiﬁ&oﬂc'tﬁz)cplarmiayszmkmwmo‘ r qoning\dischargel Otimr! ) |
e,

pol yacryl am poly(acrylam de-acrylic .acid), pqlystyrene sulfonatetsodi um
salt, pol ychemichbmeanssinchede chpmiopbbyslyelysis, hyamqgﬁ@-g?%'ﬁﬁ & FOZFRAbgsemoval.

ol | ycolic agjd 0 |l agt i ' I sgyﬂam "IM‘R i
(F:)el IngIgogi Ccs, po%&@’é’%&? é’gﬁ}mn%?fﬁéﬁrlggsmtaﬁ%?ﬁéggmgn cop}f)ili)lerrer st g?%%f ;
acryl at ni dgfe aftade tdagaphilic Oresctive pdlpmbmnr (inttasivedC-oligomer) haingiringe R-

and R, are as defined above; acrylamd and t hacryl am des of th
formul a: HaPening or isocyanate reactive ctlrgnal?t'lses comprfe%nen%ary%o Teactivé group% % the

surface of the medical device. Alternatively, the hydrophilic polymer chains may be

attached to the surface by means of exposing the surface to hydrophilic reactive polymers
(inclusive of oligomers) having hydroxy or (primary or secondary) amine groups

. complementary to azlactone reactive groups in the silicone material or having carboxylic
acid complementary groups complementary to epoxy reactive groups in the silicone
material. In other words, chemical functionality at the surface of the medical device is
utilized to covalently attach hydrophilic polymers to the object or substrate.

The hydrophilic reactive polymers may be homopolymers or copolymers
comprising reactive monomeric units that contain either an isocyanate or a ring-opening
reactive functionality optionally. Although these reactive monomeric units may also be
hydrophilic, the hydrophilic reactive polymer may also be a copolymer of reactive
monomeric units copolymerized with one-or more of various non-reactive hydrophilic
monomeric units. Lesser amounts of hydrophobic monomeric units may optionally be
present in the hydrophil@c: polymer. The ring-opening monomers include azlactone-
fnctional, epoxy-functional and acid-anhydride-functional monomers.

Mixtures of hydrophilic reactive polymers may be employed. For example, the
hydrophilic polymer chains attachéd to the substrate may be the result of the reaction of a
mixture of polymers comprising (a) a first hydrophilic reactive polymer having reactive
functionalities in monomeric units along the hydrophilic polymers complementary to
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-CON(R4h I 1 where R4 is lower alkyl of 1 to 3 carbon atons | S as
defi ned above; itaconates of the fornmula: CH2=CCH2000R3 Ccﬁ?gr}%ﬁg%gé R3 is

as defi ned above; nml eates and funmarates of the fornul a: R3000H=CHCOOR3
wherein R is as defined above; vinyl ethers of the fornula 16 2 8 FEB
2005 WO 02/ 24793 PCT/ US01/ 23028 HzC=CH- O R3 where R, is as defined above;

al i phati vad Wiﬂ&sorrpounds of the fornul a PCT/US01/23028

reactive functionalities on the substrate surface and, in addition, (b) a second hydrophilic
reactive polymer having supplemental reactive functionalities fhat are reactive with the
first hydrophilic reactive polymer. A mixture comprising an epoxy-functional polymer
with an acid-functional polymer, either simultaneously or sequentially applied to the
substrate to be coated, have been found to provide relatively tﬁick coatings. Utilizing a
mixture of reactive polymers provides a means to further adjust the surface chemistry of
a substrate material.

Preferably the hydrophilic reactive polymers comprise 1 to 100 mole percent of
reactive monomeric units, more preferably 5 to 50 mole percent, most preferably 10 to40
mole percent. The polymers may comprise 0 to 99 mole percent of non-reactive
hydrophilic monomeric umts, preferably 50 to 95 mole percent, more preferably 60 to 90
mole percent (the reactive monomers, once reacted may also be hydrophilic, but dre by
definition mutually exclusive with the monomers referred to as hydrophilic monomers
which are non-reactive). The weight average molecular weight of the hydrophilic
reactive polymer may suitably range from about 200 to 1,000,000, preferably from about
1,000 to 500,000, most preferably from about 5,000 to 100,000. |

Hydrophilic monomers may be aprotic types such as acrylamides (N,N-
dimethylacrylamide, DMA), lactams such as N-vinyipyr:o]idinone, and poly(alkylene
oxides) such as methoxypolyoxyethylene methacrylates or may be protic types such as
methacrylic acid or hydroxyalkyl (meth)acrylates such as hydroxyethyl (meth)acrylate.
Hydrbphilic monomers may also include anionic surfactants such as sodium acrylamido-
2-methylpropylsulfonate (AMPS) and zwitterions such as NN -djmethyl-N-
methacryloxyethyl-N-(3-sulfopropyl)-ammonium betain (SPE) and N,N-dimethyl-N- -
methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betain (SPP).

Monomeric units which are hydrophobic optionally may be used in amounts up to
35 mélc percent, preferably 0 to 20 mole percent, most préferably 0 to 10 mole pefcent.
Examples of hydrophobic monomers are alkyl methacrylate, fluorinated alkyl
methacrylates, long-chain acrylamides such as octyl acrylamide, and the like.

As mentioned above, the hydrophilic reactive polymer may comprise reactive

monomeric units derived from azlactone-functional, epoxy-functional and acid-
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R2CH=CHI t 3 where R2 is as defined above and R is as defined Zé)ﬂx:/g 2msth t he
proviso that R~ is othor than hydrogen; and vinyl substitutg

het er ocycl es, such as vinyl pyridines, piperidines and i m dazoles and
N-vinyl lactans, such as N-vinyl-2-pyrrolidone: Included anong the useful
wat er sol ubl e nononers are acrylic and nethacrylic acid; itaconic,

crotoni c, WQWRR4783 and nal efic acids and the | ower hydroxyptivwkorimaeg and

di ésters thereof, such as the 2-hydroxet hyl furrarate and mal eate, sodium

171 cul 1 onbyBBBGRRIt SR SrornlRS OF i eablen ¥ Showl RbiioB SvrieS Fective
hydr ophi | i C?dﬂm fot@oatixiy & I9RE %aﬂmaarébpaayﬂer é&h@a:ﬂﬁ@%i}‘cldy@frne‘ﬂ?ak@\}alﬂg ék}@gﬁ) by a

formation of tiny dispersed g{gﬁ/ aggregates in soludtion
hazi ness i NTORRMELS mt&nwb#ctlt peacknfar. exsmple, Hg@rae@mseslbstmeatmnprhm

Sui tabre hySPREER: R GRS RiRSA b ok aRev o Bidons rbonti T

convent i onapolymeisl corHERichoRI¢E0 vits ASKiVIdE6E rASHOmERS AG! 4! BAIER @iﬂ&
general formula: Rz H-C-C- COORS where Rz is as defined above an@kﬁ s a

st rai ght ch%ﬁq“it%'ﬁ’mﬁraah}tdﬁ@& aliphatic, cycloaliphatic or aromatic group
having up to 20 ga s _unsubstituted .or Jtuted by one
or nore al koxy, ﬁﬂ Eanoyi oXy “or aﬁﬁha;l rg?chuﬁ FEUPEL0 rcﬁ?l%lﬁdﬁm r‘1199"“’ehal o,
especi al | y giolps in aie hyﬁ‘bpmhblmaéﬂvé Slymé&? rdabpvﬁﬁ Mdf@'h&%-@b@ﬂir?}’ aftondi t ©

about 100 émHL) or an oI| oner suga as pol yet pol y( e
met hacryl at MW@I‘WP" groups gx Hyjol %‘P“HQ&%‘OQ-P d&blstrm,tfoaexgmlaib,e)

eyl Eineéeié‘%gﬁ&gs pRAS O3 BRI odA SR s mofpedt, RatRom mesuayBeeid o
where R2 an@MRa)ahgdoefilkylchethaondates/ lsﬁoﬁ aet hydrexyethylhethhqy ey QI-IE!EQ&P‘&O RS
aminoalkyl methacrylates. such as aminopropylmethacrylate, all common and-
commercially available monomers. In the case of alcohols, a catalyst such as 4-
dimethylaminopyridine may be used to speed the reaction at room temperature, as will be
understood by the skilled chemist. Acidic groups may also be created in the substrate by
the use of azlactone monomeric units that are hydrolyzed to the acid. These acid groups
can be reacted with an epoxy or anhydride group in the hydrophilic reactive polymer.
See, for example, US Patent No. 5,364,918 to Valint et al., herein incorporated by
reference in its entirety, for examples of such substrates.

In general, azlactone or isocyanate-functional groups in the hydrophilic reactive
polymers may similarly react with amines or alcohols in the polymer substrate, reactions
involving an alcohol preferably in the presence of a catalyst. In ;id_dition, carboxylic
acids, amines anci hydrolyzed azlactones in the hydrophilic reactive polymers may react

: with epoxy-groups in the substrate, for example, the monomeric units described in US
Patent No. 4,734,475 to Goldenberg et al., herein mcorporated by rcference in its
entirety.

In-a preferred embodiment of the invention, preformed (non-polymerizable)

“hydrophilic polymers containing repeat units derived from at least one ring-opening
monomer, an isocyanate—containing monomer, an amine-contz;in'ihg monomer, a

Hydroxy-containing monomer, or a carboxylic tontaining monomer are reacted with
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where Rs is as defined above; vinyl esters of the formul a H2C=CH OCO RS
where RS is as defined above; itaconates of the fornmul a: CH2-8CEEREBRS
COORS where R, is as defined above; mal eates and fumarates of the fornul a
R500C- HC~H 000RS where R, is as defined above; and vinylic substituted
hydr ocarbons of the fornmula: R-CH=CHRI PCT/11S01/23028 where R2 and RS is

as defi nedw@,t]ﬁ#%,yseful or suitable hydrophobic nononers include, for
exanpl e: methyl, "ethyl, propyl, isopropyl, butyl, ethoxyetP§{FIUS01/23028
met hoxyet hyl, ethoxypropyl, phenyl, benzyl, 18 2 8 FEB 2005

reactive groups on the surface of the medical device such as a contact lens substrate,

Typically, the hydrophilic reactive polymers are attached to the substrate at one or more
places along the chain of the polymer. After attachment, any unreacted reactive
functionalities in the hydrophilic reactive polymer may be hydrolyzed to a non-reactive
moiety, in the case of epoxy, isocyanate or ring-opening monomeric units,

Suitable hydrophilic non-reactive monomers for comprising the hydrophilic
reactive polymers include generally water soluble conventional vinyl monomers such as
2-hydroxyethyl-; 2- and 3-hydroxypropyl-; 2,3 -dihydroxypropyl-; polyethoxyethyl-; and
polyethoxypropylacrylates, methacrylates, acrylamides and methacrylamides;
acrylamide, methacrylamide, .N-methylacrylamide, N-methylmethacrylamide, N,. N-
dimethylacrylamide, N, N-dimethylmethacrylamide, N, N- dimethyl- and N, N-diethyl-

-aminoethyl acrylate and methacrylate and the corresponding acrylamides and
methacrylamides; 2-and 4-vinylpyridine; 4-and 2-methyl-5-vinylpyridine; N-methyl-4-
vinylpiperidine; 2-methyl-1-vinylimidazole; N,-N-dimethylallylamine;

- dimethylaminoethyl vinyl ether and N-vinylpyrrolidone.'

Included among the useful non-reactive monomers are generaliy water soluble
conventional vinyl monomers such as acrylates a;ud methacrylates of the general
structure

1}2
HyC=C—COOR;

'where R, is hydrogen or methyl and R, is hydrogen or is an aliphatic hydrocarbon
group of up to 10 carbon atoms substituted by one or more water solubilizing
groups such as carboxy, hydroxy, amino, lower alkylamino, lower dialkyamino, a
polyethylene oxide group with from 2 to about 100 repeating units, or substituted
by one or more sulfate, phosphate, sulfonate, phosphonate, carboxamido,

- sulfonamido or phosphonamido groups, or mixtures thereof:
Preferably R, is an oligomer or polymer such as polyethylene glycol,
polypropylene glycol, poly(ethylene-propylene) glycol, poly(hydroxyethyl
methacrylate), poly(dimethyl acrylamide), poly(acrylic acid), poly(methacrylic
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WO 02/ 24793 PCT/ USQL/ 23028 cycl ohexyl, hexaf | uoroi sopropyl, or2g ggg 2005
n-octyl -acryl ates and nethacrylates as well as the correspondi ng

acryl am des and net hacryl am des; dinethyl fumarate, dinethyl itaconate,
di met hyl mal eate, diethyl fumarate, nethyl vinyl ether, ethoxyethyl vinyl
ether, vinyl acetate, vinyl propionate, vinyl benzoate, acrylonitrile,
styrene, aK‘ﬁh MEBhyl styrene, | hexene, vinyl chloride, vinRCTHSOHAMEt one,
vinyl stearate, 2-hexene and 2-ethyl hexyl nethacrylate. The hydrophilic
reactive pol yner saed)Spdlysuifons, poBdvingt aacoﬁa]g,rlﬁﬂyachaMﬁdp,qroly(euylanﬁm-hhglic
correspondi ng nononers (the term nmononer here also incluyding_a macromner)

by a pol ymeri zat i asid)pelystyrsne sulfomatensogivng sally polytatid eneqxide) cpply(sthiyleac ar ¢ .

Typically, the hydrophilic r t] : i ns.|are fornmed by: (1)
m xi ng the rmnomﬁé&‘5°‘$’85%¥ﬂ%?’38§)2§&g@§%%§§£‘§d9 @%@%&%@h initiator: (3)
subj ecting the nMgHNRIyigYirolidbmy), celfulséivs, polySacthaies,anixtires thefedf iad et Or
actinic radiation and/or el evated tenperature and curing said m xture.
Typi cal pol yneri zeppbmersthetegafior s i ncl ude free-radical -generating

pol ymeri zation initi i) t by acetyl peroxide,

| aur oyl per oxi de,ach@%%ﬁd%%ﬁc{%tg@gg(r&%.gﬁddggﬁi}lfgﬁﬁgg:r oxi de, benzoyl peroxide,
tertiary butyl peroxypival ate, sodium percarbonate, tertiary butyl
peroctoate, and azobis-isobutyrepripilen N). Utraviolet free-radical
initiators illustrated by di et hoXyagdet ophendne can al so be used. The
curing process will of course depenBupon the initiator used and the

physi cal characteristics of the conmononmer m xture such as viscosity. In
any event, t¥yRere®y&hd Rfare afidéfinetl @boveppl oyed will vary within the range of
0.001 to 2 weight percent of the mxture of nononmers. Usually, a m xture
of the above- nentacaylamides aedmethacrylagidesof the formulayyi ti on of a free-radi cal
former. A polynerization to formthe hydrophilic reactive polyner can be
carried out in the presence or ?‘W‘ﬂ a solvent. Suitable solvents are
in principle all solvents which 1 §SO ve)%he nmononer used, for exanple
wat er; al cohols such as |ower al kandls, for exanple, ethanol and nethanol;
car boxam des such as di net hyl fonmankde, dipolar aprotic solvents such as
di mret hyl sul foxide or nmethyl ethyl ketone; ketones such as acetone or

cycl ohexanone; hydrocarbons such as toluene; ethers such as THF,

di met hoxyet hehere B isfiowenallyl ofdl to Jenarhos atdmsiand Rarip andefingd aboys;

trichl oroethane, and also 19 2 8 FEB 2005 WD 02/ 24793 PCT/ US(01/ 23028

m xtures of suitable solvents, for exanple m xtures of water and an

al cohol , for exangcenates d|hefdr@uix@anol or water/ nmethanol m xture. In a

met hod according to the present invention, the contact |ens or other

medi cal device maybe exposed to hydrophilic reactive polynmers by inmmersing
the substrate in a solution c&Har CORxpol yners. For exanple, a
contact | ens maybe placed or di pped(xj(m3 a suitable period of tine in a
solution of the hydrophilic reactive pol'ynmer or copolynmer in a suitable-
medi um for exanpl e, a tic solvent such as acetonitrile. The reaction
t enper at ur e Wﬁ?g&bé"&a&ﬁ@g‘i? Gfficient to maintain the reactants in
liquid solution and is suitably |l ess than 55c. The reaction tenperature is
preferably from about 15 to about 45c, nore preferably fromabout 20 to
about 40c, and noméaleatps afidfunisrates of thpformulahat el y anbi ent tenperature. As

i ndi cat ed above, one enbodi nent of the invention involves the attachnment of
reactive hydrophilic polyners to a nmedi cal device, which polyners conprise
i socyanat econt ai ni ng mononeri ¢ uniRy©OGHFCHGOORINi ng nononeric units. In
one enbodi nent of the present invention, the ring opening reactive nononer
has an azl acwherein®,dsigs definedsboneed by the following formula: R N-~-R4 ~~
~~~~ b-¢c~ wherein R and R4 independently. can be .an al kyl group having 1
to 14 carbon atons, a cycloal kyl group having 3 to 14 carbon atons, an
aryl group havi ng;igvitethetfof thedordu®’s, an arenyl group having 6 to 26

car bon atons, and to 3 heteroatons non-peroxidic selected fromS, N, and
4, or R3 and R4 taken together with the carbon to which they are joined
can forma carbocyclic ring containing 4 to 12 ring atons, and n is an
integer 0 or 1. Such nononeric units are disclosed in U S Patent No.
5,177,165 to Vaunt et al. The ring struégure of such reactive
functionalities is suseeptiblo to nueleophilic ring-opening reactions wth
conpl enmentary reactive functional getups on the surface of the substrate
being treated. For exanple, the azlactone functionality can react with



2Q 2 8 FEB 2005 WD 02/ 24793 PCT/ US01/ 23028 primary am nes, hydroxyls, or
thiols in the substrate, as mentioned above, to forma coval er&8 5682005
bet ween the substrate and the hydrophilic reactive polyner at one or nore
| ocations along the polyner. A plurality of attachnments can forma series
of pol yner, on the substrate, wherein each |oop co |

hydr ophi | iv‘é&@ﬁ%?%s attached at both ends to the substrat g’f)ﬁ(’:ﬁﬁfmﬁsozs

Azl act one-functi onal nonomers for making the hydrophilic reactive pol yner
can be any nonomer, prepol yner, or _J’Izptj'gfﬁap'&orrpri sing an azl act one
functionality of tho above fornula in conbination with a vinylic group on
an unsat ur awherelR;ds acdefimed abavephi ch the azl actone is attached. Preferably,
azl actone-functiaonality, is provided jn_the hydrophilic polynmer by 2-al kenyl
azl act one nononetliphatic inybcompoundg ofibe monomers are | wown conpounds,
their synthesis being described, for exanple, in U S. Patent. Nos. ,
4,304, 705; 5,081, 197; and 5,091, 489 #éa¢i_e{___§§l¥|énann et al.) the disclosures
of which aze incorporated herein by r . Sui tabl e 2-al kenyl

azl actones include: 2-ethenyl-I, 3-0xazolin S-one, ., . - .
2- et henyl -4whﬁrpﬂy|lse§@eﬁ§£az'¥ﬂweﬁn%%weﬁs dsfinedahoyp aiith the provise that Ry ig efherne

2-1 sopropenyl,- 4 o= li, 3- oxazol i n-5-one, .
2- et henyl - 4%5[@?@7& y|°3‘ , 3-oxazol i n-5-one,

2-i sopropenyl - 4, vidj;rhaﬂ)bﬁﬂuteld,hﬂtemcyzled, isuekbasoviny! pyridines, piperidines and imidazoles

2- et henyl - 4- net hyl - et hyl -1, 3-oxazpl | p- 5- ope, 2-i sopropenyl -4- et hyl -4
butyl -1, 3- O%HT‘%‘{WIS%N(S%E% sﬁci’eﬁsﬂgmi'gipmﬂl | -1, 3-oxazol i n-S-one,

2-i sopropenyl - 4- afh 2PIAGAb kdnaih ; :

2-i sopropenyl -4, %%Egﬁlf g?ﬁ%%@a?%ﬁfn- 5- one,ném%%e acrylic end methacrylic

2- i sopr opengdidyitatoniontratopichfiinemic-ahd hateieacids and3he lvsver hydroxyalkyl mono and
2-1sopropenyl -4, 4-t et ranet hyl -], 3-.0xazolip-5-.0n . '

2 et hony| - adesais disriet UK e3Py Aiarlt aha Haleate, sodtum acrylate and

2- et heny!| - Aniahiabtatd-DfRiacry lof oy B Psilfontt #43€ and allylsulfonic acid. '

2-i sopropenyl -nmethyl’- 4-phenyl -1, 3- oxazol'i n-5-one,

2-i sopr openy! - 4- The inglustonindsome hydraphwbicmbhomas imthe hydwphilic réaclvé-EB 2005 WO
02/ 24793 PCT/,US01/ 23028 2-et henyk- 4, 4- pent anet hyl ene-.| . 3- oxazol i n- 5- one, .
Nor o pr of or BEVERORIREY ot s et e e mAbioR S8y FieBeCiagasiy " he
RL fol | oW ngggaepubdsdh sbEith}letidenced by a haziness in the solution of the polymer. Such

aggregates can also be observed in Atomic Force Microscopy images of the coated

medical device.
Suitable hydrophobic copolymerizable monomers include water insoluble

conventional vinyl monomers such as acrylates and methacrylates of the general formula:
Rz

H,C=C-COORs

where R, is as defined above and R, is a straight chain or branched aliphatic,
cycloaliphatic or aromatic group having up to 20 carbon atoms which is unsubstituted or
substituted by one or more alkoxy, alkanoyloxy or alkyl of up to‘ 12 carbon atoms, or by
halo, especially chloro or prcferably fluoro, C2 to C5 polyalkyleneoxy of 2 to about 100
units, or an oligomer such as polyethylene, poly(methyl methacrylate), poly(ethyl
methacrylate), or poly(glycidyl methacrylate), mixtures thereof, and copolymers thereof;
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where R and R2 independently denote a hydrogen atomor a |ower  al kyl
radical wth one to six carbon atons, and R3 and R4 independer?tq §Eéeﬁﬂlﬁte
al kyl radicals wth one to six carbon atons or a cycloal kyl radical with
five or six carbon atons. Specific exanples include

2-i sopropenyl -4, 4-di net hyl - 2- oxazol i n-5-one (1 PDMO),

2-vinyl - 4, /WQi0¥247MY | - 2- oxazol i n-5-one (VDMO), Spiro-4'-(2" PCT/US01/23028

| sopropenyl -2' -oxazol i n-5-o0ne) cycl ohexaae (NCO,

cycl ohexane-spiro-4'«(25vinyl - 2' - Z0] - 5.- 0N .and

2- (- 1- propenyl )4a%¥aﬁ§??§ﬁ“&&%1}%%@éﬁé&ﬂ{eﬁsﬁéf{§% e like. These
conpounds nmaybe prepared by the general reaction sequence: RL R4 O ~" R3~
NaOH NH2 OH HzO at OFC Rl CI COOC2H6 Hexgne RL OF 22 2 8 FEB 2005 WO

02/ 24793 PCT/ US01/ 23028 ‘ _

. H)C=C-CONHRs

where R, and R; are defined above;

vinyl ethers of the formula

HyC=CH-O-Rs
where R, is as defined above;
vinyl esters of the formula

HyC=CH-OCO-Rs

where R, is as defined above;

itaconates of the formula:

CHy=CCH;COOR

COORs
where R, is as defined above;

maleates and fumarates of the formula

RsOOC-HC=CH-OOORs

where R, is as doiined above; and
vinylic substituted hydrocarbons of the formula:

R,CH=CHR,

where R, and R; is as defined above
Useful or suitable hydrophobic monomers include, for example: methyl, ethyl,
propyl, isopropyl, butyl, ethoxyethyl, methoxyethyl, ethoxypropyl, phenyl, benzyl,
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The first step is a Shotten-Bauman acyl ation of an am no acid. ?E
pol ynmeri zablo functionality is introduced by using either acry j:lEBo?U%
nmet hacryl oyl chloride. The second step involves a ring closure with a
chloroformate to yield the desired oxazo]inone. The product is isolated
and purifi eW0a02/24t3 usual procedures of organic chem stry. péI/iS0g3028 ed
above, the conpounds can be copol ynerized with hydrophilic and/or

hydr ophobi c cg omars ta form hydrophilic r ti 0, . After

a tachment t SPREeRT ot lpodiuayt: 8 nmy ekt mE-BRia s st el sa g ey
then be hydr odon%asbﬂdihg]%ﬁbqamtdes a8 adrylabfdea)XdiERtty] AitCar&te RARERA faddhbfe,
am no aci ds. dlng &i’nera , the hydrolysis step wll followthe géneral

€

reaction of: 1 maleates disthyl Sanavase, methyl) vanyl sther,tethoxpethyl vinylRtheandnyl2
dicals is sh ted, hut,.t tion.can take.nql

Copol yior | zechoPte VI BRpIRERe. VW Hefitpds: AGIEES Butelr nbamemb e iu (o

be copol yner i gegend)ivinyl cRigtias, vtyen mpg&i&e%ymﬁat@%ﬁ&eﬁ@m 2-9@335;/1

hydrophilic reactive polynmers used [

coat a nedical device Inc t hose
menti oned abowethagsylsteer abl y di met hyl acryl anmi de, Nvinyl pyrrolidinone. Fut

t her exanpl es of n LS. aze di scl osed in ropean Pat en Publ i cation O
392 735. The di sci TRINERAPIRERH BODAREH w8 PATroRg H & FaRaR aowhdst & abl y,
di met hyl acr y| géth thkecdriespifEhgifomonseds RO ¥R nhdhofief Bére o inbhadihg a macromer)
hydrophilicity to the copolymer. Such azl actone-functional nononmers can be
copol yner i zed¥# pelymerieationresctio eustomary 4o thepsrsen skilladiin the srto Typieally; the

per cent ages. Lng.a mononer,of similar reactivity.ratio o that of an

azl act one mﬁg'_?é?pqﬂﬁ? yed vselﬂogynﬁgs_ %fn“;hﬁ?&&m @8884%¢i) i ;.Eﬁﬁlﬁ%‘%q’%ﬁs of
reactivity rabgéthert gz) adOR@ a)oBmeFidhtiH infiaCortl(3) Shlj SR the MBhdtRer/ifftiaftr! P! €S
of Polynerization, 2nd Ed., John Wley & Sons, p. 425-430 (1981, the

di scl osur e ofmixieinaseurceebilpavieleter dslinic sadiattoncandfos elevaied Rmpsratereiand| v,

use of a cono (g i . ' o~ = 5 eyik .~ 23 .3 FEB
5005 W0 05 2438 el Rjafite xR pofHherization tniibtol olld Rorhcal 2nerfin ¢
will tend to pobymbrfization énitibtosslof dr{tppe/ilstratédibyacetyl phrogide] Btudi] s6ag! r at i on

of azl act one-funct 5onal jty near the,& e{)m' nuis of .the c¢hain.
ecanoyl peroxide, coprylyl peroxide, benzoyl peroxide, tertiary butyl peroxypivalate,

e

sodium percarbonate, tertiary butyl peroctoate, and azobis-isobutyronitrile (ATBN).
Ultraviolet free-radical initiators illustrated by diethoxyacetophenoqe can also be used.
The curing process will of course depend upon the initiator used and the physical
characteristics of the comonomer mixture such as viscosity. In any event, the level of
initiator employed will vary within the range of 0.001 to 2 weight percent of the mixture
of monomers. Usually, a mixture of the above-mentioned monomers is warmed with
addition of a free-radical former. .
A polymerization to form the hydrophilic reactive polymer can be carried out in
the presence or absence of a solvent. Suitable solvents are in principle all solvents v.v.hich
_dissolve the monomer used, for example water; alcohols such as lower alkanols, for
example, ethanol and methano]; carboxamides such as dimethylformamide, dipolar
aprotic solvents such as dimethyl sulfoxide or methyl ethyl ketone; ketones such as
acetone or cyclohexanone; hydrocarbons such as toluene; ethers such as THF,

dimethoxyethane or dioxane; halogenated hydrocarbons such as trichloroethane, and also-
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Al t hough not as preferred as nononers, azlactone-functional prepolyners or
ol i gomers having at |east one free-radically polynerizabl & 8ifE8 al so be
utilized for providing azlactone-functionality in the hydrophilic reactive
pol ymer according to the present invention. Azl actone-functional

ol igoners, for exanple, are prepared by free radical polynerization of

azl act onewpop4ns s, optionally with conononmers as descri BéHUS?W?}.ss. Pat ent
Nos. 4,378,411 and 4, 695, 608, incorporated by reference herein. Nonlimting
exanpl es of 5 | ' ixfurey of vidit@ead yialcehel] for ékaaplesed i s
U S. Pat. @%%%@ﬁﬂ%@%%ﬂ%?%ﬁl@g&%ﬁu&r opean Pat ent P{Jb| i catii)on 0
392 735, ald watetiethinnd ootvedr/ingthandlenixhe® herein. | n anot her enbodi ment of

the invention, the ring-openjng reactive .group i h r il :eactive
pol yner is an egdB@metiod aecoring .°?ﬁﬁe‘gﬂ&egdgﬁ&ﬂ%%%ﬁ@qt?%ﬁcﬁ%%%Inqec{rlrgl;a?\‘orrer.
is an oxir . i N ] N§inedsl by iEinhersiny Itiid swbstabte i

gl yci dyl %ﬁ%ﬁ’@?s@g@%ﬁgﬁkﬁ?@be%ﬁ de and thg like, alt hgugh

ot her epoxysofiishajonialiting thepolyrezs.nBgr ¢xampis @.comtaet leysmey ibe placed oF dinppd

~polyners are attached to nedical ,devi ges whi RE. s . i onal
Ironamﬁf act ur i fiay apF‘dtBblPsE%‘?OqZSg t’é)FaF'&)lae?"ﬁE%‘?ﬂ Qtﬁﬂ? ﬁé‘@gﬁ%?‘% v%ﬁ@gﬁégn%of

the present_in %@giﬂﬁg,.ﬁr@}misagm%bmwwemmmti onal

t echni ques,copgﬁyl eﬁggﬁg}qggg article having the desifed posterior and
anterior |ens suTkemasion3pmpembire myshbe holdast snficitint t9 meindain the regctaptsiant

Nos. 3,408,429 and 3, 66Q, 545; f oSt al] i g
A Scl osed | aus eoiopgn snd thgutaby;lefn Sasts-5 A opifih BboBRhERAF pftifatty

mononer i ¢ ' f l’é‘i%\ﬁé YeRbly B6RI dHoRU20 B abét 40°¢, Naxdr ekt t O
provi de a g%n ;H(?t%u# angg gé\}lltrfg a esiﬂ?ed fiyggl configuration. As an

exanmpl e, U. refrstily st apbimxirdatblymmbient tingpera$sees a process in which an . excess
of a mononeric mxtupre is.cured by,.spincasti.ng. J.nN,: ed
article having Ap ingigated Fhove.ane %Pﬁﬁﬁ?ghglegn#égpgyfﬂyg&%f&ﬁ%g tEI ckness.
The posteri cﬂerﬁgaﬁo:phﬂ{c polytfierS W £fhedtical Qi) whichipolyendrs comgirisedawoyahateq at he

cut to provide a contact |ens having the desired thickness and gost rior
| ens sur f aceontfningmeononci unither rins=pRening ToRAKericAmitg o ?Wé@b&aﬁ% ntoftheng of

the lens surface, fop example, edge-f[nishi t e 005
VIO 021 2475 3PHSESE LRYSEHoPs ST R S R op B e ilfome Ghopefiei e 2
shape, it igyf@RIbNeWing forenul&move residual solvent fromthe lens before
edge-finishihg operations. This is because, typically, an organic diluent
is included in the initial nononeric mXxtgre in order to mni "e phase
separation of polymnerized products produqeéd by pol ynmerization of the
monomeric mixture and to | ower the gl &sU~+Rhsition tenperature of the
reacting polyneric mxture, which _a_I_E(ows\(cH nore efficlent curing
process and ultimately results in a oy uniformy polynerized product.
Sufficient uniformity of the initial Tononeric mixture and the polynerized
product are of particular concern for sildcone hydrogels, primarily due to
the inclusion of silicone-containing nononers which may tend to separate

from the hygneRi ki endRMAEFEREentfUtantd  n alkglagrotp Hatingdtte ldroarhmeatoms; a
exanmpl e, 2 hydoxy, 2-nethyl decane, rmn%%dric- | cohql s j Ce_:Cap

st rai ght - cheydlealkylgrowm havang3 i l4 648PR aforls) ff ALY, 3551“?8'1‘?51‘\33 #‘?;&r?bﬂ%l?m@s’

al cohol s such as_n-he iN C3 Rt ' bh-Deroxidic

Pat ent 6, OZBPWYP(?R@?E&%égﬂogp%%FSCsbglelg%p‘s%u? ?gtﬁ(%daglﬁigho S c_’and_ i's

| ncor por at egyaLekRxY N SHACERE R s REtLA Sigetnet SRS Sarboirtouiich theyl o such
as ethylene gr'ycol’; pdl'yol's such as glycerin; ethers such as digethylene

gl ycol = mangsihdiydanefohn e caibetynliesing cohtainingré th )2 rigg sipmsy sedn s ansinteges 00 ch

t hyl t hat e; d hyd b I th
o gani ¢ di | desuch BosarReRG BRI dpupse ind S, b aft PRAT AT IEVRERTY. {70,
cured article bygyaper @l 8F st AEAIveARMRAALIREOR SUsRptbIERp araleophilithe
a |

di luent i.s inclu ve to sixty percent by weight of the nononeric
mxture, Wi iaglopening rédctibys with complementury péactive fungtienap graups op the syrface .
The cured lens is then, subjected to solyent renoval .. whi ch. b .
acconpl i shethe pbstetgRsing FGFPéft dﬁﬁ‘ ‘T'?‘@HWY% P &f _°‘BP%§§%FP85§‘P‘§3%& agt ¥ithm
An el evated tenperature can be enployed to shorten the tine necessary to
evaporate the diluent. The time, tenpeR@ture and pressure conditions for

t he solvent renoval step will vary depending on such factors as the
volatility of the diluent and the speci-fic nonomeric conponents, as can be
readily deternined by one skilled in the art. According to a preferred
enbodi ment, the tenperature enployed in the renoval step is preferably at

| east 50C, for exanple, 60 to 80 C. A series of heating cycles in a linear
oven under inert gas or vacuum nmay be used to optim ze the efficiency of
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Fol | owi ng renoval of the organic diluent, the lens is next ﬂib}__fct ed to
nold release and optional nachining operations. The machi nfrrg' %tz@ﬁ

i ncl udes, for exanple, buffing or polishing a | ens edge and/or surface.
General |y, such machining processes may be performed before or after the
article i wyg@Agmed froma nold part, preferably, the |egs. hsH50s" €l €ased
fromthe nold by enployi ng vacuum tweezers to lift the lens Trom ?he nol d,
after which the lens is transferred by nmeans of mechanical tweezers to a
second setprimiary amines, hydoxylssontiiolp lindbel sulsirates Bs anentibaed algoveyité Foxm @o
snmoot h the surface qr . edges. The |len . then be turned over in order to
mmchi ne. t heOBHbon Beriaet disuPaifite S5 56 Y HoRbLIC SoRHS REIERS B @aesF more

machi ni ng 2t é{ﬁﬁ? IAS hRbHE td afade rdi ng
to the pr eggﬁa[%?#lglg% iti(l)é1n,ﬁc)1 S des‘?ilr)i beygggeg%h?%eg%%iaﬁgmt%e att?gﬁrgrié%t of

t he hydr opHodpsconrthesebstretepwheneinr each doapsconfpuisesog bydrophitic chain attaghedfat bothf ace
treat ment, tngg Ltﬁns be subjected to extraction to renove residuals in
the | enses.REEM gf"'fl{;,gzﬁen t he manufacture of contact |enses, sonme of the
nmononer mx is IR : ; : SRS

material fromt %l?)%%énﬁg?ﬁgati ogh%?%gé?;ﬂan%gg%%ﬁ%ﬁ cal cl grl g’%“%‘ may
be harnful becnymeononeer, prepolimeart, ommligomert coraprising: a dzlactone AmtHomtity ofither el y
renoved by .the r%mﬁi}ous sal vent renoval ..operation, unreacted nongners from

the nonomerdP8ve fyils I combigatan, with awinylic groug,on, a1, ynsaturated Judracarbon to

pol ymeri zaty , bobd ﬂm}tgf ! %g,;] t he
nol d used t%ﬁ}?%?lﬂf{fzﬁa;cﬁ?nggg.ﬁ%&eﬁ?%%?ﬁ%z}%%gfﬁc%xtr crﬁ? suc éhr?aﬂél ual
mat eri al s Hydephilice pplymenreby 2ealkenyd nazdastoriee monnemess: i dThe 2edlketry] cadlactmtei On
wi th. an alcohol solution for seyeral hours. (f or ,extraction of hydrH(‘)ghobic
resi dual raPEHRETY S HAOFRSIPIRPUAGE fucis yHhes)s Drmg qeaprihed, for exgmples i JS. of
hydrophi | | a5 14,3081705; 51091,197 did 5991889 (all HEilBGOROI.) Be difbhRE of
solution remains in the polyneric network of the polynerized contact Lens
materi al , avhich anedugagpaseted heneindtreferenss SnitatileZalkenykazlagtonoeinshudet he | ens

may be worn saf @I_&h%@ii_ét_&%@g&_g%ng on the eye. Extraction of the al cohol

fromthe lens' cCan *enpl oyi ng heated water for several
hours. EXtracti Qrethéyiddnéthylal3-onapliaisoms possi bl e, since inconplete
extraction of resjdual material fromlenses may contribute adversely to 26
2 8 FEB 2005 WOZ0isppraneyl-h-presoliy>0R%s the useful life of the lens. Al so,
such residual s @By 1 eS| Eiﬁﬂ- d confort by interfrering with
optical clari tyrig}}éoérﬁg&gie.girﬁée@luﬁ? %gr m %-?%Shi licity of the |I|ens surface.
Tt is inportant 2td¢thényl-4@-dielethyl-d(8-axazolinc54+ome, sol uti on in no way adversely
affects the optical cl ari/ty Of ttlgaj ens. .Ogti cal clarity is subjectively
under st ood to b& FARIOPIYArdimethyl-l3-pxAzgli2rRey when the lens is visualiy
i nspect ed. SubseqtRétyl-4neKyIAEYILIGoxakbEn-5n8, | S Ssubj ected to hydration in
which the lens is fully hydrated with water, buffered saline, or the |ike.
When the |ens i 2-igeprrpenytiiymethyl4 butyl d3-nxagolmfronei n the | ens typical ly may
expand by 10 to,a ) 20ty i the coating remains intact and
R R

bound to the |ens, ov rophilic coating which has been
found to be resizsikatbpdngl-dahahyinatiodesyl-f;9.dxaxdlings-byglr at i on, the |ens may
undergo cosnetic inspection wherein trained inspectors inspect the- contact
| enses for cl ar Rrigoprapenyhd,4-diphanyl13roxgaelidoneuch as holes, particles,

bubbl es, nicks, at. ect | ' r A | OX magni fication. After
the lens has p 5@%&%&@’?&%‘%@%@%@5{’%&%i‘éé%%‘?eon, the lens is ready
for packagi ng, wigépiepenyl a stetramlethylndsl|3-6xdzblisisednepackage, or ot her
container for maintaining the lens in a_ sterile condition for the
consuner. Fi nal Ryethept4dadiviyll3tasazolin5onsj ected to sterilization, which
sterilization "%tﬂ&yﬁﬁéﬁﬂl'-‘%?@&l{1?-3’{&8&{3%00”a' aut ocl ave, preferably

under an air pfressuri zat1on Cycle, sonetinme referred to as
an air-steam m Rtisdrosetyl-methyhd-phiehyl-hB-ogpsliad-aiegd by the skilled artisan.
Preferably the autoclaving is at 100 Cto 200 C for a period of 10 to 120
ni nutes. Fol | owlrigopsersnyl-f-mathydrf-bengyl-1.3roxaznlinefreneandf  the sterilized

| enses maybe checked prior to storage. Exanples of rigid-.gas-perneable
("RGP'~ materials useful.in the presen{z{13 invention include the materials
prepared from silicone-containing nonoffers as taught in US Patent Nos.
4,152, 508; 4, 330, 383; 4, 686, 267; 4, 826, 889; 4, 826, 936; 4, 861, 850; _
4,996, 275; and 5, 346,976. The teachings of these patents are expressly

i ncorporated herein by reference. The RG® materials do not generally
require solvent renoval or extraction steps before they are used as
substrates in accordance with the invention. Cbjects and advantages of this
invention are further illustrated by the follow ng exanples, but the

. o, " - N S o o ~



2 8 FEB 2005 WD 02/ 24793 PCT/ US01/ 23028 wel | as ot her condi ?i@EEB%
details should not be construed at unduly limt this invention. MPLE |, ~
Thi s exanpl e di scl oses a representative silicone hydrogel, |ens materi al
used as a coating substrate in the foll ow ng Exanples. ' The fornul ation
for the material is provided in Table 1 below TABLE 1 ConponentParts b

Vei ht TR Miass~ 30 V2D2515 VINALL n nonanol 15 Dantur0.2 tint agent0.05
The follow ng materials are designated abave: PCT/US01/23028

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

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

1

N

R3 R4
following general formula:

where R1 and R2 independently denote a hydrogen atom or a lower alkyl radical
with one to six carbon atoms, and R3 and R4 independently denote alky] radicals

with one to §ix carbon atoms or a cycloalkyl radical with five or six carbon
atoms. Specific examples include 2-isopropenyl-4,4-dimethyl—2—oxazolin—5—one
(IPDMO), 2-vinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO), spiro-4’~(2’-
isopropenyl-2'-oxazolin-5-one) cyclohexane (IPCO), cyclohexane-spiro-4’~(2’-
vinyl-2’-oxazol-5’-one) (VCO), and 2-(-l-propenyl)-4,4-dimethyl-oxazol-5-one
(PDMO) and the like.

These compounds may be prepared by the general reaction sequence:

R2
Y cl Ré o ' Re ]
R1 . NaOH R3
_ 4 R3 ol
0 o) NH
| NH, ©OH H,0
at 0oC / ’
_ | R1 o
R2
CICOOC,H, >—[——
Hexane _ 0
. . s . .en - . R3 R4
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TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbonate NVP _N vinyl
pyrm i done V, D~ asilicone-containing vinyl carbonate as prevé 8f&B, 200
described in U S. Patent No. 5,534,604. VINAL N-vinyl oxycazbonyl al anine
Dancur Dazocur--1173, a W initiator tint agent

1, 4-bis[4(2- hacryl oxyet hyl ) phenyl am no] ant hraqui n = 2 This
Exanpl e ﬁé@é{]‘r?%t es a process for preparation of a cont ?ﬁ“ﬁé’%hg“ri or to
surface nodification of a contact |ens according to the present invention
Silicone hydregek d 6a5ess @&&nfﬁaumﬁ af:%ﬁﬁéﬂ ¥t dnCiinifd afia e @olynediioalsle ner e
cast-nol ded from pol ypropylene nolds. Under an inert nitrogen atnosphere,
45-1 of t hfmbrhemilitydsintnoduaed by using ¢ithér anyloyboranethaeryloylahlosislp; dhe seeomdaye

Id hal f d dwth the 28..2 8 F UgQl/ 23028
Conpl erent 4 THORFSAJIA St &, Higplimae s AL R ekl fdeiohe, T
conpressed, Hu&isﬁﬁﬁ%ﬁipﬁf\}i\iliwa’ﬁie?%?fidtedlﬁ‘bs@ﬂdrgarﬂm& for about 15

m nutes in“the presence o I i'ght 1 mMVcm- as neasured by, a
Spectroni ¢ UV astindijatedritmvethe compowids cambie eapolygierized withr yidronbilin and/or

addi tional _minutes. The t d balf mved, and | -

i it i nodHOBRSN eneHcRsE © i AoqepplBnrear el 4 Bt 8 °

Subsequent lyeireh i3l afif BRoHE] GxdBldone (did nisythédbe by&alaedin GG Pm
g.

with a force o NIT"LE 3 This exanple illustrates the synthesis

of the hydeapieitl the oxeztinbne compaieptseinto dopino |agids.g In gesral) tha hydsplypis siepr cent
rati o of non s (DVA/ VI empl.oying the ingredients in Table 2 bel ow
TABLE 2 Reéb@'i %L’Rﬁé&&#ﬁnv%%ﬂ?ﬁ?ﬂ( M |

R2 rad L.
_)—"-—0 H,o HtorOH : OH
R1 N)(& + 2 e }__(NH
(0]

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

Non-limiting examples of comonomers useful to be copolymerized with
azlactone functional moieties to form the hydrophilic reactive polymers used to coat a
medical device include those mentioned above, preferably dimethylacrylamide, N-vinyl
pyrrolidinone. Further examples of comonomers are disclosed in European Patent
Publication 0 392 735, the disclosure of which is incorporated by reference. Preferably,
dimethylacrylamide is used as a comonomer in order to impart hydrophilicity to the
copolymer; |

Such azlactone-functional monomers can be copolymerized with other
monomers in various combinations of weight percentages. Using a monomer of similar
reactivity ratio to that of an azlactone monomer will result in a random copolymer.
Determination of reactivity ratios for copolymerization are disclosed in Odian, Principles
of Polymerization, 2nd Ed., John Wiley & Sons, p. 425-430 (1981), the disclosure of

which is incorporated by reference herein. Alternatively, use of a comonomer having a

23



D net hyl acryl ande (DVA) 16 gQ 1614 Vi nyl -4, 4-di net hyl - 2- oxazol i n_5-one
(VDMO) 4 g0. 0288 VAZO- 64 initiator0.031 g0.1 percent Tol uene2@cd REB 4005

i ngredi ents except VAZO 64 were placed in a 500-m nund-bottom fl ask

equi pped with a nagnetic stirrer, condenser, argon bl anket,

andt her etyp@9Ri7o9! | er. The above was de-aerated with argon for 30 mn.
Af-ter VAZO 64 was added, the solution was heated to 60C RAHURH/%028i ned for
50 hrs. After the reaction was conplete as nonitored by FTIR (Fourier

Transf or m highenreadtivifet thaseDay azladtbiie will t¢hil 20 réRR i | OWlo¥k c@;ﬁﬂ?ﬂeﬂ& 00 m

of diethyl ether to precipitate the polyner. The m xture was stirred 10

min, al | owdithiacdhigharicpacentationof aglagtone-funstienalityrnear theterminnnofthevelainlr i ed

under vacuum at ni and .t he ecul-ar, wei ght _det erm ned
to be Mh =19448 nlif E‘éggé%\é%_J'Tﬁﬁgéf’%?“%‘,malalz{ggt??&m&é@l 8‘&?}?’@&@ or
st andar ds. oligsinére fravingt# 10t wee Spefalidally JpoREnerizable iB odh Ao\l ﬁﬂiz%&?gﬁ
PCT/ US01/ 23028, F. X AMPLE 4 This Exanple illustrates the synthesis of a

pr epol ymer Providipg relgstane-fiynctionalify imthechydrenhiliosraasténe polymek acogrding to the

macr onono L pacr opgl L~ [ eventual use.in a reactive hydrophilic
pol yner ac %?éﬂqﬁgv?@%eg%‘?%g%%ﬁmc&%% ﬁﬁ&gﬂmﬂ' 10X XPERIS, Broprep yelree
accor di ng tadidahpolyfietigationdbfleclastbh@mofGe T FopticRABLWIE cOMOndm&d addeséribed

ol es), mercaptoethanol (3.2 g, 0.041 noles), AIBN (Vazo-64 in the anount
3.3 g, 0.o0mHs BQBGHBNGS-MﬂséHgGﬂd)ﬂépéaﬁoﬁ,ll,l@mraﬂegi byweferencatmneineNonn a t wo

liter roung hatt ' i t.h . netic _stirrer, condenser,. .

t hermal controM %[;Q;@A%Séf %‘%r@%@@‘mﬂaf’ %ﬂ?fﬁdﬂ Péﬂ??mgfsmﬁﬁse‘asr%%ugh

t he sol uti UIS. FahrNew@,485)236 2ad15,087/197 e d Wardpebti PatéREPIBIREGASE Y03 93506 f or

72 hours upder a passive blanket of nitrogen. The pol ymer was precipitated

from the risetpopRedbyraforencghereilpo |iters of ethyl ether (171.4 g of .
pol ymer was i so ore 108) ) f > (si.ze exclusion
chr omat ogr aphy) i#jma VS és%] gaveéng °§hw£]”§’5‘§‘f‘fn' % éﬁggé%rn%ﬁ%cé& goyp @ the

hydrophilig reactive polymer is an epoxy functionality. The preferred epoxy-functional

monomer is an oxirane-containing monomer such as glycidyl methacrylate, allyl glycidyl
ether, 4-vinyl-1-cyclohexene-1,2-epoxide and the like, although other epoxy-containing
monomers may be used.

The hydrophilic reactive polymers are attached to medical devices which may be
made by conventional manufacturing processes. For example, contact lenses for
application of the present invention can be manufactured employing various
conventional techniques, to yield a shaped article having the desired posterior and
anterior lens surfaces. Spincasting methods are disclosed in U.S. Patent Nos. 3,408,429
and 3,660,545; preferred static casting methods are disclosed in U.S. Patent Nos.
4,113,224 and 4,197,266. Curing of the monomeric mixture is often followed by a

' machining operation in order to provide a contact lens having a desired. -ﬁnal
configuration. As an example, U.S. Patent No. 4,555,732 discloses a process in which an
excess of a monomeric mixture is cured by spincasting in a mold to form a shaped article-
having an anterior lens surface and a relatively large thickness. The posterior surface of
the cured spincast article is subsequently lathe cut to provide a contact lens having the
desired thickness and posterior lens surface. Further machining opmﬁons may follow
the lathe cﬁtting of the lens surface, for example, edge-finishing operations.
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EXAl LE 5 This Exanple illustrates the synthesis of a macronef .of DVA using
the prepolynmer of Exanple 4 which nacronononer is used to maé k6 2005
hydrophilic reactive polyner of Exanples 6 and 8 bel ow, which macronononer
is made according to the follow ng reaction schene: 30 2 8 FEB 2005 WO
02/ 24793 (CHs(CHz) ~aCO~] Sn[ (CHz} ~CH~] z THE BHT PCT/ US01/ 23028 48 The

pr epol ymegyd ¢ga@aygzxanpl e 4 (150 g, 0.03 noles), isocyanatpeghfsyiseidracryl ate
(I'EM 5.6 g, 0.036 noles), dibutyltindilaurate (0.23 g, 3.6 x10 noles),
tetrahydrofiuan (THF, 1000 m) and_ 2,6-di-tert butyl-4-nmethyl phenol (BHT,
0.002 g, 9x10" projlucing @ lensriavingcthe dasired fingl shapgeit is|dgsitable to remove

St opped, - araetRe fren, foe,te  Hpd Saion® <gekiiRn P RRe O A B8, "

Several m @hicaRy,"aD6lgaR’ AlRAdRANEIAdEERChe Mitiah névhpmeeoBhithite ih DMer e
macr onononmer” was then col lected after precipitation froma |arge volunme

(16 | it er s)miximinelphase separationiod polymenizod produets grosivaed by polymerizatiamef thei el d

A g s el PR

3.1 2 8 FERIgMER: WixRieé, 24KRE afiows Y6P b/ B3R EfekAl/Blufingd process and ultimately
results in a more uniformly polymerized product. Sufficient uniformity of the initial
monomeric mixture and the polymerized product are of particular concern for silicone
hydrogels, primarily due to the inclusion of silicone-containing monomers which may-
tend to separate from the hyd;ophilic comonomer. Suitable organic diluents include, for
example, 2-hydoxy, 2-methyl decane, monohydric alcohols, with C -C,, straight-chained
or branched alcohols including aliph_atic monohydric alcohols such as n-hexanol and n-
nonanol being especially preferred. US i’atent 6,020,445 to Vanderlaan et al. discloses
suitable z;.lcohols and is incorporated herein by reference. Other useful solvents include

 diols such as ethylene glycol; polyols such as glycerin; ethers such as diethylene glycol

monoethyl ether; ketones such as methyl ethyl ketone; esters such as methyl enanthate;
and "hydrocarbons such as toluene. Preferably, the organic diluent is sufficiently volatile
to facilitate its removal from a cured article by evaporation at or near ambient pressure.
Generally, the diluent is included at five to sixty percent by weight of the monomeric
mixture, with ten to fifty percent by weight being especially preferred. _

The cured lens is then subjected to solvent removal, which can be accomplished
by evaporation at or near ambient pressure or under vacuum. An elevated temperature
can be employed to shorten the time necessary to evaporate the diluent. The time, -
temperature and pressure conditions for the solvent removal step will vary depending on
such factors as the volatility of the diluent and the specific monomeric components, as
can be readily determined By one skilled in the art. According to a preferred
embodiment, the temperature employed in the removal step is preferably at least 50°C,
‘for example, 60 to 80 °C. A series of heating cyclés‘ in a linear oven under inert gas or

vacuum may be used to optimize the efficiency of the solvent removal, The cured article
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This .Exanple illustrates the preparati on of a DM DVA mac/ VDMO pol yner

whi ch may be used to forma coating according to the present 2&\@3@@.

D net hyl acryl ami de (DMA) in the anount of 16 g (0.1614 nol e),

vi nyl - 4, 4-di net hyl - 2oxazol i n-5-one (VDMOD) in the anount of 2 g (0.0144

nol e), dinethylacrylamde macromer (DVA-mac) as prepared in Exanple 5, in
t he anbuntwo0f02/247g3 (0. 0004 nole), and 200 mM of tol uene in a
500-mL round-hbottom fl ask equi pped with a nagnetic sti r\rl\gfr:fmgé)l?lzé@gser,
argon bl anke nd..t.enqperatyre controller. The solution was de-aerated
with argon F%?r @5%@%?‘”@‘#(5&6?8%}.‘1 ContaingRA Boge than trenty Parcertsbyavreigtit of and
the reacti ogilheat gfe{-aghﬁ%;ngfythépﬁw ction was conpl ete
(roni tored by'F'ﬁ?R) , the sol ution Vgegcesﬁf%ﬁv?fgggoelgﬁt o 2500 m of ethyl
ether to precipi Fallewingagempualyofethe okganic dilhentathdi lehois neag ﬁjﬁ_’&ieat@,, mb

m xture was 10..m allowed to, settle 10 mn, and filtered. The
preci pi t at ™% éa%%ﬂ?é’ﬁ“?ﬂ?@@”%"” B8 dfe mpchigmgsstep includes,gfor exatpledr i ed

pol ynmer washeffiap!d@ holishi ' I ' omat pogr aphy, bottled
and stored in a de% cggl%l%? albﬂ§bE‘%§%Egﬁ7su{FE§d;E§x%%yé%P%w I_ng%ﬁgsses -
pr epar at i onmey ba pEXfrRE Db afer| thenmticle isridased o @3hold patt! IPeQRRLRMRR! T at e

according tg the,present, invention . Dinethylacrylanmide, in the anddnt of
12 g (0. 121‘%% %“;‘)/,“{SFP?‘FQlfIQP?iled'inﬁﬁ’tMFmalemwapmmmerSrtotﬁtbtmmmmf 4 g
onomer hasea R ol L OB s Bt rertc by Rk . Bhogriyecretuto § sspmndy
round- bot t o¥et o ¥ekuuae tiverzend aniltrlacad mggingttd fotdting Riface 851 SRABSE the sETHR br

bl anket , ahdd_te rat ure ontbr | ler. The solution was de-aerated wth argon
for 30 i n. COBHfahCIHDRaY Heg by Wrnrdovar nprdgnd cpaskingdke etbasido of s ldse.
reaction heated Subsédifent & thedRold & i 4 h C ete.

(noni tored by_ FTI R)s, t he sol.ut-ioon \l/\?aagé/%?ghvb yE Jg&@hﬁ{,’g}hﬁ% ﬁi%hecg‘fllﬁl

et her to tHriges eetmeniaecording to thd diresentninwersion ayp Hedosibed Bsove[inchidigy #RS
stirred 10 zjal ~settle 10 mn,, and filtered. The precipitate
was dried a%%%ﬂ%%@@@&?%@@%% ni ght. The dried pol yner was

T8 desi coat or 32 5 b ik 2085 VO Gor parn hCraat gasobe Ehufie o

' Thi s Exanprdaction o femoxe residuals intthe densessf Gandrgllly, dpithe mmnufaetute uf c@ahatMer

havi ng a Edsed) r e e: WM chai ns pendent ,fromthe
backbone 019 t he 9{)% y%?’m %}%B%gf)#%r lsﬁ%&@i@@@"i\"“? ogﬁien&cpﬁﬂl‘%ﬁlﬁ he

DVA nmacr onpolysmeized nyitrisl dipin thetpolyanerization prooeks DAGY iR GBtical BlaRRAHE a%s

fol |l ows. T%e%targgﬁﬁ%i n flmw\é@:e adﬂed distilled N, Ndi met hyl dcryl am de
(DMVA., 329, °C" ?g?)?y“ Sitheh Batenal may,fckuds splvents not extirelyremowed by 4 g
(0. 0008 nolies previigst sdivasd @hsvald e 4 0,..0. 029 mql es},
Vazo- 64 (Al E';N?prco. 06 g, O. oog%gung %g?&ngﬁgﬁ%dgﬁe’r?é’ % ﬁﬁ?‘) thermonpmen o,

vessel was PIXWIFG doligomers presepttsi by-prodnete rfrone dhel polyeterizhtich PRIcessO ok eveh €
and a nitr | | trogen bubbl ed t hy ough the solution for 15 nmin
to renove ggcﬁgv%gtéxp%%vgﬁ%% caReldiused to f9up thelens.hen heated to 60C

under a passi ve Cobvértioahl @bthoild tP el Mk Resianl Smtelibf | gy i Xt ur e was
then added slowy to 4 |[iters of et ﬁyl cet hglr%?ﬁteéggdé&nggﬁéﬁgwmd

stirring. priastdans materighinglnde emtractiopiwith. enl alooholsntutionofor aeveedl Huar/ @erium

filtrati ' ' ' t 30G ernight 't
remove 1 heo S ae e B Bmoble S b ol 5 omes o pxvestion i aysterrger
[I'ﬁ?g gxgrfgﬁl"fﬁ Il ?Itljstr'ajtzéés thelrgk;l/ntaﬂg]z?ts o% Oé@/@%ﬁ%&%ﬁ%gﬂﬁ%ﬂ%géj&“ on

vi nyl cycl offaxien yemains ia,thejpolmgesiernetwork /L the polyimerize todtadtderaniterials bad cone

substrate [ td.ya] t ] ti.on. . The pol r was prepared

based on t%@ﬁﬁéppo‘%&ﬁ%@dr eacﬁ"l5 egge%g %Aetgr%ia.ejn%fgﬁ %ﬁge‘i‘ﬁpmﬁ e3¥yom safely and
comfortably on the eye. Extraction of the alcohol from the lens can be achieved by
employing heated water for several hours. Extraction should be as complete as possible,.

since incomplete extraction of residual material from lenses may contribute adversely to

-
-
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28 FEB 2005 WO 02/ 24793 PCT/ US01/ 23028 To a 1 liter reaction %Isagﬁ%%e
added distilled Nvinylpyrrolidone (NVP, 53.79 g, 0.48 nvoles),

4-vi nyl cycl ohexyl -1, 2- epoxi de (VCHE, 10.43 g , 0.084 noles), Vazo-64 (Al BN,
0:05 g, 0.0003 noles) and THE (600 m ). The reaction vessel was fitted with
a magnetic stirrer, condenser, thermal controller, and a nitrogen inlet.

Ni t rogen Wes0224T3|1 ed t hrough the solution for 15 m n to RGAMISAL23008 -

di‘'ssol ved oxygen The reaction flask was then heated to 60C under a

passi ve bl anket epn for u

added sl ovﬁ€° Bieffl 1} of 368 fen h@f‘"g e r’egﬁﬁﬁg%%%@éﬁésg Aftince E@‘T The
copol yner RogffbR rbsraiheéfeﬁﬁgi vmscpa@ﬂl @arit§ britte \dasiwdmxﬂfohhftﬁidt@hﬂmﬁb%mbl d
was placed in a vacuum oven at 30C overnight to renove the ether, |eaving

21 g of redens susfage \Hvisrimpogask thatche seleqtad extrantioprsolutionrin not way adwarseler was

7l Tt r at o 6 el o iy Rorabeliay HRioal A, jestOlbNe st SEME, o
DVA GVA, \Ahb@é]of@laﬂgﬁébswe&meﬁ)dhem&w%u e&t’édbel ow, according to the
foll owi ng reaction schenme: o~ + man 8 mole9g CHO . * CHz eo CHz

10I * 0 O Jman JSmbnwEat t@@xtzzt@nFéB lmwlslwbegtzﬂmméramﬂmmz@gim a
1-11 ' N-
is g o iy plustea il Fhfn FORR0a thie o it el WHEF MR RBRAE 4i"

mol es) , Vazgbded ¢ vﬂle%}h ﬂf&l@&ﬁt{ﬁcal@ ﬁ@&ﬁ@h@)l%&bbﬂlmﬁﬁeﬁm& o), théhe

reacti on vessel was fitted gnetic stirrer, condenser t her mal
control | er ,coatitg remaing yash and)beund Mﬂxpdgvnpmsdmaebh!r ghie, thyidmpyilic eesating

solution far m. t S ygen. The reaction’ flask was
t hen heat ed”]PB gb@%ﬂg‘%@%goéggg}s\?gggd;eﬁﬁg%&m trogen for 20 hours. The
reaction m xtur@mﬁgwrﬁyd:a@biemﬁleﬁy\mymd&gbldoemwmmhu&iemﬁu\aiﬁeb good
mechani cal stirring he reactjve pol yner precipi tateﬂi} and was co] |l ected

by vacuum finspectors igpect the coatgey ]Gn%&@rrﬂ%m&ﬁ fheyahpgnas hdstrets sych ag)
overn oht [fiid EE?%ﬁbﬁlee[n?c‘kp%aré eﬁ& b&ion s proforall of PR bl ﬂ%gﬁmAﬁePM

yield). ive polymer was I ccat or or storage unti |
use. lens has passed the steps of cosmetxc inspection, the lens is ready for packaging, whether

" in a vial, plastic blister package, or other container for maintaining the lens in a sterile
condition for the consumer. Finally, the packaged lens is subjected to sterilization,
which sterilization may be accomplished in a conventional autoclave, preferably under an
air pressurization sterilization cycle, sometime referred to as an air-steam mixture cycle,
as will be appreciated by the skilled artisan. Preferably the autoclaving is at 100° C to
200° C for a period of 10 to 120 minutes. Following sterilization, the lens dimension of
the sterilized lenses may be checked prior to storage.

Examples of rigid-gas-permeable (“RGP”) materials useful in the present
invention include the materials prepared from silicone-containing monomers as taught in
US Patent Nos, 4,152,508; 4,330,383; 4,686,267; 4,826,89; 4,826,936; 4,861,850;
4,996,275; and 5,346,976. The teachings of these patents are expressly incorporated
herein by reference. The RGP materials do not generally require solvent removal or
extraction steps before they are used as substrates in accordance with the invention.

‘Objects and advantages of this invention are further illustrated by the following

- examples, but the particular materials and amounts thereof recited in these examples, as
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EXAMPLE 11 This Exanple illustrates the synthesis of a wat er2-&EEB AR
reactive polynmer of DwvW OFPMY GVA, according to the follow ng reaction
schenme: Vazo-84 + o~o Hnon 7,6 nde%H .~H- 88 }(s 10Hz 6 ~ ~ ~ H s
mm 14.6 nmde% 35 25 FEB 2005 WO 02/ 24793 PCT/ US01/ 23028 To a 500 ni
reaction flask were added distilled N, N-di nethylacrylam de (DVA 16 g, 0.16
-~ nol es), 1MOM/28M3oct af | uor opent yl net hacryl ate (OFPVA, 1 g, chyﬁ)éa?’/zsogpl

used as received), distilled glycidyl nmethacrylate (GM 4 g ol es)

Vazo64 (Al1BN. Q.0 0018 l.es ol uene (300 m). The reaction
vessel BY’FIE taﬁdgth% f‘PPdgu‘?P&g‘?'PE) Flﬁ‘aéﬁ |SBP‘§h not by spRsvued t atcvndully diseit rthis| er |
and a mtrqgeamoh.nl et. Nitrogen was bubbl ed through the solution for 15

m nutes to renove any di ssol ved oxygen. The reaction flask was then heated
to 60 C under a- passive blanket of nitrogen for 20 hours. The reaction

m xture was then added sIovay to 3 IitEMLB_ﬂ.hyl et her with good

mechani cal sti rr t|ve Q/ p[eC| tat ed and was coll ected
by, vacuum fi Itra f aﬁnp ﬁ'ﬂﬁ? o1 o §°B$hé'6é81‘ﬁ°ﬁ ydrageldmasomateriak ussd es a

over ni ght t@aﬁ@gr@muta&enewmelfoud | BgmblesS Thef fohbak %15,}{%9{)%&'@&%,@2,1%/0““'

yield). The reactjve mer was placed’in a desicca or stor
use. prowdcmeabF 1 below.
TABLE 1
Component :

NVP 30

VaDas 15

VINAL . _ 1

n-nonanol _ 15

Darocur . 0.2

tint agent 0.05

‘The following materials are designated above:

TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carba.mate

NVP N-vinyl pyrrolidone |

V,D,s a silicone-containing viny! carbonate as previously
described in U.S. Patent No. 5,534,604,

VINAL N-vinyloxycarbonyl alanine

Darocur Darocur-1173, a UV initiator

tint agent - 1,4-bis[4-(2-methacryloxyethyl)phenylamino]
anthraquinone

EXAMPLE 2
This Example illustrates a process for p.reparation of a contact lens prior. to
surface modification of a contact lens accordmg to the present mventlon. Silicone
hydrogel lenses made of the fonnulahon of Example 1 above were cast-molded from
polypropylene molds. Under an inert nitrogen atmosphere, 45-pl of the formulation was

_injected onto a clean polypropylene concave mold half and covered with the
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EXAVMPLE 12 This Exanple illustrates the synthesis of a hydropfidgiC ﬁﬁeactive
pol ymer of DMA/ MAA, according to the follow ng reaction schene: 3%) 2 8
FEB 205 WD 02/ 24793 PCT/US01/23028 O ~ + + N1 OHnman non 24 nde 9L 78
nde 9b Vazo-64 To a 500 m reaction flask were added distilled

N, N- di et ryd.am de (DVA, 16g, O0.16noles), nethacryli ' , 4.9,
0. 05 nol eggd@gzi‘ﬁsm (ATBN, 0.033 g, 0.0002 noles) and anlﬁ:y r(‘))g%:‘o - pr opanol
(300 mM). '"The reaction vessel was fitted with a netic stirrer,

condenser, cohplenadntary polyprapyitene souverimald half The mold hylyesqyer compresisaist a4
th h th | uti f ] i { '
oot von f SR efd0mtbind e g et e R ok 1Y a0 B pRREBLEVE

for 72 houngms (FRE MWADH Rineddired BiyG Systrbdie UAsthtst). SThewhyldtwasExbosedrts of
et hyl et her%t(i@good mechani cal s?i r%ﬁg. The reactive pol yner

preci pi t at ddVdigiit fsbout! J additiomalypingtesy Tive top mekt halfwasremoyed, jagd sheslensgsaceqd
i .30C igh | eayi
oact ve. S AR 60O 3, hyrh JATY olclf 8 Whn E%die n-oflull.

desi ccat or & efiges WeBe ball buffed for 10 Setondibat BBE0 i with@ BIdeE7 93
PCT/ US01/ 23%‘%’ oA Ee 1S edges ° a

60g.

EXAMPLE3 |
This example illustrates the synthesis of the hydrophilic reactive copolymer
involving a 80/20 by weight percent ratio of monomers (DMA/VDMO) employing the

ingredients in Table 2 below:
TABLE 2
Reagents - | Amount (g) Amount (m)
Dimethylacrylamide (DMA) 16 g 0.1614
Vinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO) |4 g 0.0288
VAZQO-64 initiator 0.031¢g 0.1 percent
Toluene . 200 ml =

All ingredients except VAZO-64 were placed in a 500-m! round-bottom flask
equipped with a magnetic stirrer, condenser, argon blanket, and thermo-controller, The
above was de-aerated with argon for 30 min. After VAZO-64 was added, the éolu_tion
was heated to 60°C and maintained for 50 hrs. After the reaction was complete as
monitored by FTIR (Fourier Transform Infrared spectroscopy), the solution was slowly
added to 2500 mml of dicthyl ether to precipitate the polymer. The mixture was stirred 10
min, allowed to settle 10 min, and filtered. The precipitate was dried under vacuum at 30
' t0 35°C overnight, and the molecular weight determined to be Mn = 19448, Mw = 43548
and Pd =2.25, all based on pol};styrene standards. (Pd refers to polydispersity.)
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This Exanple illustrates the surface treatnent of Bal afil corp AFegMpesct

| enses (PureVision(r) lenses, commercially avail able from Bausch & Lonb,
Inc., Rochester, NYC made fromthe material of Exanple 1, which surface
treatment enployed the hydrophilic reactive polymers nade from Exanple 10
above, according to the following reaction schene: Autoclave O Hs A

sol uti on W@ 022438 i ve pol yner of Exanple 10 (10.0 g per 1PEGHUMY23028\\5¢ er)
was prepared. Lenses were extracted with three changes of 2 propanol over

afoot-hour period and then with thr ee%_ggmof wat er at one- hour
i nterval s. Lenses (36 sanples) were then placed in the solution of

reactive pol ynmerhisIentleoplustatesthyynthesistfapkepolymer ofias added to catal yze
the reaction. The |enses were put th glnE. 30-m nute autocl ave cycle.

38 2 8 FEB 2008, NIy ar it PR PRRAETRORARE (Ex anpl e
present i e BHEOBH )10t SOl Bt A R R ottt REGURG IO WS ftbhent 7 o
A lens, conmBEs Teprettihtrdbiadé scording odhe followiry redotion sdidn@kls O, OH +
CHz 6 Os 10~ Trtethanolamine OH Surface ' ~~"~CHs Lens with Poty DVA
Reagents DMA (200 g, 2.0 moles), mercaptoethanol (3.2 g, 0.041 moles), AIBN
(Vazo-64 in the amount 3.3 g, 0.02 moles) and tetrahydrofuran (1,000 mi) were
combined in a two liter round bottom flask fitted with a magnetic stirrer, condenser,
thermal controller and a nitrogen inlet. Nitrogen gas was bubbled through the solution
for one half-hour. The tmp&aWe was increased to 60°C for 72 hours under a passive
blanket of nitrogen. The poiymer was precipitated from the reaction mixture with 20
liters of ethyl ether (171.4 g of polymer was isolated). A sample submitted for SEC (§izc
exclusion chromatography) analysis gave a Mn = 3711, Mw = 7493, and Pd =2.02.

| EXAMPLE 5 |
This Example illustrates the synthesis of a macromer of DMA using the
prepolymer of Example 4 which macromonomer is used to make the hydrophilic rgactive

polymer of Examples 6 and 8 below, which macromonomer is made according to the

following reaction scheme:
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HO O 10 Procedure: The reactive polynmer used in this Exanple %ji was

di nmet hyl acryl am de-co-gl yci dyl net hacryl ate [ DVA- ao- GVA where L BB 20851 e %0
and y= 32 nole % and the substrate was the Boston XQ(r) rigid gas
permeable material. The reaction scheme is given in figure | above. Two
pol ymer solutions were prepared as follows; Solution A was prepared by
conbi ni ng r of the reactive polymer and 1.3 grans

met hyl di epﬁ)a(%(l)zlqam ne with 65 m of purified water. Sol utllf)gnT 0\}\%%02?)repar ed
by combining 1.6 granms of the reactive polynmer and 1.3 grans of

met hyl di et hanol amne- with 65 m of purified water. RGP | enses were first
cl eaned~wi t h Bost on Ad nqe(r) and then placed in 5 m of polyner
solution. Half the sanpl exzware|left standing Qver night CHZo39 2 8 FEB
2005 WO 02/ 24793 PCT/ U9 23028| and hal f, were Bia en at 55C for
one hour. r/e{tpﬁ% ere rinfed tw/ce With HWT grade water and
al | oned to dryHo iectronics [PH ] Mdel5600 XPS was used for
the surface characteri : @ instrument utilized a nonochronmated At
anode operated a 300 watts, | SkV and 20 mllianps. The base pressure of
the instrument was 2.0 x 10 "10 ton and during operation the pressure was
5.0 x 10"g ton. This instrument made use of a henispherical analyzer. The
instrument had an Apollo workstation with PH 8503A vergion 4. OA software.

The practic & anpling depth for this instrurentnat a| sanpling
angl e of 45%\/\%@';?22]&’“ ..E%u-ﬁ speci nen was anal yg ed utili ZI:??-DJ\
| e S
ns wer

| ow-resol uti ansurvey spectras(01 OeV)_-; to i de t he hr esent on
the sanpl e surfte (10-100A). SurfAac Q:orrp i tfi pH

determ ned fromyhi gh-resol ution spect |°a obt al ned on the | ement s- get ect ed
in the lowresolution survey scans. Those el enents included oxygen,
nitrogen, carbon, silicon and fluorine. Quantification of elenental
conpositions was conpleted by integration of the photoel ectron peak' areas
after sensitizing those .areas wth the instrunental transm ssion function
and atom c cross sections for the orbitals of ‘interest. The XPS data for

t he coated | enseTheind prapolymers ram gi \Bxample Tall e @S0pelpw, 0.0hesamaleda

show that the |ense co th The
ni trogen | efey %@P@X&%@hﬁ WII( Eﬁ)g'foodiés,ﬁ’gﬁgg d@éﬁﬁ%ﬁl&“g%%ﬁal

and si i congod gieRdsy, té&emydrafaﬁnf (THF,i DGO0" &dl) m&msm&tmbmyb&nmhﬂopnm

[F] ~a, ~-|[ %ﬂ)&m a- val ue represents the anou of fluorine covered
up by the cG¥ETQO &ﬁi‘éﬂ nwk@) were-combigpd, Uit Birogsh a%*‘h dBR xS Weshas

gglt gu:c leﬁ teﬂei? %g gest t '&esfu-r st%nr' %%Vg%hg}grs]el{r?gar {Fllgclotg%edf deT c&c#/@fezd by
t he coati ngwa@hmwdtolbﬁruxmeﬁnjﬁﬁgeﬁﬂfﬂimm (&VWMOWM@SGQ@M&ME 3.
with any remaining IEM. The macromonomer was then collected after precipit:;,ﬁon
from a large volume (16 liters) of ethyl ether. The solid was dried under house vacuum
(vield 115 g). Size exclusion chromatography of the polymer verses polystyrene

standards gave the following results: Mn = 2249, Mw = 2994, and Pd = 1.33.
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BPS Data for Coated RGP Lenses of Exanple IV FileComment Cs Npg 'Q§17‘daESEV
(F] Ratio (Si] Ratio Controls AVERAGE 56. 250. 1419. 3218. 940. 000. 00 ST. .
0.80.20.50.5 P-C RGP @ ROOM TEMP DM GVA 5% AVERAGE

70. 225. 5522. 670. 710. 960. 85 ST. DEV. 1.40.30.70:6 P-C RGP @55 C DVAl GVA 5%
AVERAGE71. 815. 5222. 370. 001. 000. 94 ST. DEV. '0.80.50.50.0 P-C RGP @ ROOM
TEMP DIVAI (N 0224798 AVERAGE69. 615. 0822. 721. 630. 910. 82 ST. DFET/USAA3RA. 50. 5
P-C RGP @55 C DMAV GMA 2. 5% AVERAGE70. 755. 5223. 040. 430. 980. 96

ST. DEV: 0. 50. 40. 60. 3 EXAMPLE 6

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

- chromatography, bottled and stored in a desiccator.

EXAMPLE 7

This Example illustrates the preparation of a DMA/PEOMA/VDMO polymer
usable to coat a silicone substrate according to the present invention.
Dimethylacrylamide, in the amount of 12 g (0.1211 mole), vinyl-4,4-dimethyl-2-
oxazolin-5-one in the amount of 4 g (0.0288 mole), and 4 g (0.0036 mole) PEO
methacrylate (PEOMA), Which monomer has a MW of 1000, and 200 ml of toluene were
placed in a 500 ml round-bottom flask equipped with a magnetic stirrer, condenser, argon
blanket, and temperature controller. The solution was de-aerated with argdn for 30 min.
Then 0.025 g (0.1 mole %) of VAZO-64 was added, and the reaction heated to 60°C for
50 hrs. After the reaction was complete (monitored by F'I"]R), the solution was slowly
added to 2500 ml of ethyl ether to the polymer. After the addition was complete, the
" mixture was stirred 10 min, allowed to séttle 10 min, and filtered, The precipitate was
dried under house vacuum at 30 to 35°C overnight. The dried polymer was sampled for

analysis by gel permeation chromatography, bottled and stored in a desiccator.
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EXAMPLE 15 This Exanple illustrates another surface treat rrent of an

Boston(r) XO contact lens. material, comercially avail able fBrEgB @ESCh &
Lonb, Inc., according to the followi ng reaction sequence: 41 28 2005

WO 02/24793 + so ~~0 0 O /N~ o | Tiiethaidanlrte PCT/US01l/ 23028 42 2 8
FEB 2005 WO 02/ 24793 PCT/ US01/ 23028 TABLE 4 XPS Data for Room Tenperature

Coat i ng g\f'o&%&ﬂn XO | enses of Exanple 15 PCT/US01/23028

EXAMPLE8
This Example illustrates the synthesis ofa hydrophi]ic reactive polymer having a
brush or branched structure with DMA chains pendent from the backbone of the
polymer. The polymer consisted of the combination of the DMA macromonomer,
glycidyl methacrylate, and DMA monomer, prepared as follows. To a reaction flask
were added distilled N,N-dimethylacrylamide (DMA, 32g, 0.32 moles), DMA macromer
from Example 5 in the amount of 4 g (0.0008 moles), distilled glycidyl methacrylate
(GM, 4.1 g, 0.029 moles), Vazo-64 (AIBN, 0.06 g, 0.00037 moles) and toluene (500
ml). The reaction vessel was fitted with a magnetic stirrer, condenser, thermal controller,
and a nitrogen inlet. Nitrogen was bubbled through the solution for 15 min to remove
any dissolved oxygen. The reaction flask was then heated to 60°C under a passive
blanket of nitrogen for 20 hours. The reaction mixture was then added slowly to 4 liters
of ethyl ether with good mechanical stirring. The reactive polymer precipitated and was
collected by vacuum filtration. The solid was placed in a vacuum oven at 30°C
| overnight to remove the ether, leaviﬁg 33.2 g of reactive polymer (83% }field). The

reactive polymer was placed in a desiccator for storage until use.

EXAMPLE 9
This example illustrates the synthesis of a vinylpyrrrolidone-co-4-

vinylcyclohexyl-1,2-epoxide polymer (NVP-co-VCH) useful to coat a silicone substrate
according to the present invention. The polymer was prepared based on the following

reaction scheme:

_WBN Ay
+
| | "800 ml THF OYN\
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Sanple C roomtenp: no rub MEAN SD MEAN SD MEAN SD MEAN

WO 02/24793 PCT/US01/23028

To a 1 liter reaction flask were added distilled N-vinylpyrrolidone (NVP, 53.79 g, 0.48
moles), 4-vinylcyclohexyl-1,2-epoxide (VCHE, 10.43 g, 0.084 moles), Vazo-64 (AIBN,
0.05 g, 0.0003 moles) and THF (600 ml). The reaction vessel was fitted with a magnetic
stirrer, condenser, thermal controller, and a nitrogen inlet. Nitrogen was bubbled through
the solution for 15 min to remove any dissolved oxygen. The reaction flask was then

- heated to 60°C under a passive blanket of nitrogen for 20 hrs. The reaction mixture was
then added slowly to 6 liters of ethyl ether with good mechanical stirring. The
copolymer precipitated and was collected by vacuum filtration. The solid was placed in
a vacuum oven at 30°C overnight to remove the ether, leaving 21 g of reactive polymer
(32% yield). The hydrophilic reactive polymer was placed in a desiccator for storage

until use.

EXAMPLE 10
This BExample illustrates the synthesis of a hydrophilic reactive (linear)
~ copolymer of DMA/GMA, which is used in Examples 13, 14, and 15 below, according

to the following reaction scheme:

\)\\ v *
\ ONO
mon !
86 mole% mon
_ 14 mole%
Vazo-64
CH
—ondgh o
0. (o)
N — (o]
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To a 1-liter reaction flask were added distilled N,N-dimethylacrylamide (DMA,
48 g, 0.48 moles), distilled glycidyl methacrylate (GM, 12 g, 0.08 moles), Vazo-64
(AIBN, 0.096 g, 0.0006 moles) and toluene (600 ml). The reaction vessel was fitted with
a magnetic stirrer, condenser, thermal controller, a.nd a nitrogen inlet. Nitrogen was
bubbled through the solution for 15 min to remove any dissolved oxygen. The reaction
flask was then heated to 60°C under a passive blanket of nitrogen for 20 hours. The
rea‘ctioﬁ mixture was then added slowly to 6 liters of ethyl ether with g_ood'mechanical
stirring. The reactive polymer precipitated and was collected by vacuum filtration. The
solid was plaqed in a vacuum oven at 30°C overnight to remove the ether leaving 50.1 g |

of reactive polymer (83% yield). The reactive polymer was placed in a desiccator for

storage until use.

EXAMPLE 11

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

0
) Hage s (Y

mon
84 mole% 1.5 mole% 14.8 moleX
Vazo-84 |
H /11 [ 1
I G~ C C
H T >J1% H, \‘ 1755
o o) o
N— ’
’ j 2
E 0
E.
H
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To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide
(DMA,16 g, 0.16 moles), 1H,1H,5H-octafluoropentylmethacrylate (OFPMA,1 g, 0.003
moles, used as received), distilled glycidyl methacrylate (GM, 4 g , 0.028 moles) Vazo-
64 (AIBN, 0.03 g, 0.00018 moles) and toluene (300 ml). The reaction vessel was fitted
with a magnetic stirrer, condenser, thermal controller, and a nitrogen inlet. Nitrogen was
bubbled through the solution for 15 minutes to remove any dissolved oxygen. The
reaction flask was then heated to 60° C under a passive blanket of nitrogen for 20 hours. '
The reaction mixture was then added slowly to 3 liters of ethyl ether with good
mechanical stirring. :I‘he reactive polymer precipitated and was collected by . vacuum
ﬁltratior.x. The solid was placed in a vacuum oven at 30°C overnight to remove the ether
leaving 19.3 g of reactive polymer (92% yield). The reactive polymer was placed in a

desiccator for storage until use.

EXAMPLE 12
This Example i11ustrate§ the synthesis of a hydrophilic reactive polymer of
DMA/MAA, according to the following reaction scheme: |
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o o :
Yy, .
\)L N +
\ OH
mon
e moie % 24 mole %
Vazo-64
* 07 200
0
y N N HO (@)

To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide (DMA, 16g,
0.16moles), methacrylic acid (MAA, 4 g, 0.05 moles) Vazo-64 (AIBN, 0.033 g, 0.0002
moles) and anhydrous 2-propancl (300 mD). The reaction vessel was fitted with a
magnetic stirrer, condenser, thermal controller, and nitrogen inlet. Nitrogen was bubbled
through the solution for 15 minutes to remove any dissolved oxygen. The reaction flask
was then heated to 60°C under a passive blanket of nitrogen for 72 hours. . The reaction
mixture was then added slowly to 3 liters of ethyl ether with good mechanical stirring,
The reactive polymer precipitated and was collected by vacuum filtration. The solid was
placed in a vacuum oven at 30°C overnight to remove the ether leaving 9.5 g of reactive
iaolymer (48 % yield). The reactive polymer was placed in a desiccator for storage until

use.
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Sanpl e BMEANG7. 219. 95.63.53.80.79 roomtenp: 1 rubSD3.1 ~0.91.11.91.6

Sanmpl e CVEANG6. 120. 85.22.8 ~5.00. 73 roomtenp: 1 rubSD2.21.20.70.92.6
Sanmpl e D57.718.91. 15.816.60.08 no cat-with 1 rubl. 40.40.60.91. 6 EXAMPLE 16
The mat ewab2/mmsstrate for this experinent was the Bost ofCHERHRIRRs. The |
reacti on schene is shown above in Exanple 15. Two sol utions of reactive
polymers were prepared. The first 130iut i on of DMVA8B6
~~,-c0o-GVAl4i,,0~ (3 g /60 mM of e second sol ution was prepared

S, P gt sk e oA B e

passed t ht BHetyidiolt dns@Ob ARl Al alatle fbR BaRsds &rIﬁmﬁb Imarkmsﬂehem

conbi ned t gi've a m xéd solution of 5% pol y ? Bost.on _XQO(r)
| enses wermadhfmmmammsof Example 1, which surface treatment employed the hydrophilic

reactive polymers made from Example 10 above, according to the following reaction

scheme:

» w
CH; 60 210 Autoclave
Balafilcon Lens O oH + 0 )
. N =~ 0
/

OH

60
Lens with Poly DMA T—CH,
Surface o

A solution of reactive polymer of Example 10 (10.0 g per 1000 ml of water) was
prepared. Lenses were extracted with three changes of 2-propa.nol over a four-hour
period and then with three changes of water at one-hour intervals. Lenses (36 samples)
were then placed in the solution of reactive polymer. One’ drop of methyldiethanolamine

was added to catalyze the reaction. The lenses were put through one 30—mjnute

autoclave cycle.
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2 8 FEB 2005 WD 02/ 24793 PCT/ US01/ 23028 in the 5 m of reactivgsg%layfwi
m xture and allowed to stand for 4, 8 and | 6 hours. 'The |ensés were then
rinsed off twice with purified water and subnmitted for XPS and TOFSI M5
analyses. .~-H2 ~ e~ Hz 1 Hz + o~ O~ O CHz Autoclave The XPS data is given
below. Clearly the lenses are coated with the nitrogencontai ni ng pol yner
even aftewgdiRlitedg the sanples with purified water. The fRgrowsomnveso2s ati o was
calculated as follows; [F] ~o~~-[F] ,~ + ~]control. The val ue represents
the anmount of fluorine covered up hy &rGPat i ng pol ymer, where 1=100%
covered. 44 2 8 FEB 2005 WD 02/ 24793285531/ 23028 TABLE 5 BPS Data for

Room Tenper at ur eThig¥xafplPiiluittés e Sitfice he@tnedt of XARBIPCLeAs Surface according

to the present invention, as shown below. The material was Boston® XO (hexafocon A)

A

lens, commercially available from Bausch & Lomb, Inc.

OH CH,
RGP contact lens o + : ;(P cha ]Si[ ;g“’ ]10; Trlethanolamlne:
substrate OH 0
(0] / '

&)

N Jk_.
N
~ - I o,

(=

o el
Lens with Poly DMA o0—
Surface T_CH:;
HO

C cn,

s

*

.

Prbcedure: The reactive polymer used in this Example 14 was
dimethylacrylamide-co-glycidyl methacrylate [DMA-co-GMA where x=68 mole % and
y= 32 mole %] arid the substrate was the Boston XO® rigid gas permeable material. The
reaction scheme is given in figure I above. Two polymer solutions were prepared as
follows; Solution A was prepared by combining 3 grams of the reactive polymer and 1.3
grams of methyldiethanolamine with 65 ml of purified water. Solution B was prepared )
i:y combining 1.6 grams of thel reactive polymer and 1.3 grams of methyldiethanolamine
with 65 ml of purified water. RGP lenses were first cleaned-with Boston Advance® and
then placed in 5 ml of polymer solution. Half the samples were left standing over night
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and half were placed in an oven at 55°C for one hour. All treated samples were rinsed
twice with HPLC grade water and allowed to dry.

A Physical Electronics [PHI] Model 5600 XPS was used for the surface
characterization. This instrument utilized a monochromated Al anodé operated a 300

watts, 15KV and 20 milliamps. The base pressure of the instrument was 2.0 x 10 *° torr
and during operation the pressure was 5.0 x 10°® torr. This instrument made use of &
hemispherical analyzer. The instrument had an Apollo workstation with PHI 8503A
version 4.0A software. The practical measure for sarhph'ng depth for this instrument at a
sampling angle of 45° was 74A. '

Each specimen was analyzed utilizing a Jow-resolution survey spectra (0-
11006V) to identify the elements present on the sample surface (10-100A). Surface
elemental compositions were determined from high-resolution spectra obtained on the
elements detected in the low-resolution survey scans. Those elements included oxygen,
nitrogen, carbon, silicon and fluorine. Quantification of elemental compositions 'was

_ completed by integration of the photoelectron peak- areas after senmsitizing those. areas
with the instrumental transmission function and' atomic cross sections for the orbitals of
interest. The XPS data for the coated lenses and controls are given in Table 3 below.
These data show that the lenses are coated with the nitrogen-containing polymers. The
nitrogen level increases from 0.1 (=0) to >5.5 percent while the fluorine and silicone
levels drop. The fluorine ratio was calculated as follows; [F] counor[F] et + [Fleout: The
value represents the a.m'ount of fluorine covered up by the coating pblym'er, where 1=
100% covered. The silicone ratio was calculated in a similar manner [Si] e[S e +
[Siliua- Thus these data further suggest that the substrates were nearly completely
covered by the coating polymer. B
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5.42 0.00 ST.DEV.1.10.32.44.40.2 P-C RGP LENSES 4 II R AVERAGE 61.17 3. 37
19. 68 11.31 4.47 0.37 ST.DBV. 1.10. 30. 20. 80. 4 P-C RGP LENSES 828R EBAIBRAGE
62.72 4.35
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TABLE 3
Data for Coated RGP Lenses of E IV
FileComment Cls Nis Ols Fls [F]Ratio [Si] Ratio
CONTROLS
AVERAGE 5625 0.14 1932 18.94 0.00 0.00
ST.DEV. 0.8 0.2 0.5 0.5
P-C RGP @ ROOM TEMP DMA/GMA. 5%
AVERAGE 7022 555 22,67 071 0.96 0.85
ST.DEV. 14 0.3 0.7 0.6
P-CRGP @ 55 CDMA/GMA 5%
AVERAGE ) 7181 552 2237 0.00 1.00 0.94
ST.DEV.’ 0.8 0.5 0.5 0.0 '
P-C RGP @ ROOM TEMP DMA/GMA 2.5% :
AVERAGE 69.61 5.08 22.72 1.63 0.91 0.82
ST.DEV. 1.3 0.3 0.5 0.5
P-C RGP @ 55 CDMA/GMA 2.5% :
AVERAGE 7075 5.52 23.04 043 = 0098 0.96
ST.DEV. 0.5 04 06 03
EXAMPLE 15

This Example illustrates another surface treatment of an Boston® XO contact lens.
material, commercially available from Bausch & Lomb, Inc., according to the following

- reaction sequence:
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20.32 7.54 5.07 0:58 ST.DEV. 1.70.90.70.91.9 P-C RGP LENSES 16 ERWQﬁNEﬁﬁcE
62.57 4.38 19.93 8.21 .4.92 0.54 ST.DEV.0.90.40.61.41.2 EXAMPLE 1
Procedure: A solution was prepared, of reactive pol yner,
N, N- di met hyl acryl am de-co-gl ycidyl nethacrylate (0.4 g/ 20 M of HPLC
wat er) and eight drops of triethanol am ne. Polished buttons (4 sanples)
were i maged by non-contact atomic force mcroscopy then cleaned by rubbing
with HPLC grade water. The substrates were then placed in the 4-5 m of
reactive ngQH%?”gblution, in sealed lens flat packs and hRGE/B¥1{230285C f or
one hour. The treated polyner buttons were then rinsed off twice with HPLC
water and allowed to dry. A drop of water ced on an untreated | ens

a

woul d bead up and I the surfaqce whjl rop of ter wa aced on
the treated |l ens spre onpl et¥l y gsurface: zn‘
RGP lens O o o) o o= B
/ Z N |
' 0

0]

Triethendlarine
0.
o
\N ~CH
R
0
Lenswith Poly DMA o
Suface
HO
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45 2 8 FEB 2005 W0 02/24793 PCT/US01/23028 ' The buttons were thepeglggned
with 3-4 drops of Boston(r) Advance brand contact |lens cleaner, a sterlle
surfactant solution containing silica gel as an abrasive-cl eani ng agent,
followed by rinsing (2 tinmes with) HPLC grade water. The pol ymer buttons
were . all owed to dry and AFM i nmages were again recorded. The inages
appear ed Y8 %&4P3qui val ent to those taken before any coat CRESNES#opl i ed.
The coating. procedure outlined above was repeated and AF N.[ inmages were
recorded. The material again appearegagyye coated with polyner. The
procedure of this Exanple 18 was repeated with three fresh RGP contact |ens

mat eri al butt urf | ysis, fo ray
phot oel ectronﬁﬁég)ﬂg %"“‘fﬁg’ﬁg‘égaﬁﬁ&%'gg‘gﬁ |'¥rﬁ?’ﬁ'€’ l}?e
below. It is clearly eV| dent fromthe da& gi ven_bel ow, | ooki ng_at the

i ncrease of nitrogen (N, fromthe clating 8}ol yi1) addilt he [Ebr r ESRee ng
decreases dfonftoli con (Si) MEAN| uor$%d (F193n t et subHFat el9.7t hat 0109

pol ynmer coatdmb was applie8) renove@dand &bl i ed2agai 0446 048 FEB 2005 WO
02/ 24793 PCT/ US01/ 23028 TABLE 6 XPS Results for Exanple 18 Sanple

Sample A MEAN 724 17.3 8.5 0.6 1.2 0.94
room temp.-norub  SD 2.0 0.8 1.5 0.9 1.6
Sample B MEAN 694 181 67 20 39 0.80
room temp.-norub  SD 22 0.3 1.0 0.8 2.2
Sample C MEAN 69.6 179 8.7 14 2.5 0.88
- room temp.-norub . SD. 1.8 1.1 2.3 1.0 1.7
[C] 0] [N] [S1 [F]
Control MEAN 551 19.5 0.6 69 181 0.00
1 rub SD 0.0 0.1 0.2 0.1 0.4
. Sample A MEAN 66.3 21.0 5.0 4.0 35 0.81
room temp.-1 rub SD 1.0 - 05 0.5 0.7 1.0
Sample B MEAN 67.2 19.9 5.6 35 3.8 0.79
room temp.-1 rub Sb 3.1 0.9 1.1 1.9 1.6
Sample C MEAN 66.1 20.8 5.2 28 - 50 0.73
room temp.-1 rub SD 2.2 1.2 0.7 0.9 2.6
Sample D 57.7 18.9 1.1 58 16.6 0.08
no cat-with 1 rub 14 0.4 0.6 0.9 1.6
EXAMPLE 16

The material substrate for this experiment was the Boston XO® lens. The
reaction scheme is shown above in Example 15. Two solutions of reactive polymers
were prepared. The first was a solution of DMAg ne-C0-GMA, e (3 8 /60 ml of
water). The second solution was prepared by mixing DMAsgmien-c0-MAA ey (3 8/
60 ml of water) and methyldiethaﬁolginine 25g 66 ml of water). 'fhe_two solutions
were passed through a Millipore 5-micron type LS membrane filter and then combined to
give a mixed solution of 5% polymer by weight. Boston XO® lenses were then placed
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WO 02/24793 PCT/US01/23028

in the 5 ml of reactive polymer mixture and allowed to stand for 4, 8 and 16 hours. "The
lenses were then rinsed off twice with purified water and submitted for XPS and TOF-

SIMS analyses.
OH JAR B
c—81-t & >_J__1_al ) I
Balafilconi Lens O oH + o 4 o Autoclaw
J .
b = 4?
OH ﬁ
o] E o
F
H
o}
0/\(\0
OH
Lens with polymer (o) H,
surrface treatment
0
F _F
o ST+
CH,
[
”T‘n’"\
o]

5

The XPS data is given below. Clearly the lenses &e coated with the nitrogen-
containing polymer even after rubbing the samples with purified water. The fluorine .
ratio was calculated as follows; [F] copror[F] 1t + [Flour The value represents the

amount of flucrine covered up by the coating polymer, where 1= 100% covered.
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WO 02/24793 PCT/US01/23028
TABLES
XPS Data for Room Temperature Coating of Boston XO lenses of Example VI
FileComment Cls Nis Ols Fis Si2p- [F]Ratio
CONTROLS .
AVERAGE 5488 010 1925 1978 599 0.00
ST.DEV. 0.5 0.1 0.2 08 04
CONTROLS CLEANED
AVERAGE 61.17 337 1968 1793 542 0.00
ST.DEV. 11 0.3 24 4.4 0.2
P-C RGP LENSES 4 HR. .
AVERAGE . 61.17 337 19.68 1131 447 037
ST.DEV. 1.1 0.3 0.2 0.8 04
P-C RGP LENSES 8 HR.
AVERAGE 6272 435 2032 7.54 5.07 0.58
ST.DEV. 17 09 07 09 19
+ P-C RGP LENSES 16 HR.
AVERAGE 6257 438 1993 821 492 054
ST.DEV. 0.9 0.4 06 14 ' 1.2
EXAMPLE 18
Procedure:

A solution was prepared, of reactive polymer, N,N-dimethylacrylamide-co-glycidyl
methacrylate (0.4 g/ 20 ml of HPLC water) and eight drops of triethanolamine. Polished
buttons (4 samples) were imaged by non-contact atomic force microscopy then cleaned
by rubbing with HPLC grade water. The substrates were then 'placed in the 4-5 ml of
reactive polymer solution, in sealed lens flat packs and heated to 55°C for one hour. The
treated polymer buttons were then rinsed off twice with HPL.C water and allowed to dry.
lA drop of water placed on an ﬁntreated lens would bead up and roll off the surface while
a drop of water was placed on the treated lens spread. completely wetting the lens surface.
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1.71.03.81.01.8 button 1 button 2 button 3 button 4 button 1 button 2

button 3 button 4 button 1 button 2 button 3 button 4 button 1 lQLgFgé’l ?B‘]E
button 3 button 4 Figure 7 is an AFM t opographi cal imge (50 nR2) of "a
contact lens material button of Exanple 18 prior to surface treatnent.

WO 02/24793 PCT/US01/23028

The buttons were then cleaned with 3-4 drops of Boston® Advance brand contact lens
cleaner, a sterile surfactant solution containing silica gel as an abrasive-cleaning agent,
followed by rinsing (2 times with) HPLC grade water. The polymer buttons were

. allowed to dry and AFM images were again recorded. The images appeared to be
equivalent to those taken before any coating was applied.

The coating procedure outlined above was repeated and AFM images were recorded.

The material again appeared to be coated with polymer.

The procedure of this Example 18 was repeated with three .ﬂesh RGP contact lens
material buttons. Surface analysis for the repeated experiment was x-ray photoelectron
spectroscopy (XPS). The XPS data is given in the table below. It is clearly evident
from the data given below, looking at the increase of nitrogen (N, from the coating
polymer) and the corresponding decreases of silicon (Si) and fluorine (F) in the substrate,
that the polymer coating was applied, removed and applied again.
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Figure 8 is an AFM t opogr aphi cal inmage (50 nR) of the surface of \%& %ﬁ?
button after a first hydrophilic polyner coating step in Exarrp?-@ . o
Figure 9 is an AFM t opographi cal image (50 n2) of the surface of an RGP
button after abrasive renoval of the polynmer coating in Exanple 18. Figure
10 is an M graphi cal image (50 nR) of the surface of an RGP button
after theé':r?yoa&g‘%gi lic polyneric surface was re-applied i POIUBGPRI028 8. 47 2
8 FEB 2005 EXAMPLE 19 This Exanple illustrates the synthesis of the nonomer
12- et hacryl oyl oxydodecanoi ¢ aci d usefpyBigE the synthesis of reactive:
polyners. A reference can be found in the U S Patent 4,485,045 by Regen
entitled "Sythetic Phosphati dylXEhBesults forEimgple 18 For mi ng Li posones". o HO

CH2~"'Cl-CHi /11 0 n2v /G- HBC CCOCH2 CII Il ~~ 0-un O THE
Sample 0 N [+ -] F
- . 17.9 0.0 57.9 5.7 "~ 185 button 1

18.2 0.0 648 T Bt 20.7
189 0.0 52.7 53 230 button 2
175 0.0 55.1 6.0 216 button3 |
18.9 0.0 54.0 8.2 20.8 bution 4
18.1 0.0 54.3 5.0 21.7
183 0.0 54.8 8.7 21.0
0.6 0.0 1.7 0.4 15
16.8 4.9 86.7 2.8 58 button 1
19.7 8.0 86.9 2.5 58
20.3 6.3 66.1 28 4.8 bution2 |
20.5 5.2 65.4- 2.8 6.4 . button3
18.8 3.t 76.1 1.3 0.8 bution 4
16.8 4,3 "78.0 0.0 0.0
19.3 8.0 €9.8 2.0 39
14 11 6.0 1.1 28
204 0.0 50.3 4.7 18.6 bution 1
21.3 0.0 604 5.0 13.4
18.3 0.0 56.6 5.7 17.5 button 2
18.5 0.0 58.2 8.1 19.2 button 3
19.5 0.0 56.6 8.5 174 buton 4

— 16,6 0.0 57.9 5.8 7.7
19.4 0.0 58.2 8.6 16.8
1.2 0.0 1.8 0.7 _ 20

— 20,6 32 741 1.4 07 button 1
20.6 3.7 74.2 0.9 ~ 05 '

246 5.1 67.1 1.9 14 button 2
19.0 8.6 68.0 2.5 3.0 bution 3
21.1 3.3 73.3_ 1.2 11 button 4
20.5 4.9 65,5 3.0 ~ 65
21.2 4.3 70.5 1.9 2.0
.7 1.0 3.8 1.0 _ 19

Figure 7 is an AFM topographical image (50 pm®) of an RGP contact lens
material button of Example 18 prior to surface treatment.

Figure 8 is an AFM topographical image (50 pm?) of the surface of an RGP
button after a first hydrophilic polymer coating step in Example 18. -

Figure 9 is an AFM topographical image (50 um?®) of the surface of an RGP
button after abrasive removal of the polymer coating in Example 18.

Figure 10 is an AFM topographical image (50 um?®) of the surface of an RGP
button after the hydrophilic polymeric surface was re-applied in Example. 18.
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To a 2 liter reaction flask were added 12-hydroxydodecanoic acid (99.5 g,
0.46 nol es), anhydrous pryidine (56 m) and anhydrous tetrahydr2o8 ¢E8n2005
(1,000 m). The m xture was cooled in an ice bath to 0C. A solution of
distilled nethacryloyl chloride (48g, 0.046 ~, noles) in anhydrous
tetrahydrofuran (200 m) was slowy added to the cold reaction m xture with
good stirring. Following the addition the m xture was allowed to reach room

tenperature and left stirring oveg&%ﬁ)@]y Tﬁbe sol vent was renoved by flash
evaporation and the residue was t [g‘ 1 liter of ethyl ether. The

et her solution was washed wth purified water, .dried over magnesium :
sul fate and again flash evaporated | eaving 98.5 grans of crude product. The
crude pr ddisdExamgpde fllwstrates thpuymﬁlbﬁiﬁomemdﬂomr gam@momﬁaybgy@dhymsd ng a 1:2

t f.. et dh 63 % 0 48 2
5 FEB 20844 ALl BB EM oI TRATBEoNRET, o RPIe< obn Be BRGRITS U r cact i ve
pol ymer ?Eteﬁ{’ MMT@HW}L REgehl aRbES Oﬁﬁetﬁ:@lﬂisbh‘ﬁf@f’@ﬁ&ﬂﬂes Useful 1n Forming

met hacr yl at e- o- 12net’hact yl oyl oxydodecanoi ¢ acid. OH Vazo 64 THE --~-C E-~C
ran _ 2. Liposomes”." ~ ~ '"~~ ~~ 01 mole Jran O 9.4 rrde%

H,C

Y () v e o
" HO CH#—C—OH + / e R G—0—fCH, +-C—
11 1 B

To a 2 liter reaction flask were added 12-hydroxydodecanoic acid (99.5 g, 0.46 moles),
anhydrous pryidine (56 ml) and anhydrous tetrahydrofuran (1,000 ml). The mixture was
cooled in an ice bath to 0°C. A solution of distilled methacryloyl chloride (48g, 0.046 ‘
moles) in anhydrous tetrahydrofuran (200 ml) was slowly added to the cold reaction
mixture with good stirring. Following the addition the mixture was allowed to reach
room temperature and left stirring overnight. The solvent was removed by flash
evaporation and the residue was taken up in 1 liter of ethyl ether. The ether solution was
washed with purified water, dried over magnesium sulfate and again flash evaporated
leaving 98.5 grams of crude product. The crude product was further purified by silica gel
chromatography using a 1:2 mixture of ethylacetate and heptane to give a 63 % yield.

EXAMPLE 20
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OHOY To a 500 M reaction flask were added distilled £B 2005
N, N- di net hyl acryl am de (DVA, 15 g, 0.151 noles), 28F

1H, 1H, SH oct af | uor opent yl net hacryl ate (OFPMA O. Sg, 0.0016 nol es, used as
recei ved), 12-nethacryl oxydodecanoic acid (LMAA, 4.5 g, 0.0158 nol es) Vazo
~+9 2 8 FEB 2005 64 (AIBN, 0.032g, 0.0002 noles) and anhydrous
tetrahydrofuran (200 m}, The reaction vessel was fitted with a magnetic
stirrer, condenser, thermal controller and a nitrogen inlet. N trogen was
bubbl ed t hrough the solution for 15 mnutes to renove any dissol ved oxygen.
The reaction flask was then heated to 60 C under a passive bl anket of
nitrogen_for urs. The reacti re was, the add owmy to 2.SL
of hept%%%lﬁég’dﬁﬁéﬁzﬁﬁﬁ ?Slss?’{]arll‘xcéfb"lf“hl‘}@a? PO 9 &rﬂb preci pi t at ed
and was c Ss@lihd was pI aced in a vacuum
oven at @8@%&&%%-@0&%{@%&&}& eh{eéltihﬁgr Ieg\gl)llzg 18. 7g of reactive pol yner
(94 % yimsdthieryldylexydededanwie apidl yner was pl aced in a desiccator for storage
until use. EXAMPLE 21 Exanple 21 illustrates the synthesis of a hydrophilic
reactive polymer of N, Ndi nethylacryl am de _

-co-l auryl net hacryl at e=co-gl yci dyl nethacrylate. 50, 2 8 FEB 2005 WD

02/ 24793

> ZO
0 F __F
\)LN/ + OMH +

\ mon
mon

' O
. O\(\ %/U_OH Vazo 64
CH, /11 -
o

THF

mon

*+az et Q . -

89.6 mble A 0 1 mo,e % O 9.4 male%

g —+CH2 WOH

To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide (DMA, 15 g,
0.151 moles), 1H,1H,5H-octafluoropentylmethacrylate (OFPMA 0.5g, 0.0016 moles,

used as received), 12-methacryloxydodecanoic acid (LMAA, 4.5 g, 0.0158 moles) Vazo
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lu O~-N~ O 1| ~ 11 non as rmlsxrmn16rmls9LTHEOPCT/U50]2/Oé%028Toa
1000 m reaction flask were addeddistilled N, N-di nethyl acryl anai

g, 0.32 noles), laurylnethacyy;ate (i MA 1.5 g, .0.006 noles, used as
received), distilled glycidyl nethacrylato (GM 8 g , 0.056 nol es) Vazo-64
(A. I BN, 0.06g, 0.00036 nmoles) and tetrahydrofuran (600 m ). The reaction
vessel was fitted with a magnetic stirrer, condenser, thermal controller

o e BACAENLEb Sl olobE 50 155 pBUAPL G PERUALSS B kel 15, g

to 60 C ypderwa MaShifea H{agﬁ&ﬁt stifer,Hoh b GeF) tﬁéi’ﬁla%bn‘ﬂ&%ﬁand'rzhﬁubg@&tl on

m xture was thou added slowy to 3L of et hyl ether w th good nechani cal
sti rri nginldth&itregent wambubpbald)thlwgb ﬂmop;ttcmtfeu 1 aminwtesstogemiore aryldissolveslc uum

filtrat Th lid | EB 2005 WO 02/ 24793
 PCT) b1 PBiEsne Thacepaion DR Hes Borherial i G Weer &pavRve MBI RERHOBSR | ng
29.2 g o, 1830k} Verﬂg{ex&%n mﬁxagr %éé'tﬁé&jﬁgea_ Bﬁle??&ﬁ b 57 SRBbUHEYi cPl aced

in a desiccator or storago un use ny ot t he t1ons

vari at i ofifeclinidall tirBing.s he rdabtsiﬁd’llbtblpmeﬁpmcmctatsd lah«b\Mal co]ﬂeog%ﬁb}o@acuima teachi ngs
heroin.. It is therefore understood that, within the scope of the clainms,
the pr es 8lrationy The salifl wagplpeedin actacews ogemal 30°Raverightde semovadhe et al | y

descri befjeavmg 18.7g of reactive polymer (94 % yield). The reactive polymer was placed in a

desiccator for storage until use.
EXAMPLE 21 -

Example 21 illustrates the synthesis of a hydrophilic reactive polymer of N,N-
dimethylacrylamide —co-laurylmethacrylate-co-glycidyl methacrylate.
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52 2 8 FEB 2005 CLAIM5 1. A nmethod for treating the surface of a nedical
device conprising: (a) formng a nedical device froma naterialzééﬁﬁ#?®5ng
nmononeric units having reactive functionalities selected fromthe group
~consisting of azlactone, carboxylic acid, am ne, hydroxy and epoxy
functionalities, and conbi nations thereof; (b) form ng a hydrophilic
reactive pol ynmer having conplenentary reactive functionalities along the
pol ymer chain, said conplenentary reactive functionalities selected from
the group conprising azl actone, isocyanate, acid anhydride, epoxy,
hydroxy, primary or secondary am ne, or carboxylic acid functionalities,
and conbi nations thereof; wherein: when the hydrophilic reactive polyner
conpri ses hyd&g&*u%h am ne conplenentary reactive funciianpalhkes, the
medi cal device conprises azlactone reactive functionalities, or when the
hydr ophil'ic reactive polynmer conprises carboxylic acid conplenentary
functionality, the medical device conprises epoxy reactjve
functionaiities; (g) reacting e hyglrophilic\reactive polyngr of (b)
havi ng cdnplamenta y reactiveff\ung#ionalitieg along thg poljymer chain
W th said rg;g&iwe uncti onal i fi/es ¥n or near |[the surfafge ge~edi ca
devi ce of | (3% afjreaction t nperé%u@eﬁgr'l ast suffigigpt to tain
- the reactants in sqldghi on and Ness than c, fhus form a ' bioconpatible
surface .on the nedi &P*devi ce; ‘(d) renoving tﬂﬁ&nioconpatible surface of
step (c); and (e) repeating steps (b) and (c) to forma renewed
bi oconpati bl e surface on said nedical device having properties
substantially simlar to the original bioconpatible surface of step (c).
2. The method of claim 1, wherein the nedical device is a silicone contact
lens or intraocular lens and the ¥eraf#ng i stHmcol ored. 53 28 FEB 2005 3.
~The method of claim1, wherein the nedi.cgl device is a silicone hydrogel,
conti nuous-wear contact lens. 4. The nethod of claim1, wherein the
hydrophilic reactive polymer conprises 1 to 100 nole percent of nononeric

units having said reactive functio9a{%ties.-/ .

| —[-ﬁ’:'f—};—[_ﬁz TP '>__—J.zo R
o) N o+°”z%:CH,<o?

o

To a 1000 ml reaction flask were added distilled N,N-dimethylacrylamide (DMA,32.g,
0.32 moles); laurylmethacyy;ate (LMA, 1.5 g, 0.006 moles, used as réceived),.disﬁlled
glycidyl methacrylate (GM, 8 g, 0.056 moles) Vazo-64 (AIBN, 0.06g, 0.00036 moles)
and tetrahydrofuran (600 ml). The reaction vessel was fitted with a magnetic stirrer,
condenser, thermal cdntro]ler and a nitrogen inlet. Nitrogen was bubbled through the
solution for 15 minutes to remove any dissolved oxygen. The reaction flask was then
 heated to 60° C under passive blanket of nitrogen for 20 hours. The reaction mixture
was then added slowly to 3L of ethyl ether with good mechanical stirring, The reactivg
- polymer precipitated and was collected by vacuum filtration. The solid was placed in a
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S. The nethod of claim1, wherein the hydrophilic reactive polyner
conprises 0 to 99 nole percent of nononeric units that are deri2ieBEB r200H
non-reactive hydrophilic nonomers. 6. The method of claim1l, wherein the
pol ymer conprises 50 to 95 nole percent of nononmeric units derived from
non-reacti ve hydrophilic nononmers selected from the group consisting of
acryl am qg§padsaat Ones, pol y(al kyl enepoxy) met hacryl at esperifBiiAgpsy! i ¢ acid
or hydroxyaPi cyl nethacrylates and 5 to 50 percent of nobnonmeric wunits
derived fromfunctionally reactive nononers selected fromthe group .
consi st i novaefiune pesnyat 30PE] evetnight fo remaveihn plhes leaying2%-3 gofreseiveds s, wherein

the alkyl or alkylene gr.ou have 1. : OiSra : nmet hod of
claim 1, vﬂ@%ﬁﬁﬁihﬁ‘% 6%19@?‘?‘8"’?@%#?‘3@“(;%F‘ty?%g?’%c’onprF°Z“ens“I gﬁfo 35 nol e
pler cent momrﬂl&yhaﬁgﬁsﬁdamdﬁﬂ?ﬂ ﬁd@rﬁdﬁpﬂs opthe presentimemtion areossible imet hod of
claim1l, erein the hydrophilic, po r conprises oxazolinone Jmieties
havi ng t helightlof $ua taerhings hatein. Bis %ﬂ%@éﬁ@%ﬁﬁ Wﬁ'ﬁe ﬁs??gea‘?fggﬁa

i ndependent,|. I biher thatt 85 Hefleif 3pdtifivallytieneiibeda

cycl oal kyI&%%Qﬁg%nﬁgvyﬁcﬁsgg@%%ﬁaaﬁm; an arylﬁgr oup)ahavi ng.5to 12
ring atons; an arenyl group having 6 to 26 carbon atons; and O to 3

het eroatons selected fromsS, N, and nonperoxidic O; or R3 and R4 taken _
together wth the carbon to which they are joined can forma carbocyclic
ring containing 4 to 12 ring atons, and n is an integer O or 1. The nethod
of claimg ~, wherein the polyner conprises the reaction product of ‘a

m xture of nmononers conprising the nononmer represented by the general

- formula: R2 10. Rl where Rl and R2 independently denote a hydrogen at.om or
a lower allcyl radical wth one to six carbon atons, and R3 and R4

i ndependent|y denote alkyl radicals wth one to six carbon atons or a
cycloal kyl radicals with 5 or 6 carbon atons. The nmethod of claim9

, Wherein the nononer is selected fromthe group consisting of 2-vinyl-4,
4- di met hyl - 2- oxazol i n-5-one; 2-isopropenyl -4, 4di net hyl - 2- oxazol i n- 5- one;
2-i'sopropenyl -4 , 4-di net hyl - 2- oxazol i n-5-one; and '

2vi nyl - 4, 4- di net hyl - 2- oxazol in-5-one.
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55 2 8 FEB 2005 11. The nethod of claimF3 ,wherein the nedical device is
di pped in a solution conprising at |east one hydrophilic react2 §&FEBORFEr
in the absence of a coloring substance. 12 . The nethod of claim 1l wherein
said renmoving step (d) further conprises abrading said bioconpatible
surface.. 13 . The nethod pf claim3 wherein said renoving step (d) further
conpri ses abrading said bioconpatible surface with an abrasive particul ate
i n an aqueous carrier solution. 14. The nethod of claim1.~ wherein said

abr asi ve pggrwiate conprises silica or alumna. 15 . The nmethod of claim
1 wherein action tenperature is fromabout 15 to about 45c. 16 . The

met hod of claim 15 where in said reaction tenperature is fromabout 20 to
SDOUL 0 AL Rl S RIS (e ature 1

(a) forming a medical device from a material comprising monomeric
units having reactive functionalities selected from the groﬁp
consisting of azlactone, carboxylic acid, amine, hydroxy and epoxy
functionalities, and combinations thereof;

(b) forming a hydrophilic reactive polymer having complementary
reactive functionalities along the polymer chain, said
complementary reactive functionalities selected from the group
comprising azlactone, isocyanate, acid anhydride, epoxy, hydroxy,
primary or secondary amine, or carboxylic acid functionalities, and
combinations thereof: wherein: when the hydrophilic reactive
polymer comprises hydroxy or amine complementary reactive
functionalities, the medical device comprises azlactone reactive
functionalities, or when the hydrophilic reactive polymer comprises
cétboxylic acid complementary functionality, the medical device
comprises epoxy reactive functionalities; |

(c) reacting the hydrophilic. reactive polymer of (b) having
complementary reactive functionalities along the polymer chain
with said reactive functionalities on or near the surface of the
medical device of (a), at a reaction temperature at least sufficient to
maintain the reactants in solution and less than 55°c, thus forming a
biocompatible surface on the medical device;

(d) removing the biocompatible surface of step (c); and

(¢)  repeating steps (b) and (c) to form a renewed biocompatible surface

on said medical device having properties substantially similar to

the original biocompatible surface of step (c).

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

intraocular lens and the coating is uncolored.
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28 Feg 2005

The method of claim 1, wherein the medical device is a silicone hydrogel,
continuous-wear contact lens. '

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

The .method of claim 1, wherein the hydrophilic reactive polymer comprises 0 to
99 mole percent of monomeric units that are derived from ﬁon—reactive
hydrophilic monomers. |

The method of claim 1, wherein the polymer comprises 50 to 95 mole percent of
monomeric units derived from non-reactive hydroplﬁlic monomers selected from
the group consisting of acrylamides; lactoﬁes, poly(alkylenepoxy)methacrylates,
methacrylic acid or hydroxyalkyl methacryiates and 5 to 50 percent of monomeric
units derived from functionally reactive _'monomers selected from the group
consisting' of epoxy, azlactone, and anhydride containing monomers, wherein the

alkyl or alkylene groups have 1 to 6 carbon atoms. ‘
The method of claim 1, wherein the hydrophilic reactive polymer comprises 0 to

35 mole _percént monomeric units derived from hydrophobic monomers.
The method of claim 1, wherein the Hydrophilic polymer comprises oxazolinone

moieties having the following fomula:
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10.

2 8 FEB 2005

wherein R? and R* independently can be an alkyl group having 1 to 14 carbon
atoms; a cycloalkyl group having 3 to 14 carbon atoms; an aryl group having 5 to

12 ring atoms; an arenyl group having 6 to 26 carbon atoms; and 0 to 3
heteroatoms selected from S, N, and nonperoxidic 0; or R® and R4 taken together
with the carbon to which they are joined can form a carbocyclic ring containing 4 |

to 12 ring atoms, and n is an integer 0 or 1.

The method of claim 8 ', wherein the polymer comprises the reaction product of a

mixture of monomers comprising the monomer represented by the general

formula:
R2
//\ I
R1 N
(0]
R3 R4

where R! and R? independently denote a hydrogen atom or a lower alkyl radical
with one to six carbon atoms, and R3 and R4 independently denote alkyl radicals
with one to six carbon atoms or a cycloalkyl radicals with S or 6 carbon atoms.

The method of claim 9 , wherein the monomer is selected from the groﬁp
consisting of 2-vinyl-4, 4-dimethyl-2-oxazolin-5-one; 2-isopropenyl-4,4-
dimethyl-2-oxazolin-5-one; 2-isopropenyl-4 ,4-dimethyl-2-oxazolin-5-one; and 2-

vinyl-4,4-dimethyl-2-oxazol in-5-one.
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11.

12,

13,

14,

15.

16.

17,

2 8 FEB 2005

The method of claim 8 , wherein the medical device is dipped in a solution

comprising at least one hydrophilic reactive polymer in the absence of a coloring

substance.
The method of claim 1 wherein said removing step'(d) further comprises abrading

. said biocompatible surface.

The method of claim 3 wherein said removing step (d) further comprises abrading
said biocompatible surface with an abrasive particulate in an aqueous carrier

solution.
The method of claim 13 wherein said abrasive particulate comprises silica or

alumina. |
The method of claim 1 wherein said reaction temperature is from about 15 to

about 45°. _
The method of claim15 where in said reaction temperature is from about 20 to

-about 40°¢.

The method of claim 16 wherein said reaction temperature is approximately

ambient temperature.
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