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"COATINGS Field of the Invention This invention relates to coated 1delf& 48l

In particul t|on provi des bi onedi cal devices on the surfaces of
“whi ch stablmmmm MMHIWI c, antimcrobial 5 coatings are formed via coupling

of the coating {Q,lbhe surface by esten or am de |inkages Background of the
| nvention Devi ces or use in and on the human body are well known. The
chem cal 1 o conposition of the surfaces of such devices plays a pivotal
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bi ol ogi cal |y non-fouling surfaceseld 6E@BilMEntibat proteins, |lipids, and cells
will not adhere to the surface. Lenses al so must be wettabl e by tear fluid
in order to ensﬂfhlé “W@afrl@,ﬂrT%ﬁ‘@rqoatcﬂddwmsodalplaylcubr,dw wverfioppgovidesvi ces 15

wi th an an sur ace ar i of met hods
have been &SQ VICSS % esH ‘Ieéé’ E'I':I’af‘g@i ?lﬁdrﬁpm)fc?@'%&?g&th desired
charact gri §5amgs H@Wd,wa b&ﬁﬁﬁg@faielcbhn@ﬂosmé sirPice By 5t8PbLamige f i Ci ent
process that wll provide a sta hydr ophi | antimcrobral coating. 20
Det ai | ed Dbd@gcqotlon of the Invention and Preferred Embodi ments The pr esent
I nvention provides a sinple, econom cal process for producing devices with
stabl e surface coatings, which coatings are both hydrophilic and
antimcrobial. By "antimcrob bacterial adherence to the
device 25 surface is reduced IB%I &%’gmﬁlnﬁﬁoﬁe uncoat ed surface, by
about 30 per cenDeuicestfor ase inandioa theiman by aré well knovemt Therchendcal des a

met hod for nmanufactur r&comedl cal. devices conprisjing,. consisting

essent i ¥l | §oBpOsitighPf éImq enf eh devieesPlays g pivotal role in dictating the

overall efficacy of the devices. For example, many devices, including catheters,
stents, lenses, and implants require biologically non-fouling surfaces, meaning that
proteins, lipids, and cells will not adhere to the surface. Lenses also must be wettable
by tear fluid in order to ensure wearer comfort. Additionally, providing such devices

15  with an antimicrobial surface is advantageous.

A wide variety of methods have been developed to coat device surfaces to
provide them with desired characteristics However, the need still exists for a simple,
efficient process that will provide a stable, hydrophilic, antimicrobial coating.

20
Detailed Description of the Invention and Preferred Embodiments

The present invention provides a simple, economical process for producing
devices with stable surface coatings, which coatings are both hydrophilic and
antimicrobial. By “antimicrobial” is meant that bacterial adherence to the device

25 surface is reduced in comparison to the uncoated surface, by about 30 percent or

more,

In one embodiment, the invention provides a method for manufacturing
biomedical devices comprising, consisting essentially of, and consisting of contacting
30 at least one surface of a biomedical device with a coating effective amount of a

carboxyl-functional polymer and a coupling effective amount of at least one coupling
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.S0 at | east one surface of a bionedical device with a coating effective
anount of a carboxyl-functional polynmer and a coupling effective qrﬂong@lf
at | east one coupling 10 D E C 2002 agent to produce a stable,
"hydrophilic and antim crobial coating on the surface In another enbodi nent,
t he invention provides bionedical devices conprising, consisting
essentially of, and consisting of a bionedical device at |east one surface
of the device having a carboxyl functional pol yner coating coupled thereto
by at |east b5 ager tepuplicag sabkephydByphiliz andmdiimidrotda woatidg orsthewarfaceariy devi ce
designed to be uied ilein, or on either or. both human tissue or fluid.
Exanpl es of s@BRNgeSM e cthgdentipn provides bipmedical slevices campaisingnp| ant s,

cat heters, an e . r . ~0 '
by omed cal degantnd tedEhfals 1o iR cohladheir oA UESIER AL okt e slifies of
contact or i nthedsidediavingasaboxMritsctiohsliplyaidr Coatinpecolipled GRerttd by o MakeCt
lens. It is an unexpected di scovery of the invention that carboxyl
functional Spolopeepuplitg@geid used to provide a stable, antinicrobial as well
as hydrophilic coating ~ 5 for bionedical devices. By "stable" is neant
that subjecting the coating to autoclaving, washing with a cl eani ng agent,
and/ or rinsing w t IBy@abicthddical a8VistliPReslR ity Baﬁcédé?%h@d‘id Bt dséd dlhiigtin &€

chem cal properties of the coating. The coatings of the invention may be
coupl ed to thendithére both heroan trisae esflid. Exarkplgesf suahideidcdsiindhadee without a
conmbi nation thereaf using.certain.couplin ents. 20 upli.ng agents
useful in the W"H'i?gﬂ?’isb‘ﬁ‘t’ig HES‘GB‘&, ca\meﬁﬁgﬁf’d 8?@8?‘3’(“? @H?esc% Bgfﬁf?rﬂ"lddes, N,

N - carbonyldi i , W i Lt ani L i de,

sul furyl CL(fOre?]é%ﬁi?rﬂg&t?%’@?ﬁ%ﬁflé{grdgg%??sgigy#ﬁfhggdén)%gégig@ &%ggﬁ'g%s i odi de,
pyri di ni um sallidtatbn.toontact g1 inaradoudar lgnsesn Wlowrdi preferabbyp Hiestehizt & a goityphasphat e
ester, 25 chlorosilanes, and the like as well as m xtures of tributyl
phosphorus and phenyl isocyanate, al kyl chloroformates and triethyl am ne,
2-chloro-1,3,5-trinti.r - 1A : ri de and
di et hyl anine, and § ?Sﬁ%ﬂ@ﬁ’fﬁ%ﬁeg?ﬁﬁf’ﬁ%? 5@%‘?3%%“?%??”3& #%é%glngﬁ@a?” et hyl

am ne. Pref er rpptynossiplay be usgiaodtpsovidea stablb emtimicrdbial asVolieashydfophilie doatirg

1-et hyl - 3- (3-dj net hyl ami nopro%yl‘) carbodi i m de and dicycl ohexyl 3o

car bodi i mi ¢&. for biogiedicy! devicgs, ByAistahlsy grmeant, that, pbisctipg thsopieg ©  such as

t hose cont ai ni | ] . r.0

car boxyl groupaggmg;r [{rg% lsjﬁr?égﬁa/tﬁ ﬁg?:eo?l,%g%géﬁ ,gangéo‘?ﬁgxgxp ﬁltmﬁlna %ﬁl‘}éﬁ/%‘?ﬁr@s‘?s
hydrophi | i ¢ camt isutgtantibllyhaser fecshesticacpropéreiels dftae codtmgl Tthe @batings of bexy |
functional hydrophilic polynmer, preferably poly(acrylic aci d&,{ ,W@r ovi des a
coating that  iBveitigemaybeicRuplgdiiathnidpyies supfage wia ests es, emudsilinkpgesy eh

coatings. Furt . i Ovi ds. di ti onal advantage of being
anti m crobi al %@@%@ﬁgg&g@dgﬁfcg {llg\&é%’ﬁ%%ggf’ﬂguncti onal hydrophilic
polymers inelude, without Iimtation, poly(acrylic acid), poly(nmethacrylic
acid), poly(maleic acid), poly(itaconic acid), block or random copol yners
of (meth)acrylic ackerpliasagentiusefylin the mveptiar ineludejvithout BmKaian, aci d with
any reactive vj 1i: % Mgt . . | ' t . Preferably,
t he car boxyl fél?% 0 ﬁ([al’?’nﬁyldr' g%ﬁ?’] P@mlb%a@lﬁbmggﬁ%ﬁ%‘?(ﬁdre | (F:"%glgi d) or

pol y( et hacr yl fefraéttbritle, MMueyl Rhidtide Abdride, EibisalEsyl is6eyadatd) pliosphusesliodides
car boxyl functional polynmers may be of any nol ecul ar weight. 20 Preferably,
the pol ymers apysidisfium slts ofitribusylanting ipheryl dichiosephaephgts, polyphespbate ester.0000 t o

15,500,060 . LB 38 B RS 0B PR SRR

isocyanate, alkyl chloroformates and triethyl amine, 2-chloro-1,3,5-trinitrobenzene

and pyridine, methy] sulfuryl chloride and diethyl amine, and triphenylphosphine,
carbon tetrachloride and triethyl amine. Preferred coupling agents are carbodiimides.
More preferred are 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide and dicyclohexyl

30 carbodiimide.



.One or nore surfaces of a device may be coated using the process oféf@ﬁ%ﬁ@%
i nvention. Suitable surfaces for use in the invention are any surfé e

hydr oxyl groups, am no groups, or mxtures thereof. Preferably, the surface
‘is made of a silicone el astoner, hydrogel, or silicone-containing hydrogel.
More preferably, the surface is a siloxane including, wthout limtation,
pol ydi met hyl sil oxane macroners, mnethacryl oxypropyl polyal kyl sil oxanes,
and ni xtures thereof, silicone hydrogel or a 30 hydrogel, such as
ETAF1LCONT"' 1 00EC200l 4 1In the processes and devices of the
invention, if the surface material to be 5 10 coated does not contain the
requi site functional group, such groups may be incorporated into the

surface material Fo{iHesgiRhenunberd bPBYIYmEFOSRA a8 WbsP CohtHRME e Br PY
addi ti on of one or nore hy rouxyl -coirslt g’innishg rrgnor?esrsoi ntogﬁﬁ{e po §/msrs used

to formthe suedomdary amismpiloaps,dfydsuglhegroypl carbbxyd gravgs nornmixtavesotherest, immy! ude,
wthout limtatio pono( et h) acryl ates qof ethyl ene glycol, propylene

gl ycol, gl fce%&l“?%‘eﬂ%‘@f’ﬁfﬂ%@d&? I coatingy 1t hyis been discoxgred Shag the e ‘%ﬁy be
i ncor por at ed i 1 ty Sk daty ( . ] ohol s
such as am nogﬁ bggyc’)llm\h%tg’g?}ght({g*fg?ntplﬁggrleﬁaﬁgfe%gfﬁ&({@%ﬁﬁ%géwg}mg %of

di am nes such coatiy tharmissapéigran aydraphibcityalhenedompafed tother shotsaaimgs.
functional, silicone-containing nononers or 15 20 25 macronmers may be used
t o i ncor por at eFurtherthesesrgtingsprevidetheadditiona adyantagsofibging t he surf ace.

Sui t abl e hydr %ghicggqq%lai ning macroners include, without limtation,
silicone cgntal ning near or branched hydroxyal kyl am ne functi onal
monomers of’ the structure: R246R-Si pSi OSi Rg3KS1~7nm wherein: nis 0 to

500, mis 0 to 500, and n + m= 10 to 500, preferably 20 to 250, R2, R RS,
R6, and R are eacExampissof satablecasboxybnetianabliydsephilsy petymerp inglude,

unsubsti tuted noval ent al k of. 1 t.o 10 carbon..ato a ,substituted or,
reforabl y. - uCHReY Pripier apilaciis et e RfaSugaaH: el BapE A o

i ncl ude al cohqoly(RadoRlc. aci)] Kl8ck HiraAdtn &% lof fm@h)adrylie acial RPYlicCHRIIPS;
R, R3 and quJgryé ea.crﬁacmr 0 TI) EC 20055%&?%‘3&?3%% I ?laagfubés}‘t?ﬁut ed or,
pr ef er abl ylungudleit acid; isatonio poidavitnanyakeiapive winyll mpoorBer, erd the diket andenistures

o, Ut 0 o, B RN, IS L SR R R
groups, and atorlRRRhe®AEYRE adidy NiSre préfRfibRY pb(#REylita6id) Rrgpd a: Rio RO N

The carboxyl functional polymers may be of any molecular weight.
20  Preferably, the polymers are of a relatively high molecular weight, or about 10,0000
to 10,000,000, more preferably about 100,000 to about 4,000,000 g/mole, most
preferably about 100,000 to about 1,000,000 g/mole.

One or more surfaces of a device may be coated using the process of the
25 invention. Suitable surfaces for use in the invention are any surfaces with hydroxyl
groups, amino groups, or mixtures thereof. Preferably, the surface is made of a
silicone elastomer, hydrogel, or silicone-containing hydrogel. More preferably, the
surface is a siloxane including, without limitation, polydimethyl siloxane macromers,
methacryloxypropyl polyalkyl siloxanes, and mixtures thereof, silicone hydrogel or a

30 hydrogel, such as ETAFILCON™



\R11 Il wherein RO is any group capable of linking Nto Si, including

wi thout linutation, a 10 linear or branched dival ent al kyl of 1 t@ ﬁ?@?ﬁﬂ'l 10
carbon atons or an ether group, R and R' are each independently H "a
substituted or unsubstituted nonoval ent alkyl of 1 to 5 carbon atons, a
substituted or unsubstituted aryl group, suitable substituents for which
are substituted with al cohol, ester, am ne, ketone, carboxylic acid, or
ether groups, or the structure. 15 R12 RI# CCR 6 13 ~15 R Il wherein
R4 is Hor a nonovalent (neth)acryloyl, styryl, vinyl, allyl, or Nvinyl

| act am pol yneri zabl e group and preferably H or nethacryloyl; R6 is H a
nonoval ent substituted or unsubstituted al kyl group of 1 to 6 carbon atons,
a 20 substituted ornyhspHasésséstinddedicyd ofdh®HRentfonl ffAR RrfsdmhicHueRibe f or

whi ch are al cohol, ester, am ne, ketone, car boxylic acid, or ether groups,
or a (et h) acrophtgd doessngtropntain the yequisite fiyrictional group, sydh greupisamayds yer i zabl e

d f. bly. i | kyl ) 1to 6 b t bstituted
Wi th an al condfeoaporieddmadbe sitiage Haleiaky Eor example, idioved HOUPLTRK BEpendent |
H, a substit utigghrfératéddyabitioh bEndONAYAR! RYiro1eshtain ]m&R)_n@ergﬁltt(gﬂif'ebon

atons, a substituted or “unsubstituted aryl, suitable substituen or which
10 D E C 2D~z pohahersiesed| to dtwm thesstface, Exampies of etchrhydroxglr domkaning maaomersor

et her groups, .or Z.and RS or R3 and R S for ring structure with the
proviso that d?clvfgaw%gwgm&ﬂ%@og?(m Jagrelates og]r@ws@e gncalRroRd R Yol o
pol ymeri zabl e gy f el .

Silicone-cont %@?hﬁéstggﬁét%%@%g%c#uﬁdﬁe ﬁ]eg pr eggﬁ?ﬁis?\r\q/a ryt_e‘ iutl)cr? rﬁ%rgtegl so be
copol yner s 10 nasingpwithoutdintitagiony (meth)ecrifiicts @ Bininoglcoiuoiosieh as dmindetdnetphi | i ¢

nononers used to meke the hydrogel used in the invention nay be any of the
known tert-butylaminoethanol, or (meth)acrylamides of diamines such as bisaminopropane.

Alternatively, amine or hydroxy! functional, silicone-containing monomers or
macromers may be used to incorporate the hydroxyl or amino functionalities into the
15 surface. Suitable hydroxyl containing macromers include, without limitation, silicone

containing linear or branched hydroxyalkylamine functional monomers of the

structure:
R2 r4 \ rG
R! Si— o § — 0 ——Si —R®
R3 LS } 47
20 n m 1

wherein: n is 0 to 500, mis O to 500, and n + m = 10 to 500, preferably 20 to 250;
R> R*, R’ R®, and R’ are each independently a substituted or, preferably,
unsubstituted monovalent alkyl of 1 to 10 carbon atoms or a substituted or,

25  preferably, unsubstituted aryl group, suitable substituents for which include alcohol,

ester, amine, ketone, carboxylic acid, or ether groups; R', R> and R® are each



.nononers useful for hydrogel formation Preferred hydrophilic nononers used
in formng the surfaces coated by the process of this invention are acrylic
or vinylic-containing. Acrylic-containing nonomers contain the group DEC 2002
(CHZ=CRCOX) wherein Ris Hor CH3, and Xis Oor N Exanples of such
nmononers include, wthout Iimtation, N Ndinethyl 15 acrylam de,

2- hydroxyet hyl nethacryl ate, glycerol nethacrylate, 2-hydroxy ethyl

met hacryl ami de, pol yet hyl ene gl ycol nononet hacryl ate, nethacrylic acid,
acrylic acid, and the like. Vinylic-containing nononers refers to nononers

ini h 0 (-CH= . | f. i de,
S thout 10t SnipREeqfy sy SUred b preleghy et GRS OBy ARG MkUIRL 1 8,39
N-vi nyl - N- met haghb ACRSATHAE sublstidihdddr; Mefirdbiy, Lﬁ\%ﬂmﬁ!ﬁaryt rsbp Mitableet Y|

formam de, N-vinyl formam de and the |ike.” Prefera e nononer is
N-vi nyl pyr r ol sulistiteent 2for @thidr ary gldolag héstércamme,cretore, cdrboxytimycideorestidroyed i n
formng the surfaces of the i nv&,ti on i nc,J_udz, v¥jthout limtation,

pol yoxyet hy? erfEOPRs ?/'Eﬂog Ieast, PR Ofdh e Ror adolk ets & thei tREMUlAY dr oxyl  gr oups
replaced with a functional group containing a polynerizabl e doubl e bond.
Exanpl es include, without Iimtation, polyethylene glycol, ethoxylated

al kyl glucoside, and ethoxyl ated bi sphenol A p®acted with one or nore
equi val ents of 30 an end-cappi ng group suckyas i socyanat oet hyl

met hacryl ate, methacrylic anhydrider’ —1 §°D E C 200 7 net hacryl oyl

chl oride, vinylbenzyloyl chloride, or the I\ke to produce a pol yet hyl ene
pol yol having one or nore termnal, polynerizrbl e, gyefinic groups bonded

to the pol yethyl ene polyol through |inking noieties such as carbanate or
ester groups. Additional exenplary hydrophilic nononers are disclosed in

United States Rgfenh R¥oSany $160b Capabid o dking- R 16 &f; inBkish withGud IRGRLRA! 2t €d

herein in their
10  linear or branched divalent alkyl of 1 to about 10 carbon atoms or an ether group, R'’

and R'' are each independently H, a substituted or unsubstituted monovalent alky! of
1 to 5 carbon atoms, a substituted or unsubstituted aryl group, suitable substituents
for which are substituted with alcohol, ester, amine, ketone, carboxylic acid, or ether
groups, or the structure.

15

C
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wherein R' is H or a monovalent (meth)acryloyl, styryl, vinyl, allyl, or N-vinyl
lactam polymerizable group and preferably H or methacryloyl; R'® is H, a
monovalent substituted or unsubstituted alkyl group of 1 to 6 carbon atoms, a

20 substituted or unsubstituted aryl group, suitable substituents for which are alcohol,
ester, amine, ketone, carboxylic acid, or ether groups, or a (meth)acrylate, styryl,
vinyl, allyl, or N-vinyl lactam polymerizable group and preferably is an alkyl group of
1 to 6 carbon atoms substituted with an alcohol or is a methacrylate; R'?, R, and
R" are independently H, a substituted or unsubstituted monovalent alkyl of 1 to 6

25 carbon atoms, a substituted or unsubstituted aryl, suitable substituents for which



.entireties by reference. Preferred hydrophilic nononers are N, N-di net hyl
acryl am de, 2-hydroxyethyl nethacrylate, glycerol nethacryl ate, 10 DEC 20m
2- hydr oxyet hyl net hacryl ani de, N-vinyl’ pyrrolidone, polyethylene glycol
mononet hacryl ate, and (meth)acrylic acid. Mst preferably, N, N-dinethyl
acrylamde is used. In the process of the invention, the surface to be
coated is contacted with the polyner and at | east one coupling agent in any
conveni ent manner. For exanple, the 15 devéce may be placed in a_sol ution
of pol ymer andnelbfe aleehdlasterydmios, ketaneceanponylig acideortethes gaalsdor RS anhR '
alternative, the, pol y.0or the device surface may first be treated with
the coupling a¥ taﬁigﬁth‘?émﬁ'f’\gas Clupe it It}%Fclgﬂv'?ﬂ¥ t bﬁ%@?mEBF i on

Sui tabl e sol vegtgnfron g}%ﬁ%si&mfh'@?n&d&\ﬁﬁpta}eﬁibggf&izﬁﬁggﬁo prditapigaRabRe of 20

sol ubili zi ng both the Tarboxy unct 1 ona yner the couplfing’ agént.
Preferably, thed®aaield. process is carried out in a water or aqueous

sol ution, which solution preferably contains buffers and salts. The

car bodi i mi d& 1- et hyl - 3- (3di net hyl ani nopr opyl ) carbodi i ni de ("EDC') is
effective in agueoug; ut | ¥ i ng
agent. 25 The coupl ?l#{g&{aegéedﬁ?dsﬁ%%gglgrgteﬁg%gfug c}ﬁeeH%?érftE&%éﬁ%ﬁ[ﬁg}f @g&n%\n th
agents capabl ecapolyieadincomoriding dyie be fidkéd MelropHilky meabraére The ArdtopHiiey
exanpl e, EDC may be used with N-hydroxysuccininmde as a stabilizer.

Addi tional |y, mpnemgrspsedfedaakedhe hydsogeljusest intheinyentioninaay berany of thedaowno

optim ze ester m.d | Nk for.mati.on. Preferably, the pH ~o 1 0DE
C 2002 s is adﬁﬂﬁégr@gsy%et#u\,f@ﬁ%ﬁ%ﬁf%m'&n% about 8 0, nore preferably from
about 4.5 tjp about 5.0 5

Preferred hydrophilic monomers used in forming the surfaces coated by the
process of this invention are acrylic or vinylic-containing. Acrylic-containing
monomers contain the group (CH,=CRCOX) wherein R is H or CH;, and X is O or
N. Examples of such monomers include, without limitation, N,N-dimethyl

15 acrylamide, 2-hydroxyethyl methacrylate, glycerol methacrylate, 2-hydroxy ethyl
methacrylamide, polyethylene glycol monomethacrylate, methacrylic acid, acrylic

acid, and the like.

Vinylic-containing monomers refers to monomers containing the group
20 (-CH=CH;). Examples of such monomers include, without limitation, N-vinyl
lactams, such as N-vinyl pyrrolidone, and N-vinyl-N-methy] acetamide, N-vinyl-N-
ethyl acetamide, N-vinyl-N-ethyl formamide, N-vinyl formamide and the like.

Preferably, the monomer is N-vinyl pyrrolidone.

25 Other hydrophilic monomers that may be employed in forming the surfaces of
the invention include, without limitation, polyoxyethylene polyols having one or more
terminal hydroxyl groups replaced with a functional group containing a polymerizable
double bond. Examples include, without limitation, polyethylene glycol, ethoxylated
alkyl glucoside, and ethoxylated bisphenol A reacted with one or more equivalents of

30  an end-capping group such as isocyanatoethyl methacrylate, methacrylic anhydride,



A coupling effective ambunt of the coupling agent is used which amount is
sufficient to couple the polyner to the device surface. The precise'¢@ggﬁhz
of coupling agent used will depend on‘the surface's chemistry as wel
"the polyner and coupling agent selected. Generally, about 0.01 to about 10
wei ght percent, to preferably about 0.01 to about 5.0, nore preferably,
about 0.01 to about 1 weight percent of the coating solution is used. By
coating solution is nmeant the polyner with’ one or nore of the solvent,
coupling agent, and buffer. Typically, the anmount of coating solution used

per Lene 11 20 Qi RSP SLRC PR 3o St %0
effective am’gﬁiyoﬁ)ﬁax‘?& $NESL d@ﬁre%é&ﬂgﬂﬁ@@%nﬂﬁiﬁﬂlea&gﬁ#ﬂé ﬁr%tﬁfpgb&'b&:attottl?e coat

the surface to the destred gr ee. t he "anotin olyner used is
about 0.001 t gohketiylenePalyoptiebgihdinkingahsietiesGubhlad @risdnnitd oSédter [Ep6Es.
preferably, about 0.01 to about 10 wei ght percent of the coating sol ution.
20 Tenperature and pressure are not critical to the process of the

i nvention and the p ss,may be conmveni.ent|ly carried out .at,ro

Lemper atur o and pr CACH QL ERRvRdy SORRIF HooPpef s Beipire 8 UrliS Bl ac ur e
of about 30 t PaadipMos69 050,085 bsPAo10 D27 GaERsE iddoRRrate® fertinlih tikgr @ | ength
of time sufficient to coat the surface to 25 the extent desired. If the

surface i s beiantjretienbycefengned. tRrefarred bydriophjlic pronomexs layedN-dishethylon,
enerally, contact ti i1l be fromabout 1 mnute to uf 24 hours,
gref erabl>/y frwg%ﬂf’r%ﬁi"gloﬂfélﬂﬁmf cﬁﬁ?agﬁt Fro%}eﬁlaﬁyyiqa%%&c{;%y,e .;bout 1
mnute to ?@O%etﬁ&rgih&iﬂe?ﬁ-ﬁgyl pyfroflddieEpStydBilénd dlyddd mopbmbtasrylate, ahd St

treated with only the colpling agent, the contacting time
(meth)acrylic acid. Most preferably, N,N-dimethyl acrylamide is used.

In the process of the invention, the surface to be coated is contacted with the
polymer and at least one coupling agent in any convenient manner. For example, the
15 device may be placed in a solution of polymer and solvent into which the coupling
agent is added. As an alternative, the polymer or the device surface may first be

treated with the coupling agent and the surface then placed in a polymer solution

Suitable solvents for use in the invention are those that are capable of
20  solubilizing both the carboxyl-functional polymer and the coupling agent. Preferably,
the coating process is carried out in a water or aqueous solution, which solution
preferably contains buffers and salts. The carbodiimide 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (“EDC”) is effective in aqueous solutions and,
thus, is a most preferred coupling agent.
25
The coupling agents may be used alone or in combination with agents capable
of stabilizing any reactive intermediate formed. For example, EDC may be used with
N-hydroxysuccinimide as a stabilizer. Additionally, it may be necessary to adjust the
solution pH in order to optimize ester or amide linkage formation. Preferably, the pH

30



W ||l be about 1 to about |20, preferably 2 to about 60 m nutes. Tgﬁéﬁgﬁ&ﬁce
‘then is contacted with the pol yner-sol vent solution as described .
Fol |l owi ng contacting, the surface may be washed with water or buffered
‘saline solution to renove unreacted pol yner, coupling agent, solvent, and
byproducts. Optionally, the coated surface may be heated in water to
extract residual coating, coupling agent, and byproducts and to ensure the
break down of any 1o coupling agent - stal®ilizer conplexes that nay have
formed. In one enbodi nent of the invention, after coating with the carboxyl
functional polyner, the coated surface may be fiarther nodified. For
exanpl e, the coated surface nay be reacted with nononers or polyners
capable of re \: j Lanctiena t he.coa}i-ng., Sych

i arther reactt sttt foh 8l SLPHEM 8 OChnoR BRTAR. chBRERRRE S T8 ane

i ncludi ng thosepdi scl osed herei nabove. Illustrative usefi | nononers
include, without limtation, alcohols, such as nethanol and ethanol,

pol yol s such as ethylene glycol and glycerol, amines such as n-butyl ani ne,
met hyl anune, ammoni et.han mne or, diethanol am ne, and.,the |ike.
Fowever . one 20 or dt haifing SaRAve APt o115 SR Pne Aferd S P amagute e

sel ection of tifciEatid ddupf i POlRier &Y the AbviBBsurtick | TH@?&EQeQﬂnohﬂteof, ,

nodi fication desired to be inpafted to the coated surface One ordinarily
skill ed in theoaplingrgent used mglhidepend loatthe huefate’s chémistirpas wWell a@thepotytheri ng t he

surface to be cqated. by the t hod, of fhe inveption may conptai n ot her
nononers and icop gxg_agpgrseggtgap%@per&{lx, rahout Q){’]{efo &’8%?(%?%% PSFRYy s,
reactive tijpt Sy eff LE o j \ [ tion
W be ti a0t epRERaRpG Ok Boal SR, Hidfe pletallibanph QBFfh il 1NHER
non-1imting epencant efthe codting sblufiofisAi¥eé@ By coating solution is meant the polymer
with one or more of the solvent, coupling agent, and buffer. Typically, the amount of
coating solution used per lens will be about 0.1 to about 100 g, preferably about 0.5

to about 50 grams, more preferably about 1 to about 10 g per lens

15
A coating effective amount of polymer is used meaning an amount sufficient
to coat the surface to the desired degree. Generally, the amount of polymer used is
about 0.001 to about 100, preferably about 0.01 to about 50, more preferably, about
0.01 to about 10 weight percent of the coating solution.
20

Temperature and pressure are not critical to the process of the invention and
the process may be conveniently carried out at room temperature and pressure
However, in a preferred embodiment, a temperature of about 30 to about 60° C is
used. The contact time used will be a length of time sufficient to coat the surface to

25 the extent desired. Ifthe surface is being contacted with a coupling agent-polymer
solution, generally, contact times will be from about 1 minute to about 24 hours,
preferably from about 1 to about 120 minutes, more preferably from about 1 minute

to about 60 minutes
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Exanpl es Preparation 1 Silicone-containing contact |enses were pre aurﬁfj[
according to the followng 5 procedure. 500 g of oc, w bisam nopropgl 2002
pol ydi met hyl si | oxane (5000 MW and 68 g of glycidyl nethacrylate were
‘conbi ned and heated with stirring at 100 C for 10 hours. The product was
extracted five tinmes with 1500 nml of acetonitrile to renove residual

glycidyl nethacrylate to give a clear oil Infra-red spectra were as
follows: 3441 crri', 2962 cm, 1944 crri',91725 cm', 1638 crri', 1612
crri', 1412 cm'. to A blend of 25.35 wt percent of this reaction product,

25.35 w t 3 th | | bi s(trimnethylsil t hyl si.l an
25 BT S R PR A TR 20 T Gl
2- hyd -2- - e - | Al , 13.2
G 2T bR E Tyl RS ARs bbbl I o

oct aret hyl cycl @ineictaiswitlpRpodlyRs-solvesisolulion a¢ dadcaibéd diwe. ol ds using LTV
| ight. The nolds were opened and | enses rel eased into isopropanol and then
transferred’into a borate-buffered solution. Exanple 1 20 170 of the

Preparation 1 |ense re imersed,in 313 f a borate-buffered saline
sol ution contai ni ngP ciﬁ.%%’%c L4CURE the ﬁgfg?%d%ﬁﬂ?gmfﬁ?%&ﬁm#ﬁf&fQgﬁ‘a{fgo_ 62 g
EDC wer e addedsafifélsdhitfonforbmbee Waeacde paymer, 8bupling dpéredofVedt 4h@ for 1 hour.
The |l enses were then rinsed five tines wth fresh saline solution. The

dynami ¢ cont achypaedyictss Qutiomallyo thet epatrdf suefaeaimaybé heatedan avaterds gxtzatt uesidugl a

W I hel ny bal ance .before.25 and afier coating. The results are shown on
Table 1 The cORFBE CERUEAEREN AR BsCRSIL AP FBST HEDTER 4 ol and t he
gygag goggnba%@ngé SseniPaEbliSd colpfexbEal iy RAVR fofn on Table 1. 30 1 0

In one embodiment of the invention, after coating with the carboxyl functional
polymer, the coated surface may be further modified. For example, the coated
surface may be reacted with monomers or polymers capable of reacting with the

15 functional groups of the coating. Such further reaction may be conducted using any
suitable coupling agent, including those disclosed hereinabove. Illustrative useful
monomers include, without limitation, alcohols, such as methanol and ethanol,
polyols such as ethylene glycol and glycerol, amines such as n-butylamine,
methylamine, ammonia, ethanolamine or diethanol amine, and the like. However, one

20  ordinarily skilled in the art will recognize that the selection of the modifying
monomer or polymer will depend on the modification desired to be imparted to the

coated surface

One ordinarily skilled in the art will recognize that the formulation for
25 producing the surface to be coated by the method of the invention may contain other
monomers and additives. For example, ultra-violet absorbing monomers, reactive

tints, processing aids, and the like may be used.

The invention will be further clarified by a consideration of the following,

30 non-limiting examples.



Several of the autoclaved | enses were cleaned using a digital rub and a

cl eaner of purified water, isopropyl alcohol ( 15.7 percent m/m0,1qpbﬁ§zﬁ?r
407, and anphoteric 10 (avail able as M RAFLOM"'). The | enses were T

with saline and 5 the dynami c contact angles of the autoclaved and cl eaned
| enses were neasured with borate-buffered saline before and after coating.

The results are shown on Table 1 Conparative Exanple 1 Five Preparation 1

| enses were i mersed in a borate-bufferedl&aline solution 1o containing 1.5
wt percent (250,000 MN poly(acrylic acid) as in Exanple I, except that no
EDC was added. The m xture was agitateq at Eoon1tenperature for 1 hour and

then the lenses were rinsed five tines resh saline solution. One |ens

was cl eaned using a digital rub and Nh)ﬁﬁ’: The lens was rinsed with
saline and was unwettable 15 Preparatio aléa%% g

1, 3- bi s( 3- am nopr op§ilijorectaneaifihd yoriacs ldnsesanere pBepabied agcording to the following
oct anmet hyl cycl ot et rasi | oxane, 13.37 g 3-am nopropyl met hyl di et hoxysi | ane,

0.1 g pot assi wipeeduico 08 & ofsha-bigminaprepy pelydimethylstaraned0¢hMWeanded g o 145
C, with 20 stirring and renpval of a water, K and ethanol. azeofrope. The

m xture was cd’(glg’g&%ﬂ'gm%?@n%?dwﬁefgmamﬁ apd Ee"g?ﬂewt a%f@&g?hg&%(gf%l was
stirred for 1 g BRGrédct abExtdtiUal tfilsivith 15%%&&%@&%5&:‘«@%0 remove

devol atilized by heating to 145 C at about 1 torr. 10 g of the

am nof unct i onaksigwal glycidpmetbadrylatedo givediLuient oile Iframudispacch werelas 28loivs3 3 ¢

gl ycidol and Q.729 g gl ycidyl t hgcryl ate, A_podgrate exptherm was noted.
oW 4 ’ '

The nmixture wad4d 2 g0 ddet cmor 119 > d&y8 ctur 161 Sihi-dR1# F®e it becane

very viscoys. The product was a pendant hydroxyal kyl am ne-functional,
silicone containi ng nononer
A blend of 25.35 wt percent of this reaction product, 25.35 wt percent 3-

methacryloxypropylbis(trimethylsiloxy)methylsilane (“MBM”), 27.3 wt percent N,N-
dimethylacrylamide (“DMA”), 0.31 wt percent 2-hydroxy-2-methyl-1-phenyl-propan-
1-one available as DAROCUR™ 1173, 13.2 wt percent 3-methyl-3-pentanol, and 8.8

15wt percent octamethylcyclotetrasiloxane was cured in a contact lens molds using UV
light. The molds were opened and lenses released into isopropanol and then

transferred into a borate-buffered solution.

Example 1
20 170 of the Preparation 1 lenses were immersed in 313 g of a borate-buffered
saline solution containing 1.5 wt percent (250,000 MW) poly(acrylic acid) 0.62 g
EDC were added and the mixture was agitated at room temperature for 1 hour. The
lenses were then rinsed five times with fresh saline solution. The dynamic contact
angles with borate-buffered saline were measured using a Wilhelmy balance before

25 and after coating. The results are shown on Table 1.

The coated lenses were autoclaved five times at 121° C. and the dynamic

contact angles measured. The results are shown on Table 1.
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.30 1 0DEC?2002 12 12.06 parts of the nononmer were copolynerized with
-7.24 g DMA, 4.82 methacryl oxypropyltris(tr7nethylsiloxy)silane ("TRIOSDEC 2002
and 0.06 g DAROCURET"' 1173 by exposure to UV light in a contact |ens nold.
‘The resulting | enses were 5 soaked in isopropyl alcohol to renove any

resi dual nonomers and then equilibrated in borate-buffered sol ution.
Exanple 2 25 |l enses from Preparation 2 were inmersed in 46.46 ¢
borate-buffered saline 1o to which 1.95 g of a 35 W percent aqueous
solution of poly(acrylic acid) (250,000 MNN had been added. 0 09 g EDC were
added and the m xture aqi tated at roomtenperature for 5 mnutes. The

| enses were then ri pewERIAf theputodgved lansesamers glepned using a disial sukiarnd e clggneani ¢
contact angl es r in le 1. Th esults are shown on

Tabl o 1. 19 et ried S At REn Py s ROt TR Fadeen e TR RE 38815 o
1.0 % sol uti onaRphdebNe 10N BlCasIHLFIOIWTR) | TRe Rhsek W2 HAERSHA dlife {r one
hour. The |l enses were transferred into 132 g of a solution of 3.0 %

(250, 000 MA§ pihieylynamigicoptacicang]es iofiti2aubmiaved abd tleareddersed ivere. meabtred woithe
hour at roomtenperature 38 E re adde After one hour_at room
t enper at ur e, t?&geétﬁ’sfé e%ﬂ%e ?qu@é‘ﬂDg\ﬂﬁgfhc%BPét %hﬁtﬁs\“'&‘gﬂ shown ap Tabledy wer e
then placed into 60 g of 5 % glycerol in borate buffered saline, to which
0.60 g EDC were added. After one hour at roomtenperature, the | enses were

rinsed five tinmes with fresh borat &€dmgatativeExaniple’e sol ution. The | enses 25
were found to be very wettable Preparation 3 Contact |enses were nmade by

pl acing a bl end of Kiyekrensgationilensegpgreipnmersad inghorate-huffered saline solution

pol yet hyl e g . di QII.‘W . +3- bi

met hacryl o@pr%%@@bpgtlgﬁ?gﬁcﬁ@%ﬂ?/@m 0 9@2(%&%)%%91)}&5%&\%" B%elr’ &R t350
average 10 Dibat hio BOZ2wiSadded e ThE aixtwh) WY agifatddax Yodin keniieath@rier §hyeol
met hacryl ate, 30,18 w percent TRI'S, 15 wt percent

3- ( per f | uor o- 5anfethey thedgysey werannsed yptimpsy withdies salipe selutiors. Onelenpwps ent
met hacrylic acid .80 wt..percent | 1850,, 4 0O w rcent. s
NCRBL 0CTM 7o66¢caned 13 e S g METATER W ke s atasins BEWHE S apg
adduct of Reaciygnibifpiee bl ended with a diluent of pol ypropyl ene glycol
(average of 20 repeating units) ethyl hexyl alcohol ( 1:1 by wt with a
reactive nooner to diluent ratio of 60:40 by w) into | ens nolds and

irradiating the nolds with visible i gPt. TQe resulting | enses were soaked
in isopropyl alcohol to renmove any rest a2 Broner s

2.48 g 1,3-bis(3-aminopropyl)-tetramethyldisiloxane, 83.62 g
octamethylcyclotetrasiloxane, 13.37 g 3-aminopropylmethyldiethoxysilane, 0.1 g
potassium hydroxide, and 10.0 g water were combined and heated to 145° C, with

20 stirring and removal of a water and ethanol azeotrope. The mixture was cooled to
60° C and 0.13 g acetic acid added The mixture was stirred for 1 hour and filtered

through celite. The product was devolatilized by heating to 145° C at about 1 torr.

10 g of the aminofunctional polysiloxane fluid produced were combined with
25 1.33 g glycidol and 0.729 g glycidyl methacrylate. A moderate exotherm was noted.
The mixture was allowed to react for three days during which time it became very
viscous. The product was a pendant hydroxyalkylamine-functional, silicone-

containing monomer
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1o and then equilibrated in borate-buffered solution Exanple 4 20
‘Preparation 3 | enses were imersed in 40 nl of a borate-buffered dd Jhgp
solution containing O 8 Wt percent poly(acrylic acid) (250,000 MW 0.06 g
EDC 15 were added and the m xture agitated at roomtenperature for 1 hr.
The | enses were then rinsed repeatedly with deionized water. Dynam c
contact angles were neasured as for Exanple 1 and the results are shown on
Table 1 Preparation 4 20 Lenses were prepdfed as in Preparation 3 except
that 2.0 wt percent of 2hydroxyethyl methacrylate and 13 wt percent

3B uor o S ety e A Sxer B TS Rer X ahe 4t ed e o
saine ol U | SR GAR AR O RIS SO POTIGSY M o8 hnpRBRON0 WY

The | enses weria78grexposisesd Uetight adl sonvict RndORL eFHettduttidemsat wege The

| enses were found to be very wettable 3U 10 DEC 2002. 14 Preparation 5 12
5 g KOH wer® aqaksd indsopspyhaleshop o remiove gayp rsidpplanenamersrendqifien gquilitsied

avail able from @rreri gott C‘é)r(ﬁ.ﬁ Edi son, N J as GLUCAMIM P-20, in a high s

t enper at ur e/ prafSREOTIEY '%e i xture was heated to 105 C and stirred
fir 30 mnutes with nitrogen sparging, and then pulling vacuum After
repeating the sparge/vacuumtwo nore tines, the pressure was allowed to
rise to 10 psi and the tenperature incrisaspie20 125 C. 1922 g propyl ene

oxi de were added gradually over 7 hours while i.nt ai ni a pressuyre, of
30-40 et “and o t e TETOeRgatioh 2 Mefymries R ¢ Qe g B FTed feline
overni ght, 194 7%,qyaLlY b6 R&rPI5dst #Wgééilt g&l%qs m',tk&vufg%il,ga&ynm dcftl) (Bs®eGsiur €.

The product was neutralized wt phosphoric and fil'teréd with
dicalite to giMdVkhadlbieginaddedh&29 ¢ ERG wereiattledbaridytbie omstiireragitited abfood8 3 ng
KOH g To a solution of 200 g of this product, 21.0 g triethyl amne and 342
my N N1 s di meERPERe &y mauis. e %@sgwwgrh@tw%ﬁémgﬁ V’é‘élf“‘a‘qnﬁ{]’c“ﬁyl at 40
C were added 3 : i rd i

di met hyl et herS%ngcg%vﬁﬂé éﬁ?‘g?n‘?ﬁ‘&%rdé‘gaé ?‘%&f‘f’%g 12"%%‘%?%%%*?%&?*%@%‘%.
The reacti on was showi bmdabledt 40 C for 7 days. 20 The reaction tenperature
was decreased to 25 C and 100 m deionized water were added. The pH of the
reaction nilXture was adjusted to 7.0 using a 5 aqueous hydrochloric acid
solution 600 g of AMBERLI TETM | RA 96 \Aﬁ’ﬁgﬁqg d and the m xture stirred for
one and one half hours. The AMBERLI TET was renoved by filtration

and the m xture vol 30 Ptépamtionl la8ed werd Imfietsad & 29 2dwtad % pharRawfEDC
Approxi mately 1 L chl orof orm was added and the resulti ngq | i qui d was washed
with an equal pdore buffersd saling abnem eaparatwg frongdignnT s EBICHEER e t wi ce

fhrough a 400 By Tadge b £ERes LR SREMY) fuflactiS aBanat”, e
chl or of or mapenpytag bufféasd sakiRs SAfe? .ondhpiioatir68h @ériipefSturd]. 038t BDCI wever e added
and then 30 added. After one hour at room temperature, the lenses were rinsed with borate

buffered saline. They were then placed into 60 g of 5 % glycerol in borate buffered

saline, to which 0.60 g EDC were added. After one hour at room temperature, the

lenses were rinsed five times with fresh borate buffered saline solution. The lenses

25 were found to be very wettable

Preparation 3
Contact lenses were made by placing a blend of 15 wt percent 4,600 average
molecular weight polyethylene glycol dimethacrylate, 2,0 wt percent 1,3-bis(3-
30 methacryloxypropyl)tetrakis(trimethylsiloxy)disiloxane, 30 wt percent 350 average



.10 D E C 2002 15 renoved under reduced pressure to renove residual

‘chl oroformand yield a macroner. 5 A blend was nmade of 11.2 %of t

macromer of Preparation 5, 40 % TRI'S, 28 % DVA, 0 8 % DAROCURTM 11 ,UQQ&WZ
20% 1- hexanol . The blend was cured in contact |ens naids by exposure to W
light for 30 mnutes. The nolds were opened and the | enses released into a
bl end of isopropanol and water, rinsed with isopropanol, and placed in
borate-buffered saline. ~o Exanple 6 3 S Hreparation 5 | enses were i nmersed
in 184 n of a borate-buffered saline solution containing 1.37 wt percent

e T e SRR T
reacr od. " The 7o R P e ey ey 2l R Dp B a3 0 P C°
macr omer of Prpegantahetbacrifdiomeidc 0BON®i precentREATLIRETRISS0, 20 ot ﬁdﬂc@t DMVA, 0. 27

g DAROCCURTM 1173..0 9@ 2- hydr et hyl net hacreq/l ate, 0.0078 g of the
Sdduct of 2 nytBRLOIRY 1956 RA0A Wt Reresrt oRthe MrEoBey meﬁwaw!at%ddglct

L hexanol . Thict dbhaRd e GGG s SAIAE bt DS oLl USRS 240, U

l'ight for 30 mnutes ase into a

bl end of |soprr§ﬁaaﬁ@g usits)l ethglihexyl alcohslgd: vyt Wt w&barréa@ﬁn@hmamer @I diRest i n
borate-buffered saline. 25 Exanple 7 3 5 Preparation 6 |enses were inmmersed

in 184 m of d4atiela®4bby worisle lsrwmﬂés aw iradating hetraplds with visible lightpdiheent

poly(acrylic aci m xture

Do atod at r SEMng GRS bpsd i hBrihy RIS B an PeidhdFaBdngfh S 1
were then §j nead theprQalliBeited iWbbrteblBérad Solbidd er ed sal ine sol ution and the
contact angles neasured. The results are shown on Table 1 5 Exanple 8 35

ETAF1ILCONTM | enses were imersed in 184 nl of a borate-buffered saline
solution containing 1.37 w percent po%ﬁ ac ey4| c acid) (250,000 mw. 0.030
g EDC were added and the mixture agita oom tenperature for 1 hr. The

llenses were then rijpgaepdrRRsied Rded wiiré findeR& A48 MLl dpste TRITRA sBifleut | ON
and the contact to angl es nmeasured. The resulting | enses were very wettable
and | ubri ci oussolution containing O 8 wt percent poly(acrylic acid) (250,000 MW) 0.06 g EDC
15 were added and the mixture agitated at room temperature for 1 hr. The lenses were
then rinsed repeatedly with deionized water. Dynamic contact angles were measured

as for Example 1 and the results are shown on Table 1

Preparation 4
20 Lenses were prepared as in Preparation 3 except that 2.0 wt percent of 2-
hydroxyethylmethacrylate and 13 wt percent 3-(perfluoro-5-methylhexyl)-2-
hydroxypropyl methacrylate were used

Example 5
25 50 Preparation 4 lenses were immersed in 100 ml of borate-buffered saline
solution containing 0.88 wt percent poly(acrylic acid), 250,000 MW. 0.15 g EDC
were added and the mixture agitated at room temperature for 1 hr  The lenses were
then rinsed repeatedly with borate-buffered saline. The lenses were found to be very
wettable
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Exanple 9 Two | enses from Preparation 1 were placed in a solution of 10 %
‘EDC and 0.25 % poly(acrylic acid) (750,000 MW at roomtenperature After 20
m nutes 15 The | enses were renpved and rinsed with borate-bui ~ered 1dbDEh g
solution. The | enses were wettable. 2U 25 30 1 0DEC2002 mTable 1 '
Exanpl eUncoat ed LensCoat ed LensUncoat ed LensCoat ed LensAdvance Angl eAdvance
Angl eRecedi ng Angl eReceding Angle()()()() 11354562401

(after..--50__ 39autoclave)l (after autoclléve.---58 --52and cl eanin

) 21143256352 (her..--35__ 45aut ocl ave) 2(after autocl ave-~--35---39and

cl eanin ) 41485050444 (after-.--45---43§utoclav )4 (after

aut ocl ave- . - - 49-- _42and cl earm ) 6111448PI Mt t er 55 - 50aut ocl ave) 6

(after autoclave_- ‘1&15_%@51‘%@5&%3%5'%?@- %%‘@'@5%&&7 ;_)r_o§87é)|l%ac1}e é)f methy}q%lfx%%%,4 8548

(after 39 - 44autocl ave7 (after autoclave---52 eani

(after__ 56_- _av@ibleofedraiaer{cal Corp. AEdisu, Avie as GBRICANAARD(; lredhigh ) Exanpl es
10 and 11 A culture of pseudonobnas aerugi nosa, ATCC # 15442 (from ATCC,
Rockvi | | e, Martgmpgratureipressproraactovehe gimtuierwasdgated to A 0Pt Condatyrrdskfin ). A 1
0 0 E C 2002 is. standardi zed phosphate buffered salin PBS, .washed
bacterial i nodBHF W& %V%%F&rsgﬁf WF?\Q“@“&V?LCO'B"’M FHrePRRE St eri a were

applied to | e%ﬁ%efvﬁ&fﬁn%ﬁio?@tiﬂ‘le%@ﬁe ﬁessgfét\bascﬂﬁa%g té‘mﬂgfﬁ]ﬁbg%‘%@sﬁ G Met D

pol y(acrylic aci The contact 5 I'enses were washe Each washed
| ens was comnbitamgeraiuréiindreaiedoo 1215e Cstlaadgrpopdehebmidecweéraladdetiogadually onera
glass vial, which vial was shaken at 100 rpmin a rotary shaker-incubat or
for 2 hr at 35 wurEwhile maintainiag apsesturd ohp @140 pEindH tgmperature of 139°r. AfterBs
cont ai ni ng 0. 05 per.cent. TVWEENT" ' nd vqrtexed at 2000 m for 3 m nutes
2t 't oom t eAbercaplimune FeehPh SiFmist el aethia . Sre e RGBTl v
bacteria. The gresddute  THAROEH® Wadhediddlz8d RithShPWphbdbhokid Soid hd/ ARG EY With
acid) coati n\g,g\sgreat 'y reduced adhesion of bacteria to the |enses. The

| enses were 1calitd to, givad blightly hazy liquid with a hydroxyl number of 28 3 mg KOH/g

To a solution of 200 g of this product, 21.0 g triethylamine and 342 mg N,N-
15 dimethylaminopyridine in 600 g dry ethylene glycol dimethy! at 40° C were added
32.1 g of methacrylic anhydride in 250 g ethylene glycol dimethyl ether dropwise to
the reaction flask over a 7 to 8 hour period. The reaction was continued at 40° C for

7 days.

20 The reaction temperature was decreased to 25° C and 100 ml deionized water
were added. The pH of the reaction mixture was adjusted to 7.0 using a 5 %
aqueous hydrochloric acid solution 600 g of AMBERLITE™ IRA 96 were added
and the mixture stirred for one and one half hours. The AMBERLITE™ IRA 96 was
removed by filtration and the mixture volatilized at 30 to 35° C under reduced

25 pressure. Approximately 1 L chloroform was added and the resulting liquid was
washed with an equal volume of 5 % aqueous solution of sodium bicarbonate twice
and with saturated sodium chloride once. The organic layer was passed through a
400 g silica bed. 100 mg of 4-methoxyphenol were added and the chloroform
removed under pressure. Approximately 75 ml methanol were added and then
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LensUncoat edCoat edPer cent Reducti onExanple 117.7 x 106 CFU0.20 x 10 6
CFU99Exanpl e 83.54 x 106 CFU0 05l x 106 CFU99 15 Exanple 12 Preparat] ®mEt 200
| enses are imMersed in 313 g of a borate-buffered saline solution
containing I . 5w percent ( 100,000 MN poly(acrylic acid). 0.62 g EDC
are added and the m xture was agitated at roomtenperature for 1 hour The

| enses are then rinsed five tines with fresh saline solution. 20 Exanple 13
Lenses from Preparation 2 are inmersed in ®%6.46 g borate-buffered saline to
which 1.95 g of a 3 5 w percent aqueous solution of poly(acrylic acid) (
150, 000 MNJ are added. 0.09 g EDC are added and the m xture agitated at
room 25 tenper &AMONE ﬂl@ﬂeryeﬁwdtpé@suwmrqrmvgégsr@aécmﬁ@fomn tndeddeld at j nes with
fresh saline Sﬁla&to'n? The resulting | enses are wettable ~ 0 o0 E c 2002 19
VWhat is claine devi ce conprising a bionedical device at |east one
surface of the bionedical device conprising a polynmer having hydroxyl
groups, am no groups, and m xtures thereof, the surface having a coating

ef fective arfount of Aablsrydmwmmade @%ﬂrlbbwatheun@cnomelramephsam Sc#ufd ERIS,

wher i n e codBe FAgRASe HATQRERY 171, oo 2h Fhetipok o Weigeichured i
carbodiin-1i de%ont%t%n%laﬁﬂy%ﬁgsﬁquw g htgﬁlloﬁdr)g\gﬁ% oﬁlﬂe%dl&ewexte' @Héd"m

tetrachl oride, sulturyl l'uori d I socyanate
phosphor us i odiadé thedynsesiteiéased ined 4 blend of isopropanobandwaten hmsgd with

di chl or ophosphat e, pol yphosphat.e ether, chi or osilanes, a 1111Xtllre O
trlbLl tylpl?OSlSPﬂ?GH?P@ and ﬂaeﬂéeﬁypraresbé% safine.q ni xture of al kyl

chl oroformafes and triethylamne, a m xture of

2chl oro-1, 3, 5 trinitrobenzene and pyridine, a mixture of nethyl Sulfur-yl
chl ori de and di ethylanline, and a m xt uERampletsr i phenyl phosphi ne, carbon
tetrachloride and triethylam ne, wherein the synthetic carboxyl functional
pol yner is sel ected 3t5rPc§ﬁﬁqfﬁ§>"95r baiﬁsm1m¢rmjl 18 f1 3¢ anlyof a@pm-buwwjyalme

pol y(met hacryl i §luﬁg{\1 gg)mflﬁj yl( i %ﬁ' gPyg P}@ %c{dzifﬂgloéb @03@%3% or

random copol yners ry i c | Cc acl

i taconic acid Wér@a@ddﬂ%@fthé/ﬂxxwrehhltm&%bm tamperatuxé tUrQShrt ITRe @tises wereThe
device of claim1l wherein at | east one surface conprises hydroxyl groups.

The device bY dhen mased fipentedly vath 3 borste-tmfigresiselinecsolusivmpand shescamtdch anglesoups .
4. The device of clai he surf conprises am no groups. 5. The
devi ce of cl ai MfS Wg.pg‘fiﬁre[sﬂés ‘gyﬁf“h‘@'f P'&rr(aﬁfﬁoxyl functional polyner is
poly(acrylic acid). 1 0 DE C 2002 20
Preparation 6
3 26 g of the macromer of Preparation 5 were combined with 12.5 TRIS,
20 878 g DMA, 0.27 g DAROCUR™ 1173, 0 96 g 2-hydroxyethyl methacrylate,
0.0078 g of the adduct of 2-hydroxyethyl methacrylate and Reactive Blue 2 and 5.03
g 1-hexanol. This blend was cured in contact lens molds by exposure to UV light for
30 minutes. The molds were opened and the lenses released into a blend of
isopropanol and water, rinsed with isopropanol, and placed in borate-buffered saline.
25
Example 7
35 Preparation 6 lenses were immersed in 184 ml of a borate-buffered saline
solution containing 1.37 wt percent poly(acrylic acid) (250,000 MW). 0.03 g EDC
were added and the mixture agitated at room temperature for 1 hour. The lenses

30



6. The device of claim1l wherein the coupling agent is a carbodiimde. 7.
The device of clainb wherein the carbodiimde is 10 DEC 2007
1- et hyl - 3- (3di et hyl am nopropyl ) carbodii m de. 8. A contact |ens at |east
one surface of which conprises a polyner selected fromthe group consisting
of silicone elastonmer, hydrogel, or silicone-containing hydrogel, the
pol ymer having filnctional groups selected fromthe group consisting of
hydr oxyl groups, amino groups, and mixturé®s thereof, the surface having a
coating effective anmount of a synthetic carboxyl functional polynmer coupled
thereto by a cou ctiv of ast one .cou agent,
wher i n ¢ e cOUEF Hirg uSe praudy P At SRERE s apBnS Hs RE
carbodiin tidgggleNmbhsuedf b edilsHrdamNfon PRsPhOryl chloride, titanium
tetrachl ori de, squ||ryI chloride fluoride, chlorosulfonyl isocyanate,
phosphorus |1 Gdlde, pyl'IdlITIIT111 Salts O trlibLltylalllllle, phenyl
di chl orophosphat e, pol yphosphate ether, chlorosilanes, a 1171Xt111'e O
trIbLItyIprSphCWLIS all'd phellyl |SOC}§RH@¥’8a m xture of al kyl
chl orof ormat es and i

TR M s%s wegé Hﬂrﬁer?éle:L]JB_ tntf{'a boBafte-EL_JL erecg hyl

2chl oro-1, 3, 5- tr|n|tro enzene an pyri

sul fiuyl chi ol solflioflicBhtair BE wt poktent *(lé@ﬂclicldé (250,000 MRl D98O ¢
phoSphllle, carbon tetrachloride and triethylam ne; and wherein t he
synt hetic car tfd}@hverwtted@nélthepmxynengﬁt@e@@u reetnetdmpcr@tmqfqrﬁehrg rida penses

consi sting of c aci ol net ac (

acid), poly(i t"g 'H%F‘ijﬁepezﬁf"ﬂgf i?'"g‘r %&ﬁ@b@r‘?@ﬁ% luc%)]h aﬁél’%’@f’%ﬂ ic aci d
or acrylicj@ciafglesRletfuréd. aphéjresﬂﬁngrfeﬂéé@%&e@&'y(ivéﬂablla afid hitdelouye Vi nyl
nonomer, and m Xt ures .t her eof he contact "l ens of claim8 wherein the

surface conprises hydroxyl groups. 10. The contact |lens of claim8 wherein
the surface conprises am no groups. i&()é%(:loo 21 11. The contact | ens
of claim8 wherein the surface conpris anpls 9 cone hydrogel . 12. The
contact lens of cl }4@5 épgﬁau%mf@&% BRI $&hutiinl dra0™% EB@EAPTET -
13. Tlle contact fe I alnr mhereln e surface conprises a
hydrogel . 14. 0125 % payfaenylic heids(750,000 MW)'aBroumetemiperaiive  After B8 tmisutesr boxy|

functional pol ler is poly(agry]i.c e contact leng,of clain
18 wher ei n! eiy*fed wgreargg%tf § el insss Btk borpiabuloed Saine SobHPRC The lASesor
cl ai m 8~ wher g, RY abRrbodiimde is 1-ethyl-3-(3

dlnethylanlnopropy carbodllnllde 17. A contact lens at |east one surface
of whicle conprises a polynmer selected fromthe group consisting of
silicone elaston ler, hydrogel, and silicone-containing hydrogel, tile

pol yneer havi ng hydroxyl groups, al1111110 gl'OL117S, A ' 1111Xt111'eS
thereof, tile at | east one surface |eaving a coating effective anount of
poly(acrylic acid) coupled thereto by a coupling effective anount of a
carbodii m de coupling agent. 18. Tlle contact |ens of claim 17 wherein the
nol ecul ar weight of tile poly(acrylic acid) is about 100,000 to about

1, 000, 000. 19. The contact |lens of claim 17 wherein the surface conprises
silicone elastoner. 20. The contact |lens of claim 17 wherein the surface
conpri ses a hydrogel

25
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,1 00 E C 2002 22 21. The contact |ens of claim 17 wherein the surface
conprises a silicone containing hydrogel. 22. The contact |ens of gﬁ%éd}MZ
17 wherein the carbodiimde is 1-ethyl-3-(3

di met!l |yl am nopropyl)carbodiimde. 23. The contact |ens of claim 17 wherein
the surface conprises hydroxyl groups. 24. The contact lens of claim 17
wherein the surface conprises am no groups. 25. A process for manufacturing

a device conprising a bionedica

bi onedi cal
gr oups,

coupl i ng agent

devi ce conprising a polyner
and | ni xtures thereof,
anount of a synthetic carboxyl
coupling effective amount of at |east ong,geypling agent,

functi

is selected fromthe

havi ng hyd

onal

r oxyl

devi ce atl1 east one surface of the
gr oups,
t he surface having a coating effective

pol ymer coupled thereto by a

am no

wherein the

roup consi sting of carbodiim des,

N, N - car bonyl ¢
sulfilryl chld
pyl"1dl 1112111

1i | nExcapbl| e,
br i de fl uori

1l Salts O

peAmmmwempsu

pbresqpdidrieyd

| ' | bkDtyl al

chiCondddens t
| fAdmante Arglzc
L 1I11€ phe

t dhdombd lehd
altvadding AnbioS
yl _di@®hl oro

eumaahhmslc
D IReteding Aogle
hospkrat e,

pol yphosphat e
al l'd phenyl s
triethyl am ne,

3

1111Xt 1l re O {4124

1111Xt 111" e Of
triethyl am ne,

etllet, chl

autoglaye) o

Dr osi |3nes,
pocyanate atm xture of
a hi@fture o

1
a I nldg Ll Te

chl ora

O tle2l bLIt

formates a

y| phOgphOTLI

f 2chk-oro- 1,
Lf1lryl chl

-3Qinitr

obenzene an

ditet hyl amine.

d pyr B8i ne,

and-a

lt(pftey av0clayq
AL eleanin

phCSphIH

staps J'\f t

gt

trachtori de

Natal

and. 52

| east one surf

ng)
ace of the

PrrooTtoo

i omebi4al d

4Lt

eV|ce3%onpr|

omricsa
\UI—PI‘I*UO A AR

si ng 5lﬁ’ydrox

1 gl'3 1179

all11110 gl
O at | east of
coupling effed
coupl i ng agent
N, N
sul furyl chl or

e SaXB)clav
2‘@"5 @1“;&

- car bonyl

ILpb g1t
tic

XtUt—eSt
carboxyl fu

£ o+ | oaoc
Ul Al I UG.DL

reof SNi th
nctlonal hy

antual o

LOle _flg 61
rophiTic po

O

acrant
ageft-—wWh

ELL_I Vg’
ymer nd a
IIC

et
Ht

Bt %

l front the

ncnhnr \1|

UIIC 1

gr oup-tonsi g
hlnr:dn fl

ting "of car

1' in HNaal fnf d

m=imil
bodi i des,

chlori-de

i de fFuoer«

y | PTTOR

D
P

800Ec20’é@23c

hl or o9ul f on

A -3 ey

| i sdbyanat

phosphorus io
di chl or opl ~osy

i ae, ( di
hat Gl YP

rumsatts

hosphat'e et her,

tT

ch

l."“"l

or oSi

HI ne,__yneny
| anes, a m

Kt ur e of

tributyl hhosp
chl or of orr nat 4

OF (@fter AHGLIRT
S a%@ Sedning P!

BTy
yl am ne,

a

Socyanate,

T XU
m Xt ure of

g of _arkyt

42

2-chloro-J, 3, 8§
chl ori de and

-TTiNgTTobe
i et hyl am ne

zeﬁelﬁpa %
and m xt

rarn

ur e o? triph

WXt ur T ne
enyl phosph

nyT—gyirtur
ne, carbon

tetrachl ori de
functional pol

and & @ficet hy!|

Y Mejutotisvep el €

P—=

anlner ~~,
cted fromt

~herei pst he

q

b

he group cor

ynt heti c ca
si sting of

Fboxyls50
pol y(acrylic

€,

acid), poly(ng
bl ock or rai~d

t\@fdr YntbGav@
O~4Ad CieRitgy M

rs of nmetha

L1 d), _poly(n

pl el c7aci d),
crylic acid

pol y.(1 taco
or acrylic

I c agisd),
aci d, mal efi

acid, or itacg
26. The proce

nic agid Wi
s of claim

ha [gactiv
25 wherein t

B~ VI Nyg nond
he bi onedi c4d

mer, gnd m
|_device is

Tureggt her
a_contact

|l ens. 2'7, The
functional pol

pr dc@ses of
Y Medutociavepol y

cl ai m-25 wh
(acrylic ac

erei n3¢he sy
d). 28. Thdg

nt het4<¢ carl

process of

poxyl 44
cl ai m 25

wherein the ca
wherein the ca

UPlah & Suis@Ro
r badtiedninde |

is a.carbo
s 1-ethyl-3

di i m de. 29.
+(3di et hyl 4

The Jrocesy

m nopr opyl )

5 of cpai m 2

car bodi i m del.

. AFe. AuS. A . Ay

CAAA

ACE R(Y.

Ay | Ae. ARgAa7. A

A@ s A A

R AQ@AP(SY.

TAEAZR

8 (afler
autoclave)

56

39

8 (after autoclave

and cleaning)

39

44

Examples 10 and 11
A culture of pseudomonas aeruginosa, ATCC # 15442 (from ATCC,

Rockville, Maryland) was grown overnight in 150 ml tryptic soy broth. A
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15 Example 12

Preparation 1 lenses are immersed in 313 g of a borate-buffered saline
solution containing 1.5 wt percent (100,000 MW) poly(acrylic acid). 0.62 g EDC are
added and the mixture was agitated at room temperature for 1 hour The lenses are
then rinsed five times with fresh saline solution.

20
Example 13

Lenses from Preparation 2 are immersed in 46.46 g borate-buffered saline to
which 1.95 g of a 35 wt percent aqueous solution of poly(acrylic acid) (150,000
MW) are added. 0.09 g EDC are added and the mixture agitated at room

25 temperature for 5 minutes. The lenses are then rinsed 4 times with fresh saline

solution The resulting lenses are wettable
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maleic acid, or itaconic acid with a reactive vinyl monomer, and mixtures thereof.

2. The device of claim 1 wherein at least one surface comprises hydroxyl groups.
3. The device of claim 1 wherein at least one surface comprises amino groups.

4. The device of claim 1 wherein the surface comprises amino groups.

5. The device of claim 1 wherein the synthetic carboxyl functional polymer is

poly(acrylic acid).
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triethylamine; and wherein the synthetic carboxyl functional polymer is selected
from the group consisting of poly(acrylic acid), poly(methacrylic acid),
poly(maleic acid), poly(itaconic acid), block or random copolymers of
methacrylic acid or acrylic acid, maleic acid, or itaconic acid with a reactive vinyl

monomer, and mixtures thereof.
9. The contact lens of claim 8 wherein the surface comprises hydroxyl groups.

10. The contact lens of claim 8 wherein the surface comprises amino groups.
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19.  The contact lens of claim 17 wherein the surface comprises silicone elastomer.

20.  The contact lens of claim 17 wherein the surface comprises a hydrogel.



XF! 9H 109&! Z&' () - YOH 109%Z! Z& () - % p* p- p. p7p; p>py YONA4

109H 109! Z& () - YOH! 109! Z&' () - YOH! 109%Z! Z&' () - % ?g 10 DEC 2002
XFIOH 109! Z& () - YOH! 10%Z! Z&' () - ¥ pBpEpFpPpQRpy] ANA4

"109H! 109! Z&' () - Y@H! 109! Z& () - YOH 10%Z! Z& () - Y% ?g

XFI9H 109! Z& () - YOH! 109! Z&' () - Y“RpSpTpUphpl pop~">NA4

109H 109! Z&' () - YOH! 109! Z&' () - YOH! 109%Z! Z&' () - % ?9g

xFIOH 109! Z&' () - YOH! 10%Z! Z&' () - Yopspv@wppppy] ANA4

109H 10%Z! Z&' () - Y@H! 109! Z& () - Y®H! 10%Z! Z& () - % ?g

xF! 9H! 0°/<Z' Z& () -9Y9H 10%Z! Z& () - Yppppppp~">NA4

109H|10 | 7& 9 ' £).2 9% 20 " L
XFl W 1601 7 &(l’%g c@ gﬁéﬁ%ﬁé% Opb%%gﬁhp%%%{gm&lses a silicone containing
109H! 109! Z&' hydi¥@dd 109! Z& () - YOH! 10%Z! Z& () - % ?g

XFI' 9H! 10%Z! Z&' () - @H! 10%Z! Z&' () - Ypppppppy] ANA4
109H 109! Z&' () - YOH 109%Z! Z&' () - YOH! 10%Z! Z&' () -9 ?9g

)iglgarllléoo . ! Z& § %@ﬁté%ﬁéﬁéﬁ(@ﬂ%@%&? W%lge is 1-ethyl-3-(3-

xF! 9H! 10°/<Z' Z&dﬁ1)etﬂﬂhth1ﬁ&ﬂﬂdlﬁ/&cé1ﬁeé/ﬂnﬁmapppy] ANA4

109H! 109! Z&' () - YOH 109! Z& () - YOH! 109! Z& () -9 *

xFI OHI 109! Z&' () - Y9®H 10%Z! Z&' () - Y%pppppdEgbANA4 10 9 7109 & () -

91 6mL0% 3 () - Pk 10148150 c ¥4 7 whe1e1n the surface comprises hydroxyl groups.
xF! 9H 109! Z& () - YOH 10%! Z&' () - Y&qqqaqqqr rvud — 9- O%VTE#n&'%)- -
10%0! & () 9F 10%rE#ME () 9&L 10%TEH#ME! () 10! 10! 10! ( 9F L910% & () -

= U4 94 10% O%YEH S 4 10%EHME
oLV 0vere T2 Sl et 1 et oToners A dohps o

10%VEH#ME () - (4 10967E#M& () - (4 10%7E#rr& ()-(4 10%7E#rr& O)-(#3:{ (
10%6TEHME, 'u(u2uAUQUTUUY <vU4  9#3:{ 4 109E#N& ()- (4 10%er#m& ()-(4
10%7E#m§?5((-) (& PrOOGREARED R IRCHYINE W&ﬁﬁﬂ?@\ﬁ#’é@@ﬂ’ne@l#a@eIW@#&a% are

| +109R#& () - MRA0IBHR Kllmgﬂlé@%@%‘%g x(s)ngbl @‘ﬁav(u) %gqr;: lgro/(;s amino

0%rE#M& 2#102#10
; 5F10%’2#&( % ) (gr\émt@fs ther q@;f,d@@ g&%c% %Xygg)? opgng ve a@pi@to}g(\f@&syﬂhetlc

llgooﬁtjéf/‘&(%; ;—I 10(y )gy%tf&l)lctlob%}ﬂa%o %/%Kflc%g}&lgd ljlereté‘é%?&&%l?lmg effective amount of at

9' MLOYB& () - l&léﬁﬁdhlé%ﬁllﬂ% AR OHO ﬂa)e-coummcg%g%& i6 bele@Fd m{mlhw@omom%
&y510%8& ()-  @YL0%& ( L Ls! 10%131 - >Ls! 10%v#v& (1

&1098& () - { 0} $qnshhiag ph caroediy m@%%@)mda@plemb@@ﬁw chlondq,o%& ()-

Lg‘(’)/?/g&,( % ;. & %%O fh Ee)n a?l%hdé\'%ﬂlfshﬁ} rviﬁk b n?’%ﬁﬁb&ldé chigy %91%@?1 s)o§)i§ﬁ£1 0%& 0-
's3y109& () - p_l@spb@&&u@me Py OgdBEn §9lts of wribuphadng, phényNd{chipuaphosghate 098 & () -
polyphosphate ether, chlorosilanes, a mixture of tributylphosphorus and phenyl
isocyanate, a mixture of alkyl chloroformates and triethylamine, a mixture of 2-
chloro-1,3,5-trinitrobenzene and pyridine, a mixture of methyl sulfuryl chloride
and diethylamine, and a mixture of triphenyl phosphine, carbon tetrachloride and
triethylamine, wherein the steps of the process comprise
contacting at least one surface of the biomedical device comprising hydroxyl
groups, amino groups and mixtures thereof with a coating effective amount of at
least one synthetic carboxy! functional hydrophilic polymer and a coupling
effective amount of at least one coupling agent, wherein the coupling agent is

selected from the group consisting of carbodiimides, N,N’-carbonyldiimidazole,

phosphoryl chloride, titanium tetrachloride, sulfuryl chloride fluoride,
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triethylamine, a mixture of 2-chloro-1,3,5-trinitrobenzene and pyridine, a mixture
of methyl sulfury] chloride and diethylamine, and a mixture of tripheny)
phosphine, carbon tetrachloride and triethylamine, wherein the synthetic carboxyl
functional polymer is selected from the group consisting of poly(acrylic acid),
poly(methacrylic acid), poly(maleic acid), poly(itaconic acid), block or random
copolymers of methacrylic acid or acrylic acid, maleic acid, or itaconic acid with a

reactive vinyl monomer, and mixtures thereof.

26. The process of claim 25 wherein the biomedical device is a contact lens.

27. The process of claim 25 wherein the synthetic carboxyl functional polymer is
poly(acrylic acid).

28. The process of claim 25 wherein the coupling agent is 2 carbodiimide.

29.  The process of claim 28 wherein the carbodiimide is 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide.



