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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 a number of years. Such materials can generally be subdivided into two major
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 tg have relatively
hydrophobic, non-wettable 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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sulfated polysaccharide. One problem with such an approach is that the polymer chain

density is limited due to the difficult of attaching the polymer to the silicone substrate.
U.S. Patent 5,344,701 discloses the attachment of oxazolinone or azlactone
monomers to a substrate by means of plasma. The invention has utility in the field of
surface-mediated or catalyzed reactions for synthesis or site-specific separations,
including affinity separation of biomolecules, diagnostic supports and enzyme
membrane reactors. The oxazolinone group is attached to a porous substrate apparently
by reaction of the ethylenic unsaturation in the oxazolinone monomer with radicals
formed by plasma on the substrate surface. Alternatively, the substrate can be coated
with monomers and reacted with plasma to form a cross-linked coating. The
oxazolinone groups that have been attached to the surface can then be used to attach a
biologically active material, for example, proteins, since the oxazolinone is attacked by

amines, thiols, and alcohols. U.S. Patent No. 5,364,918 to Valint et al. and U.S. Patent
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: biocompatible. It would also be desirable to form a coating for a silicone hydrogel

contact lens that is more comfortable for a longer period of time, simultaneously tear-
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 (50 pm?)
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
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FIG. 6 shows Atomic Force Microscopy (AFM) topographical image (50 pm?) of
a contact lens coated described in Example 16 according to one embodiment of the
present 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 octafluoropentylmethacrylate, 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 um?) 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 pm®) of
the surface of an RGP button after a first hydrophilic polymer coating step in Example
18. f

FIG. 9 is an Atomic Force Microscopy (AFM) topographical image (50 pm?®) of

the surface of an RGP button after abrasive removal of the polymer coating in Example

18.
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NLTON

achieve substantially as-new surface quality. As used here, the term “as-new surface
quality” means a re-applied surface resembling the original surface coating 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°c, most preferably about
ambient temperature.

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 above, the present invention is directed toward surface treatment of

medical devices, including contact lenses, intraocular lenses and vascular implants, to

improve their biocompatibility. The present invention is especially advantageous for
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FERCILANCE- X XTI s LRI AE AR O
US Patent S 340095 f L8 oFhl] $36k 97 to VAREREA;3 61002303 HashsiR) ol ; 8{ 7080640
to Lai et al; and 5,981,669 to Valint et al. US Patent 5,346,976 to Ellis et al. teaches a
preferred method of making an RGP material.

Hydrogels comprise hydrated, cross-linked polymeric systems containing water
in an equilibrium state. Silicone hydrogels generally 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 cross-linker being defined as a monomer having multiple polymerizable
functionalities) or a separate cross-linker may be employed. Applicable silicone-
containing monomeric units for use in the formation of silicone hydrogels are well
known in the art and numerous examples are provided in US 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 FormulaI:
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wherein each R,,. independently denotes a lower alkyl or phenyl radical; and

his 1to 10.

Some preferred bulky monomers are methacryloxypropyl tris(trimethyl-
siloxy)silane or tris(irimethylsiloxy)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 vinyl carbamate monomers such as: 1,3-bis[4-
vinylokycarbonyloxy)but—1-y1]tetramethy1—disiloxane; 3-(trimethylsilyl)propyl  vinyl
carbonate;  3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)silane];  3-[tris(tri-
methylsiloxy)silyl] propyl vinyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl allyl

7
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(ID) E(*D*A*D*G),*D*A*D*E; or

(1) 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 at least 1;

A denotes a divalent polymeric radical of FormulaIV: ¢

V)



Journal of Applied Polymer Science, Vol. 60, 1193-1199 (1996). PCT
Publ i shed Application No. WD 96/ 31792 and US Patents No. 5,451,617 and

5, 451, 651“@@%I4@§e exanpl es of such nmononers, which di sclRguwi®s a8 her eby
incorporated by reference in their entirety. Further exanples of silicone

uret hane nononers are represented by Forrmulae Il and I11: (I1)
E(*D*A*D*Q a*D*A*D* & or I11) E(*DPG DA a*D*GD*E'; wherein: D denotes
an al kyl diradical, a]ﬁs al cycl oal kyl diradical, a cycloal kyl diradical,

an aryl diraei(CH S 8y+ﬁ€§&hﬂrfadlcal having 6 to 30 carbon atons; G
denotes an al kyl dirja§icall a cycloal kyl diradical, an alkyl cycloalkyl
diradical, an aryl ditadi cal or an al kylaryl diradical having 1 to 40
carbon atons and which nﬁ& contain ether, thio or amne |inkages in the
mai n chain; * denotes a urethane or ureldo linkage; a is at least 1; A
denotes' a g&ﬁnt polynmeric radical of Formula I'V: (f V) 8 WD 02/ 24793
PCT/ USO1/ 2 TRS R-(CH2)n Si-O Si-(CH)n(- JKS Ks P wherein: each Rs

i ndependent | y desefi Rs irlepahdeyitly dendtésiar sikgldySiuotastdmtinitéd hlkgr gropp havingd 1
to 10 carbon atonms which may contain ether |inkages between carbon atons;

m is at |east 1o 18sarbenjatords whiehbanay gpmiaippihey g@gaggs heiveey CHBPHATSY 400 to

10, 000; m’ is at least 1; and

p is a number that provides a moiety weight‘of 400 to 10,000;
each of E and E' independently denotes a polymerizable unsaturated organic

radical represented by Formula VI:

(VD
Rys

R24\%\(CHz)w—(X)x— @)z—(Ar)y—Ros—

Ro4

wherein:
R,; is hydrogen or methyl;
R,, is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a ~-CO-Y-Ry
radical wherein Y is -O-, -S- or -NH-;
R, is a divalent alkylene radical having 1 to 10 carbon atoms;
R, is a alkyl radical having 1 to 12 carbon atoms;
X denotes -CO- or -OCO-;
Z denotes -O- or -NH-;

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

wisOto6;xisOor1;yisOorl;andzis O or 1.

A preferred silicone-containing urethane monomer is represented by Formula

(VID):



each of E and E independently denotes a pol ynerizabl e unsaturated organic
radi cal represented by Fornmula VI: (VI) R3S R4 (CH2)w X- (~z (Ar)y-R25-
R24 ~~11X3¢Bi8h93: R23 is hydrogen or nethyl; R24 is hydrﬁqmbm,@gbzgl kyl
radical having 1 to 6 carbon atons, or a -CO Y-R26 radical erein Yis
-0-, -S- or -NH; R25 is a divalent alkylene radical having 1 to 10 carbon
atoms; R2&VIM a al kyl radical having 1 to 12 carbon atons; X denotes -CO
or -OCO-; Z denotes -0- or -NH; Ar denotes an aromatic radical having 6
to 30 carbon atons; wis O0to 6; xis Oor 1;, yis Oor 1; and z is 0 or
1. Apreferred silicone-containing urethane nonoper is yepresented by
Formula (VII): f?) V\DOZ/?4793 PCT/ USOl/%OZS (\fPI) 1 ) C,"(IZ]ﬁB CH3 E

O-CN -R27-N ERQ-EEEMCIQOCNMM TRGS—=NCSGCH ?i‘ﬁ-o SHHCH,
| | | ]
p a HHHHIIHII H H H CH, CHs
p a
R noow
E"—OCIIN—R27—N(|JOCH2CH20CH2CH20(|3N-—R27—NCIIO—
(0] O O 0]

wherein m is at least 1 and is preferably 3 or 4, a is at least 1 and preferably is 1,
p is a number which provides a moiety weight of 400 to 10,000 and is preferably
at least 30, R,, is a diradical of a diisocyanate after removal of the isocyanate
group, such as the diradical of isophorone diisocyanate, and each E" is a group

represented by:

CH;

Z o0 _CH—
|
O

Another class of representative silicone-containing monomers includes
fluorinated monomers. Such monomers have been used in the formation of
fluorosilicone hydrogels to reduce the accumulation of deposits on coniact lenses made
therefrom, as described in U.S. Patent Nos. 4,954,587, 5,079,319 and 5,010,141. The use
of silicone-containing monomers having certain fluorinated side groups, i.e. -(CF,)-H,
have been found to improve compatibility between the hydrophilic and silicone-
‘containing monomeric units, as described in U.S. Patent Nos. 5,387,662 and 5,321,108.

In one preferred embodiment of the invention, a silicone hydrogel material
comprises (in bulk, that is, in the monomer mixture that is copolymerized) 5 to 50

percent, preferably 10 to 25, by weight of one or more silicone macromonomers, 5 to 75
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- OCN - R27- NCOCH2CH2OCH2CH2OCN- R27-NCO Il It 11 11 0 O O O wherein mis
at least 1 and is preferably 3 or 4, ais at least 1 and preferably is 1,
p is a nuwlan/wwisch provi des a noiety weight of 400 to 10,/G0usandsi28
preferably at least 30, R27 is a diradical of a diisocyanate after renoval
of the isocyanate group, such as the diradical of isophorone dllsocyanate

and each E'pereent prefonaply 3Q&ior@dsenceat yyweighipionerpmory pelysitaxanylelat o

Suph’ monomEtNAyhE B feBy Ed LY R T B kY 76 1o.4d ”%r%%r@%f%%?sﬁi
to reduce tJ(}?ycﬁGﬂ‘HH&’hﬁ)hb&@r Oﬁxﬁ?ﬂ]%sd)ﬁ d&%»lﬁl%‘h@ﬁémk@@ﬁﬁﬁd%ﬂ?arehﬁﬁﬁ&ﬁﬂé@m
as describedn U'S. Patent Nos. 7, 5,079,319 and 5, 010, 141. The

use of si ltbpeth@enioallyiumiatgated mm-somtammgnommas yudH wiﬂmmﬂ@drrghdmone
groups, i.e. -(CF2)-H have been r ibility between
t he hydropHPPtlhécré{h%la%‘i aeryanaeids; aRY: Pﬁ? “%Fﬁ‘%%li‘(}i% Sﬂﬁ?n? " as de}s/cri bed in
U. S. Patent I ment of
t he invent |}8H?§x3' e't;iily?\%%tg%g& 3%%5& eﬁg&o%géhylﬁé@%?r%%dgz{ecg}tl%ﬁﬁghﬁ%gpgtghat is, in

t he nononermpihiéylatniiéaid NN-dapethyaerylaeidy, vinylaafidnapear vimi capabter abl y 10
to 25, by weight of one or nore silicone macronononers, 5to 75 10 WD
02/ 24793 PaTsuS0ars 38dp® dipdesedim U.SrRatent NosyS.870.2 15, @od peazalinene monomemnt  of

per cont . pr Rk Riss3GT R0 So¥ eptSy £ BFE ) P BRI BRattr ScRBhomer

Exanpl es of NhydiRahil a&ylaﬁmwm),mchytﬁexydw n@étl@acﬁflhte'(HHBMRﬂ ﬁm&ml

et hyl eni cal 1y unsaturated | actam contai ning nonomers such as Vi nyl
pyrrol i di namethacnyttd) 2ebydroxyetind methagtylamids pelyethylepeglycal monomethactylate,

al cohol s, such as_2-
methacryhc acid and acrylic acid are also useful in the present invention. Other suitable

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

The above silicone materials are merely exemplary, and other materials for use as
substrates that can benefit by being coated according to the present invention have been
disclosed in various publications and are being continuously developed for use in contact
lenses and other medical devices. | ‘

As indicated above, the present invention is directed to the modification of the
surface of a medical device such as a contact lens by means of removably attaching to the
surface hydrophilic polymer chains. The term “removably attaching” refers to creating a

" chemical bond between the substrate material and the hydrophilic polymer chains which
can be severed without substantial mechanical damage to the substrate

The hydrophilic polymer chains of the invention can be chemically or
mechanically removed from the substrate material, for example by abrasion. Suitable
mechanical means include high shear fluidic treatments such as a high speed fluid jet, as
well as contacting the surface with a fluidized abrasive solid. The hydrophilic polymeric
surface coating may also be mechanically removed by grinding or polishing.

The preferred mechanical method for removing the 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
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hydr oxyet hyl net hacryl at e and 2- hydroxyet hyl acryl ate and acryl am des, such
as nethacrylam de and N, N-di net hyl acryl am de, vinyl carbonate or vinyl

car bamat ewg@emar s such as disclosed in U S. Patent Nos. pet@drddi2idhks and
oxazol i none nononers such as disclosed in U S. Patent No. 4,910,277. Oher
hydrophilic nononmers such as N N-di nethyl acrylam de (DMVA), 2-hydroxyet hyl
net hacr y| ategethdEMAdh ongl oraeere of amenihaicsytfagtant (suchyad en rikel pther srifanate)ya ani de,
pol yet hyl enegl ycol , . nonojret hacryl at e rylic acid.and acrylic acid
are” al so uSeRignq yriagEnsudiasan ?’i@f@ﬁé{iﬁt‘%}ﬂﬁ%@ﬁ@‘ﬂi ﬁ?‘?ﬁﬁ%@m%% ao‘% it ??‘J(?ﬁ
mononers Wl J4&e EﬁH{on{lﬁ’n 04if. ¥ chﬁﬂy'ﬂ?eﬁeﬂ@d Mrhsiyd BRaROUR IRl | CONe
materials are re exenpl ary, “and other ‘'materials for use as substrates
that can b@widn® aby BesiongA deatald baaciobising deantisecpmmeridilyi avadabie dronhave
been disclosed in various publications and are being continuously

devel oped Bausels& Lombdiacketter, Ndndd804hnd ot her medical devices. As
"ndi cared above.. Lh . > and otd ! ces. As f
the Courface of ‘SPERRERIRLpeR ) Lyl e ficilfcholvi e Mirkice Shid ©

renovabl y ahdiagdibndatich, fiexample Gedutivg flepial biohatioh yinevromd@iscltrgel NOtheer m
"renovably attaching"” refers to creating a chem cal bond between the

substrat e mhemidahineansinthide hyemispthydrdypalhydealytireleparagont enzymatis remosdyver ed
wi t hout substantj al [ i cal da e to th bstrate The hydrophilic

Dol yoror chai e oPit RS RIT L PoSHIoE BT AR P P B B Aes BT Srasing, o
fromthe sypst terdrddhiti EESVODE Stk Le haviehapbcal

nmeans i ncl lﬁ% Sﬁ]’lﬁ%ﬁe gﬁeﬁ&@%?%?gaﬁga@m% gﬂjch as a h%ﬁﬁ%pﬁeg f uiﬁggj et,
as wel | aspepingantisogyahdte reactif-e denationdlitéesfdonipiémendaryito asactive grbujes. or itiee

hydrophilic polyneric surface coating ng S e chanpi cal l.,y.renoved b
g)r/i nd!ong orsugfapg ehihgymetical dedeer tfrlg?é‘cY ﬁ%’n%&%ﬁy%@Pﬁgﬁ o ?re?%é’?%ﬁ"aﬁ’ ﬁlée Y
pol yneric syrf ' ; { 4 ' | ng
the contact® agﬁes%etﬁﬁﬁﬁgdarp%g% n}%alﬂglaf é}%%g]&gﬁﬁea%‘{rfeﬁ%mﬂﬁ%miéﬁg%ﬁgﬁ @%1 tal éni ng
an abr asi vqifihlivel f Solidonder§)r havitgi e iod e(plilnaD 612660678y PaiihS0gnbapd 28

together with one or nore of an anionic surfactant (such_as an al kyl ether
sul f onat e) ,complementary to azlactone reactive groups in the silicone material or baving 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 hydrophilic polymer. The ring-opening monomers include azlactone-
functional, epoxy—functioﬁal and acid-anhydride-functional monomers.

Mixtures of hydrophilic reactive polymers may be employed. For example, the
hydrophilic polymer chains attached 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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noni oni ¢ surfactant (such as an ethoxyl ated al kyl phenol) and a cationic
surfactant (such as a quaternary ammoniumsalt). Particularly preferred
abr asi ve glgaangtse i ncl ude Boston(r) and Boston Advanced( rpcthrsands@Pr asi ve
cl eaners, commercially available from Bausch & Lonb, Rochester, NY, 14604.
Sui tabl e chem cal neans for renoving the hydrophilic polyneric surface,
coating i merctivefumctioualition on ther substaate isarfese and; Inaddiicns (), 2 eseond hydhepbilic
corona di scharge. O her chem cal neans j.ncl.ude chem cal, hydrol.ysis

Py oyt i o FEAoHS REETTS e PR eV g RRIER Rt I ST Bt e
are at t achegdsitipyq ittt @1@@@“3 DifxtEEPQURBing R eSU RGEH&ML polymer
hydr ophi li C reacti've polyner I ncl usi ve of ol goners) having ring- ‘opening
or isocyanatith aeaecid-facfictat tobmadrj titker somjthesoasltyacty sequentiatyt apiegr oute on
the surface of the nedical device, Alternativekg, th _gydrophiLéc,golyner
chai ns iy swestraig todeheasteds hevrebest tpurd tpproviderislatiyely hiskicogtingre WHHEFREE t o

hvd hilic. L | . . . . _
Cbri mary ofisBRg hieR e Thnts bt E eenlo R BORFIS o RrllE RENRYoL!
groups i n {hapsidié gRRGIaBL eri al or having carboxylic acid conplenentary

groups conplenentary to epoxy reactive groups in the silicone material. In
ot her words, chdirpferdbly thechy: lig yeagtive pelymers epyeprie § treloRaadepeeni ek i s

tilized t wval ent |y attach hydrophili to.the obj
Subst 1 ate. HRGVR OB L daeP RUCRbl, T S0 HTE Bt R B REFbI 0 toso
copol yners ., 6@ ;ﬁé;rée?ﬁ.ngTﬁé%i}inY&s TRAP Befripfist! D &8 Johalols PRE@hD of AdiEFeadlive

| socyanate or I ng-opening reactive functionality optionally. Although
t hese r eacthydeophilivomenomericudits, preferablyd0de 95tmole petveht, more preférabllydishiol &
reactive polymer may al so he a copol yner of reactive nQnmerj.c unjts
copol yrer | Z’é@e\ﬂe%"’ﬁngﬁbe I‘?f‘P“ﬁ%P’é’“B’FleVgPP%Eeaﬁtﬁﬁmaé’a%lﬁ‘? 9%&@&%’6‘& :éPE are by
nmonomeri c . S r {JTRY
optional | ylé%ieﬂ]ﬁborn ég @‘%%ﬁ?ﬁe%%%ﬁﬁhog?vﬁ’%&ggﬁsﬁ rer%?g aflfﬁedsﬁ}}r?gé%%lém nél omers
nononers i Rehivll Gardzigacicastdre).f Thetweighi avempx ymbletuiad evedghtaofl the hydrophilic
aci d- anhydri de-functional nmonomers. M xtures_ of hydrophilic reactive

pol yner s nayadsive popinasraay siteblyangs Bomabsut 2Q0oobi00,0Q0, prsforebly Eem sbout
ttached t t be,t t ti f I xt
ot ' pol yer o0 BN ks B BR AL 00.4 DROREC! LOTy e “havi ng <

reactive Hydrophilic monomers may be aprotic types such as acrylamides (N,N-

dimethylacrylamide, DMA), lactams such as N-vinylpyrrolidinone, 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.
Hydrophilic monomers may also include anionic surfactants such as sodium acrylamido-
2-methylpropylsulfonate (AMPS) and zwitterions such as N,N-dimethyl-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 mole 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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functionalities in nononeric units along the hydrophilic polyners
conplenentary to 12 WO 02/ 24793 PCT/ US01/ 23028 reactive functionalities

on the sufgtaymssurface and, in addition, (b) a second hydromiihins
reactive polymer having supplenental reactive functionalities that are

reactive with the first hydrophilic reactive pol r.. A mxture, conprising
an epoxy- f @nbydrisieafungiinnationoggersn Eer examals %@P?’B%ﬁﬁ%%‘l‘%l dropbiliq eactive

si mul t aneous or. sequentiall [ 'ﬁlh@s ave
been foundA° ?of;?f 8%&?1& % e}l%)eéﬂa/@?hicg 01&%5{ P‘ﬁlg"% él?lazzlfln%lgtgg 3’1‘ x?&?g/m
reactive pohyiBaidricduaid, tRRich WHRNSadtO fdruetdigile adiitash lehe sabstfae eonligisin ry
of a substrate material. Preferably the hydrophilic reactive polyners

conpri se 1 catbokPlic ruidegrpupsc Braferngd examapdes fode funetiomalthydronhilic reactive
preferably 5 to 50 nole percent., nost, preferably 10 t o4 nol e .percent.. The
bol yrer s TmRPLBRHS CPEETEe Pnegiers R el FoR WoROmen e & WRIHP s de
nononeri c lts %%y y 50 to 95 nole percent, nore preferably 60 to 90
nol e percehﬁ?lh?%ﬁcgﬂ?ea t‘lﬁ%/dee' nononers, once reacted may al so be hydrophilic,

lroluéI arﬁ :oy def iTni gém\}hmpﬁu@-ﬁmoﬁmmu&hmbzemgtdnm hoe anbnydlr';rée-ﬁmoeibnalr miilcﬁme ?s
wei ght. of  {TeuRyH g fyﬁréghﬂig;%@&% DD YIvE oty A mopylip ArgEORDe :gf%?g‘églt "
200 to 1, 0Q 0,.. . : 0) t

from about b PBRTaBARs ) GRRBRRY miol g [ SHTE0 il st wkiclaibRy ¥,

as acryl am gesrdtdy MaddifFopt pylyasdry lcamipsising DvAhondrdgicanmitssffom Athacrylic acid
N-vi nyl pyrrolidi none, and poly(al kyl ene oxi des) such as

met hoxypol y@4&ad.hhydrexyatlsy aereletes sichpay hydrgxyethylmethamylatg (HEMA), or
th [ [ h | kyl th ryl at h h t hyl ,

(et by aor yi agosl], éaciides vmstiorts aonapObynaiiRuaG, Bl Soimcaad s

such as Soﬂédgx?]hng&g]aglfﬁﬂﬁblezﬁfﬁwﬂs@r QRYthe WO it ScéHIES) ARflyst\Wichesd ans

such as N, t met hacryl oxyet hyl - N- (3-sul f opr opyl ) - anmoni um bet ai n
(SPE) and Nibtetliylahinppyfidineredaydernstdtn shepd teykadion 3t meni tapepatie, asrwilhbem

e idereood By the sillea enemist.” Atidic Boups Biay alss b ereaod i the Tiésefito b5

the use of azlactone monomeric units that are hydrolyzed to the acid. These acid groups

C(D

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 addition, carboxylic
acids, amines and 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 incorporated by reference 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-containing monomer, a

hydroxy-containing monomer, or a carboxylic containing monomer are reacted with
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35 nole percent, preferably O to 20 nole percent, nost preferably 0 to 10
nol e percent. Exanpl es of hydrophobi c nononers are al kyl nethacryl at e,
fluori nate@) @Mz nethacryl ates, |ong-chain acryl am des Jgghyas syl
acrylam de, and the |like. As nentioned above, the hydrophilic reactive
pol ymer may conprise reactive I.ts deri,ved fro

azl act one- fre%rétvmﬁ%avps o e Sy Eﬁ?&ﬂr}?&ﬂ%f‘n@w&PQEYlae Sych %a(f?/“gﬁti {pps substrate.
PCT/ US01/ 2 aq h%q{(}}dﬁfqﬂ Wféﬁéﬁl{%olﬁﬂ&@@% sttach&d 1R Ab&raté Bt one or more

epoxy-functi I'C reac polymer for coating a |l ens can be a
copol yner Gfiadeni dlofig thé Yehiaidy lof ke hatyméat eAfi@Mifachnengnany anreacted, reabiich

wll react, for exanple, wth a_|ens substrate corrprl I ng carbo lic. acid
groups. Pr eﬁllémféﬂhﬁﬁmfbihééwéfopaﬁ}?y’@?‘?tﬂ@ rolyraes BAY Pe By ItP@p WF\’/F
pol yners co se noner i as maleic
anhydri de Iﬁﬁ’& @%maﬁe e #éﬁﬂ%é B? g%oxy rnlgltﬂﬁ;ce)snal reactive

groups or an hydrSﬂ?abflé'lﬁ‘fdrb Béné@?&bﬂﬁ@moﬁdhﬁetsfon donipiisiny/ie dpaiophilicr eact i ve
pol ynmer react with carboxylic (-COCH), alcohol (-OH), primary am ne (-NH2)

groups or tﬂeaa;iiveg:odu;rpsrs ncBide geneltaﬂﬁ W@h&bleeconwmﬂ@ﬁhwp bmonemprsispel ass

Em VAR | by SRRy R pcr P aRo SRS 2y PSP et
and ayomiﬁg?m@gmﬁg&%ﬁgg@g A48, AP, Y ety ?alf“‘sdegg' catal yst
such as 4- shrmairﬁt}ﬁ anstinepyl amdtien ™ -metih yheryﬂmnﬂe;ﬁ-m@hﬂmwhwrylm DpNat room
may 4l S0 bed @?eimvl“@'a'ﬂaﬁﬁmi? Sy melperineidsed o it srtS hbedire
O3 e ) Qe . 8 S G R GEuge <001

for exanpl epetfachydrides; $0and™- 3@?’1@'&1116@43&&&1 Rrthethyl-SdvinyIpyriding) N—lﬁmﬂli)ﬂdr-at ed
by reference in’its entiret or exa ﬁ es of such substrat es. In general,

azl act one oviniylpipeyidine; 8-thethy lﬂmﬂlmgd §c reactive

ESLg[Y?;tSeWH o XIBIHénl &k lo%thy?%ﬁltyl \e,\fhterhanadr?\]pv%sy Ipyrroli o%QOl S in the polymer

Included among the useful non-reactive monomers are generally water soluble
conventional vinyl monomers such as acrylates and methacrylates of the general '

structure

1|12
H2C=C—'COOR3

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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i nvol ving an al cohol preferably in the presence of a catalyst. In addition,
carboxylic acids, am nes and hydrol yzed azl actones in the hydrophilic
reactive R oBFs3 May react with epoxy-groups in the subiat® 2528

exanpl e, the nononeric units described in US Patent No. 4,734,475 to

Gol denberg et al., herein incorporated by reference in its entirety.

[ .ln a
preferred enmbodiasht paysulfenc; paheivinydalcokalb pobiserylamide. Rty (prpilamidgiagiylic
hydr ophi | i ¢ pol yners nt ai ni repeat. unj.t.s i f a e
Y ng- openi ng . mOHERH g SU gD SO polftb e SoT oty R et
am ne- cont ai ni Ng,,/A@H len@ ox 1§ HOKYglGesicRich) b IpRaBiFRLid)or a car boxylic
Cont a1 i no. monorRE PRy lend xRS B D 03124705 et Us01/ 23028
reactive groups miy(vinylsyurdlalose)oteltuiesiosepidlysdcchigides anistivps thereef,cmdt act | ens
substrate. Typically, the h¥dr ophilic reactive polyners are attached to

the substrate atCOPRETS BSFOL pl aces al ong the chain of the pol ymer. After

attachment, any yoEAfdsdnd SRAIHAam{d06! i Minhiiies 10 the hydropht Iic
reactive pol ymer y be hydrolyz to a non-reactive noiety, in the case
of epoxy, isocyanate or ring-opening nononeric units. Suitable hydrophilic
non-reacti ve nonomers for conppﬁq@gg_kﬂgNﬁggrophiIic reactive pol yners

i ncl ude generally water sol uble %onyentlona vi nyl nononmers such as

2- hydroxyet hyl -; 2- and 3-hydroxyprBpyl -; 2, 3-di hydr oxypropyl -;

pol yet hoxyet hyl -; and pol yet hoxypropyl acryl ates, nethacryl at es,
acrylanideswﬁagyngﬁmgg&&bgghﬁﬁﬁidﬁﬁéylanide, met hacryl am de,
N-nethylacrylanide, N- et hyl met hacryl am de, N, N di nethyl acryl am de, N,

N- di met hyl met hacaorylamidis, antimdthacdylmmides of therfdrmiplaN- di et hyl - ami noet hyl
acrylate and nethacryl ate and the correspondi ng acryl am des and

met hacryl am des; 2-and 4-vinyl pyridine; 4-and 2-nethyl-5-vinyl pyridine;

N- met hyl - 4- vi nyl pi peri di ne;  2- HCAGICONGDny | i mi dazol e;

N, - N-di net hyl al | yl am ne; di nmet hyl am noet hyl vinyl ether and

N-vi nyl pyrrolidone. |ncluded anong ¢,he useful non-reactive nononers are
general ly water soluble conventional vinyl nononers such as acrylates and
nmet hacryl ates of the general

where R, is lower alkyl of 1 to 3 carbon atoms and R, is as defined above;

itaconates of the formula:

CH2=C‘:CH2COOR3
COOR;

where R, is as defined above;

maleates and fumarates of the formula:

R3 00 CH=CHCOOR3

wherein R, is as defined above;

vinyl ethers of the formula
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structure R2 H2C=C-COOR3 where R2 is hydrogen or nethyl and R3 is
hydrogen or is an aliphatic hydrocarbon group of up to 10 carbon atons
substi t ut @@ @ysm3e or nore water solubilizing groups suchh@EsuHILRREY,

hydr oxy, am no, |ower al kylam no, |ower dial kyam no, a polyethylene oxide
group with from2 to about 100 repeati 3;&3 or substituted by one or
nore sul fate, phosphate, sulfonate,-a%?ﬁtnj%aﬁ' 1aee, carboxam do, sul fonam do
or phosphonam do grotﬁ)s, or m xtures thereof; Preferably R3 is an oligomner
or pol yner whareRass asalefischghavge gl ycol, pol ypropyl ene gl ycol,

pol y(et hyl ene- pr | ene) gl ycol 0 drgxyet hyl nethacryl ate),

pol y(di net hyl a@?@%‘%ﬁ’r‘? H@PC%WWQQ?{/%FEX%%) pol y(methacrylic 15 WD

02/ 24793 PCT/ US01/ 23028 acid), polysul fone, poly(vinyl alcohol),

pol yacryl am de, pol y(acryl am de-acryly & =%%tl]g) pol ystyrene sul fonate)
sodium salt, poly(ethylene oxide), poPy(ethyl'ene oxide-propylene oxide),
poly(glycolic acid), paly(lactic acid), ., poly(viny]pyrrolidone), .

cel I ul osi csVheseRy pialoverangd Ky iees defimed ghovea ¥1Fd§8¥5$ﬁél?%3tah’e?@61f;
acryl am de a | am des of the formula: H2C=C-CONHR3 R2 where R2
and R3 ar estg%pg}é(ﬁlg%%‘d%%%ove; acryl am des and net hacryl am des of the
formula:  H2C=C-GN dobittutel] helRZocoRrRE,SubY aé sSinkDpidiadsk pipesifiinks bid Bnidazdien

atons and R2 is as defined above; _
and N-vinyl lactams, such as N-vinyl-2-pyrrolidone.

Included among the useful water soluble monomers are acrylic and methacrylic
acid; itaconic, crotonic, fumaric and maleic acids and the lower hydroxyalkyl mono and
diesters thereof, such as the 2-hydroxethyl fumarate and maleate, sodium acrylate aﬁd
methacrylate; 2-methacryloyloxyethylsulfonic acid and ailylsulfonic acid.

The inclusion of some hydrophobic monomers in the hydrophilic reactive
polymers may provide the benefit of causing the formétion of tiny dispersed polymer
aggregates in solution, evidenced 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 preferably ﬂuord, 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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itaconates of the fornula: CH2=CCH2OOOR3 COOR3 where R3 is as defined
above; mal eates and fumarates of the formula: R300CH=CHCOOR3 wherein R3
i s as defweagdamgve; vinyl ethers of the fornmula 16 WO 02/p¢4/891/23028

PCT/ US01/ 23028 H2C=CH O-R3 where R3 is as defined above; aliphatic vinyl
conpounds of the formula R2CH=CHR3 where R2 is as defined above and R3 is
as defined aboveacnylahidebenpmothiasylamigdes ofRthe gengrehfrmulaian hydr ogen; and
vinyl substituted heterocycles, such as vinyl pyridines, piperidines and

i mdazoles and Nvinyl |actanms, such ? N-vinyl -2-pyrrolidone. Included
anong the useful water sol uble nononers)are acrylic and nethacrylic acid;
itaconic, crotonic, fumaric and maleic acids and the | ower hydroxyal kyl
nono and diesters thereof, such as t(?r% %3 oxet hyl fumarate and mal eat e,
sodi um acryl ate and nethacryl ate; I-Z][2 ?hac 8yl oxyet hyl sul foni ¢ acid and
allylsul fonic acid. The inclusion of sonme hydrophobic nononers in the

hydr ophi | i &ﬁ&g%yﬁ&&gd\égﬁ%é?%g. provi de the benefit of causing the

formation i erse ol'ymet aggregates in solution, evidenced by a
hazi ness in the gayluihasopthetfbenil@! ymer. Such aggregates can al so be
observed in Atom ¢ Force M croscopy imges of the coated nedical device.
Sui t abl e hydr ophobi ¢ copol yneri zabl e nononers i ncl ude water insol uble

H,C=CH-O-Rs

where R, is as defined above;

vinyl esters of the formula

HzC':CH’OCO'Rs

where R; is as defined above;

itaconates of the formula:

CH,=CCH,COORs

COORs
where R; is as defined above;

maleates and fumarates of the formula
RsO0C-HC=CH-OOORs
where R; is as defined 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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conventional vinyl nononers such as acrylates and nethacryl ates of the
general fornmula: R2 H2C=C-COORS where R2 is as defined above and RS is a

strai ght watgaianemiz branched aliphatic, cycloaliphatic or agcangdogs3asoup

having up to 20 carbon atons which is unsubstituted or substituted by one
or nore al koxy, al kanoyl oxy or al kyl of up to 12 carbon atons, or_ by halo,
especial | y Qynf/oasp@yloherpﬂ@mimrqpyi,loaar@m@zrstlaiewdpdn?taawla&s@éﬁgﬁlbas thet o

ot hacr v atpresnindRe Ry R o BR pR R e Rk SR Hrcongies)
m xtures thareefyl npidhts ARV TRkSratd) BeBBA vinyl éthéDe | Q&Kggviﬁngééhfg?&in 8028

acryl am des and "net hacyl amdes of the general fornula: HR5
where R2 anatefabe, aimyl gedpioate, iy benzoatey dcrgiohirile, stfrenbcalplea-methylspenGH-O RS
where R5 is as defined above; vinyl_esters qQf the fornul a = OCO: RS
where R5 isheé§n%léfm}ﬂéhloe§l§6v\§%1yli1{1%%ﬂ#8‘t°8§ leFﬁtSFFéI BriRfxgne &%%5
COOR5 vx/mca:lrfl tggﬂjgisatgs defi ned above; nmal eates and fumarates of the formul a
R500C- HC= § Wwhere R5 is as defined above; and

The hydrophilic reactive polymers are synthesized in a manner known per se
from the corresponding monomers (the term monomer here also including a macromer)
by a polymerization reaction customary to the person skilled in the art. Typically, the
hydrophilic reactive polymers or chains are formed by: (1) mixing the monomers
together; (2) adding a polymerization initiator; (3) subjecting the monomer/initiator
mixture to a source of ultraviolet or actinic radiation and/or elevated temperature and
curing said mixture. Typical polymerization initiators include free-radical-generating
polymerization initiators of the type illustrated by acetyl peroxide, lauroyl peroxide,
decanoyl peroxide, coprylyl peroxide, benzoyl peroxide, tertiary butyl peroxypivalate,
sodium percarbonate, tertiary butyl peroctoate, and azobis-isobutyronitrile (ATBN).
Uliraviolet free-radical initiators illustrated by diethoxyacetophenone 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 which
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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vinylic substituted hydrocarbons of the fornula: R2CH=CHR5 where R and
R5 is as defined above Useful or suitable hydrophobic nononers include, for
exanpl e: wetdysvozet hyl,  propyl, isopropyl, butyl, ethoxyeaidiybso/23028

met hoxyet hyl , et hoxypropyl, phenyl, benzyl, 18 WO 02/24793 PCT/ US01/ 23028
cycl ohexyl, hexafl yoroj sopropyl, or n-octyl-acrylates and_nethacryl ates as
wel | as t henixtyes e%%ﬁhlewglvgeéyfoaﬁii%glem% ¥ater andiageadeohgl, ek ¢xample
fumarate, djpethvlh ] ' . mal eate, diethyl fumarate, nethyl
vinyl et her%We'te%‘!)lgyeélﬁo)%%\?%rﬁ?/?th%{o@;;,a%l{/el'nyI acetate, vinyl propionate,
vinyl benzoate, B4 Metidldtactd@ingSbhepRsedlimVation thy tohtvéteBas orlothBeXRaRal
vinyl chloride, vinyl nethylketone, vinyl stearate, 2-hexene and )

2- et hyl hexydeviceanaiabe gxposed torhdroghihie prsctive pelymers byeingoéngingrtbe aubstrate in a

? &1 m monomeie e ne Y B RES, T rBElS 2 By el For SR e aeed on

customary t@Qr tNeuiRie Perisk dfl e i & NR1Ron of YR %?b}o}Shilfchﬁeact@s)’%Bgﬁbéri br
by: (1) r

reactive polyners or chains are forned m X1 ng the nono

t oget her; (&pobhaekriy aauipably nediurg foroexainpid, iaatprotic G8lvestisnck as acegortifrie.
nmononer/initiator, mxture to a source of ultraviolet or actinic radiation
and/ or el evat ed Thhirachen teansriurednpsthy adeast sisicipnt to maintain) the reactants in
pol yneri zat. inj tiators. i ree-radi cal - t. ol yperigzation
POl T 2t B A9 58 5 536 © s R0 R Sl
decanoyl pefrémi Ahdut 96 bkt £5260Miofte prdfeaBI9 Yo &lboNi B@ to bB6L 40°%, B Ydost
peroxypi val ate, sodium percarbonate, tertiary butyl peroctoate, and
azobi s-i sobpreferahly is-dpproximpely) ambient tepperstuse. free-radical initiators

il lustrated by diethoxyacet ophenone can al sp,be used.. The curin r ocess
w11 of Gour ob dABEHRCARLRDRLoTe e otaen S St inyhpas i atitnbicat oF
char act er i sth g eGfydrdihil BRto AnXddié dRViRh, Waic pakARid Yompr] t,
the | evel of &lﬁlr?i ia('?%# e ?@yedowi 'l vary vvi’thiﬁ Phe rang%m%l?keg.g%%%ﬁfﬂg 2
wei ght per cemtainiihg tnfienomexicuméts opfingropening smonoeieat hyits. alnnonetemibwdirhenthed the

above-nenti oned pononers, is warned with
present invention, the ring-opening reactive monomer has an azlactone group represented

=1

by the following formula:

R7
é\I.—?}\_R“
_ (CHyn
b_c

8

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 non-peroxidic
selected from S, N, and O, or R® and R’ 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. Such monomeric units are disclosed in U.S. Patent No. 5,177,165 to Valint et al.

The ring structure of such reactive functionalities is susceptible to nucleophilic
ring-opening reactions with complementary reactive functional groups on the surface of

the substrate being treated. For example, the azlactone functionality can react with
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addition of a free-radical former. A polynerization to formthe hydrophilic
reactive polynmer can be carried out in the presence or absence of a

sol vent. ¢ ¢2@htd sol vents are in principle all solvents wugiso1dssol ve
t he nononer used, for exanple water; al cohols such as | ower al kanols, for
exanpl e, ethanol and nethanol; carboxam des such as dinethyl formam de,

di pol ar  apriotary asohese hydroxylsh ondhidismat thel subsirftexasimentiongst pydveethfprm a
ket one; ketongs such.as acetone, or cycl chexanone: hydrocarbons such as
Fol vene; - oCREASH GG batverRihe S AT Jos REARPIONS trefis RS Fatf Bowiaticuore
hydrocar bo g tthd Hifyﬁ{e?.et& NRalif6F AtadBmer MR B7h 2442Rs of pol
PCT/ US01/ Zilr}gcngﬁ%axﬁﬁtrt%ésﬁo sul ta%l eaé | vent's, For exanple m X'[SL(I)I’ epso %r?er
wat er and asopslonchekubstate, eshargi eachdovg temprsdsantoidrophiliatkain atadiedalt both

m xture. In a nmethod according to the present invention, the contact |ens
or other neddtie the gehstrate. nay be exposed to hydrophilic reactive pol ymers by

i mrersing the supstrate.in. ' ggm@ ' ,

exanpl e, a cont _g%slaﬁt%%esﬁlrlrlﬁg} aéﬁ%{ng%{eegg]fg? | pp%%l@q’?’g}rb%gﬁ {s:gul?éggg%ep oggrrh%(czlanof

time in a elalyiRendther! PRpONHRPH dligonicr AokiprigingOdny ditictére FMERGHAGTE Of it a
sui tabl e nedium for exanple, an aprotic solvent such as acetonitrile. The
reaction t ebhpes fromda musombination vathsa vauilic giowptont & pasatarated hyideogaghan tnt s

o prefor aBijeh fheoraagan atiehed , BrrEBl, ARr@ns AU IPnRIY  PERIB00 B0 1
i cat ed BB E I Do e B o i Py Aol
reactive hyséptiers ate landwiiresmpdunds, theitisyathesie being, deseribed, forl example, dnpsi se
one. ool MEFRILNOS HOD4SHS SABLARTERA BV LEHLH METBEENF ) L GerPBED Abor
has an azl E%Ncﬁjgl'rx]greqﬁgol{'Bo{a?e%rhee§<§HE)?gefe%cé. h§ui{a%llé Q—‘Mk%gylfa%Mn%é hﬁ%udei:
2-etheny1-1,3-oxazolin-5-one,
2-ethenyl-4-methyl-1,3-oxazolin-5-one,
2-isopropenyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methy1-1,3-oxazolin-5-one,
2-ethenyl-4,4-dimethyl-1,3-oxazolin-5-one,
2-isopropenyl-4,-dimethy1-1,3-oxazolin-5-one,
2-ethenyl-4-methyl-ethyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methyl-4-butyl-1,3-oxazolin-5-one,
2-ethenyl-4,4-dibutyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methyl-4-dodecyl-1,3-oxazolin-5-one,
2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one,
2-isopropenyl-4,4-pentamethylene-1,3-oxazolin-5-one,
2-isopropeny1-4,4-tetramethylene-1,3-oxazolin-5-one,
2-ethenyl-4,4-diethyl-1,3-oxazolin-5-one,
2-ethenyl-4-methyl-4-nonyl-1,3-oxazolin-5-one,
2-isopropenyl-methyl-4-phenyl-1,3-oxazolin-5-one,
2-isopropenyl-4-methyl-4-benzyl-1,3-0xazolin-5-one, and
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N -R4 -d '(CHn b-c' 8 wherein R3 and R4 i ndependently can be an al kyl
group having 1 to 14 carbon atons, a cycloal kyl group having 3 to 14
carbon atwgeezzamszaryl group having 5 to 12 ring atons, arpc@ErEdayh3@soup
having 6 to 26 carbon atons, and O to 3 heteroatons non-peroxidic selected
fromS, N, and O, or R3 and R4 taken together with the carbon to which they
are joined can 2fahenyddohphidayethylene-l,dgxezniinal-oneig 4 to 12 ring atonms, and
nis an integer Q or ) Sucq1 nmononeric units are disclosed in U.i. Pa};t ent
No. 5,177,165 t Vel Pisferdhlyafhe aalRetqnegoRpmes aie & eAMRNN Fepksenigd by the
functionalities is susceptible to nucleophilic ring-opening reactions with
conpl enentary reactive functional groups on the surface of the substrate
bei ng treated. For exanple, the azlR&ctone functionality can react with 20
WO 02/ 24793 PCT/ US01/ 23028 pri narj&}ui_;as,,@ydr oxyls, or thiols in the
substrate, as nentioned above, kg m al colal ent bond between the
substrate and the hydrophilic reactive at one or nore |ocations

al ong the polyner. A plurality of attach s Qan forma series of pol yrer

| oops on the substrate, wherein each Ioé’ﬁ conprises a hydrophilic chain

att ached atfolowing general fasmukee substrate. Azaact one-functional nononers for
meki ng the hydrophilicg reactive polynmer can be any nononer, prepolynmer, or
ol i goner conpri szmgeEﬁ and| Rye insleperidgnidy dennde p dydiogen pom ahavewer |radical
conbination with a vinylic group on an_unsaturated hydrocarbon to which
the azl actone i sWwidh pmﬁwx carben afagey, gnd |aé@étl%€@dﬁmmé@mbhémqt§/alik§1 mdisplded

in the hydrophili.c polynmer by 2-al kenyl azl.a ne pononmr s _The .2-al kenyl

azl act one m)_nor?ﬁ oglfet ks,fll)é\ﬁﬁ%(?gn%gaﬁ 2t HQPMO&/%’[%C@Si%qg-b?ivﬁgordsééc(‘faf%oéh,

for exanple, in dbms. JpREERexaliPles ifclBBE 2488properIBl, A 8ifictiiyld-SxHBfin4Bohd al |

Hei I mann et al.) the disclosures of which are incorporated herein by

ref erence. Suit ABPBMO)al k2vyiylez4-dinghgs2-oxazolivd-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
CICOOC,H; />—|——" o
Hexane 0]
: : ) R3 R4
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2- et henyl -1, 3- oxazol i n-5-one, 2-ethenyl-4-nethyl -1, 3-oxazol i n-5-one,
2-1sopropenyl -1, 3-oxazol i n-5-one, 2-isopropenyl -4-net hyl

-1, 3- oxazglg prhrne, 2-et henyl -4, 4-di net hyl - 1, 3- oxazol i n-fe1oim1/23028
2-isopropenyl -4; dinethyl -1, 3-oxazolin-5-one,

2- et henyl - 4- et hyl - et hyl 4, 3- oxazol i n- 5- one,

2- i sopr openy! - 4Thefiky ktef b Siibtteh-Bawonavalylatioh-of e amino acid. The polymerizable
2- et henyl -4, 4-di butyl -1, 3- oxazol i n-5- one,

2-i sopr openfjthetionatitshis intiodnsebby psing either @gryoyl Ppmsthagpdoyl chloride. The second
2-i sopropenyl -4, 4- di phenyl.- 1. 3- 0xazal.i - : . :

2-i sopr openyR Hﬁvﬁl-vﬁgﬁtrgf%?lﬂﬁ}{r%ﬁ’é- al,aggllgazo 10 yield the d esnée-d! Osxgpz)?lcl)%oglr?lehe
-4, 4-tetr afﬁ%ﬁﬁét%ola@ed%n@ﬁﬁﬁ%& By $he @6l prodedatdl off st gadticdct@ibsthy | -

1, 3-oxazolin-5 -one, 2-ethenyl-4-nethyl-4-nonyl -1, 3-oxazol i n-5-one,

2-i sopr openy! - mAs mdisatedalmvyg) the c8mprunds| dan bs-copelymerized with hydrophilic and/or
2-1sopropenyl -4-net hyl -4-benzyl - 1, 3-gqxazgl i n- 5-one, and 2/ 2479
PCT/ US01/ 231@}21801)1;’%& Womarﬁgop@ﬁ?%%&q’éﬁéﬁﬁ%}’ §P8%36T'i‘%&?yggﬁ§?m‘ét§? ghe
preferably, .t 0 ec%gwg KIS 15:S &Y id bler B2 O
RR NO R3 Eﬁg%%gﬁ\n%{r\egg@@%gﬁgé §¥%L°ng@“ ere R yand mﬁ%gggendent Iel;;
denote a hyghReRRhebRBEdlnoAe tomponeatsinto amiticcadids. In general, the hydrolysis step

will follow the general reaction of:

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
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with one to six carbon atons, and R3 and R4 independently denote al kyl
radicals wth one to six carbon atons or a cycloal kyl radical with five or

si x carboyo @lqms- Specific exanpl es include PCT/US01/23028

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

2-vinyl -4, 4-di net hyl - 2- oxazol i n-5-one (VDMO), spiro-4'-(2'-

i sopr openy I@her Q¥@AWIty Mo Thatnst) ancaztdotdiexaiietepd RE@sult in a block copolymer chain

cycl ohexane-spiro-4'-(2'- vinyl-2'-oxazol -5'-one) (VCO, and )

2- (-1 - pr opewih 3 higher epnesnirationsf azlgrtone-figigonglibpneyr the termiaus of the cheips e
conpounds may be epared by the ner react| ‘ , O
R 1 NaOH RS A ARRSRE' Bt =¥ pigtfrdl” B ilnGht g&@%@@11@@%%%| 0
RL N Hexang Raving 3t YRsOeh2 Qe dRETY &3AB% dikecdd asé beh@itizes for

Shott en- Bauman acyl ation of an am no acid. The polynerizable functionality
i s i nt r odugedvidingusilagoms-funetiorsedityy irothe ydrogitihieceactivg Ipodyther aagerdimhéo s ond
step involves a ring closure with a.chloroformate to yvi.eld the desire

oxazol i nonéPreseRb InNysnEeRc 1 AZlactprssunciional 4 epmeTss if%rdewyﬁlﬁ’emiﬁslﬁﬁ?arﬁbé’e % es

g];pglr 3‘;2: iczrégi%\%f ﬁﬂ%&%?ﬁolﬁhﬁq:agﬁgﬁg gfraﬁxﬁersg Qﬁl(ﬁﬁﬂ? A S HSDNREs as described
in U.S. Patent Nos. 4,378,411 and 4,695,608, incorporated by reference herein. Non-
limiting examples of azlactone-functional oligomers and prepolymers are disclosed in
U.S. Pat. Nos. 4,485,236 and 5,081,197 and European Patent Publication 0 392 735, all
incorporated by reference herein.

In another embodiment of the invention, the ring-opening reactive group in the
hydrophilic reactive polymer is an epoxy functionality. The preferred epoxy-functional
monomer is an oxirane-containing monomer such as glycidyl methacrylate, 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 2 monomeric mixture is cured by spincasting in a mold to form a shaped article
having an anterior lens surface and a relatively large thickness. The posterior surface of
the cured spincast article is subsequently lathe cut to provide a contact lens having the
desired thickness and posterior lens surface. Further machining operations may follow

the lathe cutting of the lens surface, for example, edge-finishing operations.
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hydr ophobi ¢ conmononers to form hydrophilic reactive polyners. After
attachnent to the desired substrate, any unreacted oxazolinone groups nay
then be hy@y@lyzed in order to convert the oxazolinone coman®ibsognt o
am no acids. In general, the hydrolysis step wll follow the general
reaction of: O RR RA OHOH or OH R R3 OH RL N+ 2 NHR3 R4 RL O The
car bon- car bon doffitrepiedneinget \sashaving tie desirgd Hina} seaneaitsisidssisaidosmo remove
unreacted, but, the reacfion_can t | ace when. copol yoerized.intqg a

ol o " NEHAPINSA . B densr DBl Ao LeHog: BRerd e cuib s strysee

wi th azl actone fiingt bARA &gﬁe@& & ndiiefGhMhE RRitAY ddBhkicCmb-@@&e! inVérder to

pol yners us to" coat a nedical device include those nentioned above,

pref er abl y didimiideyplase pegaratita, of\polymytizedpprornéts grovuned biFolymerizatianifdhe of
conononers are disclosed in Eurqgpean Patent  Publication 0 39 35, the

di scl osur e BPNQIRERG XA B & JOWEr he (2438, BpRsEiop GRRGTalyrg, of the reacting

di nmet hyl acryl.ami de is,used.a 0 j.n | raphi thei ty
to the co crlmpc_: I’é‘l}gﬁe’a%’ ef?:it %l%og’?ﬁ(%c [ Q?lljgl efﬁéﬁg{r@?@n% raBri:&gees %goﬂgﬁ%ﬁl ed
Wi th other SRIRONEASMR WAdrAUS poBiHeriaad pestuc! Seefigbit wefeeityagete ibklag a
mononmer of simlar reactivity ratio to that of an azlactone nononmer wll
result in amoaomeric cuptiry ped the Pymenizethprodactodre rof perticplarycongermoor fsgicone
copol yneri zatjon are, di scl psed in.Odian, Principles . of Polynerization, 2nd
22 Yo (Rydsyses gl dirie 8 dam Pt siieneEirisSlE P birt ey

I ncor porate ; hel HonYE! Bui SONRRORE NG
a 23 W 02%%%@5&%%?%@&?%&@%@ |‘%;§d:ar reae?'t ‘fs\‘/lilt?{?gtogéatlﬁcat of an glglehfgtrone
will tend texangsie) 3-hydoxy, Dinetkylatzpaiey memohjdricalcolidls) vetthColiky straight@hainadi on
of azl actone-functionality near the term nus of the chain. .

or branched alcohols including aliphatic monohydric alcohols such as n-hexanol and n-

nonanol being especially preferred. US Patent 6,020,445 to Vanderlaan et al. discloses
suitable alcohols 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 Ahydrocarbons 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 cycles 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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Al t hough not as preferred as nononers, azlactone-functional prepolyners or
ol igoners having at |east one free-radically polynerizable site can al so be
utilized Hweyo2afeavi di ng azl actone-functionality in the hydicapibohikso2geactive
pol ymer according to the present invention. Azl actone-functional

ol igoners, for exanple, are_prepared by free radical polynerization of
azl act one rastd s diluespremenal Fgﬁp\éﬁ?ﬂdwﬁﬁﬁb%@rﬁ gdeehppdcent ﬁyu’_vg_ghpgf ent

Nos. 4,378,411 5 6 | . ef ce herein.. Non- .

limting eéﬁ‘ﬁf‘@ggegémgg'l%c‘ggrﬁeql%ﬁg?oﬁ%%ﬁ%gl G mg?gé;gnd prepol yners are
di sclosed in U i%Ildwhg R@svaldettie, &gbniantivent)8le 1éhé i@nbxEunbeera tBatment
Publication 0 392 735, all incorporated by reference herein. |In another

enbodi nent meleaschand aptoral arachining epesgfiange ni egmpdaing stepginglndes, for geample,
hydrophilic reactive.pal ymer is.an epox unctionality. .The preferred

e oxy 1 uncHrAE o REHSREY & lens, ROg Rt a GNP o Nishe o B EhroR ses y)
nmet hacr yl at | + : ol | nd
the |1 ke, - A Eh G BH s o e A R Dl Rt e
hydr ophi | i cleneicdry\welepsddyfimn the nmldby aaipdelyihg vamuine &eadens todit tite lehs fimn be
made by conventional manufacturing processes. For exgrrpl e, contact |enses

for appli cthemsidoiter migh the ons 13 wRusfarredPYcnerns Of meshtealiveercenio oyrenrd
v 0h3 co S, ASEOD Bkt %, AT H AR

desired po;ﬁ n aces. Spincasti s are
di scl osed i &gkl SThERIE MayMash bR A2Pin craet t3 nbkBire4Bes oficetias bLthedtmd, i C
casting nethods are disclosed in U S. Patent Nos. 4,113,224 and 4, 197, 266.

Curing of the noSureequent rtbxthe meold geloasedmadhining opgrasipns, thedens is siupjegied & i on
in order to provide a contact |e havi a desired fi.nal . conf.iguration.
r o exanpiiElac gaTR GRoribe ' e roren mpiogs a5 dehPat absvy inclifik &
excess of aaﬂé'&fh%h@ﬁtrdﬁhghg Kilik SedcHiEPolghe? BhdigASt ing in a nold to forma
shaped article aving ah anterior lens surface and a relatively |large
t hi ckness. The pBshsequent toutieastep odf surfeectreathentpithe dshs andy beesubgected to
subsequently | athe cut to provide a c?ntact ens, _hayi t he = desired
thi ckness afidrashen & remoyerrsidialsrindhe lensps nbensralivi 1 hy BRaiE R Gamact
ot one eh@Sofit! bf e Chohlifief iR H'lof ity BéryRXARRI.: TRE IficShupleRlty "9

' polymerized material from the polymerization process may affect optical clarity or may

—+

be harmful to the eye. Residual material may include solvents not entirely removed by
the previous solvent removal operation, unreacted monomers from the monomeric
mixture, oligomers present as by-products from the polymerization process, or even
additives that may have migrated from the mold used to form the lens.

Conventional methods to extract such residual materials from the polymerized
contact lens material include extraction with an alcohol solution for several hours (for
extraction of hydrophobic residual material) followed by extraction with water (for
extraction of hydrophilic residual material). Thus, some of the alcohol extraction
solution remains in the polymeric network of the polymerizéd contact lens material, and
should be extracted from the lens material before the lens may be worn 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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24 WO 02/ 24793 PCT/ US01/ 23028 After producing a | ens having the desired
final shape, it is desirable to renove residual solvent fromthe | ens

bef ore edg®yf2amrsshi ng operations. This is because, typi cadyysoansgganic
diluent is included in the initial nmonomeric nmixture in order to mnimze
phase separation of polynerized products produced by polymerization of the
mononeri ¢ Mhieusefal difkl of ghe dewsr  Pieo, Fuek Jesiduals mayoHIRashiensaperfamence pad

reacting pol i cmxture,..which,all. r 8. 0pre. I CJ e LU

b ocese anomton s afeEHPe S Bbiieh Rlary B U oGiRuRirhleh by e

Suf fi ci ent jyni SRRELL e & ihiiRtahitat Me sARUMRTBKAtiBH Sblutien 3f chot ey RAvMEElyi zed
product are of particular concern for silicone hydrogel Sﬁ:&fv;sl marily due to

t he i ncl usiaffecigfthes opticab niarityoof the kénsg Opticeha arstyvie isebjectrvgly toad tocpaathet e
fromthe hydrophilic comongner. Sujtable ohgani o td' | uents include, for
e?arrpl ﬁt 2#%‘5&&9;‘291?112’-??@Fﬁ3¢f1 Vﬂ@éébfel}enﬁﬁm EPES Eh'hOl s, with C6ht¥é:, 0
strai ght - chai ne c is q m&?’ r :
al cohol s such a?l}?g%ael}%{éﬁ& gﬁgﬁ{)}rﬁfﬁﬁ%I}}%ﬁé?%{;@?ﬁg@éfpggﬁgﬁ;r;npre errel X 1LSJS

Pat ent 6, 0%Qllﬁﬂ?dﬂaﬁbd\&aﬂﬂWake%,alﬁhffdre(ﬁ!;alinéj scthediks. Whért thllensais abthabielyafidlyi s
I ncorporated herein by reference. Oher useful solvents include dials such

as et hyl endiygtateb(whepeinythe ens txpicadly ragye®and by d0te eBow 20peseeny pEmeye)e He

| ycol nonoet hyl et.her; ketaqgnes ch, as nethyl..eth t ane; ter ch

0 ot hyl - SRaR serBains dptact ey a6 dnd Serir PR et o Lot

or gani ¢ i |\ieph phShbin] @ kibiBhiabidbmipdtichici | i Late its remvai froma
e

cured artic y evaporation at or near anbient pressure. Generally, the
di l uent is incl ugstbwihg fhiydmtibn, thedéns pey cadirgh gosmetithinspdctioh evhevein tegined
m xture, with ten to fifty percent b I ght i ng especi al.l referred.
The cured |igspectoss Wé%té%f%%cégﬂlsﬁﬁ é’ém aﬁ“gﬁi’f\ﬂgﬂs?n"\%ﬂ%@%e&érf’puﬁﬁ as Hofes;
acconpl i shed . QD LRI HE Y It oRIAARGR! AFRE Wi
An el evat eopatrté Xsé?’éﬁﬁfrgé?%%%hw%{e& ceihn%{%gé&e%?s{ggjegﬁ%r en the tg?{ne necessary to
evapor at e tiags Bisd paesd thd Beps dNevsmetie iippection; thedeus isremly foepanimging] whstheor

the solvent renpval step wll vary depending on _ such I.actﬁ)rés as, the
vol atility iofa visb pdastigehlistes package, eipeiber ontHpeTolos Mantapig Merlees inng steglls, pe

readily detceorn lltlno%dfot%ythg nc%nglﬁlérl. e%iﬂaﬁy,t H-x% S&:tkagé%f: ?é}lrsqlb rlgb_fegteﬁ 3" &Eﬁﬁia‘?ﬁn,
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; 4,826,889; 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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enbodi ment, the tenperature enployed in the renoval step is preferably at

| east 50C, for exanple, 60 to 80 T. A series of heating cycles in a |inear
oven undeywg p@ut9zgas or vacuum nay be used to optim ze thetafdoigs@gpcy of
the solvent renoval. The cured article 25 WD 02/24793 PCT/ USO01/ 23028 after
the diluent renoval step should contain no nore than twenty percent by,

wei ght of  weéll snothencenditiany ynd olatailseshowddh ot \he penstapd afyundaily Himi, thisss,
Fol I owi ng renoval of the organic diluent, the lens is next subjected to
nmol d rel ed8¥HIOF- opt i onal machi ni ng operations. The machining step

i ncludes, for exanple, buffing or polishing a | ens edge and/or surface.
CGeneral Iy, such machining processes magxXp@viPEEflor mred before or after the
article is released froma nold part. Preferably, the lens is dry rel eased
fromthe nol d byTkispkeyplglisdases mrepessniative sdicon¢ hydiegell lens miatesigl usdseasd| d,
after which the lens is transferred means chani.cal .tweezers tp.a
second set“@ﬂngd@bﬁﬁﬁ?W@eQ@réﬁﬁﬁﬁﬁb&é@gﬁﬁﬁgaﬂiﬁ?gﬁgmgWﬁPiﬁ@ r@ﬁ% afds
snooth the surf The Il ens may then be turned over in order to
machi ne thém8Yﬁ%§%%?§%egﬁgﬁﬁ% | ens. Subsequent to the nold

rel ease/ machi ni ng operations, the | ensTABL®Ubj ected to surface treatnent
according to the present invention, as described above including the
attachnent of the hydrophili € ey e b ) t he

step of surface treafnent, the [MT&I8-Vhy be slubj ected t o5 extraction]|to
remove residuals in ghe Tenses. Nggnerally, 1|n the manut®cture of contact

| enses, some of the merorer—ix<§not—ftuttypotymertzegg—The rncompl etel y
pol ymeri zed materi al me#h&p%ﬁ;' Zati-onl-process R, affeet—optical
clarity or may be harnful to th . Resid i i

solvents not entirely renoved by-nanhmolprevi ous sol vent kenoval oper3tion,
unreact ed nononers f oM the NONMBREduE M XL ufe, oligonegg present ag
by- products from t he [pety+weri za“tﬁ' O] OCESS, [ Or EVE g tTves tiat] may

have migrated fromthe mld used tebtormthel | ens— Conventiona—metHods to
extract such residual materials fromthe polynerized contact |ens nmaterial

el ude: et AActlo0. 48 L Aokt A8knd0) i fOr several hours (for
TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbamate

NVP N-vinyl pyrrolidone

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

VINAL N-vinyloxycarbony] 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 pfeparation of a contact lens prior to
surface modification of a contact lens according to the present invention. Silicone
hydrogel lenses made of the formulation of Exafnplé »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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extraction of hydrophobic residual material) foll owed by extraction with
water (for extraction of hydrophilic residual material). Thus, sone of the

al cohol ewlg@plitegan solution remains in the polynmeric netwekuwinide
pol ymeri zed contact lens material, and should be extracted fromthe |ens

t | bef the | b t bI th
e on%ﬁfﬁwﬁw%im%%m%tq%‘é%%s S, e mbi Rt ey cOmtessed A S
heat ed t f
eated vwa egﬁg{g Ia_n QU5 uﬁéwaé%fegffr ol g{ @? Hﬁn@eslﬁpde eésen@esofuv

possi bl e, e ex ractl on o mat er roml enses may

contribute 1?gdve6-§@llﬂwvan2 25m¥es AT $Bedtiohid ISV i2RHR & hishrold sedsdxplosédtao
the lens. Al'so, such residuals may inpact |ens performance and confort by

i nterferi ngJVilight fmtaboaﬂ 5 edditiona) mjnutes eTht@%lPr@@ldd)@iﬁ“BﬁsrﬁeﬁﬂﬂdF%rﬂﬁ‘ﬂlth% ﬂqnsseq)f

the | f that .th | ect t
noemyegévéa‘fésf‘%%nam e TGRS etk 15756 W B PR Aoy "
I's subj ect 'Slj%rs? déﬂﬂ rtﬁé? eh% esiiPerk BE11 blff¥@ Fordi0 sebardstay 290@%& edthbedtcd bE

lens is vis pect ubsequent to extraction, the l'ens is subjected
to hydrathn)gn mhlch the lens is fully hydrated mnth wat er, buffered
saline, or the like. Wien the lens is ultimately fully hydrated (wherein
the lens typically may expand by 10 to about 20 percent or nore), the
coating remains intact and bound to &%g%%ﬁ?%z%providing a durabl e,
hydrophilic coating which has been e resistant to del am nation.
Fol | owi ng hydr atrhnexdniisle | @RSty thi dhitbiesic afmitlei hydrophitict feactiveh eopolymer
trained inspectors inspect the contact |enses for clarit and t he absence
of defects inuolvimgsa 86I20shy woight peicest, raiaish Inaenonggrg Kl smpleyngdhe; s
preferably at 10X na tion. After the Ilens has passed the st eps of
cosnetic i nEFERGLSHEHI &3$§ﬁ@ Ws ready for packaging, whether in a vial,
pl astic blister package, or other container for maintaining the lens in a
sterile condition for the consuner. Finally, the packaged lens is
subjected to sterilization, which stefTABLZZion may be acconpllshed in a
conventi ona bly under—an—at+—pressH

| autoclave,. preferabl L, of
sterilizatijoReagenfe, sonet | me referred to as aﬁ"’a"’rn\tégﬁam moupt(ml ¢ e
as will be mgﬁgtﬁ'yﬁcry‘l‘am etﬁMﬁ)*" tedartrsan{gLeferanty T()f‘l%laut ocraving

is at 100 G
Vinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO) | 4 g 0.0288
VAZQ-64 initiator 0.031g 0.1 percent
Toluene ' 4 200 mi -

All ingredients except VAZO-64 were placed in a 500-ml round-bottom flask
equipped with a magnetic stirrer, condenser, argon blanket, and thermo-controller. The
above was de-aerated with argon for 30 min. After VAZO-64 was added, the solution
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 ml of diethyl ether to precipitate the polymer. The rfﬁxture was stirred 10
min, allowed to settle 10 min, and filtered. The precipitate was dried under vacuum at 30
to 35°C overnight, and the molecular weight determined to be Mn = 19448, Mw = 43548
and Pd = 2.25, all based on polystyrene standards. (Pd refers to polydispersity.)
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200 C for a period of 10 to 120 m nutes. Follow ng sterilization, the |lens
di nension of the sterilized | enses may be checked prior to storage.

Exanpl es wio ¢2i29193- gas- perneabl e ("RG?") material s useful ipr1ide1pse@sent
invention include the materials prepared fromsilicone-containing nononers
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 @W& The teachings of these

patents are expr ein The RGP nmaterials
do not general | y el% f@hﬁ%}@%@%@%‘&% S155 péxlf }grggr%ﬁ steps before they
are used as subsgyr LARNES %gelalﬁﬁﬁ,kjﬂ‘gv;ﬁﬁhd;@ﬂl nSRee@rs and

advant ages of tf}lﬁéﬂfcﬁ@lgﬁ&l%gﬁare furtlher illustrated byot he fgrl OW ng
exanpl es, bhadrb@eyqfdri evahtasl usatiea r@bﬁvahuﬂwpmhmpdymheamfdmgm thegrésent hese

exanpl es, as 27 WO 02/24793 PCT/ US01/ 23028 ‘ﬁgfol as other conditions and

detai | s shomventiss: The pepelymenicmade areairige 1o lopyiag Teagkhichgme: EXaVPLE 1
Thi s exanpl e discloses a representative silicone hydrogel, |ens materi al
used as a coating substrate in the followi ng Exanples. The fornul ation for

the material is g Qg%}’xs@ﬁﬁl(loﬁgbh@rﬁolla@l ﬁibfrcaift%Bﬂﬁndl(@QrthmﬁhB)‘,s\IBN
Weight TRIS-VC 557 NVP 30 V2 25 15 -nonanol 15 Darocur 0.2

tint agent (V25-6Ahia thohmowmtid g2 meles) mteﬂéwdg%@t@dlw\mb 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 temperature was increased to 60°C for 72 hours under a passive
blanket of nitrogen. The polymer was precipitated from the reaction mixture with 20
liters of ethyl ether (171.4 g of polymer was isolated). A sample submitted for SEC (size
exclusion chromatography) analysis gave 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 reactive

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

following reaction scheme:
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TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbamate NVP N-vinyl
pyrrolidone V2D25 a silicone-containing vinyl carbonate as previously
descri bedwigy2de®s Patent No. 5,534,604. VINAL N-vi nyl oxycagdaamoh/2sd2eni ne
Dar ocur Darocur-1173, a W initiator tint agent

1, 4- bi s[ 4- (2- net hacryl oxyet hyl ) phenyl am no] ant hraqui none EXAMPLE 2 Thi s
Exanple illustrates a process for preparation of a contact lens prior to
surface nodification of  aycontagt |ens according to the present invention.
Silicone hydrogel |enges made ¢f the fornul ation of Exanple @ above were
cast-nol'ded from poly yl ene|{nol ds. Under anM ? Wity n at nosphere,
45-1 of the fornmulati i njected onto a cl/ean olyprdbylene concave
nol d hal f and e@ver B8 WD 02/ 24793 PCT/ US01/ 23028

conpl ement ary pol yprop nold hal f. The nold hal ves were
conpressed at a pressure of 70 psi and the m xture was cured for about 15
mnutes in the presence of W light (6-11 mWcnR as neasured by a
Spectronic Wneter). The nold was exposed to UV |ight for_about 5

additional mnutes. The top nold half was renoved, and th I@‘nses wer e
mai ntai ned at 60C for 3 hours in a forced air oven to renpve gp=mnongnol .
Subsequent | yHCHuTCAECYls were bal | buffed for 10 seco at 2300 rpm
with a force of 60 g. EXAMPLE 3 Tﬁis exanmpl e iyl ustrates|th esi s of
t he hydrophili¢nreactive copol yner ol @20 f aent
rati o of nonongps (DWW VDMO) enpl dyi ngothe i'™hgredients i Qael ow.

TABLE 2

The prepolymer from Example 4 (150 g, 0.03  moles),
isocyanatoethylmethacrylate (IEM, 5.6 g, 0.036 moles), dibutyltindilaurate (0.23 g, 3.6
x10° moles), tetrahydrofuran (THF, 1000 ml) and 2,6-di-tert-butyl-4-methyl phenol
(BHT, 0.002 g, 9x10 *moles) were combined under a nitrogen blanket. The mixture was
heated to 35°C with good stirring for seven hours. Heating was stopped, and the mixture
was allowed to stir under nitrogen overnight. Several ml of methanol were added to react
with any remaining IEM. The macromonomer was then collected after precipitation
from a large volume (16 liters) of ethyl ether. The solid was dried under house vacuum
(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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Reagents Amount (g) Anmount (m) Dinethylacrylam de (DVA) 16 g 0.1614

Vi nyl -4, 4- di net hyl - 2- oxazol i n-5-one (VDMO) 4 g 0.0288 VAZO-64 initiator
0.031 g Owh pesAant Toluene 200 M - All ingredients excepip{shé¢ were
pl aced in a 500-nl round-bottom flask equipped with a magnetic stirrer,
condenser, argon bl anket, and therno-controller. The above was de-aerated
with argon for 30 mn. After VAZO 64EXNzsMRH#a0, the solution was heated to
60C and nai ntained for 50 hrs. After the reaction was conplete_ as

moni t ored by FTIFhis Egample illystaaies Serpreparational a JaWy B w3/ VMO aalyineion

was slowy _.added to,2500 of . di et hyl he -pregcipi.la e. r.
The m xtureW]%gg adl |b8duf tr(‘}’i nf,ongl Iaoﬁgaﬁﬁ écg{)@ﬂxgé 1@ %h‘%‘] ijgeﬁé filﬁ?%ansrée .
The preci pip; 94@&%, i@ mGg i aHOuRfAG g (001 634GnEIeE Wih @, 4-danethiyhe-
mol ecul ar m%l?% t” de Ieéfﬂrlrﬁed tglﬁ\e{ﬁ&l\m = 19448,gm = 4354% an% Pd = 2.25, all
based on paixpsolyr-Soae sOVEDME)dm tHePdmoshitof 2 @ OP14# spee)i dipmehylagylamide
02/ 24793 PCT/ US01/ 23028 EXAMPLE 4 Thi Ex?rrﬁl e ih!gl ustrat ga tEée ‘Qt h? i's
of a prepolWﬁPmﬂ@MWhﬁHWé@ﬂypﬁﬁaH@? ai e ARQUFE of 2% 9@8 mole),
macr onmononer. o g " t i WAy CJ pldhi

pol ymer accacI)llg1 dli)dnogmtlmggg% é?é%%\gﬂ acl%}ri\\?gn#?g(r)\gﬁ ocllalﬂ %?%ﬁ@yﬁ%&?@&%emah #
accordi ng t@agdeic sitren \vondenk@dtigo blkbe and tdiemegatatescontddll¢r? ODheysoltich was

mol es), mercaptoethanol (3.2 g, 0.041 nol ei%, Al BN gVazo- 64 in the anount
3.3 g, 0.02eadrated withjangen rfamg@mnurﬁwn((m 8 (Hlymplspe ofHAEOhed was addedo

liter round bottom f.l ask fitt -t magnet i tiLrer .

t her mal cpn‘i“rdo é‘?acbﬂ’a%ﬁatﬁﬁh %(F gg"é‘# fcfr:hOZlFs. %ﬁ%@%ﬁea&%‘éﬁ Wag %ﬁggﬁ?‘iﬁﬁ?‘ﬁ‘;‘%ﬁ%h

the sol uti op\, FreR), GAE sBRkibn KR! sloWiie ad RAPR! 23007 @1 Wty Gitesie hreeipfifte ther

72 hours under a ‘passive blanket of nitrogen. The polymer was precipitated

fromthe repsymen ifter thieeaddition $@s chinplats thé méxhuye wes lstirred 191min, gllowved to

pol ymer msseltt?é) Il(z)sl ;neu(lj,) and 11%6?(5:2? | "?hes gr%g}pgt%%dwgsoérieﬁlzu%dgrs hgl?se vacuum at 30 to 35°C
overnight. The dried polymer was sampled for analysis by gel permeation

chromatography, bottled and stored in a desiccator.

EXAlV[PLE 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 argon 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 FT]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 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.
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excl usi on chromat ography) anal ysis gave a M = 3711, Mwv = 7493, and Pd =
2.02. EXAMPLE 5 This Exanple illustrates the synthesis of a macroner of DVA
usi ng t hewopnenslsyner of Exanple 4 which macronononer i s ygqdydop2smke t he
hydrophilic reactive polyner of Exanples 6 and 8 bel ow, whi ch nmacronononer
I's made according to the follow ng reaction schene: 30 WO 02/24793

PCT/ US01/23028 N OO + N HO H 48 EXAMPLER) 10CO2] Sn[ (CH2)3CH3]2 N O
>-NOLi 8 The prepol ymer fraom Exarrpt{_l?ebsjg1 150

, .ol . )
i socyanat oet hyl ngishExpplgiHustragsg 31500%31@94’?8%82{1) Fee%’%lﬁﬁ?%yﬂeﬁ Y REat e

(0.23 g, 346, 4 X$01 241 Sﬁ)m, A ?%ﬁf%ur Liné Qé dentO8Bm e 33D f th
2, 6-di -tertb-%’gll}t éﬁoqbg rre%ﬁy Bh’?ﬁ(ﬁlﬂy , Cu. 00 5,69x106 m)el es) \/c\)/(lal?eo ©
conbi ned URGBim@. NiThe GEAMMEI @bkssted Biether cotbieationsof tieaDAIAL maBfafhasiontergood

stirring for seven hours. Heatig/PAwas stopped, and the m xture was all owed
to stir ungycidylimeheerylsierandgiMA seenemer, prepyed mstioHAwS. wWE? @ Tsaghiar flask

react wth any I 0l T. macr Q S n I

br eci pi t at e Sg s Ay peliger R A BUE P o tholpl, PREA HiacEishEl
was dried ypgers 5VACHEBmdunt 8Fd 316.0008 n1&g, axaliesicpridhmemaagerhy
of the polymer verses polystyrene standards gave the followng results: M

= 2249, Mv(6M2%4,g, a0d2Pdneibs)33/az8-61 (ADBDR/02067 830 0003 USe1¢s) 304 SoluenAKSIE 6

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% yield). The

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

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

\
Os N AIBN
* O<O\/
F 600 ml THF
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This Exanple illustrates the preparati on of a DVA/ DMA- mac/ VDMO pol yner

whi ch may be used to forma coating according to the present invention.

Di et hyl aﬁ,réydzﬁm,gge (DMA) in the amount of 16 g (0.1614 molguse1/23028

vi nyl -4, 4-di net hyl - 2- oxazolin-5-one (VDMOD) in the anount of 2 g (0.0144
nol e), dinethylacrylamde macromer (DVA-mac) as prepared in Exanple 5, in

the amount p§ a3 1lel@adRNIRR WeYe addeddistified M-viaflpynblidere MEVE 56l 7cgd.48 a
500-m round-bottom fl ask equi pped with a nagnetic stirrer,_ condenser,

t
ar gon bl ankmblespdavingnpephexyl-&,2capaxids|(VEHE, TR 3, QJQ’E“’O?IJFOME Vae-a8 (ARY,

wi th argon 3 1.Nn. Then . 1.nmol e f and
the reacti o&r%@a&ggbfﬁm&ﬁga?&ﬁégﬁ@q I&‘% k{’bteésact(%lél% %Sa%%ﬁé&%@ﬁ%%qn%%}%%
(nmoni tored by, Rl Rinset ARerifll ddtRNeN@ad 8 nfivdgén 6lde Nid geR s Bhbléd &irbigh
ether to precipitate tHe polymer. After the addition was conplete, the

m Xt ur e -wasthgtsbluties 3101 inin toabimoveanyt dissobedtdxygdi0 ‘Fheweacinah flasktveasglien The
preci pitate was dried under house vacuumat 30 tg 35C overn]%)?lgé, The dried

pol ymer washesehiod®°€andarmpassive blspketat nfEegeB 405 Hhirsc nfhsiges FUre st | ed
d st d ] i t.or.q..E i i J: : h
o epar at | onttgh SAOERUPRBRG WRRATGh) fnft i AT RicEhart o e Tn 1

substrate aggeh&drblpitited RAERENEo11ea bl ivatuum Bitaiony IThersglidmad glacedin he

amount of 12°g (0.1I211 nole), vinyl-4,4-dinmethyl-2- oxazolin-5-one in the
anount of 4aga@imD@8H at308) ovemighti tagrep@ve tBeethen pvipgdl gefirrretive pabaner

(PEOWA), which, npn as a of .1000, and 20 . Of | uen [ pl aced
& 500 i PN orios toRrRcage e 1 Piacan i+ e & oanacr
argon bl anh&ﬁl, 8nd tenperature controller. The solution was de-aerated
with argon for % min.  Then 0.025 g (0.1 nole %9 of VAZO 64 was added, and
the reaction heated to 60C for 50 hrs. After the reaction was conplete
(nmonitored by FTIR), the solution wagEXAMBDE 1@dded to 2500 m of ethyl
ether to the polyner. After the addition was,  conplete, the m xture_ was

stirred 10 nin, Zhisodsample sélustrates ghe synthesis f | e ehudrorhifie Freetive LRe®) was

campl od 1o SOBARSET COPARBYRpai R s B Pkiss ok SR P ke B e

in a desiccgl fife-following reaction scheme: :

0 O
\)\\ N/ +
AN
\ ONO
mon
86 mole% mon
14 mole%
Vazo-64
I
[ 10 1
7 CH: Jeol)§ CH %
0] o]



32 WD 02/ 24793 PCT/ USO01/ 23028 EXAMPLE 8 This Exanple illustrates the
synthesis of a hydrophilic reactive polyner having a brush or branched
struct ur ey gohyH YA chai ns pendent from the backbone of thecm@yyARkrs The
pol ynmer consisted of the conbination of the DVA macronononer, glycidyl

met hacryl ate, and DVA nononer, prepared as follows. To a reaction flask
were added distilled N, N-di nethyl acryl am de (DVA, 32g, 0.32 noles), DVA
macroner  from EREDI-Bted rédttibh Slagiiornd adfed Aigilled. WO GimEthghdrylanige i(DhveA,
glycidyl methacrylate (GM 4.1 g, 0.029 noles), Vazo-64 (A BN, 0.06 g,

0. 00037 nol4ss}k, add moleshndistilb@ioglynidy! niiteacrdatet (Y, 1@sgef.O8amoles), t\earowd h a

N7 ogen weldTBRGRIER B ATDGimainS S oyt e R s R G\t e g Sitn

dissol ved oxfghetic Winbe 3ehAaRr IfhaleontIRR HRAL b Cerd Bfett "iodaPaas ! Ve

bl anket of nitrogen our$.” The reaction mxture was then a
slowy to 4odbbledrrough thé bylutied ferl Swnirhtogendverap dissclabd sixiygen. Thhe fdaetion
reactive polyner precipitated and was collected by vacuumfiltration. The

solid was pilaskedas then heated imoOVe nmder apessivelapkeof nitsogeantoy 20t hairgt hEhe

| eaving 33.2 g.of reactive I % Vi . Y 0, . Was
pl ac edgi n gea%gqnclgg&grre W%Srth ]ggﬁg%{aﬂéﬁm&/%?%&g gf&ﬁ}&{ E{hgﬁ%éhsgoé@ aﬂ%ﬁ%&uc‘ﬁ?

i |l ustrat esgifrhigs STYRE hERtiFe Pblydne praciatddridi \ﬁlﬁkﬁﬂl%@te&‘by vacuum filtration. The

vi nyl cycl ohexyl -1, 2- epoxi de pol ymer (NVP-co-VCH) useful to coat a silicone

substrate sotidovaii pigeaddntanecpumsyan at Hf€hoveonightMeerepony e ctherslepviap 40ddg
Ea %e d 33 : V&)h%‘zgeg&%&%mpé%ﬁe%gﬁ%}ﬁ 33%@; Cl}ﬁg?éact?vels\l pgly%e'la‘\\QVNas n?)lgcein-n% g(e)s(%ccrgtor-r orE ©

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:

o (o]
FF_FF
; + H +

mon
84 mole% 1.5 mole% 14.5 mole%

Vazo-64

e

oML {1l ¢ [ 1
H, last g, >J1% H, \:J1é>5
o O o
N
/
. . .0

4
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To a 1 liter reaction flask were added distilled N-vinylpyrrolidone (NVP,
53.79 g, 0.48 noles), 4-vinylcyclohexyl-1,2-epoxide (VCHE, 10.43 g, 0.084

mol es), V@a#ntd6Al BN, 0.05 g, 0.0003 noles) and THE (603 dso1ihiBs
reaction vessel was fitted with a magnetic stirrer, condenser, thermnal

controller, and a nitrogen inlet. Nitrogen was bubbled through the

solution for 15y n tspr IONGCRRY Bk SREedd@y dasilled ], N eRatih9Tactylamkdeas
then heated toTGHO% under a p%.SSi ve bl anket of nitrogen for 20 hrs. The

reacti on m®MALGVED.16 hedes)diidd FsSBwictafiuoropentyiretbaapylatet (QFPMAE R, N.003
good nmechani cal stirring. The, .copo [ precipit nd col | ed by
vacuum f i | macles, ised Fheeceiypdy dwaﬁle%gii/ég'l P?Ftha& %fégéﬁgo én O%éegsyﬁﬁ?b ht
to renove the AP i r j 206 yd

hydr ophi | i ﬂr@ﬁ@é%%%@g Sm%é%lgf?%“getg?ﬁ‘é S0Pl e reactiol ‘Zétsgérlgzaes ki
use. EXAVPLE O bloheridtare) conldbhses ihahns commlley nhb asisog ialdhy Nitpgid was
reactive (linear) copolynmer of DMV GVA, which is used in Exanples 13._ 14,
and 15 bel dubbkedcibraiighgthetsolution fos| 1Sowinges énsemeys sendissolved oxvgen ks o

man 86 nol %chrtri%g ﬂlaAs:k r&r‘dagltgen }}éaa%e%_tg %Oga,eun(fer 93%88?\96 t)qligke-{ Z)’E‘ nit%g'élh 8t 50 ndts.
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
filtration. 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 illustrates the synthesis of a hydrophilic reactive polymer of
DMA/MAA, according to the following reaction scheme:
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WO 02/ 24793 PCT/ US01/ 23028 To a 1-liter reaction flask were added distilled
N, N-di net hyl acryl am de (DVA, 48 g, 0.48 noles), distilled glycidyl

met hacryl @io202¢M3 12 g, 0.08 noles), Vazo-64 (A BN, 0.09¢@ayudiRfRe nol es)
and toluene (600 m). The reaction vessel was fitted with a magnetic
stirrer, condenser, thermal controller, and a nitrogen inlet. N trogen was
bubbl ed through the solution for 15 mn to renove any dissol ved oxygen. The
reaction flask was then heated to 60C under a pass|ive bl anket of nitrogen

for 20 hours. The reactio ture \was theq addegd §lowy to 6 liters of
s} rring. \Yhe geaciti ve pol yner
nagutm fi | frat on.| THe solid was pl aced

et hyl ether wth good nechanic
precipitated and was col | ected

in a vacuum oven at 30C overnrght {ojremoye’the grhgr |eaving 50.1 g of
reactive polymer (83%yield). The re ive polymner pl aced in a
desiccator for storage until use. EXAMRLE 11 This EX&Wpke illustrates the
synthesis of a water-sol uble reactive polyner of DWW OFPMY GVA, accordi ng
to the follow ng reaction schene: 0 (HHFF FF N+ + p~O )non m)non 84
nole% 1.5 nol e% 14.5 nol e% Vazo-64 + H155 HZ C89 HZ 2 OO OO0 NO H
35

Vazo-64

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-propanol (300 ml). 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
polymer (48 % yield). The reactive polymer was placed in a desiccator for storage until

use.
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WO 02/ 24793 PCT/ US01/ 23028 To a 500 m reaction flask were added distilled
N, N-di net hyl acryl am de (DMA, 16 g, 0.16 nol es),

1H, 1H, 5H a&) @fiwar opent yl met hacryl ate (OFPVA, 1 g, 0.003 melassoidseg as
received), distilled glycidyl nethacrylate (GM 4 g, 0.028 noles) Vazo- 64
(AIBN, 0.03 g, 0.00018 nol es) and tﬁl Zggﬁ (E?gg m ). The reaction vessel was
fitted with a magnetic stirrer, co L ermal controller, and a
nitrogen inlet. Nitrogen was bubbled through the solution for 15 m nutes
to renmove any diBsdioBxathpieyihetrateshthe snefat treaimehtask Batefilcdre A bentaetdldnses60 C
under a passive bl gnket of nitrogen for 20 hour The reaction m xture was

S.
t hen added Bpes)isior olegses; eqpmersiallyrayeilable from Raysgh gobambydnc, Fachsster, NY)

stirring. The.r | ve pol hp ¢l | ¢
ity at on e e fafiel PEEGBAAEN bbb St AN AR G A B S
remove the gidiRe polfavisnaadd frdmIEimpleadt iwsvep atcoiding (t8 Ahe okdwing rEaction
reactive polynmer was placed in a desiccator for storage until use. EXAMPLE
12 This Exacpéme:i | | ustrates the synthesis of a hydrophilic reactive pol yner
of DMA/ MAA, according to the follow ng reactjgn scheme: 36 WO 02/24793

PCT/ US01/ 23028 + \ d&H + () non mon 7]6§|n°ol e,./o " 24 nole % Vazo-64
807 t290 O * I_ UHZJB(][ CH2 10* W
Balafilcon Lens 0 oH -+ o:< (0]
N— 0
o /
\H—OH
o} . 0
o *
NN
O ! CH,
o] o
Lens with Poly DMA O~ —CHs
Surface o CH
2

OH
10

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-propanol 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-minute

autoclave cycle.

38



N HO O To a 500 ml reaction flask were added distilled

NN- di et hyl acryl am de (DMA, 16g, O0.16noles), nethacrylic acid (MAA, 4 g,
0. 05 nol eg)o Md@a®364 (A BN, 0.033 g, 0.0002 noles) and antpedrges 2329r opanol
(300 mM). The reaction vessel was fitted with a nagnetic stirrer,
condenser, thermal controller, and ni trogen inlet. Nitrogen was bubbl ed

t hrough the solution for 15 m nutes ny di ssol ved oxygen. The

reaction flask ' i anket. of nitr.ogen
for 72 hours. Thzﬁ?eﬁgéﬁbé%ﬁﬁfrsﬁ% %ngee%\é\‘gg %{nhng%%gscf% s#@&%e%?uﬁfaﬁ ?ceclms'c{IB
ethyl ethertowht Brege@dnv@fidanhe owil beléwN The nldi€ridl 8Pt BYRoOX Y Bkxafocon A)
precipitated and was collected by vacuumfiltration. The solid was placed
i n a vacuuneoseqmamergplly evailablafiomiBausdndeonthdnet her | eaving 9.5 g of
reactive polyner (48 %yield). The reactive polyner was placed in a
desiccator for storage until use. 37 WD 02/24793 PCT/ US01/ 23028 EXAVPLE
13 This Exanple i the surface treatnent $f: Bal.afilcon A contact

| enses (PureVision(r ses, comerci a i H Bausch & Loub,

I nc., RocheB&EBrontagylens yad® brom t hé nmat gei e "1 whiigharslamfnace
treatment efMPPERRd t he rs made from Exanple 10
above, according to thg foblow ng reaction” Scheme™\CH 3 * CH ~ CHZ 10 *
Aut ocl ave Bal afilco

0
o)

O —
Lens with Poly DMA &

Surface OT—'CHs

HO o CH

Procedure: The reactive polymer used in this Example 14 was
dimethylacrylamide-co-glycidyl methacrylate [DMA-co-GMA where x=68 mole % and
y= 32 mole %] and 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
by combining 1.6 grams of the 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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NOCHz OG60 Lens with Poly DVA O CH3 Surface OCHZ OH 10 A solution of
reactive polynmer of Exanple 10 (10.0 g per 1000 ml of water) was prepared.
Lenses waveomx47pacted with three changes of 2-propanol oveeT/@séi@snzshour
period and then with three changes of water at one-hour intervals. Lenses

(36 sanpl es re then placed in_t | ut i on of active | yner. .On
drop of rref“%ﬁgl P@?é\%ﬁg R gch‘ﬂi%%n RS ata%?gsdﬁ)) t 812 g‘?‘éﬁ yége?%ieq ggﬁ)ﬁ?%wgreﬁ%seﬁ

| enses mr%gwimEg?m%mdmmedeI ave cycle. 38 WD 02/24793

PCT/ US01/ 23028 EXAMPLE 14 This Exanple ill'ustrates the surface treatnent
of an RGP Lens RuPhysienl Etectrodics (PHE] dioded Sp0@XERtwasmsed forahe siafacshown bel ow.
The material was . Boston(r). XO (hexaf.ocon A) |ens, commercially _ available

f r om BauscRiagagigRgRtion, L hispstapment utigzed a mopeghremaed 4t angde orspfed ad8 6 ~= 0
C 2 0 Tri el RR00IsARE Ay 2@&9?15&3&.61"1% $hse gregs_ﬁre Of the instrument was 2.0 x 10 ™ torr

and during operation the pressure was 5.0 x 10° torr. This instrument fnade use of a
hemispherical analyzer. The instrument had an Apollo workstation with PHI 8503A
version 4.0A software. The practical measure for sampling depth for this instrument at a
sampling angle of 45° was 74A.

Each specimen was analyzed utilizing a low-resolution survey spectra (0-
1100eV) to identify the elements present on the sample surface (10-100A). Surface
elemental compositions were determined ﬁom 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 sensitizing those areas
with the instrumental transmission function and atomic cross sections for the orbitals of
interest. The XPS data for the coated lenses aﬁd 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] couwor[F] st + [Fleontr The
value represents the amount of fluorine covered up by the coating polymer, where 1=
100% covered. The silicone ratio was calculated in a similar manner [Si] .wo-[Si] st =
[Sileoneor Thus these data further suggest that the substrates were nearly completely
covered by the coating polymer.

40



O NOH2 O6 Lens with Poly DVA Surface O CH3 HO O CH2 10 Procedure:
The reactive polyner used in this Exanple 14 was

di et hyl agigyd2@avade- co- gl yci dyl met hacryl at e [ DVA- co- GVA wWherteusoFes28ol e %
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 yner sol utions were prepared as f JIARBMEB 3 Sol uti on A was prepared by
conmbining 3 grams of the reactive polyner and 1.3 grans of

met hyl di et hanol ani ne wi t Xp§®Dath fmeqmdeGEiens&sexfExs_nizljﬂl\On B was prepared
by combining 1.6 granms of the reactive polyner and 1.3 grans of

net hyl di et hanolamne wth 65 m of purified water. RGP | enses were first
cl eaned- wi tRileSosmmenidvance(r) andClst heWNl1sl ac€dsin Blsr ] Rasioy n$i] Ratio

sol ution. HaldJONTROZI®& |l es were |l eft standing over night 39 WO 02/24793
PCT/ US01/ 23028 qquRq:L(ngere pl acg@Izsn an4ovan @ 9804f or mo@ hour g.08 |
treated sanpl es sed tw ce th LC de ter and allowed to
dry. A Physi cal \IIEVIESEI?PFIX& cs [PHI] (l)\/gﬁdel O;%oo QP% mg)@used for the surface
characteriza i ], i d a nonochromated Al anode

oper at ed aﬁ) @&8@%0@@@5%%% &rrps The base pressure of the

i nstrunent was 2AYERAGE"10 torr 78R4 ddBng 28 at9-8h t heéd-B6 essur 8-8%s 5.0
x 10"$ torr. Thi s STaBEMunent made bde 0f0.3 hé)rﬁ sph@6 cal anal yzer. The
instrument had an Apollo workstation with PH 8503A version 4. 0A software.

The practi qaC RER®'S ¢ DMARGMIA s%g depth for this instrunent at a

AVERAGE 71.81 552 2237 000  1.00 0.94
ST. DEV.’ 08 05 05 00
P-C RGP @ ROOM TEMP DMA/GMA 2.5% :
AVERAGE 69.61 5.08 2272 1.63 091 0.82
ST.DEV. 13 03 05 05
P-C RGP @ 55 C DMA/GMA 2.5%
AVERAGE 70.75 552 23.04 043 098 0.96
ST.DEV. 05 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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sanpling angle of 45 was 74A. Each specinen was anal yzed utilizing a

| ow-resol ution survey spectra (0- 1100eV) to identify the el enents present
on the sayp ®5wsf ace (10-100A). Surface el emental conmposidd @das 2385 e
determ ned from high-resol ution spectra obtained on the elenents detected
in the lowresolution survey scans. Those el enents included oxygen,

nitrogen, carbon,_silicgy and fl uorine. i fihcati on of el enental
conposi ti ons was et ed by+i nj r%;_g n| pf ilt‘ée*phot oelgectr Kk _areas
after sensitizing thyse areas "wt he2 16D sf r i al h r SR ppCti on

and atom c crpsele®ecty o or theosgbitals [0fO interest. e ata for
the coated | eatgsteand coyntrols are gyven i @ Table 3 bel ow. \ Theoeé dtata show
that the |l enses are goat@d with the/ nitrogenycontaining pgr\y\mars. The

ni trogen | evel incr aa'!gs fromO0.1 (=0) to >3\5 percent while the fluorine

and silicone levels op. The fluorine rat was cal cul ated as foll ows;
[F] contr.,-[F] test- @F]eonhn,. The value represents the anount of
fluorine covered up by the coating polyner, where 1= 100% covered. The
silicone ratio was calculated in a simlar manner [Si] ~onro,-[Si] test
[Si]con,,,. Thus these data further suggest that the substrates were nearly
conpletely covered by the coating polyner. 40 WO 02/ 24793 PCT/ US01/ 23028
TABLE 3 XPS Data for Coated RGP Legggsqa@ineExsnple 1V FileComent CGs N s
Os Fls [F] Ratio [Si] Ratio CONTROLS AVERAGE 56.25 0.14 19.32 18.94 0.00
0.00 ST.DEV. 0.8 0.2 0.5 0.5 P-CRGP @ TEMP DM GVA 5% AVERAGE 70. 22
5.55 22.67 0.71 0.96 0.85 ST.DEV. 1.4 0.3 0.7 0.6 P-C RGP @55 C DWW GVA
5%

N
0O I |
CH,
o)
Lensvi
&:fa?empdym é\/oﬁma
HO o)
CH,
N 2 Y
N"TT~cH
T o
o) CH,
" |
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AVERAGE 71.81 5.52 22.37 0.00 1.00 0.94 ST. DEV. 0.8 0.5 0.5 0.0 P-CRGP @
ROOM TEMP DVA/ GVA 2. 5% AVERAGE 69.61 5.08 22.72 1.63 0.91 0.82 ST. DEV.

1.3 0.3 Owh ©3/22793-C RGP @55 C DVA/ GVA 2. 5% AVERAGE 70. 75 fgTagkez3zR¢ 0. 43
0.98 0.96 ST.DEV. 0.5 0.4 0.6 0.3 EXAMPLE 15 This Exanple illustrates

anot her surface treatnent of an Boston%ﬁ% XO contact lens material,
comercially avail able from Bausch & L LE4c., accordi ng to the follow ng
reaction sequence: 41 WO 02/24793 PCT/ US01/ 23028 CH 3 j;;t290 RGP lens OH

0004 60 + XIBDafof HodhPTbhperAti? Ooatil b Bdton NO 16Hseibf BxFipldiesian
i ne C~

[C] [O] [N] [Sii  [F] [F]Ratio

Control MEAN 55.3 19.3 0.4 5.5 19.7 0.00
no rub SD 04 0.7 0.2 0.4 0.4
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 69.4 18.1 6.7 2.0 3.9 0.80
room temp.-norub ~ SD 22 0.3 1.0 0.8 2.2
Sample C MEAN 69.6 17.9 8.7 1.4 2.5 0.88
room temp.-norub  SD 1.8 1.1 2.3 1.0 1.7

[C] [O] [N] [s1  [F]
Control MEAN = 551 19.5 0.6 6.9 18.1 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 0.5 0.5 0.7 1.0
Sample B MEAN 67.2 19.9 5.6 35 3.8 0.79
room temp.-1 rub SD 3.1 0.9 1.1 1.9 1.6
Sample C MEAN 66.1 20.8 5.2 2.8 5.0 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 5.8 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 ;eactive polymers
were prepared. The first was a solution of DMAg e0-C0-GMA 1 401er, (3 & /60 ml of
water). The second solution was prepared by mixing DMAgyier,-cO-MA A, 4. (3 8 /
60 ml of water) and methyldiethaﬁolamine (2.5 g/ 60 ml of water). The 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

43



O Lens Wh Pdy DVA 4"Jo , rface HOO,2 9 NO O~z O OCH2 O CH HC
PFN 1 O 807* 42 WD 02/24793 PCT/ US01/ 23028 TABLE 4 XPS Data for Room

Tenper at uwe @2@atdzng of Boston XO | enses of Exanple 15 [C]pdﬁsoﬁ,l)&()z&Sl] [ F]
[F] Ratio Control MEAN 55.3 19.3 0.4 5.5 19.7 0.00 no rub SD 0.4 0.7 0.2

0.4 0.4 Sanple A MEAN 72.4 17.3 8.5 0.6 1.2 0.94 roomterrp-norub SD 2.0
0.8 1.5 0. 9nthé&5 ﬁﬂmﬁt@c&vﬁﬁﬂ&hﬁﬂnﬁx’cﬂl& and@]lgwed @ Sargl for308 anddmboursp.Theo rub

SD 2.2 0.31.00.8 2 Sa C MEAN 69,6 .17.9 7.1.4
tenp.-no r JBH%DWPf%thntm E"f%‘@lci Wi‘ﬁ‘[K‘i]“qeé]W*’[t?ﬁ]anfié]‘brPﬁe% f%)%%)g(ﬂndlg%l 55. 1
19.5 0.6 68%1/%@31}31}98'690 1 rub SD 0.0 )

OH

Balafilconl Lens O _oH + 20

0
(0]

(o]

OH
o

O/Y\ o
OH

Lens with polymer 0

surrface treatment
' I M H
CH,

HTﬁr ~
CH ©

oOx

2 Autoclav:

L [ [
897 ﬁ 19[ ﬁz \‘ J15

\JL_

The XPS data is given below. Clearly the lenses are coated with the nitrogen-
containing polymer even after rubbing the samples with purified water. The fluorine
ratio was calculated as follows; [F] oo [F] st * [Flontor LThe value represents the

amount of fluorine covered up by the coating polymer, where 1=100% covered.
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Sanmple A MEAN 66.3 21.0 5.0 4.0 3.5 0.81 roomtenp.-1 rub SD 1.0 0.5 0.5
0.7 1.0 Sanple B MEAN 67.2 19.9 5.6 3.5 3.8 0.79 roomtenp.-1 rub SD 3.1
0.9 1.1 1w® cb/a7eanpl e C MEAN 66.1 20.8 5.2 2.8 5.0 0.73 pa@Roiesps-1 rub

SD 2.2 1.20.7 0.9 2.6 Sanple D57.7 18.9 1.1 5.8 16.6 0.08 no.cat-with 1
rub 1.4 0.4 0.6 0.9 1.6 EXAMPLE 16 The material substrate for this
experinent was the Boston XQ(r) |ens. 'I‘INB(LEﬁeactlon scheme i s shown above

i e first
second sol utlon was, prepared by m Xi ng DIVA76rmI e. co- NAA24rmI e" (3 60
m of wat efile@omimmmt hyl di et hanol allse ( NbB g/ @dsm  Sswat PP THE]&W
solutions weoNTROESd through a MIlipore 5-mcron type LS nenbrane filter
and then coprRaGHE 0 give a m xed4wsl ut pao of 1926 poligmsr by.98ei gho0 Boston
XQ(r) lensgs Mpke then placed 43 W502/2§{93 PQI USO1gg3028pun the 5 nl of
reactive polyner m xture and allowed to stand for 4, 8 and 16 hours. The

I th ff th fied wat d submitted f XPS
enses were then r'gés&mﬁ”fe W purified water and submitted for

and TOF- S -C 897 H 19 55 al afi | co ens OCH
+20 4 2 O&VERA{@ch av, @70 337 1868°° 17,98 *5.42°°.0b
ST.DEV. 1.1 0.3 2.4 4.4 0.2
P-C RGP LENSES 4 HR.
AVERAGE 61.17 3.37 19.68 11.31 447 037
ST.DEV. 1.1 0.3 0.2 0.8 04
P-C RGP LENSES 8 HR.
AVERAGE 62.72 435 20.32 7.54 5.07 0.58
ST.DEV. 1.7 0.9 0.7 0.9 1.9
P-C RGP LENSES 16 HR.
AVERAGE 62.57 4.38 19.93 8.21 492 0.54
ST.DEV. 0.9 0.4 0.6 1.4 | 1.2
EXAMPLE 18
Procedure:

A solution was prepared, of reactive polymer, N,N-dimethylacrylamide-co-glycidyl
methacrylate (0.4 g/ 20 mi 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 HPLC water and allowed to dry.
A drop of water placed on an untreated 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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H OXi- O-~OCH Lens with polymer O CH sun-face treatnent 2 OH CH2 HC
--( N 1 11 0 2 4 The XPS data is given below. Clearly the |enses are

coat ed W o ¢2pg7931 t rogen- contai ni ng pol yner even after ryiyimeiklpessanpl es
with purified water. The fluorine ratio was calculated as follows; [F] cO

1-[F] test - [F]co,,,,1. The value represents the Amount of fluorine
cover ed up The bittonsouttertherp olevmaer withv3et drops af0Bostenv AduahcedaramiDcORACIZES

PCT/ US01/ 23028 TABLE 5 XPS D f R Ten I, f .
enses of EASHER: VTIoCEEB NS CRPEnG L £196 55 (RpTarRyInE Ao S
AVERAGE 54. %ﬁﬁ%ﬁ&qﬂl Pinétag 1@ fiffies wWith) OHPEC ghdOFaterd- TH: olfmer Buttolls 4vere

CONTROLS CL
. 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 fresh 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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AVERAGE 61.17 3.37 19.68 17.93 5.42 0.00 ST.DEV. 1.1 0.3 2.4 4.4 0.2 P-C
RGP LENSES 4 HR AVERAGE 61.17 3.37 19.68 11.31 4.47 0.37 ST.DEV. 1.1 0.3
0.2 0.8 Ow#s 02P1%93RGP LENSES 8 HR. AVERAGE 62.72 4.35 20. 32Ch/5<h1h33¢ 0. 58
ST.DEV. 1.7 0.9 0.7 0.9 1.9 P-C RGP LENSES 16 HR AVERAGE 62.57 4.38 19.93
8.21 4.92 0.54 ST.DEV. 0.9 0.4 0.6 1.4 1.2 EXAMWPLE 18 Procedure: A

sol ution was prepared, of reactive poll

N, N- di met hyl acryl am de- co- gl yci cryl at .4 g/ 20 M of HPLC
wat er) and eight drops of triet %ﬁ(ﬁ?ﬁhﬁg E&ﬁpiehg buttons (4 sanpl es)
were i maged by non-contact atomi c force mcroscopy then cleaned by rubbing

with HPLC Eef—He—substrateymere—tger =T =
. o N, g N« R .
reactive P O g G Berora Coating T oedl €l.d EITs | 158§ PACKSsANT Teaked U0 talde 1! Of
one hour. fe= b eanetban| (ynea2 DUt t ons weresiden(rinsed off owice with HPLC
wat er and alE e ; A'8% o of%Qat er Irgg-?r‘g_c 2- |§$2
woul d bead e {%g St Ffa&g’ w645 6. S T oy e o0
the treated Giesnire Mph&l ety Wi Tl 5Ae 1 gns sarface. 21745 |WO
02/ 24793 POzt € MR LONS 0l €[t Neascl ganed7w th 214 drops of
Boston(r) v atidad Dévatve Nt et [lenso.0 cl ¢anet? a istePfle kurfhctgnt
sol uti on cofiEateucd Huttos gd9:8 ag antbr asi \gg'zr‘l aani gl- 5.8 [ | Bieed by
rinsing (2 B U drhdewaldr ThePotyirer s bR Rer4—aktonwel
to dry and E ages M reces ded.  Te98 T MRge3sappear ea 1q Diiion 3
equi val ent |G ' bef®s € lany3.goati ngéwas lappliBed 0.8 button 4
St 16.8 2.3 78.9 0.0 0.0
e 19.3 5.0 69.8 2.0 3.9
S i 1.4 1.1 6.0 14 2.8
20.4 0.0 50.3 4.7 15.6 button 1
5t Goating 21.3 0.0 60.4 5.0 13.4
18.3 0.0 58.6 5.7 175 button 2
185 0.0 56.2 6.1 19.2 button 3
19.5 0.0 56.6 6.5 17.4 button 4
: 18.6 0.0 57.9 5.8 17.7
= e 19.4 0.0 58.2 5.6 16.8
1.2 0.0 1.6 0.7 2.0
Bt 20.6 3.2 74.1 1.4 0.7 button 1
= 20.6 3.7 74.2 0.9 0.5
- 24.6 54 67.1 1.9 1.4 button 2
19.0 56 69.0 2.5 3.0 button 3
211 3.3 73.3 12 K button 4
20.5 2.9 65.5 3.6 55
' 21.2 4.3 70.5 1.9 2.0
andaid Deviation 1.7 1.0 38 1.0 1.9

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 pm?) 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 pm?) of the surface of an RGP
button after the hydrophilic polymeric surface was re-applied in Example 18.
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The coating procedure outlined above was repeated and AFM i nages were
recorded. The naterial again appeared to be coated with polyner. The

pr ocedur ewef 02iites Exanpl e 18 was repeated with three freshdiaRogonkact | ens
material buttons. Surface analysis for the repeated experinment was x-ray
phot oel ectron spectroscopy (XPS). The XPS data is given in the table
below. It is clearly evident from EXAMRIE Hl ven bel ow, | ooking at the

i ncrease of nitrogen (N, fromthe coating polynmer) and the correspondi ng
decreases of silicon (Si) and quorlne (F) in the substrate, that the

pol ymer co 3

b Uso1, 2 3seaiily BRBUyEL e STHREGE p PG ABRel 2 AR Ay R A ARecdA®
Bctton Bef geigustRgid thé%gﬁh@m@oﬁ@a&v’é pBIyZhﬁierE Wtdfemnde cawhe féulid inghd 8. S 0.0
54.8 5.3 20.7 18.9 0.0 7 5.3 23.0 button 2 0 55 1 6, %%

button 3 Pstedt 4485945 by Regerpentisledy| SyﬁﬁuaPhwhzh@vl&@bnss Hsefubin Forming 4ge
18.3 0.0 5 .8 5.7 ,21.0 rStandard Devi_atior 0.6 0.0 1.7 0.4 1.5 Coated

But t on' OFOBIEE. 7 2.8 5.8 button | 19.7 6.0 66.3 2.5 5.6 20.3 6.3 66. 1
2.6 4.8 button 2 20.55.265.1 2.8 6.4 button 3 18.6 3.3 76.1 1.3 0.8
button 4 16.8 4.3 78.9 0.0 0.0 RveragF ~. 19.3 5.0 69.8 2.0 3.9

o N H,C e
I | + _cl
HO CH2 C—OH =+ s H3C l ﬁ__o CHZ
11 o
H,C

=0

N

O

THF

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
Example 20 illustrates the synthesis of a hydrophilic reactive polymer of N,N-

dimethylacrylamide —co- 12-methacryloyloxydodecanoic acid.
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S5taiida d Dediatidr~ 1.4 1.1 6.0 1.1 2.8 Button After Rem' 20.4 0.0 59.3
4.7 15.6 button 1 of Coating-. 21.3 0.0 60.4 5.0 13.4 18.3 0.0 58.6 5.7
17.5 buttomwm @d/24993.5 0.0 56.2 6.1 19.2 button 3 19.5 0.0 Fe1oudHip3oks. 4
button 4 18.6 0.0 57.9 5.8 17.7 Aver~gF*re ti-. cy 19.4 0.0 58.2 5.6 16.8
Sfzinderd Dc, Aatiolt , 1.2 0.0 1.6 0.7 2.0 :Button After Re-coat 20.6 3.2
74.1 1.4 0.7 button | ..: < . 20. ERAWIPIE210.9 0.5 24.6 5.1 67.1 1.9 1
button 2 19.9 5.6 69.0 2.5 3.0 button 3 21.1 3.3 73.3 1.2 1.1 button4
20.5 4.9 65.5 3.6 5.5 x:t Avery ~" ' 21.2 4.3 70.5 1.9 2.0 Stand. DEt cm

1.7 1.0 3.8.,1.0 1. o ' : | G %’ﬂfr hO2) of an
RGP cont acﬁ@%ﬁé%&eéﬁ%‘%ﬁ{%gﬁ%ﬁﬂ%& Ségglr}%gﬁ%%%ﬁgr@%%ﬁgp (b) surfoggNt reat nent.
Figure 8 i%iﬁett@ﬂwlmmr@m&mhowpa@gl foBthatdylaté-co1e- sur f ace of an RGP
button after a first hydrophilic polynmer coating step in Exanple 18. Figure
9 i s an AFmh¢tbpayloapiiydedechnmigecid50 m) of the surface of an RGP button
after abrasive renoval of the polyner coating in Exanple 18. Figure 10 is
an AFM t opogr aphi cal image (50 nm2) of the surface of an RGP button after
the hydrophilic polyneric surface was re-applied in Exanple 18. 47 WO
02/ 24793 PCT/ US01/ 23028 EXAMPL

o

1 o)
F __FF
S+ MMH .

4

\ mon
mon
0]
o) OH Vazo 64
0 THF
mon
e IR /A N EEDN A
H leanl H J’a"l_ H Jran
2 89.6 mdle % 2
o : 0 O 1mde% O  g4mde% o
(o] CH
N o
F o
E .
E
F
H

To a 500 ml reaction flask were added distilled N,N-dimethylacrylamide (DMA, 15 g,
0.151 moles), lH,1H,5H-octaﬂuoropentyhnethacrylate (OFPMA 0.5g, 0.0016 moles,
used as received), 12-methacryloxydodecanoic acid (LMAA, 4.5 g, 0.0158 moles) Vazo
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This Exanple illustrates the synthesis of the nononer

12- net hacryl oyl oxydodecanoi ¢ acid useful in the synthesis of reactive

pol ymer s. wy (x@fy@jzence can be found in the U S Patent 4, 435,04%,%s Regen

entitled "Sythetic Phosphatidyl Cholines Useful in Formng Liposones”. 11
ZC ~HHHO (CH2-OH +/ + H3Ci CO-CH2 11 11 OH3COTHE To a 2 liter
reaction f|6ddATRR; 6.032gH00N2- helds)mnddolirdrans tegrabydrafutap (20Qmlo Tie matting) |

hyd i di 56 1 d hyd t dr of 1,000.m). Th
0 ur e v e RS U WAl A BRESE AT Bend R R sobF i apt pgoden T
met hacr yl oyee hﬁgfgggﬂ p%é?ﬂ%blg% Pﬁ@ugﬁ@E 85lutibh FAENETAKS tb Srh Ry isdomed 200

m) was slowy a reaction mxture with good stirring.

Fol | owi ng tdxggatldlié Ractidneflask xias tkenvieatedl tb &@e € wnder 2passiverbiarket efmicrogtnr e
and left stirring overnight. The solvent was renoved by flash evaporation
and the resbrd2hows. (Hiegpactionmixture Wag thegraddedslowhi 19e-oL phbeptansewita gead i on

was washed wi,th. purified.water,. dri over. { f ai n
flash evapJP%cfh@ﬂlcgli %%’ilgig_ ]éegr_egc%vreé)%ﬁggr pcrrgélg{e{ag&f]%%%?g E#Leg%édﬁ)dﬁgaggﬁl%duct
was furthergigyfibd.i B8k QMidSiis flabcdh a vaDRABYEDAIOPE oWéiniight %o fengovs thé efiRr Of
ethyl acetate and heptane to give a 63 %yield EXAVPLE 20 Exanpl e 20

i |1 ust r at edesving $8.7Ag b sdastive palyingl (b % lyiedd) ehstreactive pblymer wak pladed in a
di met hyl acryl am de_-co- 12- net hacryl oyl oxydodecanoi ¢ acid. 48 WD 02/ 24793
PCT/ US01/ 2 3tspigcatesdusiorage Ml PSS Exanpi e il lustrates the synthesis of a

hydrophilic reactive polynmer of N, N-E%'?@ﬁfmlz@cr yl am de
-co-octafl uoropentyl nethacryl at e-co-12- acryl oyl oxydodecanoi ¢ aci d.

Example 22 illustrates the synthesis of a hydrophilic reactive polymer of N,N-

dimethylacrylamide —co-laurylmethacrylate-co-glycidyl methacrylate. |
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(HH O+ + (<)nron O 0 OHz o0 64 211 0 HE )nmon *+ HH2 ran le ran H2 tan
89.6 nde %0 1 nmole %0 9.4 mole% OOO0---CH2_ + rOH N 11 0 YE H To a
500 il reqgs P43 ask were added distilled NN-di methyl acr @@ 4020”15
g, 0.151 noles), 1H, 1H 5H oct afl uoropentyl net hacryl ate (OFPVA 0.5g, 0.0016
nol es, wused as received), 12-nethacryl oxydodecanoic acid (LMAA, 4.5 g,

0. 0158 nol es) Vazo 50 WO 02/ 24793 PCT/ US01/ 23028 64 (Al BN, 0.032g, 0.0002
nol es) and anhydrous tetrahydrpofuran (200 m ).\ The reactio vessel was

fittg/d with a magnetic stirref,\\confenser, thei\mal controlfer an@ a
nitrogen ®nlet.\Ntrogen was| b ed t hrough tihe sol ution| for m nut es
. Th

to rem)\\%j\%/di sol veéd oxyg reaction f]l ask was then tegd 60 C
under, a p#sslyve bl anket of ni rogeno‘f*g-L/%?fho rs. The reagtign m'x%s
t hen fdded sl bW pnd0 2. 5L of NReptane with good/ nmechanical stirring. The
reactive pol ynmer sph@ei pitated and was col | ect edm®y vacuum filtration. The
solid was placed in a vacuum oven at 30C overni'§ff®%o renove the ether

| eavi ng 18.7g of reactive polynmer (94 %yield). The reactive polynmer was

placed in a desiccator for storage until use. EXAMPLE 22

Vazo 64 THE

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 received), distilled
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 controller and a nitrogen inlet. Nitrogen was bubbled through the
solution for 15 minutes to remove any dissolved oxygen. The reaction flask was then
Aheated to 60° C under a passive blanket of nitrogen for 20 hours. The reaction mixture
was then added slowly to 3 L of ethyl ether with good mechanical stirring. The reactive

polymer precipitated and was collected by vacuum filtration. The solid was placed in a
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Exanple 22 illustrates the synthesis of a hydrophilic reactive polyner of

N, N- di net hyl acryl am de -co-1|auryl net hacryl ate-co-gl yci dyl nethacrylate. 51
WO 02/ 247@® 224193501/ 23028 | OO O 11 /~ )non 84 noe% myt/dsop25m8e %
Vazo 64 THE*+C CCy Cz HZH2 OH2 O ON ~ OCHZ-1CHs O / 11 O To a
1000 m reaction flask were added distilled NN- di, et h yl am de. (DVA, 32,
g, 0.32 nokasim oVauﬁ;BlOﬂ@torvamyghtm renovgthe ethey lgaving %ﬁ% |TEACIVE PR

received), distil]ed nmet hacr | at.e Vazo- 64
(AIBN, 0. 0660 Yoyig Eh%fﬁv élp‘&me‘ig?sr ﬁ@egr%%%ﬁ%t%ofﬁﬁa%e luiatr?h)’eactl on
vessel was fittgg f‘ﬁ’ bide ﬁﬂﬁﬁbﬁ‘s Sid vaki@fiens SORE PRselit, invB@iditdre @@Qﬁlblbl 1her
and a nitrogen inlet. N trogen was bubbl ed through the solution for

i nut es t o lightrey ehamackings et dixysqherefo’fhelndga@ﬁdhatf Meidhin vikes seapsnof ﬂp@at ed
to 60 C under etgasswe bl anket of nltrogdgnth tlil ours. J@ li ctl 0
m xture wakbimsche persent By enkop cep bg Prachecpther %‘Eﬁ% STy $Pegihisy dal

stirring. The reactive polyner precipitated and was coll ected by vacuum
filtration. The solid was placed in a 52- WD 02/ 24793 PCT/ US01/ 23028
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vacuum oven at 30C overnight to renove the ether leaving 29.2 g of reactive
polymer (70 %yield). The reactive polyner was placed in a desiccator for
storage uwigd2yes. Many ot her nodifications and vari ati one@iydoespg esent
invention are possible in light of the teachings herein. It is therefore
understood that, within the scope of the <clains, the present invention can
be practi c€llLAME®r than as herein specifically described. 53 WD 02/24793
PCT/ US01/ 23028 CLAIMS 1. A nmethod for treating the surface of a nedical
device conprising: (a) formng a nedical device froma material conprising
monomeric ynits AP:?e‘ﬂ%d?ﬂfo{'?r@Eﬁf, VtﬁeFM%EbPQ%iddldaﬁaeﬁ@é ebskiag:om the group
consi sting of azlactone, carboxylic acid, am ne, hydroxy and epoxy
functionalities, gaf foemity Haiddivab devies oy a(thjtefiak comprizing yamopterici wnits
reactive polymer having conplenentary reactive unctionalities al an (téthe
pol ymer chain sel ect debvingseactise Jpagijonalilagsppslegt g‘fﬂa o&”@,upi‘%‘éﬁ?ﬁ'ﬂgt :
aci d anhydri de, epoxy, .hydrox I ! : lic
acid functionaliti es,dzé necB?va‘B?’f’}g]tciagfldéX{nE%er’ gg&%%/\)h%g?)eé?ﬁ@ ;q&[cﬂgﬁaéggé, of the
hydroxy or am ne congjfiRMcHsYhdrésEct i ve functionalities, the material
conpri ses azlactone reactive functionalities and in the case of the |
carboxylic acid objypfoeming arhydfaphilici rsactiviet polymee bawing rqomplemeriarysieacityoxy
reactive fiinctionalijties; (c) reactjng the hydrophilic re | VR _p r
of (b) having conpl err@WPH?%PhglF%a@PPgle{hFuNB{g?r%%alcf‘?lsegefaef’tgﬁg% %‘81 géfr%%e
chain with said react|yg,;GHCIhaRdel 565 aRReOr achf Antydfds,UIchags Bldidzg,
medi cal device of (a), at a ~“reactioh terfperature at least sufficient to

mai ntai n the reactant griinary 99! sécomtaryrathines er tdaghox§lic, adid uRmétgomalitigs, aand
bi oconpati bl e surface on the nedical device; .
combinations thereof, wherein in the case of the hydroxy or amine

complementary reactive functionalities, the material comprises azlactone
reactive functionalities and in the case of the carboxylic acid
complementary functionality, the material comprises epoxy reactive
functionalities;

(¢) 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
réaction 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

(e) repeating steps (b) and (c) to form a renewed biocompatible surface on
said medical device having properties subsfantially 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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(d) renoving the bioconpatible surface of step (c); and (e) repeating steps
(b) and (c) to forma renewed bi oconpati ble surface on said nedical device

havi ng pr s substantially simlar to the original @&9&3&[@/@5625" e
surface of step (c). 2. The nethod of claim1, wherein the nedical device

is a silicone contact lens or  intraocular lens and.the coating | s
uncol or ed. 354 WDhe 2nethpd Iipdrnmudo wheseingths megigal devier) 1pR E‘ﬁla?l?ﬁ %‘,deg@]r’ei n

the medical device.is a sili g&n? kﬁ%drogel , continuous-wear contact |ens.
4. The method ofORUBHONSIeafeRMast % e "hydr ophi li ¢ reactive pol yner

conprises } t0 A0 dqRoEoPERREN! whéreiDRE m@mﬁhm@i fesctiv@\olgnéraiothpras tlitve
functionalities. 5. The nmethod of claim]l1, erein the hydrophilic reactive
pol yner conpri sd§0@dle pe@éntrof henparedie nnito having eaié reastive funstionmiicar e deri ved
fromnon-reactive hydrophilic nononmers. 6. The nethod of claim1, wherein
t he polyner conprises 50 to 95 nole percent of nononeric units derived

from non-r gact [ \ﬁg%%g@ QL ?g%%ﬁth%q{mtﬂﬁ Fe@ivel ity HlECeIMmFNRS 105! NY

of acryl amdes, ones,  poly enepo acryl at'es, nethacrylic
acid or hydroxyajok yholgBhdiast YoRmesnonmsic uhits Sapeire eddrivedl  fromn mosrrieactivei t s
derived fromfunctionally reactive nononers selected fromthe group

consi sting of epydygphilid monangss. and anhydri de contai ni ng nononers, wherein
t he al kyl or al kyl ene groups have 1 to 6 carbon atons. 7. The nethod of
claiml1, wherein the functionally reactive nononers are selected fromthe

group consigst i NOpRf mehKE ol ¥lai Bt RAEFH HeSolyibCidingHEey 80 it6l05 ndlepervest of

anhydri de, and i socyanonet hacrylate. 8. he net hod of claiml, erein the
hydr ophi | i ¢ nonareianaicwsts dedyed fibmomont-teactivg kdsoplsie mpmomgreogelected from

di methyl acryl am g, e Yo aTiae of Moyl ad: Shds b ey IR ARG orled
| methacrylic acid or hydroxyalkyl methacrylatess 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.

7. The method of claim 1, wherein the functionally reactive monomers are selected
from the group consisting of glycidyl methacrylate, maleic anhydride, itaconic
anhydride, and isocyanomethacrylate.

8. The method of claim 1, wherein the hydrophilic monomers are selected from the
group consisting of dimethylacrylamide, acrylamide, N-vinyl pyrrolidinone

methacrylic acid.

9. The method of claim 1, wherein the hydrophilic reactive polymer comprises 0 to

35 mole percent monomeric units derived from hydrophobic monomers.

10.  The method of claim 1, wherein the hydrophilic polymer comprises oxazolinone

moieties having the following formula:
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9. The nethod of claim1l1, wherein the hydrophilic reactive polyner
conprises 0 to 35 nole percent nononeric units derived from hydrophobic
nmononer s. w2248 net hod of claim 1, wherein the hydrophi lpca/gpahyiRs
conpri ses oxazolinone noieties having the followi ng fornula: 55 WO

02/ 24793 PCT/ US01/23028 R3 N-CR4 -e I(CH~n b-C 8 wherein R3 and R4

i ndependently can be an al kyl group havi 1 to 14 carbon atons; a

cycl oal kyl group having 3 to 14 carbon a an aryl group haV|ng 5to 12
ring atons; an arenyl group having GIma Réarbon atons; and O to 3

het ercatons selected fromsS, N, and onp ( ihdic 0; or R3 and R4 taken
together with the carbon to which tte jopﬂed can forma carbocyclic
ring containing 4 to 12 ring atons, a is an integer 0 or 1. 11. The
nmet hod of claim 10, wherein the polyner ébnprises the reaction product of a
m xture of nonomers conprising the nononer represented by t he general

f | RO RLNO d dent | L&
hyar ogen andheron I TS RAEPRTIAGRE BF 21 G0 | EBHE NG L 1 BIRSAIARE ® and

R3 and R4 ind i Ghfabs F)ﬁ@llﬁ 5%b 12 GRPABmaf ONs
or a cycloéiﬁsfﬁpigr ﬁﬂ?%ﬁ% M%mcti:grbon a?gﬁ; Tﬁ% nethodgg? cl ai m
11, wherei nyd ﬁ@n}ﬂ%%ﬁlﬂﬁa\ﬂnﬁg 6e @@bz&ﬂoﬁ atomst led @ twd heteroatoms selected from S, N,

and nonperoxidic 0; or R® and R’ taken to gether with the carbon to which they are joined

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

11.  The method of claim 10, wherein the polymer comprises the reaction product of a

mixture of monomers comprising the monomer represented by the general

formula:
R2
/>'——'—‘l 0O
R1 N
7<§o
' R3 R4

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 alkyl radicals

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

12.  The method of claim 11, wherein the monomer is selected from the group
consisting of 2-vinyl-4, 4-dimethyl-2-oxazolin-5-one; 2-isopropenyl-4,4-
dimethyl-2-oxazolin-5-one; 2-isopropenyl-4 ,A-dimethyl-2-oxazolin-5-one; and 2-

vinyl-4,4-dimethyl-2-oxazol in-5-one.
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consi sting of 2-vinyl-4, 4-dinethyl-2-oxazolin-5-one; 2-isopropenyl-4,4-

di net hyl - 2- oxazol i n-5-one; 2-isopropenyl -4, 4-di net hyl - 2- oxazol i n-5-one; and
2- Vi nyl - %cdaymat hyl - 2- oxazol in-5-one. 56 WO 02/ 24793 PUTUSH1A%3928 13.
The met hod of claim 10, wherein the nedical device is dipped in a solution

t t h hi t f
Col ori ng.danst tecmeded FrHaRL Ly %vhrsfe%ing At Bt T el R0 S8 op
(d) further conpyr u%bgqglgspale%% X furt &%ﬁeﬁﬁlﬁh@ﬁBsen&@ofIb@loﬁﬁghOd

of claim3 wher e’ntsal & tenovi ng st er conprises abrading said

bi oconpati bl e susybaasewi th an abrasive particulate in an aqueous carrier
solution. 16. The nethod of claim 15 whérein said abrasive particul ate
conprises silica or alumna. 17. The nethod of claim1l wherein said

Craim 17 widhe | hecarle ok AFRER isrchl shf reBORE pERTO Rer SRR Bpraivg

19. The nethod aof;ifhigbshpatividirfce sai d reaction tenperature is
approxi mat el y rﬁ)l ent tenperat ure. 57

15.  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.

16.  The method of claim 15 wherein said abrasive particulate comprises silica or

alumina.

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

about 45°¢c.

18.  The method of claim 17 where in said reaction temperature is from about 20 to

about 40°c.

19.  The method of claim 18 wherein said reaction temperature is approximately

ambient temperature.
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