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networks that have high oxygen permeability and surfaces that are more

hydrophobic than hydrophilic. These lenses provide a good level of comfort to
many lens wearers, but there are some users who experience discomfort and

20 excessive ocular deposits leading to reduced visual acuity when using these
lenses. This discomfort and deposits has been attributed to the hydrophobic
character of the surfaces of lenses and the interaction of those surfaces with
the protein, lipids and mucin and the hydrophilic surface of the eye.

Others have tried to alleviate this problem by coating the surface of

25 silicone hydrogel contact lenses with hydrophilic coatings. For example, it has
been disclosed that silicone hydrogel lenses can be made more compatible
with ocular surfaces by applying plasma coatings to the lens surface.
However, uncoated silicone hydrogel lenses having low incidences of surface
deposits have not been disclosed.

30 Incorporating interal hydrophilic agents (or wetting agents) into a
macromer containing reaction mixture has been disclosed. However, not all
silicone containing macromers display compatibility with hydrophilic polymers.
Modifying the surface of a polymeric article by adding polymerizable
surfactants to a monomer mix used to form the article has also been
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SUMMARY OF THE INVENTION
The present invention relates to a wettable silicone hydrogel.
comprising the reaction product of at least one siloxane containing macromer;
25 atleast one high molecular weight hydrophilic polymer; and at least one
compatibilizing component.
The present invention further relates to a ethod comprising the steps of
(a) mixing reactive components comprising at least one high molecular weight
hydrophilic polymer, at least one siloxane containing macromer and an
30 effective amount of at least one compatibilizing component and (b) curing the
product of step (a) to form a biomedical device.
The present invention further comprises a method comprising the steps of (a)
mixing reactive components comprising a high molecular weight hydrophilic
polymer and an effective amount of a compatibilizing component and (b)
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preferably at | east about 20% in some enbodi ments at | east about 50% as
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It has been surprisingly found that biomedical devices, and particularly

20  ophthalmic devices having exceptional in vivo or clinical wettability, without
surface modification may be made by including an effective amount of a high
molecular weight hydrophilic polymer and a compatibilizing amount of a
compatibilizing component in a silicone hydrogel formulation. By exceptional
wettability we mean a decrease in advancing dynamic contact angle of at

25 least about 10% and preferably at least about 20% in some embodiments at
least about 50% as compared to a similar formulation without any hydrophilic
polymer. Prior to the present invention ophthalmic devices formed from
silicone hydrogels either had to be surface modified to provide clinical
wettability or be formed from at least one silicone containing macromer having

30  hydroxyl functionality.

As used herein, a “biomedical device” is any article that is designed to
be used while either in or on mammalian tissues or fluid and preferably on or
in human tissues or fluid. Examples of these devices include but are not
limited to catheters, implants, stents, and ophthalmic devices such as
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20 other than improved wettability, such as, but not limited to antimicrobial

coatings may be applied to devices of the present invention.
Various molecular weight ranges are disclosed herein. For compounds
_ having discrete molecular structures, the molecular weights reported herein
are calculated based upon the molecular formula and reported in gm/mol. For
I 25 polymers molecular weights (number average) are measured via gel

permeation chromatography refractive index detection and reported in Daltons
or are measured via kinematic viscosity measurements, as described in
Encyclopedia of Polymer Science and Engineering, N-Vinyl Amide Polymers,
Second edition, Vol 17, pgs. 198-257, John Wiley & Sons Inc. and reported in

30 K-values.

High Molecular Weight Hydrophilic Polymer

As used herein, “high molecular weight hydrophilic polymer” refers to
substances having a weight average molecular weight of no less than about
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: e

and about 1 hi gh nol ecul ar wei ght hydrophiliC polymers are present
i n the for niplgeylarweight).t hese devices in an anount sufficient to provide

contact |enses, | ' : L& Sk . substantially free
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about 81Gouingentiandapbe filso &apresseirby the Kevahle, based dnrkirematie/visaositynor e 20
preferably for 24 hqurs or re wthout reppval . Substantially free from
surface dep@g??qrﬁ'ﬂe'ﬂ@aﬁ?s&tsf"lﬁ%f’ "\‘AFIAB?V pediag '?We5§§'?ri“ie 3%, at |east about
80% and pr eErginddring N-VirghamicaPolimé&9 Second editiore Vol €, pgabigs-287out  100% of

the Il enses worn in the patient pogul atjon .display depositions rated as none

or  slight, JApVilenfeSapsalinc, Bihep gxpresseq in this ManagoWPhic hi gh nol ecul ar
vei ght hydr pedrmed ggghgktwgmgg%kg&??ri%aa%manh dréfefiBRBetdderei ght per cent,
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about 125 peabnyh46 and abouh 450 Theohigh melecularnweighihygraphtic palymerscaret i ve
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20 preferably for 24 hours or more without removal. Substantially free from
surface deposition means that, when viewed with a slit lamp, at least about
80% and preferably at least about 90%, and more preferably about 100% of
the lenses worn in the patient population display depositions rated as none or
slight, over the wear period.
25 Suitable amounts of high molecular weight hydrophilic polymer include
from about 1 to about 15 weight percent, more preferably about 3 to about 15
percent, most preferably about 5 to about 12 percent, all based upon the total
weight of all reactive components.
Examples of high molecular weight hydrophilic polymers include but
30 are not limited to polyamides, polylactones, polyimides, polylactams and
functionalized polyamides, polylactones, polyimides, polylactams, such as
DMA functionalized by copolymerizing DMA with a lesser molar amount of a
hydroxyl-functional monomer such as HEMA, and then reacting the hydroxyl
groups of the resulting copolymer with materials containing radical
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limted to poly-Nvinyl rrolidone, poly-Nvinyl-2- piperidone,

pol y- N- Vi nyh'QbNO&Q&H%WﬁlghE’E‘lb{d'%"memehﬁyd@méﬂ'ﬂﬁ"m@ze@& geact am

pol y- N- Vi nyLsppsi =2 . i | WA VA ARR hyle2- pi peridone,
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The high molecular weight hydrophilic polymers provide improved

wettability, and particularly improved in vivo wettability to the medical devices

of the present invention. Without being bound by any theory, it is believed

that the high molecular weight hydrophilic polymers are hydrogen bond

25 receivers which in aqueous environments, hydrogen bond to water, thus

becoming effectively more hydrophilic. The absence of water facilitates the

incorporation of the hydrophilic polymer in the reaction mixture. Aside from

the specifically named high molecular weight hydrophilic polymers, it is

expected that any high molecular weight polymer will be useful in this

30 invention provided that when said polymer is added to a silicone hydrogel

formulation, the hydrophilic polymer (a) does not substantially phase separate

from the reaction mixture and (b) imparts wettability to the resulting cured

polymer. In some embodiments it is preferred that the high molecular weight

hydrophilic polymer be soluble in the diluent at processing temperatures.
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insufficiently mscible, and cannot, wth reasonabl e processing conditions,
form an opt £e@mpatbilizing-empeneAt opht hal ni ¢ devi ce. The conpati bili zi ng

component Of L ne\gsEa bkt AL Rahoheh ReSeorifuy 18Ry Ber Teabl e

conmponent (s) - an wel rophilic polyner ¥Ira hydrogen
bondi ng, di syrberiaverage muatesular sweight ofzbootigss than 8200 Raltbnshand | ke. Thus any

functionalit L.ch reacts i of these ways wth the hydrophilic

pol ymer myp%@%\égsﬁg‘% 3338%@%}#@% ﬁ@gc’%ﬂﬂ'ﬁﬂéwﬁaaﬁ‘@romrs (number

aver age10mo| gelyhaerizabii @bl whichietapble o? €olabinzing he@eleated reduivé 15, 000 Dal t ons)
may al so be used so |long as they e conpatibiljzing functionality

] _.have th nmpat _
descri bed heqrepanents; Withoyha sempatibjlizing gompenanbihehighanolgeidar weighty stil| be
necessary t d?% ot I bl dmppl g 0 get the desired
| evel of Wema | "fé{bfﬂ&'ﬂ‘%’{aﬂg%‘-’gg(@?u ng‘e(t}&gmpﬁ)?l?%s%%%@gén 5 One suitable
cl ass of comjsaiblehahd zannpt,ovithreasonable pfocessingganditions, formamoptisallyconpri se at

ot one sk AR eGP RS R L Ve
any hydi®phinkéntionsolabilizes the ezyeh petryeiibiecomponent(s and highinhglequiart i ci pate in
ydr ogens.  WHEBEhADRYflc PelvBstyA BiroSeron B dtheie Bross. component s of ¢ he
present i nvedhtiNatioRs itréstiafdl the IkeMPRusSAhydindtiemdity viiieh rdaredliPudy group and at
| east one "-Si-O-Si-"group. It is preferred that silicone
of these ways with the hydrophilic polymer may be used as a compatibilizing
component. Macromers (number average molecular weights of between
20 about 5000 and about 15,000 Daltons) may also be used so long as they
have the compatibilizing functionality described herein. If a compatibilizing
macromer is used it may still be necessary to add an additional
compatibilizing component to get the desired level of wettability in.the
resulting ophthalmic device.
25 One suitable class of compatibilizing components of the present
invention comprise at least one active hydrogen and at least one siloxane
group. An active hydrogen has the ability to hydrogen bond with the
hydrophilic polymer and any hydrophilic monomers present. Hydroxyl groups
readily participate in hydrogen bonding and are therefore a preferred source
30 of active hydrogens. Thus, in one embodiment, the compatibilizing
components of the present invention beneficially comprise at least one
hydroxyl group and at least one *-Si-O-Si-“group. It is preferred that silicone

and its attached oxygen account for more than about 10 weight percent of



and its attached oxygen account for nore than about 10 wei ght percents;gg
April 2006 3/ 022322 PCT[ US02/ 28614 said conpatibili zi nt, m)re
pr ef er abl y%ﬁngﬂgn about 20 weight percent. The ratio g‘%@qu‘ﬂ& in the
compatibilizin gnent is also inportant to row ding a conpatibilzing
conponent V\,ﬁ?'@%OWPP ibilizing\Gomponarl, et 9’8@'@%@’?‘8’@‘ an ghout gAMeighbi | i zation. If
the ratio o }%ﬁl,rophobl c portion to OHis too high, the conpatibilizing

conmponent e poor at conpatibilizing the hydrophilic polyner, resulting
i n i nconpati bl e Theaetio ofSine OH.indhke cOMpatbdizlngcwpwnensBraiso impbrtaiit rent s, the Si

to OH ti ' |, { bout : : bout 1:1 t
about 10: 1. "4 FouERA achibafEi.comebnethicH il icieethe GrT BBoR8o 1 mpr oved
conpat i b6l i ofcorspatiBiigation O If HRCKAIE BF I dycﬁd);mbmlp%rtnonﬂsl@ws@dom hlthe in the art
wi |l appreciate that the anount and sel ection of conpati i1 zi ng conponent

will depend cempﬁ@wzwe&ﬂmmmmﬂwhecpoebama!@"z'%@eéud'foah'h%h. eve the
desired vet g‘?ﬂnbﬂ' sﬁlﬁﬂﬁ irt ﬁ@c{;{ﬁ re"a@hdmh?f&ré&q%cégc(i n@%ﬁﬁ\ soRfent al ni ng monomer
anpl

i s i nconpat e Wt |c pol ymer es of conpatibilizing
conmponent s 'embbdlmentmtmerﬁatcsOHfratlo:igﬂeaslthm abouh#5:1 | andipreferabyT- R6- CI -Re-Sli-R3

= 11 whor ePAWee Bolf & aboi 01, i saheriPoihente BSYRNPR? o1 Zo1 )bt woen

4 andI iaf) Rave proviged mmued@bmhmw;mmﬁire&% semdd:ﬁﬂglcehasl ngependelnLI Iy
Cl. 6al ky |016 en stityted Cl-eal ky
substit Ut ed ?ﬁ%ﬂh&hﬁthE@Bé’f'ﬁl?Qﬁsﬁa'\ééMM?m‘BYm and Selection of

compatibilizing component will depend on how much hydrophilic polymer is

needed to achieve the desired wettability and the degree to which the silicone
containing monomer is incompatible with the hydrophilic polymer.

16 Examples of compatibilizing components include monomers of
Formulae | and Il

R’ R?

|
R'—Ré.c-R®—sj-R®

R OR

20

| | I
R'—R®-C —R?—Si—[0Si],-R®-C—R®-R’

I g 1y L

R R* R R

wherein:
25 nis an integer between 3 and 35, and preferably between 4 and 25;
R'is hydrogen, Ci.salkyl,;
R?R? and R*, are independently, Cysalkyl, triC1.alkylsiloxy, phenyl, naphthyl,
substituted Cy.galkyl, substituted phenyl, or substituted naphthyl



WO 03/ 022322 PCT/ US02128614 where the al kyl substitutents are sel ect %dAJrﬁQHEJG

one or nor of the group consisting of Cl_6al kox

Cl. 6al kyl W:g@l%zgxy am de, hal ogen, hydroxyl, car boxy?&@ggﬁ&l car bonyl
and formyl, and where th romati c substjtytents are selected fromone or
more 5 nenbers owhqrﬁ@ega"syﬁﬁu%gwgqrgﬁ grﬁje@pteégr_oghq)qgog{mp FRRMRers c1. 6al kyl |

Cl. 6al koxy, am dg.hd\gb@9eshsishing bPG YdalkoRzaRRyI C,.LalkyRIdsyaikgypony! and

formyl; R5 is hydroxyl, an al kyl group ‘containing one or nore hydroxyl

groups, or (CHXANGReRRIOgeT) mprxylprbexyh Greplkylgarbenybanghfoanyrant y 1 to 3, x is
an integer of  10hcle g atiqqﬁuﬁ%ﬁgép{s%rg#l@ct%?fr?ﬂ%n%rr?nopé eferably 10 to 25;
y Selecte , al Ky

RO - R' are independent rom having up to 10 carbon
atons anl al kyl smembers ofithegrdup cbbsistingtuf €1 galkorycarbbmy,i Gk, Wi t h at | east one

pol ar functi onal oup; 1 i s i val ent graup,C rising up to 20
carbon at ons; Rﬁﬁé(k%%w&aﬁ%ﬂgerbﬁﬁ‘ﬂ'ﬁxﬁﬁéf °égln8m?&¥ gg’opyleaé'gradi cal andl or
cationic pol yneppdat i on conprising up to 20 carbon atons; and R6 is a

dival ent or trivalent groug conprising up to 20 carbon atonms. 20 Reaction
m xt ures of R ichydraxyle @ alkylgnup 6entaiping oAe puMereideoxyHGIAURSIer conpati bi | i zi ng

conponent . [ (D : I hicAd referred RL is
hydr ogen, a@i‘%ﬁr@%%%, , afr?g; ' Eﬁérﬁ@gqgﬁ’@ggﬁk%ﬁn{gﬁﬁd?

tri Cl. 640 ky 146 100 preferabiy 2 tpBe and mede prefenghly 2ditb 25; iR%eR%?//arsi | oxy. For

mul ti functignal Lfunctional or hi.gher -Re [ ndependent ]y conprise

et hyl eni cal ?@B?&P@rsffeéte%@ﬁe?%ggﬁwgg “53°oﬁb§a'§ﬂ'aaﬁ9§1%@"§ra@‘fykr ably conpri se
an acryl at e having iy toyl0,catbonlatéras kitistitited witheat lease oiyé potardanctional

Cl. 6al kyl acryl am de, N-vinyllactam N vinylamde, , C2.12al kenyl,

C2. 12al kenyﬂéﬁehyl , C2.12al kenyl napht hyl, or C2.6al kenyl phenyl Cl1-6al kyl . The
preferred R5 is hydroxyl, -CH20H or CH2CHOHCH2OH, with 30 hydroxyl being
nost preferred.. The preferred R6 is a.divalent Cl.6al kyl, Cl.6alkyl oxy,

Cl. 6al k¥ oxﬁgis agdlivalent grou:eamprising updp RO isatben@tontst. 12cycl oal kyl ,

Cl_6al koxycar bonyl , am de, carboxy, Cl1.6al kyl carbonyl, carbonyl, Cl.eal koxy,
substituted Cl.6al kyl, substituted Cl.5al kyl oxy, substituted '
Cl_eal kyl oxREis.s5mbhamalentgrapp that earoéndergafire@3adiz@l2na/oPCatiod®02/ 28614

polymerization comprising up to 20 carbon atoms; and
R®is a divalent or trivalent group comprising up to 20 carbon atoms.

20 Reaction mixtures of the present invention may include more than one
compatibilizing component.

For monofunctional compatibilizing components the preferred R' is
hydrogen, and the preferred R%R3, and R*, are C1.¢alkyl and triCy.salkylsiloxy,
most preferred methyl and trimethylsiloxy. For multifunctional (difunctional or

25 higher) R'-R* independently comprise ethylenically unsaturated polymerizable
groups and more preferably comprise an acrylate, a styryl, a Cygalkylacrylate,
acrylamide, C,.salkylacrylamide, N-vinyllactam, N-vinylamide, , C..1zalkenyl,
C2-12alkenylphenyl, Cz.12alkenyinaphthyl, or C2.salkenylphenylC;salkyl.

The preferred R® is hydroxy! , -CH,0H or CH,CHOHCH,OH, with

30 hydroxyl being most preferred..

The preferred R® is a divalent Cy.galkyl, C1.5alkyloxy,
C1.salkyloxyCi.salkyl, phenylene, naphthalene, C1.12cycloalkyl,
Cialkoxycarbonyl, amide, carboxy, Cy.¢alkylcarbonyl, carbonyl, C4.galkoxy,
substituted Cq.¢alkyl, substituted Cs.salkyloxy, substituted C.¢alkyloxyCj.salkyl,



substituted phenyl ene, substituted naphthal ene, substituted Cl. 120ycl50%1rwboe
where t he Wﬁ@f&jéents are selected fromone or nore rrenb% IH%/ZR‘HF gr up

consisting o al koxycar bonyl, C, -eal kyl, C1. 6al koxy,

9 B b SRS B S hard 5 BGARL, 7CL oo

radi cal rea%ér‘é&hél&ﬂhéﬂtueﬁ&(‘d?e 36le@ed frafionkdF fhor@mehiberd of tNé?rb vinyl ether,
i taconate group al kyl acryl ate, acrylam de, Cl-eal kylacryl am de,

N-vi nyl | act smsnsmng pmrﬂlhoa@armyh%sa&l%% salkaxy, amidex balogerheny | |
C2. 12al ken I 1 6ionic
reactive g%’hg&@%gﬁrboxﬂ C%l@ Eﬁﬁyloérngy g T@ﬁé&ﬁfyﬁgf&ﬁg&f? i l:ul i’il’ y
preferrel Riéad;rvaferttlrrmtlngtl(meibyleffér)e preferred R8 is is a divalent Cl.6alkyl,
C1- 6al kyl oxy, | oxye, 6al hen ene,. na thal ,

Cl. 120y2:ll oa?/kyl q’he@igféﬁ?q(éx Eﬁ%ﬁfre% reqctiye,d EQSI?QI car bonyl ,

car bonyl, Cécriratek@sbyryr 8&%@! bthei, AScdnateqolp) la. C1$suiR§lbtr§rlatéﬂd C, eal kyl oxy,

substituted é oxy substituted phenyl ene, substituted
napht hal eneacryigmide; Lyeality! QEIY'@.'E'Q?CN'(Y&M@PFE’“ NwigylamideeCepalkenyluent s ar e

selected fr Q,ﬁgtlr;s

Cl. eal koxycg IRS W“SW ar %?EW&%@QYLBPCSJ ngﬁ 61;ﬂ'kglgbr%hydroxyl

car boxyng Cﬁat@alckgaoﬁae gmulplsuetrnds vioylregtier oﬂ'eppxptmgrouml aiheypapticalagy r ed R8 20 Is
Cl1. 6al kyl ox es of conpatibilizing component of Fornula I
that are é%{qrrceﬁ dﬁ? Veﬁég%l?ed are 2-propenoic acid,

2- et hyl h2I hydrovmp&féﬂed R‘&@aﬂwagentc,l salkyl, C1.5alkyloxy, | | (whi ch

t et ranet hy xy] di si oxa pro oxy] propyl ester ic

can .al so bE! M%‘ ﬁ@fﬁh%’?@q ba lﬂene 112 YC' Fﬂ(

hydr oxypr O%MW%M tﬁ%bkw tﬁrélmé}mryhxmbhgnemaﬁm@ Si (CH3) 3

xo' ~0O ~Si - bove conpound hacr'yl oxy- 2-

hydr oxyp® op?llltlﬁiwd}qdr%p?kﬂb §I(Q5tliufﬁ§t¢msﬁﬁ(y'p¥)5(§9lbﬁéﬂu@d 6i ¢a!inXV§1-dBthhed froman 5
201 2008 Mgty fBB8 SRR R IRAGRE opanigc. o
where the substituents are selected from one or more members of the group
consisting of Cygalkoxycarbonyl, Csgalkyl, C1.salkoxy, amide, halogen,
hydroxyl, carboxyl, C+.alkylcarbonyl and formyl. The particularly preferred R®
20 is Cy.galkyloxyCisalkyl.
Examples of compatibilizing component of Formula | that are
particularly preferred are 2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-
tetramethyl-1-[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester (which can
also be named (3-methacryloxy-2-
25 hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane.

30 The above compound, (3-methacryloxy-2-
hydroxypropyloxy)propylbis(trimethylisiloxy)methylsilane is formed from an

10



(2- met hacr yl oxy- 3- hydr oxypr opyl oxy) propyl bi s(tri nmet hyl sil oxy) net hyl SB'A%HPZOOS
In the present invention the 80:20 m xture is preferred over pure (3-
met hacryl OWQ%-/‘HF@? oxypropyl oxy) propyl bis(trinethylsi | og&;rﬂlr@lz ilane. In
5 sonme enbodi nents of the present invention it is preferred to have sone

amount of t BBOXife, which Produces@n 8520 sixture g thereompeund ghews ahove AR about 10 wt %
d | 0 i .
Pvelr oyt - ufes e BRtYRh Rl AORO oM by itk it iane.

( 3- net hacr yInctke peeskytdnentian thp BOEOMiptuopis| prefeséd ovemputey/(3si | oxy) sil ane 0
0'Si (CH3)3 X O~~O-~Si,-O-. S| (CH3)3 L1 OH 0 10 1 . il 2006 WO
031:)(2232)2 =) 9’%" élygroxg?rgp 99@9’8%?@&'&5@%@@@"@%1'Bxypropy|

pol ydi meshy kginé eMmpb@imentd@f tHa. présen® iInVentivh it iSprefdtrddl t8-hed Seiae y1 oxy- 2- (2-

hydr oxyet hox ropyl ox ropyl bi s(trinmethylsiloxy)nethylsilane 0 0 0" Y _O
Oyo g_|yn - Sar)r%gnt o%w pn)rQaI?y hyIo roxyl pr(esent, prefe¥ably great){a)r than about 10 wt% N

N- 2- met hacr t - 5‘73%@ = Di d,met hyl si | oxy- 3-propyl)silyl carbamate
0 Me3Si Sii ﬁr‘s@%% {%@bﬁ [ gé%&jigosgh/,&pn | 2006 WO 03/022322
Other suitable hydroxyl-functionalized silicone containing monomers include
(3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane

0 O.Si(CH3)3
YLO/\'/\O/\/\ S;i-O-Si(CH3)3
OH o}
10 Si(CH3)3

1



PCTI US02/ 28614 N 5 April 2006
, NN N , N -tetraki s(3-net hacryl oxy-2-hydr oxypropyl ) - a, w bi pr opyl

pol ydi met hMOs83/08%2he 5 O\~ HO/ OH f N, ~SO, ij,, /Nn —Spfg‘“%@%%h

reacti on products of glycidyl nethacrylate with am no-functional 10

pol ydi net hyl si | oxanes may al so be used as a conpati bilizing conponents.

O her suita co i bilizi.n . . di scl osed in col unms
6,7 and 8 osls&'“ﬁ{ﬁgg&kgﬁg'“yﬁ el @Wé’ﬁgﬁy'%'w’)‘a’%59, 467: 4,260, 725

4,261, 875; 4,649, 184; 4,139,513, 4,139,692; US 200210016383; 4,139,513 and
4,139, 692. These and any other patents or applications cited herein are 15

i ncorporated by reference. Still additional structures which nay be suitable
conmpati bi | i zi ng Oconponents include those sinmlar to the cofpounds di scl osed

in Pro. ACS Divlf Polym WMat. Sci. E r 13-17, 1997, p 42, and

havi ng t he f&l&d% g’\j%hquﬁ\&/?@s, pég\&/%%@?éﬁzp% 28614 wher e
n = 1-50 and R i ndepen ently conpr a pol yrrerl zabl e unsaturated
group), with at | east R conpri SI ng a poI yreri zabl® group, and at |east
one R, and preferably 3 8 R comprising H 5 A second suitable class of
conpat i b$l i zi ng conponents include those having the structure given in

For mul a below. IWA-HB-[IWA-HB]; |IWA Wherein xis 1 to 10;. 10 IWA is a
di functi onab retRacabhyl2--pol ynmer as defined bel ow, but havi ng a nunber
aver age nol ecul ar wei ht of between about 1000 and about 50,000 Daltons;

and HB is a mrpqumﬁmpympwyle@metgvlﬁﬂpxamteﬂgPnene N which is capable

10  N-2-methacryloxyethyl-O-(methyl-bis-trimethylsiloxy-3-propyl)silyl carbamate

Me3Si\ /SiMes
0 o O

« W,
\HJJ\O/\/NH\“/O\/\/S‘\
0]

12



of hydrogen bonding with active hydrogens in the hydrophilic pol yner 5;@%@@@
15 other c gnent havi ng active hydrogens. Preferred | WA groups nay b
derived fr (E{W3ﬂ§/droxyl term nated PVP and d,whydroxylfcglff@”ﬁ‘izwé ed

pol yoxyal kyl ene gl ycol s havi ng nunber average nol ecul ar wei ghts between
about 1,000 and about 50,000 Daltons. Preferred HB groups include

di function i I 1t qmﬁhﬁ -q@@P- lynati ons thereof
and the Ii%i%’ﬁ%@ﬁ%ﬁ?@?%%ﬁpo en(?xsypgogy@ggnn&%a 1"8%&"be made by am ne
t erm nat ed palydmeathpbiloxareegl ycol s (Jeffam nes) reacted with isocyanates,

chl orof ormates or acyl chlorides or anhydrides. Additional suitable

conpati bilizing conponents are disclosed in U S. 25 Patent 4,235,985 which
is hereby incorporated by reference. Suitable conpatibilizing conponents nmay
al so conprise silicone containing macroners which have been nodified to

i nclude conpatibilizing functionality as defined above. Such macroners
conprise substantial quantities of both Si and HB groups as defined, above,
or active hydrogen 30 functionality, such as hydroxyl groups. One cl ass of
sui t abl e macr oner i ggl ude hydroxyl functiogplized macroners made by G oup
Transfer Pol ymefi zgti on (GIP), or styrene fu I onal i zed prepol yners of
hydr oxyl functi onaly net hacryl ates and silicong nethacryl ates and are

di sclosed in US6,36/M™M929, which is incorporated herein by reference. In the
present 5 April 2006 14 WD 03/022322 PCT[ US04/ 28614 ivention, these
macroners are pref used '}h anot her ibilizing conponent, such

as a slloxane containi ng MONONEg; Ner _ ma such as those made by
radi cal polynerizatio oPVCGhdené?tl r n may al so be used

i ndependently or in nbi nation v atibilizing 5 conponents so

|l ong as the SiQto ydr&ﬁ%n mol ar rati'™ (OHH®f t\he iacronmer is less than
about 15:1, and ferably between about 1:1 to ut 10:1 or the Si to HB
nolar ratio is Iless than about 10:1 and preferably)\between about 1:1 and
about 8:1. Howewar, thosensfl0SRill in the art will/ appreciate that including
di fl uoronet hyl ene groups will decrease the nolar ratio suitable for
providing 10 conpatibility. Suitable nmonofunctional conpatibilizing

conponents are commercially available fromGelest, Inc. Mrrisville, PA
Sui tabl e multifyRetd4e6h products of glycidyl methacrylate with amino-functional .

10  polydimethylsiloxanes may also be used as a compatibilizing components.

Other suitable compatibilizing components include those disclosed in columns
6,7 and 8 of US 5,994,488, and monomers disclosed in 4,259,467; 4,260,725;
4,261,875; 4,649,184; 4,139,513, 4,139,692; US 2002/0016383; 4,139,513
and 4,139,692. These and any other patents or applications cited herein are
15 incorporated by reference. '
Still additional structures which may be suitable compatibilizing
components include those similar to the compounds disclosed in Pro. ACS
Div. Polym. Mat. Sci. Eng., April 13-17, 1997, p. 42, and having the following

structure:
20
Ok OR O H H OR OR
mwl VAV
} |
N~ (O’ %\/ OR
OR OR
n 0) OR OR

13



conpati bilizing conponents are commercially available from CGel est, | %%%OOG

Morrisvill may be made using the procedures discl gﬁﬂ 9
15 and 5, 96 ?Eﬁlg.%éui t abl e PEG t ype nonof uncti onal corrpat? | ?‘Jzz{}%“g“

conponents may be made using the procedures disclosed in PCT/JP02/02231.
Sui tabl e conpatibilizing macroners may be nade using the general procedure

di scl osed i whefe A.=/£80 éﬁ@R(ii%p@héé{tly@bmgﬁsmoﬁa?6I?n1%_ﬁ9able?0 Wi | e

conpatibilizin conponents_conpr|5|na hydroxyl tunctionality have been
found to be Up%ﬁ%ﬂ"ﬁ@ﬁllgi?llla)- with atdeastone R coMpUsieg AGolyBiepaabiegeupol yrers  for

bi omedi cal | t Wi g devi ces, any

conpati bili gﬁ%gﬂgéﬁpogggzﬁ?ﬁawﬂr%ﬁ%ﬁ%de%R.E)g@ﬁfnrt%lmaz'g'd and/or fornmed into a final
article Ps conpaA sétondwsuitable tlassseflcompetibilinngraopipohents inciudertboses nay be used.

25 Conpati bili.zi 0 nent s. e | ect ed using the foll owi ng nononer
conpati bili MVQ%E-@_S?rPEB?%glgeq1836}48@%Ilg‘ﬁg of each of

mono- 3- met hacr yl oxypiwpayHB-[IVA-HBRawAd, nono-butyl term nated

pol ydi et hyl si | oxane (nPDM5 MW 800- 1000) and a nonomer to be tested are

m xed together in one gramof 3,7- dinethyl-3-octanol at about 200C. A
m xture of 12 waygéleinPaistiSo KgS0 PVP and 30 60 weight parts DVA is added
drop-w se to hydrophobi ¢ conponent solution, wth stirring, until the

sol ut i o0r emai nIWA isaifunctiopal hydropbiliepalmersasdefioed belowgbut haweg mass of t he

added bl end s% | : ' | as the
nmonomer conﬁg‘PF@¥r?‘?9399 n e%#‘ﬁ%ﬂ@é'@g?pgﬁg’ﬁw?%ﬁg& %@er%o%eotr?\]? %Hﬁgm 2006 15 5
April 2006 Dalt&s: 8a@322 PCTI US02/ 28614 having a conpatibility index of.
greater than O. [ ans. re preferably. eat.er an, about granms and nost
preferably great 'Staﬂgff'l’"g&%l'%??'& @m%'"ga['PPst@@ei{]wﬁ'aﬁrS&aP#euse inthis

i nvention. dhggifodeh bolkding with abive Hybifogehs in tiRPRydREpHlicSolyniertand b%rml ecul ar

wei ght of the active conpatibilizing conponent will effect 5 the results of

the above t 89er campanent kavingActive Mﬁ‘?ﬁ_ﬂﬂént s having nol ecul ar  weights greater
Fepresentat ve g g R e o gy e 11 7ing
conponent oPVPieadiditydiydionyl terminatectpalyaxialkylenscglyasls havingrmymbeni | i ze or
Commonwet o SrRGLrRLABLL S 5 n BB By AR SpoRLS L1 ot et
conmponent wil | drpferrddiHB graups inciudendifunctional amides, imides, carbamates
20  and ureas, combinations thereof and the like.
Compatibilizing components of Formula Il may be made by amine
terminated polyoxyalkyleneglycols (Jeffamines) reacted with isocyanates,
chloroformates or acyl chlorides or anhydrides.
Additional suitable compatibilizing components are disclosed in U.S.
25 Patent 4,235,985 which is hereby incorporated by reference.
Suitable compatibilizing components may also comprise silicone
containing macromers which have been modified to include compatibilizing
functionality as defined above. Such macromers comprise substantial
quantities of both Si and HB groups as defined, above, or active hydrogen
30 functionality, such as hydroxyl groups. One class of suitable macromers
include hydroxyl functionalized macromers made by Group Transfer
Polymerization (GTP), or styrene functionalized prepolymers of hydroxyl
functional methacrylates and silicone methacrylates and are disclosed in

US6,367,929, which is incorporated herein by reference. In the present

14



anount of hydrophilic polynmer which is used, with nore conpatibili zi Eg\pr" 2006
conponent | ded to conpatibilize higher concentraty |
¥ 6@3&2@ ﬂfc‘:lﬂfS()E’/EstsP

nol ecul ar wel g drophilic polyner. Effective anmounts of conpa i1izing
15 conponent in the polyner fornulation include about 5% (wei ght percent,
based on ¢ hvetthnahesEmationisrs Shereraiabbiised S SRBRt b 00”5,
preferably abnpdnehf) ¥adtoas?dsiidkamddontdifing mohemer, abihgr mabremers?8det 0 about  50%
In addition tg the hlgh nol ecul ar  wei ght hydrophilic polyners and the 20

conpat i bi | i 2¢ Kigse Brage Re rdicabpolymerizatiors o Gapdensatien reagtioTupaY else nononer s,
oxygen per ngaidd ihgepBRAeHt o i GHBAGH With oftied Sambdtbiizig addi tives, dil uents,
pol ynmeri zation 1nitators y be used to prepare e bi dnedi cal devices of

t he i nv&nt cemponebtsGryongrastbe Sktallilydrogenpwiarmationiod) obtheasaaréroers and devi ces

of the pres iaventi . furth rj | Ltionak..C onents whi ch
provi de enhEHé%Jn%%gﬁ%m%ffﬁaﬁy begvg%aészg“ ?g%g%@rﬁ@éﬂto? al hydrogel .
Sui tabl e oxsgem-lmblamlnggs Iem?awutwi1][a|¢idtpd@feﬁdblwbmngmum:mi ng nononers,
macroners and, reactiv repo [s, uorjne contajni ng pononers,

macr omers aftf ?@&&é:ﬂvgmwﬁ)’ p@P_??rér "'d'?\g‘ec%?‘ﬁ@ﬁPE"&F'BE?rf_}'?tr"i“g‘P‘gfl‘)gaond cont ai ni ng
ToNOMer s, NERiicEMEyleAl rofE il deereBSe felarraBd duiBBIRTbFbliging ¢ her eof . but

excl ude the conpa zi ng conponent. For the purposes of IS invention,
the tertf@ ne@mn Witywi | | be used to cover both macroners and prepol yners.

Preferred 16 V\Dé&ﬁé&@@ﬁéﬁuﬁéﬁyﬁo%ﬁ{égmﬁﬁmﬁgrag fRefiponent s

conprise sil oxane con m xtures thereof
Sui t abl e si awzitable fromrGelest; Ing Marrisvilie; BAI Saitahle multifindtiormahal ogs of TRI' S

desert b By g A SRR Sl REPBBBIC R o35 Socrioed 1

useful and Moeiseil@ P @RV beonade psiiEheproceduesidisapsedin Hpbeaspat ent s
' fication are he I ncor pQ ed by reference. Mre

. . ! R
Cpec 118 19nd 8562608 S ipbR FIE ot Monelnrional SIRBRPIAIS 11 ane (TR S)
monomet hacr ydmiponehte iy HeSthadd \asithe procdiires Bisbpsédnanes, 10

pol ydi net hyl si | oxanes,” 3-net hacryl oxypropyl bi s(trinethyl sil oxy)nethyl sil ane,
net hacr yl ox§eF/dB2/B¥amet hyl di si | oxane and combi nations thereof are

parti cul arl g,ipigff diinpdbifidd MAGEmERTEY BE AEaEBSRETleelbral N 1 Nvention.
procedure disclosed in US 5,760,100 (material C) or US 6,367,929,

20 While compatibilizing components comprising hydroxyl functionality
have been found to be particularly suitable for providing compatible polymers
for biomedical devices, and particulalrly ophthalmic devices, any
compatibilizing component which, when polymerized and/or formed into a final
article is compatible with the selected hydrophilic components may be used.

25 Compatibilizing components may be selected using the following monomer
compatibility test. In this test one gram of each of mono-3-methacryloxypropy!
terminated, mono-butyl terminated polydimethylsiloxane (mPDMS MW 800-
1000) and a monomer to be tested are mixed together in one gram of 3,7-
dimethyl-3-octanol at about 20°C. A mixture of 12 weight parts K-80 PVP and

30 60 weight parts DMA is added drop-wise to hydrophobic component solution,
with stirring, until the solution remains cloudy after three minutes of stirring.
The mass of the added blend of PVP and DMA is determined in grams and
recorded as the monomer compatibility index. Any compatibilizing component
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Addi ti onal sil oxane containing nononers may be present in amounts of g@p%IEOOG
0 to about “75 )Nto/ nore preferably of about 5 and about 60 _and nost f
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conpri si ng | bﬂn@r t one dial kyl
si | oxane gr uﬁkgﬁ’ﬁﬁ r?tg)?lg ﬁ#ré@é?ggrnﬁ%@gz{a I eagﬁ&gﬁgh?ibhgttﬁflp}agﬁsoxane group.
The si | oxanwillbesuitabig o usainrthisinventianaThoseofiskill inthecart willappresiates such as
ur et hane gr : Wele: ar | | kal ene groups,
aryl ene.gr ofigcne gt HtoE WEIGRLofthe 18 SomBLAeing cBiBRne AU B1eET
Ioerk fi uordal tchexe'sugs oﬁlxpeabb\;mestamwbimm ompunetzn'srmat/ingmolédWreof boffand fj he
i ke. A preferred class of sj e containjng, Croner.s y be fornme
via the pol YRS Srpates QﬂaQS’H&@f‘?ﬂ'ﬂP%m@Y P%@é‘gtﬁg'g'x?%q‘??g%ﬁﬁ“‘lﬁsﬁore acrylic or
met hacryl i ctifi@io’diveepreschtafVe@SuisOnt ai ning nacromers may be forned via
group transfer polynerization ("GIP'), free radical &gl yneri zation,

condensat i on r eAdt'¢fiactiveamountcofitheeompatibilizing egrapenent ettheinyentipiracr omer s may
be formed i gtrﬂé ¥mdtint ﬁeé:‘lpee{d! to %orﬂéatﬁ:‘ilﬁ@ or &g@%&g%@%&i&@&%@p onents
nown In the art. “Specrfic s

sel ected and using conditions oxane
cont ai nfbhg hydcopbiiie pslymen dndrthielothibs comporientsi of theapolfmert formylationcl ude  t hose

di sclosed in US. 5, 760 0 as terials A-D (nmethactylate . functionalized,

a1+ cone- 1 TobE R nBhalBiishy Rbroer wilseain b it ea. Coili cone
ur et hanes) , afight b mpﬁin&g?ryﬁedwhmhiﬁdéd%ﬁna&%doﬁinatisinﬁné April 2006 17 5
April 2006 WO 03/022322 PCTI US02/ 28614 functionalized pir)ieggol yners of

hydroxyl f ufRERAOBARIDeiRgtNesErY loRogwpatibilredigher eercenti@iansof Dight es) , t he

di scl osur eSmSIEcMQFWJ?%rﬂhgdﬂoBﬁiﬁé PlyrAdre EfEaIVE athdunts'dt kBApaRSAIZingSYi t abl e

si l oxane_ containing Teactive pregt)il yners include vinyl carbamate

funct i ol i casapopentyritheeralymesiforawiatien inglide abeus Sk (weight paiceat osed in 5 US

5, 070215 an I I [\ ldhey nati ng "hard"
segnent s fogar?géls#' E}%%Sttaggﬁgg%@tﬁ?egﬁ%tﬂe gﬁ@?@%ﬂﬁ%g%"&dgl }§ and diisocyantes
and "soft" prefgrablytabobbt@fedo abautB8% mbsttprefetablyhalgut 20%doabaut wei ght pol yner,
which is a, Wndcapped with two active hydrogens. Specific exanpl es of

sui tabl e siYd%ane containing prepol ynmers, and nethods for their manufacture,
10 are di scl oseth adtitidh t& tHeighindlecuié wdight hydropkilidpsipnes dnditise n by ref erence.

20 compatibilizing components of the invention other hydrophilic monomers,
oxygen permeability enhancing components, crosslinkers, additives, diluents,
polymerization initators may be used to prepare the biomedical devices of the
invention. '

25 Oxygen Permeable Component
The compositions and devices of the present invention may further

comprise additional components which provide enhanced oxygen permeability
compared to a conventional hydrogel. Suitable oxygen permeable
components include siloxane containing monomers, macromers and reactive
30 prepolymers, fluorine containing monomers, macromers and reactive
prepolymers and carbon-carbon triple bond containing monomers, macromers
and reactive prepolmers and combinations thereof, but exclude the
- compatibilizing component. For the purposes of this invention, the term

macromer will be used to cover both macromers and prepolymers. Preferred
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nononers. It has been found that wetta macronmer containing silicone

hydr ogel s rrﬁpeqmallmérmmfﬂ%wmﬂﬂ%ﬁ(fﬂg‘eﬂtwSI'@%%"aM@’Rl%lr ophi l'ic polymer and
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| east alOut pﬁ@G’fmemjIsnlouanesns-melhadylmypropjlmls(mnmmsuIoiy)methylsdm'te about 50% In

certai n enbodi,ments it referred t S xt f sil oxane

cont ai ni ng ﬁ%‘ Brppﬂgg\?}tﬁm%@y@selgﬁn&gg @W?nh?%%h e?rgq{ﬁrrer s with

si | oxane coahmcma magmsn@mm.mﬁghwﬁemérs ot&m&m@mubh 2006 WO 03/ 022322
PCTI US02128 é—% ophi l'i c Mononers Additional l reactive coagonent s of the

present inv ﬁwamg@ta'mnemmemswnwarﬁ ntin.ameprtseiabolSed t o prepare

convent i onal taxgamsm%, mbRY prEfeRIBR) oF BB BHdSabBaré P Mgstacr vl i ¢ gr oups
(CH2=CROX, where E&é ro en or ClL 6alkyl an Xis 0 or N) or vinyl groups

(- om2)15naprqwablxetabou weight%edi t i onal hydrophilic nononers are

NN di ety ot gt Qg,qsﬂmﬁamas L5 Mobgrahge ©

nmononet hacryl at acr am de,” polyet iyl enegl ycol
nmononet hacr yokeicalar we:ghmatwéencatmut 51000 anrtabaum &Oﬁ)ﬂjDalkbnsl Rjibxaper r ol i done,
N-vi nyl - acet e, N-vinyl-Nethyl

For maun de. " FEURRDR PHA5FoRRGHE G elarials combhsing 3t BEST SR siand

group, and preferably at least one dialky! siloxane group and more preferably

20 atleast one dimethyl siloxane group. The siloxane containing macromers
may include other components such as urethane groups, alkylene or alkyiene
oxide groups, polyoxyalkalene groups, arylene groups, alkyl esters, amide
groups, carbamate groups, perfluoroalkoxy groups, isocyanate groups,
combinations thereof of and the like. A preferred class of siloxane containing

25 macromers may be formed via the polymerization of one or more siloxanes
with one or more acrylic or methacrylic materials. Siloxane containing
macromers may be formed via group transfer polymerization (“GTP"), free
radical polymerization, condensation reactions and the like. The siloxane
containing macromers may be formed in one or a series of steps depending

30 on the components selected and using conditions known in the art. Specific
siloxane containing macromers, and methods for their manufucture, include
those disclosed in US 5,760,100 as materials A-D (methacrylate
functionalized, silicone-fluoroether urethanes and methacrylate functionalized,
silicone urethanes), and those disclosed in US 6,367,929 (styrene
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conbi nati ons thereof. Aside the additional hydrophilic nononers nment i58‘{b?€§?06
ro

above, po xyethyl ene pol yols having one or nore of the termnal hy
gr oups rew(ggzéQ}z{\%th a functional group containing a poIW%OZ/&fﬂlé doubl e
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o ol ol 1 P amtnts ek bra ihe TeRGon SLeRoT sraed AN (B Bles70 215, e
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pol ydextran. ~The preferred additi onal ilic mononmers are N, N

di met hyl acryhighisiewE@ndpgnpegd with dwe astive hydrogenss Snegfie exampessl | gl ycer ol :
met hacryl atg,; 3 ' | : | e (NvP),

pol yet hyl en%dﬁaége{}w &ﬁ‘@)ﬁ)éﬁét?%g‘@;@%ﬂé’?’@w%e%g’g‘?‘?%s\gbgﬁ%"g%@??/ A IFH; acid and 30
conbi natQ onaretdisniosed in WS 6034481 oxtich is incorpocated bereiorhyreferemge DVA bei ng
particularly preferred. Additional,.hydrophilic mnoners. may be present in
amount's of aboutelfhﬁhé’grogﬁ'ﬁﬂﬂh?(5’"?/3?99'"‘XF&'&'%'PB\B&CQWBB‘?VWE?“SB%% 5 and about 60
and nost prsforamdéan taingMaciombr. BisiloRanecddntdifin héét@tﬁeldﬁfé? behe total weight
of the reactive conponents. 19 WO 03/ 022322 PCIT/ TJS02/ 28614 Crosslinkers

Sui t abl e crR¥Esenti@maunty eetweemakrta and aboutng waidhtty Rrefesliyrer i zabl e _
punctiona uiieRanoliifo ﬁg@%ﬁddt B GeigfiBy ah® midvéprafiiady ser@éﬁ@gemphob' ¢ and in

5 sone enbodi nents resent 1nvention xtures o rophilic and
hydr ophtéhi c1&ardshdub# weightiu@llibesed uponithe total weight ofdhe reaactivme hydrogel s with
I mproved opéd'nﬁneﬁ#ari ty (reduced haziness conpared to a CSI Thin Lens@.
Exanpl es of "sulrtable hydrophilic crosslinkers include conpounds having two
or nore pol yner iSuitable fibarine tontaminggnanopers nslude Rlorine-doptdininghi | i ¢ f uncti onal

el ude TER BEaBfRs. B rR BRyIGHY ekt Rl Bomeco T

containing C.-C4; alkyl esters of (meth)acrylic acid such as 2,2,2-trifluoroethyl

20 (meth)acrylate, 2,2,2,2',2',2'-hexafluoroisopropyl (meth)acrylate, 2,2,3,
3,44 4-heptafluorobutyl (meth)acrylate, 2,2,3,3.4,4,5,5,6,6,7,7,8,8,8-
pentadecafluorooctyl (meth)acrylate, 2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-
hexadecafluorononyl (meth)acrylate and the like. Fluorine containing
macromers and reactive prepolymers include macromers and prepolymers
25 which include said flurorine containing monomers.
It has been found that wettability of macromer containing silicone
hydrogels may be improved by including at least one hydrophilic polymer and
a compatibilizing component. Improved wettability includes a decrease in
advancing dynamic contact angle of at least about 10%, and preferably at
30 least about 20% and in some embodiment a decrease of at least about 50%.
in certain embodiments it may be preferred to use mixtures of siloxane
containing monomers or mixtures of siloxane containing monomers with

siloxane containing macromers or prepolymers.
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(triethyl eneglycol dinethacrylate), ethyleneglycol dinethacylate (EGQI@H 2006
I nat1 ons

et hyl enedi gni ne_dj net hyacryl am de, gl ycerol dinethecryl ate d Q
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about 2 weir%qf’{a)eérﬂi agitie bh‘ﬁ?"'f"l‘cdﬁpm ae @-N’@J"‘&ﬂﬂlﬂcwgam}#ght % and the 25
anount of ' ' ' I%H‘l'é ab viabout 5 wei ght %
based upon%ﬁre&%? ﬁyp'\?gfhgﬁ'?la%éf?b? F:]eerbfrggct | Jgg%r%lgn%bggx{j??ymlch can ’
al t er nat i vensthagsylamide; pelyethyleneglyeol morgmethaanylate, methacrylibacid, 0. 2 mmmol e/ gm

005 t o abdiong aae N oo RAGAL eyl 2R, NoymuRSseIPreer Tt he
final pdl ynsetahide, DeeinyliN-ethgl fotntammidelU-@inylfernsamidenandéndiaze. However, as

crosslinker_ c n%ﬁntr tio I ncreases above about 0. 15 mmol e/ grn reactive
conponent s Q?Bg’ﬂl ans herEokases above general |y desired levels (greater than

about 90 psi). ASidE the additidpgl BRPRIRE mMoRbRBEY MehtioRed 8b&ves| | nker conposi tion
and anount is selected to 5 April 2006 20 WD 03/ 022322 PCTI US02/ 28614

provi de a drob@xysthilere palypiehavingansrerimere REthe derminabhydipxd gFWPSf bet ween about
| 2nd aboubn dCud Wit & furfch pﬂoﬂé%ntamp%ﬁﬁ%ﬁho B8 Bbhd fnafy O TPORENT -
I'ves, ch dar Y

Addi ti onal conponents or addlt e genera nowmn“in the art
may al st® bebeiuseduExampledificilide polyethylenel glybalt asdisclosed im USi t ed to ul tra-vi ol et

5 aoeor o "SRR AP A BRIk R b T8 5 B 8570, ForP i ne
Di | uents T5)304;884¢ ind ethorylzsted bispisenot Angsadisdivsed i U§5,665508.ent, hydrophilic 10
DT A58 B B3 B o B S e o AP bR Bl en € 0°S1 ! nker (9
isocyanatoethyl methacrylate, methacrylic anhydride, methacryloyl chloride,
20 vinylbenzoyl chloride, and the like, produce a polyethylene polyol having one
or more terminal polymerizable olefinic groups bonded to the polyethylene
polyol through linking moieties such as carbamate, urea or ester groups.
Still further examples include the hydrophilic vinyl carbonate or vinyl
carbamate monomers disclosed in U.S. Pat. Nos. 5,070,215, the hydrophilic
25 oxazolone monomers disclosed in U.S. Pat. No. 4,910,277, and polydextran.
The preferred additional hydrophilic monomers are N,N-
dimethylacrylamide (DMA), 2-hydroxyethy! methacrylate (HEMA), glycerol
methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid and
30 combinations thereof, with hydrophilic monomers comprising DMA being
particularly preferred. Additional hydrophilic monomers may be presentin
amounts of about 0 to about 70 wt%, more preferably of about 5 and about 60
and most preferably of about 10 and 50 weight%, based upon the total weight
of the reactive components.
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of water and optionally, in the presence of at |east one diluent to fSO/(dHIQOOG

reaction m r he type and anount of diluent used al t he
M&{q‘zlzesz Sﬁﬁl’}dgo?fiﬁ 4

propertie esul tant polynmer and article. The haze and Wettability of
the 15 final article nay be inproved by selecting relatively hydrophobic

di luents and/or decreasing the concentration of diluent used. As discussed
above, i ncCraSkAkErst he hydrophobicity of the diluent may al so all ow poorly
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process. Thus, it . is inpgrtant to select a diluent which provides the

feai rod” confiromiopieiyb Sl Meriave HBen SnG ® pitvRe b B Pever o
processi ng piprveRiophiéa claklyl (RRI0ESd hezdiess compared kS 210%) Thigl LehRs)levi ces of this
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kyl
al cohol s anExarenies efsuitehle hYﬂ@P@iﬁQfoﬁﬁF%'"ﬁﬁde &H‘E@H@F Haypg M ef er r ed
di | ts , ; : | i : f d al cohol
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di l uents. Exanpl ers use ent I nvention include
t et r ahy d@ of gnoups suchiasrpolygthen @amide/erdiydraxylgroupst [Specifi¢ examplesopy| ene gl ycol

nmet hyl et he | n- |, er ' e | ycol n-butyl
et he)r/, di et ﬁ?f'f@%igéﬁ%&ét@m{ﬁ“e@%%F"%@%W%%L%‘é@? phgnzl et helrJ, d
Sropyl elne g(try‘eltmﬂen@gtyb?lldirlﬂéthﬁ]rylateb.(wtyw?‘reglywlmn?thmyldt?'(E(H?MA;, acet fit ei )

i pro ene col. ne et he e e, , pro en col n-pro et her,
di Br QB% eneelg)'%%i'a’wnﬁp IyaéfyFﬁE’T‘aiae't Xcﬁt%g € W@%gB n- butSI g%/her,
propyl ene ScdbihdtioRd eredt Exafipleslof SGRMBINGIRPREBIR SRR sIMkershade28614 gl ycol
n- butyl et her yl ene g‘liycol n- butyl” ether, tripropyl ene glycol n-

d
but yI eﬁ%ermugﬁmlﬁ' rng repafieibizing ermpaneat. uMtifuncieral pelyelbergi ycol di metyl et her,
pol yet hyl engy dl?ﬁ@@kﬁﬂoxﬁl & BIBEW o%?eré’,'c)ﬂﬁlﬁin%ti@d%%fpefﬂféﬁdﬁtﬁe fil&\gr eof . Exanpl es

of esters use r thrs rnventirron 1'nclude ethyl acetate, butyl acetate,
anyl 5 acet Spegjficrhydiophobiaicrossliokersinojudelagrylaxypropyltgrminated | act at e. Exanpl es of

al kyl  hali . f.ul Il IS | ' t hyl ene
chl ori de. %qu‘r%?t&'g'iqxgg? ﬁ\énfg‘;&@é{ﬁvoysﬁ)@Jp[}oﬁ{é&&%@; *uﬁﬁiobgﬁ?ggnt i on include
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methacryloxypropyi)tetrakis(trimethylsiloxy) disiloxane and mixtures thereof.

Preferred crosslinkers include TEGDMA, EGDMA, acPDMS and combinations

thereof. The amount of hydrophilic crosslinker used is generally about 0 to

about 2 weight% and preferably from about 0.5 to about 2 weight % and the

25 amount of hydrophobic crosslinker is about 0 to about 0 to about 5§ weight %
based upon the total weight of the reactive components, which can
alternatively be referred to in mol% of about 0.01 to about 0.2 mmole/gm
reactive components, preferably about 0.02 to about 0.1 and more preferably
0.03 to about 0.6 mmole/gm.

30 Increasing the level of crosslinker in the final polymer has been found
to reduce the amount of haze. However, as crosslinker concentration
increases above about 0.15 mmole/gm reactive components modulus
increases above generally desired levels (greater than about 90 psi). Thus, in
the present invention the crosslinker composition and amount is selected to
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10 having the formular GOH R' wherein Were RR, R and R' are 5 April 2006
i ndependenM@0¥®RB2ted fromH, a linear, 15 branched or REKUSR28Mhoval ent
al kyl having 1 to 10 carbons which may optionally be substituted with one

or nore gropfovideadrosdlini@r bonceaaton i tHeaeactionasikieresof betwden,abaot hos, am des,
al kenes, al ka/nes, ﬁgr boxylic acjds, %cohol s, al.dehydes, ketones or the
like, or an§"q abpubi0 mmolesragsiipkerRer tQgrams of regctive R&PMShond to form one

or nore cyclic r |\ HGHV4 i ons whi ch may
al so be substi tﬁ‘%‘fggﬁg#s' cjﬁﬁl ?ﬁﬂgggfﬁdgggmr{@%rﬁgeﬂ%@gyﬁ@gﬁt|ﬁQ{ebno nore than
one of R, RartmayRisoibe included. iAddilives includelbutare net liniteddaditratviclete | ndependent | y
sel ectedg fr . ' ' . K | | kyl groups
navi ng. 15 oL eortBOUAES bid ighgmer, PERlve BE Aol EbRpuindd. Y,

I ndependent pigmeeisppiictsthtamio) réfease agants, icombindtiorisrteereof dndaheltiled or cyclic

al kyl groups having 1 to 7 carbons. In certain enbodinents, the preferred
diluent has 4 or nore, nore preferably 5 or nore total carbons, because the
hi gher nol ecul ampjyehtght di l uents have |ower volatility, and |ower

flammability. Wien one of the R Rand R' is H the structure forns a
secondary al cohdihe reactive eamponsntst (rempatibiizing semponeqt.dydrophiic WO 031022322

PCT/ USO 28&&1@“&?&9@%@?8“%%@ 93%"%’5‘%@%@%““55?'}09’3 Ls, Tertiary al cohols are

nore preterte condary al'co uents'are preferably inert
and easi |y crdsslinker(s}ahd etheycomponenishare miked and rlacted irbthe absercer bons is five

or less. Ex l.es of useful, secondar | cohql s i,ncl ude 2-butanol

2- pr opanol ,%tWWH‘,’"Q{Qj/dFm&W,& °€9@%§8H‘f gmﬁny'&rfﬂméﬁonor borreol ,

2- pent anol , re3ctidhafiikid| Thelype sad@rhount of@ilaRPlsed JigtRdHaKis tie but anol ,

2- heptanol, 2-octanol, 2- nonanol, 2-decangl, 3-octanol, norboneol, and the

li ke. ExanpPreperdes Qlfsiléq’ [rsultant pPlFer ancdtatiae s The bazernd watiabiitelie , tert-anyl,
T 770" w8 ny T e e PRy y BeGUATE iyl AV GHIRbe U ™ amol .
1- chl or o- 2 ansl/drydec@aping thersinceriration bidiluentiuspd aAs discassedahgve, 2- oct anol ,
- oty - 3 neSBaRe PeryiBbdlh  vREEaRmar SEE AN o) BiFRRe
4- met hyl - 4-corhponehts (3 measuréd By thecompalibility test) ttdyé prbcessednoform a
3-met hyl - B_é)ocrrtu%rt]igie’poﬁ_rn%r i) égihﬂ.e)f-%r\}vglvér, 35 IR tinint becomes more
20  hydrophobic, processing steps necessary to replace the diluent with water will
require the use of solvents other than water. This may undesirably increase
the complexity and cost of the manufacturing process. Thus, it is important to
select a diluent which provides the desired compatibility to the components
with the necessary level of processing convenience. Diluents useful in
25 preparing the devices of this invention include ethers, esters, alkanes, alkyl
halides, silanes, amides, alcohols and combinations thereof. Amides and
alcohols are preferred diluents , and secondary and tertiary alcohols are most
preferred alcohol diluents. Examples of ethers useful as diluents for this
invention include tetrahydrofuran, tripropylene glycol methyl ether,
30 dipropylene glycol methyl ether, ethylene glycol n-butyl ether, diethylene
glycol n-butyl ether, diethylene glycol methyl ether, ethylene glycol pheny!
ether, propylene glycol methyl! ether, propylene glycol methyl ether acetate,
dipropylene glycol methy! ether acetate, propylene glycol n-propy! ether,
dipropylene glycol n-propy! ether, tripropylene glycol n-butyl ether, propylene
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15 3- heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 5 April 2006

4-i sopropyl nol, 2, 4-dinethyl-2-pentanol, 1-nethylcvcl o ent anol
1- et hyl cycl%é«gﬂ&gﬁg - et hyl cycl opentanol, 3-hydroxy- 3- R‘g q“"dutene
4- hydr oxy- 4- et hyl -1 - cydopent anol , 2-pheny | - 2- pr opanol ,

2- met hoxy- 2-gyselybutyl.ethespiprepylenesglycol ﬂ@%eﬁyw. tripropyiene-glycol n-

3, 7-di net hyl nyl - 2- pr opanol
and 3-et hyIy bgélg)ée{ﬁ%raﬁfque gt}?ﬂéﬁaﬂg{ﬁ%ﬁaglogélﬁeggqyg%lﬁrﬁ .gpetﬁ#;tﬁres gf 'Ito wo or
mor e of t he palyethglehe glyeals gotyprapykene glycolsand mixtunes trreafh @xamplesor di ng to t he
structure ab can ed. _as the Ll yent t he oI mer of this

i nvgnt :Jon e gﬁt"é?ﬁF@uﬁﬁ%mmpg nc[uﬁlg eg‘yg?gﬁf%?uﬁégﬁa}ep Lent s areI
secondar % araéetat%5mTeﬁfyI lagtale, éifﬁﬂb&hfé firpyh thckite.| BRdrhplds 68dllgpns. The nore
preferred al cohol | uents include tert-butanol, tert-aml alcohol,

2- but anol balides wefulzaq)@lv@aﬁdor this nventigniaelude methylene shloride.
3-met hyl - FE? @@gbfsufén%péféful%s Gé:ﬂé‘faftms;*n ?rﬁ%bﬁfri - 3-octanol . Presently,
e ano

t he nost pr uents are exano octanol, 30 nonanol,
decanol , t ettamethylcyelbtetrasiloxarge. net hyl - 3- pentanol |sopropanol, t anyl

2 ?OQ?L{etﬁtyf'y' doreurigs of Hrolds ol &1 uen s B O beRin hdieite, i et nyi

propi on3dgi deaviny thetfbiula pyrrol i di none and m xtures thereof. Additional

di luents useful for this invention 5 April 2006 23 5 April 2006 WO 03/022322
PCTI US02/ 28614 are di sclosed in US patent 6,020,445, which is incorporated
herein by reference. In one enbodi nent of the present invention the diluent
is water soluble at processing conditions and readily washed out of the
lens with water in a 8 short period of tine. Suitable water soluble diluents
i nclude 1 -ethoxy-2- propanol, 1-nethyl-2-propanol, t-anyl alcohol,
tripropyl ene glycol thyl ether, isopropanol, 1-nethyl-2-pyrrolidone,

N, N- di et hyl pr opRomaniCles—@Hhy|l | actate, di propyl ene glycol nethyl ether,

m xtures thereof and f§he like. The wuse of a water soluble diluent allows

t he post nol ding procg¢ss to be 10 conducted using water only or aqueous

sol utions which conpripse water as a substantial conponent In one

enbodi ment, the amount” of diluent is generally |ess than about 50 weight %
of the reacwheneiniVhererkR, Riradd i’ afecindépendeéndlyseteated feobobt a Hidear,

15 branched or cyclic monovalent alkyl having 1 to 10 carbons which may
optionally be substituted with one or more groups including halogens, ethers,
esters, aryls, aminos, amides, alkenes, alkynes, carboxylic acids, alcohols,
aldehydes, ketones or the like, or any two or all three of R, R and R” can
together bond to form one or more cyclic structures, such as alkyl having 1

20 to10 carbons which may also be substituted as just described, with the
proviso that no more than one of R, R’ or R" is H.

It is preferred that R, R' and R” are independently selected from H or
unsubstituted linear, branched or cyclic alkyl groups having 1 to 7 carbons. It
is more preferred that R, R’, and R" are independently selected form

25 unsubstituted linear, branched or cyclic alkyl groups having 1 to 7 carbons. In
certain embodiments, the preferred diluent has 4 or more, more preferably 5
or more total carbons, because the higher molecular weight diluents have
lower volatility, and lower flammability. When one of the R, R and R" is H, the
structure forms a secondary alcohol. When none of the R, R’ and R” are H,
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wei ght % and nore preferabl y between about 10 and about 30 weight % 1% 96
upon the tQf of the conponents of the reaction uen
may al so congbmggzgddl tional conponents such as rel ease r?éé]&ﬁ%oglzséw tabl e

rel ease age ar.e ter qubI d.aid i s debl ockj The

pol ymeri zat ﬂtﬁrﬁ"ﬁ*ﬁ}’ﬁ Sﬂﬁ% @QS&cJﬁﬁ'@%?r] caﬁe q0rg gﬁ@%dper oxi de,

benzoyl per %h@@conki%%é?i%ls We%ﬁ&ﬂ@éfeeprefé?db@' iRérbamiéasilpni trile, 20 and
the like, that generate free radical s at m)derateltyl| el evat ed tenperatures,

and phot oi nfisplagaableshywaterwhenthe databnumber ptcashongds 888- ket ones,
al .koxyoxybenz%@ﬁgle@%ﬁﬁé&ﬂﬁ%@%w Ao sﬂﬁ@@d@%ﬂﬁﬁﬁﬁeﬁﬁﬁp?ﬁ&d atertiary

am ne plus a one, mxtures thereo ustrative exanpl es
of phot 9i nmehmbloc)mldlesanbl rqydbpar}kalymilaoduexgdortpﬂnmoyl2 -pertanol ,3-
2- hydr oxy- 2-

bi s( 2, 6- di nB‘%T’ﬁ%%th?e 9?"09 E%"A’?{ ﬁ@y'?&?@am'ﬁ -heptanel #0614 de ( DVBAPO) |

bi s(2, 4, 6- thomblhyideemﬂactammmmunﬁ@mdede (Irgacure 819),
2,4, 6- trlnethylbenzylle enyl hosphi ne oxi de, 4, 6-trimethyl benzyoyl
u

di phenyl phosphi F&aEiplege! %ﬁﬂ#z‘@“'ﬁry Wﬁ?l'"%é?”‘éﬂ@"@] teBramhat i on of
canphor qui ”QI'EQH%’NP%RW Péhté%l'\ﬁ §Qi|rﬂét tzmﬂt% Qﬁgﬁgz\’?ﬁérﬁan gropmer cial Iy
e 11 ght u

avai |l abl e visi nitiator i ncl rgacure ‘819, Irgacure
1700, | ﬂ@jacmemylt:m)exan@abme@lyl:SMXar(wa7 ﬂlnmﬂ)yeﬁmtaﬁple¢-|cm0tq2-Chem cals) and

Lucirin TPO avai l abl e UV
phot oi ni ti a[ngfhgf# ﬁ@%ﬁﬁ‘g%ﬁ@?ﬁfﬁ%%ﬁ %@?6’%3?@@@'& Specialty
gg;a 812(2: glzg ) Préqr%gL Zjng%l%ﬂ-glfdelcanols\'ﬁd)elthyl ?thexdrmaﬁtmahylmhé'ptm jd- 2006 WO

m e jn effective anount initiate
phot opol yneF\eQ‘zX"%?PtB’P°'tqﬁ@eﬁ'@’§é’t°F{9’i°' fhmethyl-4- °°L3"8Pa -ett¥hdabout 0.1 to about
2 parts by WeHaa6L 4Wthym9maaﬁ61Sa-ﬁfethyl-s%efahwes%mwmhéxadaplsyrﬁaﬁthat ion of the
reaction mxture can be initiated using ppropriate choice of heat or

vi si bl etor &heptanelof-ethyr4-gentane!, %pmvl%heﬁém% Mé@ynwlﬁg\eatanphe

ol ymeri zat d . an be conducted
B thout o pRatunehit Zpfartst Xmeegbanlarl LothBy oBbial 20 O on e
phot oi ni t i aetbylcyciopestadol, 3-h9drpxy,>ﬁenetb)d 1rbuten0a4<hydnosy-é-nmmm-|1nat ion of

ri et iyl poRP e R R ek A 2 ety FEPSBRIRRER bt hod of 10
pol yneri zat frietetiyh8-penatanel/3, V&ilméﬂayltﬂ-ectbritmfﬁ-phe’ﬁbl@-bmaholm-afeﬂ'fyt-ead is bis(2,4,6-
E)]E | gﬁt h ¢ @%ﬁ%éll %B&ggﬁﬁﬁ%gé%_geom de g’gﬁi%-e 819). The preferred range
A single alcohol or mixtures of two or more of the above-listed alcohols or
two or more alcohols according to the structure above can be used as the
diluent to make the polymer of this invention.
In certain embodiments, the preferred alcohol diluents are secondary and
25 tertiary alcohols having at least 4 carbons. The more preferred alcohol
diluents include tert-butanol, tert-amyl alcohol, 2-butanol, 2-methyl-2-pentanol,
2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol, 3,7-dimethyl-
3-octanol.
Presently, the most preferred diluents are hexanol, heptanol, octanol,
30 nonanol, decanol, tert-butyl alcohol, 3-methyl-3-pentanol, isopropanol, t amyl
alcohol, ethyl lactate, methyl lactate, i-propyl lactate, 3,7-dimethyl-3-octanol,
dimethyl formamide, dimethyl acetamide, dimethyl propionamide, N methyl
pyrrolidinone and mixtures thereof. Additional diluents useful for this invention
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per neabl e conponents and conpati bilizing conponents) is fromabout 5 5t,Qpri12806
wei ght per e preferably about 15 to 90 wei ght per nost

pr ef er abl y%g(géng% to about 80 wei ght percent, based upoﬁ%@zﬁgﬁﬂél wei ght
of the reactiye conpopents. A ferred range of atibilizing conponents
is about 5@{%5/'3%%99"9E‘gﬁ@ﬁ%@@@ﬁéﬁmh'gfww@rmtﬁgE%lﬁ‘tbylo to about 80, and
most  pref ergllenc@bout 20 to about 50 wei ght percent. A preferred range of

hydrophi lic mononer is fromabout 5 to about 80 wei ght percent, nore 20
preferably aboutlnsnnean&:bdlmenswbep@aentpme@&mt,heeﬂliden%matprmml%bl y about 10

to about 50 | ; of it he. | S reaction

m xt ure. Aapﬁg? g%s#nggfoﬁg%rg Jonrd rE?ddlkﬁ%‘%h%aéﬁlﬂ@?mﬁFg{;\{nﬁwygg L@% lic polymer is

abpu':1 1 6o sbdﬂt)perioﬂgofﬁmbglsmtatfﬁe watg’ltsom%leﬁilmﬁrﬁiaclagé y-eamlzw-s ':10 about 15 R

e T

preferably i ' i i ably from
bfHem |§ib%56a4 a/eél? é métrg/yo@-bprfr?lﬁ% Pﬂﬂ,gh?lm%tr@%ﬁi@faﬁud& ethgr

about 15 to about oregoi ng ranges are based upon

the total wactgie, difropylenergiyget metbyl etharpoixtiuressthepeobard e likel Thenge of dil uent

I's from abo =Y : ferably about O to
about 50 mP%%Pf%\g?t%E%{I@blé%}@@tiﬁ{&ﬁvs@gérg@%hggdéﬁ%@éﬁégégt 0 to about 40
wei ght peér ceondusted usingswater ontyios diquenus solutioss whick tempriseywdiertaseen about 10 and

about 30 weight percent based upon the weight of all conponents in the
total react P@PPI‘#B?[WW?‘ﬁe anount of diluent 25 5 April 2006 WD 03/ 022322

PCTI US02/ 28614 rip@vé efBolifieht theciisuntbndiuent is Generallyuéss thawatioat at i ve amount s
of the reactjve i:f(}ﬂ;g%onents, The invention further conprises, consists and

consi sts esS@ME &he rgaction mixtyreandyrIetsgrbly less Bag abeit0devi ce, opht hal mic
devi ce and GME bnd ASfreRiabhPodtiEe S5dH0LhE BB B WRiGHpHOC VI % Component s

CCHMW\HPASCMS M 5-901-15, 3-15 or 5-12000 10-801-15, 15 or 5-12000
15-551-18, Bases! uponsheltetahweightaf thei@mpnests@f the-reaation mixture.
The diluent may also comprise additional components such as release
agents. Suitable release agents are water soluble and aid in lens deblocking
The polymerization initiators includes compounds such as lauryl
peroxide, benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile,
20 and the like, that generate free radicals at moderately elevated temperatures,
and photoinitiator systems such as aromatic alpha-hydroxy ketones,
alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, and a tertiary
amine plus a diketone, mixtures thereof and the like. lllustrative examples of
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
25 phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl
phosphine oxide (DMBAPO), bis(2,4,6-trimethylbenzoyl)-
phenylphosphineoxide (Irgacure 819), 2,4,6-trimethylbenzyidiphenyl
phosphine oxide, 2,4,6-trimethylbenzyoyl diphenylphosphine oxide, benzoin
methyl ester,and a combination of camphorquinone and ethyl 4-(N,N-
30 dimethylamino)benzoate. Commercially available visible light initiator
systems include Irgacure 819, Irgacure 1700, lrgacure 1800, Irgacure 1850
(all from Ciba Specialty Chemicals) and Lucirin TPO initiator (available from
BASF). Commercially available UV photoinitiators include Darocur 1173 and
Darocur 2959 (Ciba Specialty Chemicals). The initiator is used in the reaction
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10- 801- 15, 3 15 or 5-1210-50 15-551-15, 3-15 or 5-1215-45 5-901- 15 ?g"&’? 96
5-120-80, 5-6Q 5-50;10-50; 0-70, 5-60 or 10- or 10-4015- 4@2@ !3 %6
or 5-120- 88’0‘3 6@% 50; 10- 50; 0-70, 5 60 or 10- or 10-401 551 15,
3-15 or 5-120-80, 5-60 5-50; 10-50; 70, 5-60 or 10- or 10-4015- 4550 CCis
conpat i bi | | Pixtge inoeffsstivaamoynisio "'“Qatﬁ|PQHf°RB'V@§G¥3é'P"\QH"@HFaW§’Br ophi lic pol yner
ASCM i s add S t rophilic nononer
SCMis a si ?k?(lgﬁgé%oﬁ%@?ﬁ?ﬁgﬁzﬁgﬁyg%‘?Ba@e}pﬂgﬁgt]%rr?ggEgn?ﬁeent i on includes
si | i cone hyreactiyel monamesEdiymerizationiof the reattion aixtute ecapbieoaitialed cont act | enses

possi bl o colishERpRrpiaFRATs bibat bPYifbled uhiafgle g o el ) Ve T pr et aced
by the wbr dméadodépendihen tHeopohmerizgtiorainigiator 0sdy. Aiteinativelyirdtigtioesent ed wit h
an ddi ti onal conponents add

th that t | t ed t
upet gr %653@% %"Iaﬁﬁteéaﬂg‘@*técﬂ%nﬁ’o'@%asan’ e’f%ﬁaﬁ‘eﬁa €3Te components
conpri se abpgievet! QNI?&I Fphotbiritisdiis used Yhe &%féﬁed%lﬁﬁ@ﬂég%rm%tlon

nononet hacryl oxy ropyl ' term nated nono-n-b utyl term nated

pol ydi net hy#fsi-h eycioherybpkenyl ketone anQbJS(&G-dﬂnether@pmﬁMw ani de, "DMA",
e ot oHSIMAGI Y o IENBEE gy ese ey |
pol yvi ny0 pypcrlylhenhanen inftiiticiDis Migile light.tTe tningest bzdfen'udes Bis(2,46pri si ng m nor
anount s of ves ot oi Iyrrerl zation 26 5 April 2006
WO 03/ 02232 %@6@%2&@6&‘)“%5‘) g?xuéﬁ Q‘ﬂ@? conduct ed in the presence of
about 23% (wei gf'rhe%référrédﬁnge of all silicone contamlng components (oxygen
permeable components and compatibilizing components) is from about 5 to
99 weight percent, more preferably about 15 to 90 weight percent, and most’
15 preferably about 25 to about 80 weight percent, based upon the total weight of
the reactive components. A preferred range of compatibilizing components is
about 5 to about 90 weight percent, preferably about 10 to about 80, and most
preferably about 20 to about 50 weight percent. A preferred range of
hydrophilic monomer is from about 5 to about 80 weight percent, more
20 preferably about 5 to about 60 weight percent, and most preferably about 10
to about 50 weight percent of the reactive components in the reaction mixture.
A preferred range of high molecular weight hydrophilic polymer is about 1 to
about 15 weight percent, more preferably about 3 to about 15 weight percent,
and most preferably about 5 to about 12 weight percent. A preferred range of
25 macromer is from about 5 to about 50 weight%, preferably from about 10 to
about 50 weight % and more preferably from about 15 to about 45 weight %.
All of the foregoing ranges are based upon the total weight of all reactive
components.
A preferred range of diluent is from about 0 to about 70 weight percent,
30 more preferably about O to about 50 weight percent, and still more preferably
about 0 to about 40 weight percent and in some embodiments, most
preferably between about 10 and about 30 weight percent based upon the
weight of all components in the total reaction mixture. The amount of diluent
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conbi ned nononers and diluent bl end) 3,7-dinethyl-3-octanol diluent. ?if(b\,ffz%s

second preferred enbodi nent the reactive conponents conprj

Si GVA, Bboulto iz o mPDVB, about 31 wt % DMA, about 0.5 géflgs@gg(ﬂ% 1 wt. %
et hyl enegl ycol di net hacryl ate, "EGDVA', about 6 w.% K-90 PVP; and about 7.5
wt % HEMA, wieaviresvanes dgaendingnmihe safe andrelativeamauats ohinedgertiveves and

phot oi ni ti aEg,rné nehRe Polymerization is nost preferably conducted in the
presence of te ?-anyl -al cohol as a diluent conprising about 29 weight
percent of the rEediventiomiudbenamprises, donsisimandegnsistsesseotiglyiofe 10 about 11

'5se than aBine3ybioBeABHHCal dich SEhhaleF ReRCE M it Bner T Cact | ve

conponends ¢HyTormuationsbisown blelow:8 W % nacroner (the GIP reaction product of
about 24 w.% HEMA, about 3wt % MVA, about 33wt . % 15
net hacryl OXYpL npyl tri Q(T Linet hyl siloxy)silane and about 32wt 9% nono-

met hacryl oxypropy| terninated niMtb-9emperentsr ni nat ed pol ydi net hylfsi | oxane
functional i £8d wi | HM&VHR % 3- i sphBGMeny| { SEM- di met HM benzyl i s¢cyanate);
about 18- 305+80. % RDES3-150mh4122: 00 W % a¢BDVS, abop@ 27-33 wt. % DMA, about
13-15 wt . % T80, pbabi3-P5 &or M2 % GHEMA, and gabout 5-f/0wt. % K 20 90 PVP;, with
the bal anc¢1§88pr | 153-18 yB-12nbgints of a@ditives ppd photoinifiators. The
pol ymeri zal' s 1 S| {51318 6F 542D y conduclegdsg n the[ presence of |25-30%

(wei ght % O%BB -'P."[B’islﬁioﬂglﬁ‘g” rs—anddi im_eslgt btrepd)y—a dirtue conpri si ng
3, 7- di nmet hyt 5‘35",}“‘&"’5##1 T O t—pref 15S enboptrent—the—rgacti ve

1
conponent s £efHH 5 er (formed
from perfl ug'\rgget h [’-15,%1

-t
~J \WA N

3 HP-ac b ;Hé?(f B0 g/ nol and
a, W hydr oxypeopyd— tgr-ng';&a.t_ed_ VPSP ox 3 aYs an nol ecul ar
wei ght of ahe80 oo 1991912 sy P10\ 0% o hat oet hyl
i (045ahout| ¥t 0 about 5| wt % 3 30

met hacryl ate). __apout 40 ta abo
tris(tri melA§58i | pky§s3-150m-8dy| 0-88t56Q r y 680610-50r R G370, 5600t 132| t 0 about 32
wt. % DMA |Labout B about 8 wt % Kord@-40vP wil6#5t he bbdGince conpri $i ng mi nor
anount s of &&ds tompatibilinidg poroparientt i at ors. The pol yneri zation i s nost
preferably EMWWIdRischigh moletidampweightrhydrophiliapalyherl5 t o about 40, and preferably
27 5 April RSOH is\eddifidriabslioxahe¥onidifiog mdBérhdr bet ween about 20 and about 40%
(wei ght 180 oHM i ydrophillicYashomeroner s and

SCM is a siloxane containing macromer

Thus, the present invention includes silicone hydrogel,
biomedical device, ophthalmic device and contact lenses having each of the
15  composition listed in the table, which describes 261 possible compositional
ranges. Each of the ranges listed above is prefaced by the word “about”. The
foregoing range combinations are presented with the proviso that the listed
components, and any additional components add up to 100 weight%.
In a preferred embodiment, the reactive components comprise about
20 28 wt.% SiGMA; about 31 wt.% 800-1000 MW monomethacryloxypropy!
terminated mono-n-butyl terminated polydimethylsiloxane, “mPDMS", about
24 wt.% N,N-dimethylacrylamide, “DMA", about 6 wt.% 2-hydroxyethyl
methacryate, “HEMA”, about 1.5 wt% tetraethyleneglycoldimethacrylate,
“TEGDMA”, about 7 wt.% polyvinylpyrrolidone, “K-90 PVP"; with the balance
25 comprising minor amounts of additives and photoinitiators. The polymerization
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di luent blend), dil uent whi ch may, in sonme enobodi nents preferably lge pr %006
et hanol, 3 -3-octanol. 5 Processing The bi onedi

i nvention 370 &'&Zgg% red by mxi ng the high nol ecul ar wei Jﬁ@%ﬁ?ﬁ ilic

pol ymer, the conpatibilizin onent | Us ope .nor f the follow ng:

t he oxygen 'aé?%afﬁqu?l?'ycmg iih ep&?ﬁﬁ%&rﬂ“”%%"ﬁ%@@ﬁzpﬂhé mononers, the
addi ti ves (cdrfiifdd wndiAers ae Bient blerd) 3 diniehy-dldctbf diuent eaction m xture’),

with a polynerization initator and curing ppropriate conditions to form
a product that draas@@nﬂmﬁ@fgq%ambqﬂlmmtmreaczneocqmmnalpipucompn%qe shape by

At hi g, CUbAARa0 38, $I6RIA ki L BRTNG ot Sl BB BBt re TRy  be

placed in quently cure nt o roprla e article. 15
Var i ous Pr oloabeats! wt.% d(hiybemglyomldlmlhanylaléléEGw | aboutrﬁmel{ K-90n t he

D on Pl LE L LS P SRl A b oo™ "
3, 660, 545, éT'BbdﬁN@éé Gp}mmuf&oﬂ%ﬁﬂmﬁym’ér&aﬁbrﬁ@'nﬂﬁs‘?ﬂreféﬂaws Pat. Nos.
4,113, 224 and 4 197 2 referred nethod f produci ng contact | enses

20 conpri si ¢nduet whgﬂ@semequr&amwmpbaﬁaellwt@m@rm Ulol di ng of the

silicone a eS€ control over
the final %g{ggﬁ@ﬁﬁmbﬁ% %“gwgﬁf JE'%?&F P@“?&g afﬁég&‘h?ﬁée reaction m xture
i s plact@ iabouh1hweighh%Jow moldcalasweight R P {less thamaboull 6900e@ddsi | i cone
hydrogel, i_.e ter. s | I ymer, and the reaction mxture is

subj ect ed %%W‘F?%Wé“ ‘g‘mrt{@% t he nononers pol ynerize, to thereby
produce a pol ymﬁiému‘dtp@éférréﬂ ¥inbocdiment, the eeactiv@pempdnehtsccohipiisé desi red

product . S poI mer | dllufygt m xture i.s treated V\nthasolvent to

renove the %quaémf*%do BETPREE Khe/CTR mragtian prodyftial b8 W% r oduci ng a

silicone hyﬁgﬂgegb&uggw,gw;( igbglt BwE® and shape which are quite simlar to
the size and shape of the O[ﬂ@ﬁgl nal nol ded pol yner/diluent 30 article. This

met hod &&an rnethagwl@xmﬁonydinw hylisioxy)silane gnd about 32wt,¥etmeno- descri bed in U. S.

nerein by rofhaenedy? EpiaRe e ol NmiBl e e e L Ol g ver

anot her f edunctonalized hﬁiih[ﬂrvﬁs%ﬁtusopmpenyh a;a-dlmeﬂnytbeoz;ésscyamltet);url ng silicone

nydrogel T ofaul b hRod MBI aBsun SBUACSLAIRAS Mol 233 W™ Peer
DMA, about 13-15 wt.% TRIS, about 2-5 wt.% HEMA, and about 5-7 wt.% K-
20 90 PVP; with the balance comprising minor amounts of additives and

photoinitiators. The polymerization is most preferably conducted in the
presence of 25-30% (weight % of the combined monomers and diluent blend)
a diluent comprising 3,7-dimethyl-3-octanol.

in a fourth preferred embodiment, the reactive components comprise

25 between about 15 to about 40 wt.% macromer (formed from perfluoroether
having a mean molecular weight of about 1030 g/mol and a, w-hydroxypropyl-
terminated polydimethylsiloxane having a mean molecular weight of about
2000 g/mol, isophorone diisocyanate and isocyanatoethyl methacrylate);
about 40 to about 52% SiGMA, about 0 to about 5 wt% 3-

30 tris(trimethylsiloxy)silylpropyl methacrylate, “TRIS”, about 22 to about 32 wt.%
DMA, about 3 about 8 wt% K-80 PVP with the balance comprising minor
amounts of additives and photoinitiators. The polymerization is most
preferably conducted in the presence of about 15 to about 40, and preferably
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found that the gel tinme for a silicone hydrogel may be used to sel eCtSR;?l'ﬁ?OOG
5 conditions_which provide a wettable ophthal mc device, and S@ec y a

| fical
cont act |eﬁ¥‘?0$f‘ﬁé326e| time is the time at which a crossli A&EYS legllf‘rer
network is formed, resulting in the viscosity of the curing reaction

m xt ure appPetern agouti2@randiabputAdde (weight émefthe gombined menp@esANdg non- f | ui d.
The gel poi b L 1) : | Lnhdependent of
reaction coﬁ‘&fetﬂfglgé@' @Lugﬂ&&ﬁi&ﬁg#{* g‘r%ﬂﬁ%ﬁﬁ%@dﬁs@gg/g@%na?’ﬁéi cator of the
rate of theethanalf3@adiméthylktasctirbn found that, for a given reaction m xture,
the gel tinme may be used to determ ne cure conditions which inpart
desirable wettability. Thus, in a process of the present invention, the
reaction5n Pidtessihg cured at or above a gel time that provides inproved
wettability, or nore preferably sufficient 15 wettability for the resulting
devi ce to be usekhehiernedieal deyicesof he inyentiep are prgpared by mixiagthet r eat ment
("mnimmg | 1B, o it ' decrease in
advanci ng dﬁ'ﬁgtrﬂ‘{c&%aﬁt“?ﬁﬁ g%‘g?demgf tﬁ‘@%%g 0 (':"gln ?P@oﬁ%m' formul ati on

wi t h no hi ghlusoheoutmare ofdheyfollowiod:\the:oxygeo pgemeapdity enhaesingre preferred as

Gt Tres. whoBaeny T iortils ranbr@y e SARRE e PP s v e
condi ti a0s ahémeefilients (“eictidn mxturé™p witheapalmernizatiorcipiaenandduring of

crosslinker, wll inpact _gel tjnme, increasing crosslinker concentrations
decreases gBY apRraRsiat FW@Q&‘%@’T ﬁé”‘?‘ﬁ‘l‘%&@?‘f Qﬁs‘fbﬁ%qqe&'HY formed (for

phot opol yfTEfﬂt@ﬁbia‘bmopﬂéte%ﬁaﬁémrﬁfhﬁ{g?Elﬂtillﬁé aid &Bﬂké’f%lté?ﬁét?(l?&!théat ion), the

efficiency of initiation %eeithe by selecting a nore efficient initiator or
i rradi at i onreastigrcmixtuse may berplaced in? mald and subpequeptly esedintathengly in the
selected ir =1 range) will also decrease gel tine. Tenperature and

di | uent typé%@sdégﬁgéﬁt ration also effect gel tinme in ways understood by

t hose oflSski | IVarious precesses atekndwe faricorimgitne gedction mixtaneyin be det er m ned by

selecting a_given fornulation, varvin ne of the. above factors and
measuring t Hg)dtj‘glontqf ﬁ%rqgﬂgensgchl@r}/gasfp%,cggt_m 8 sr'r?etﬁicﬁﬁtrlﬁggel time is the
poi nt aboveswnbamingmtmswké tisgosedamnt).$. Pali Nw! 3408428 bhdbl e. Bel ow t he
m ni mum gel _tine the lens is, ener@ﬁl% not wet téfg| .. For a contact |ens
"gener al I y #OPPaAp.and;statis cagling mgih ¢ diselgged ibd).8. '%eir#‘?s-zooa WO 03/ 022322
PCT/ US02/ 284 443 204 aHY 3107 D66 dyReprefere@Melidd BRSroBuding Edtitsct Idnges about 70 and
preferably | ess than about 60 or a contact |ens which displays a tear film
break ug0ti Aemerising the polymer of this invention is by the direct molding of the silicone
hydrogels, which is economical, and enables precise control over the final
shape of the hydrated lens. For this method, the reaction mixture is placed in
a mold having the shape of the final desired silicone hydrogel, i.e., water-
swollen polymer, and the reaction mixture is subjected to conditions whereby
25 the monomers polymerize, to thereby produce a polymer/diluent mixture in the
shape of the final desired product. Then, this polymer/diluent mixture is
treated with a solvent to remove the diluent and ultimately replace it with
water, producing a silicone hydrogel having a final size and shape which are
quite similar to the size and shape of the original molded polymer/diluent
30 article. This method can be used to form contact lenses and is further
described in U.S. Pat. Nos. 4,495,313; 4,680,336; 4,889,664, and 5,039,459,

incorporated herein by reference.

28



to or better than an ACUVUE(r) lens. Thus, those of skill in the art gm ril2006
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enbodi Mt , thetefsre tarabé used 48 ari indicatonofl thslate 6f thd redetion. bit hgs besmpound, is cured
using visiple Iitght. I.n rrané_ enbodi nents jt will be Hseful to cure the
reaction noXPdinat far a given reaetion;mistute, the el Wpe Maydedser {xd ni ni mum gel ti ne.
As used 25 haeriink ¢UrE coRiitions whieh! imbart akdindbleraaBililyh ahas deeween about 0.1
mVcn2 to about 6 mMWcnR and preferably between about 1 niWcnR and 3

mV cr2.  ThRrogess#f therpsesent inyerjionglba eeastionmixbire is ¢used als@bove &i nut e and

preferably W ; " ) I nore preferably
bet ween ab%éd"tﬁ ang%é@éﬁf&g%oﬁqﬁg egltﬁﬁ{@o&j%@v&r%sl nat'éa'{rt]si ty cure i s one
way to BB pwettabiity fohthe dessitingdiemice tobeused iwithoutssshysinaphilicadatirg arpht hal ni ¢
‘devi ces which, djsplay, good wettabil.ity.. 30,5 April, 2006.. WD 03/ 022322

pCT Usoz 2eetRs FEAmaiL{RRURIE gp e Prefecaphoirilioies RBSIVRS accor di ngl y,
in sone endexdéad i sdvahcing dpiamic tortact angle oy 8t 1ea8t a0%\Vedmparedtoanount s of
phot oi ni ti gtoor ener al | % or |es d preferably 0.5%or |ess. The

P erper at ur doRTUIRHoR Srth HdGh. BolecaAr WAaR pPUMeE. Copten OpLimesase
preferred as they provide improved wettability and increased processing

20 flexibility.

Gel times will vary for different silicone hydrogel formulations. Cure
conditions also effect gel time. For example the concentration of crosslinker
will impact gel time, increasing crosslinker concentrations decreases gel time.
Increasing the intensity of the radiation (for photopolymerization) or

25 temperature (for thermal polymerization), the efficiency of initiation (either by
selecting a more efficient initiator or irradiation source, or an initiator which
absorbs more strongly in the selected irradiation range) will also decrease gel
time. Temperature and diluent type and concentration also effect gel time in
ways understood by those of skill in the art.

30 The minimum gel time may be determined by selecting a given
formulation, varying one of the above factors and measuring the gel time and
contact angles. The minimum gel time is the point above which the resulting
lens is generally wettable. Below the minimum gel time the lens is generally
not wettable. For a contact lens “generally wettable” is a lens which displays
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5 inportant. As the tenperature is increased above anbi ent the haze %fAﬁrhﬁooe
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rel ease fromthe ens nolds. Lenses can be debl ocked (renoved fromthe nold

hal f or tool ‘é@ﬂﬁﬂﬁ%‘?ng the lens) 25 using a solvent, such as an organic
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| ow ol ecul ar wel ght e reaction mixture,
the reacti onxamalwl@tro@bemmayswvormelbtaalsghteeieleptronnegmtnccured and

debl ocked | piiRior BB AR SVRE BYkBRAGRTR M ERG: of IERPSIGEH | N

essentially © onsrsting o ant. The 30 | ow
nmol ecul ar wab@kd abvpdam)hml mefﬁvablpnadlatmrsdumeamclumlwmmrwéibwIlgtg a structure

as defined for. a a nol ecul ar wei ght
such that t 3"'?%@/ &8&%*‘8?%‘65@%%&%’%# 'T‘CSH F"a Mracts or |eaches
from t hesl essurdasiintlude DVvasmps) Quéresstnt | laﬁi;D% inBarRfe8tent lamps| @BRUAC! ease 31 5
April 2006 WO 03/ 022322 PCTI US02/ 28614 from the nol d. Suitabl'e nol ecul ar

wei ght s i ncVaRRE 13mpss @nd sulighty 4n empedimentsovhsne a BY absasing RPMpoURdr abl v | ess
than about %Qnagt?hcﬁﬁ'ﬂ?é’r@%cﬂomﬂ%ré)(ffor%%ﬂnble bda A@d‘ktor"“ || appreciate that

t he foregm ng no ecul ar wel g S are aver ages, hat sone amount of
mat eri al haphetgchromis)) ewingds consugling byirgeans th@trthamlévsragliatlewn(mbr ages may be

suitable, s 9s 59 Qﬂlb?esllgthpgr t?e\éﬁ.r 05 p@ér%%%n%od‘ﬁﬁérﬂme Haalatuon source is

20 selected from UVA (about 315 — about 400 nm), UVB (about 280-about 315)
or visible light (about 400 —about 450 nm). In another preferred embodiment,
the reaction mixture includes a UV absorbing corﬁpound, is cured using
visible light. In many embodiments it will be useful to cure the reaction
mixture at low intensity to achieve the desired minimum gel time. As used

25  herein the term “low intensity” means those between about 0.1 mW/cm? to
about 6 mW/cm? and preferably between about 1 mW/cm? and 3 mW/cm?,
The cure time is long, generally more than about 1 minute and preferably
between about 1 and about 60 minutes and still more preferably between
about 1 and about 30 minutes This slow, low intensity cure is one way to

30 provide the desired minimum gel times and produce ophthalmic devices which
display good wettability.
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20 Deblocking
After the lenses have been cured they must be removed from the mold.

Unfortunately, the silicone corriponents used in the lens formulation render the
finished lenses “sticky” and difficult to release from the lens molds. Lenses
can be deblocked (removed from the mold half or tool supporting the iens)

25 using a solvent, such as an organic solvent. However, in one embodiment of
the present invention at least one low molecular weight hydrophilic polymer is
added to the reaction mixture, the reaction mixture is formed into the desired
article, cured and deblocked in water or an aqueous solution comprising,
consisting essentially of and consisting of a small amount of surfactant. The

30 low molecular weight hydrophilic polymer can be any polymer having a
structure as defined for a high molecular weight polymer, but with a molecular
weight such that the low molecular weight hydrophilic polymer extracts or
leaches from the lens under deblocking conditions to assist in lens release
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conducted at 30 el evated pressures, artlcu ar | when usi ng tenperatures in
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sone rel ease ‘il and t’hen transfer theminto another (for exanple the
final pHeking sdhelawomplecdar weighthydropbilicpalymenapbs oseditTamogote 128614
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sol ution are packaged es wth this
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addi tives satfife oxides, combinations thereof and the like . Examples of suitable

20 surfactants include TWEEN® (ICl), DOE 120 (Amerchol/Union Carbide and
the like. The surfactants may be used in amounts up to about 10,000 ppm,
preferably between about 25 ppm and about 1500 ppm and more preferably
between about 100 and about 1200 ppm.

Suitable release agents are low molecular weight, and include 1-

25 methyl-4-piperidone, 3-morpholino-1,2-propanediol, tetrahydro-2H-pyran-4-ol,
glycerol formal, ethyl-4-oxo-1-piperidine carboxylate, 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone and 1-(2-hydroxyethyl)-2-pyrrolidone

Lenses made from reaction mixtures without low molecular weight
hydrophilic polymer may be deblocked in an aqueous solution comprising at

30 least one organic solvent. Suitable organic solvents are hydrophobic, but
miscible with water. Alcohols, ethers and the like are suitable, more
specifically primary alcohols and more specifically isopropyl alcohol, DPMA,
TPM, DPM, methanol, ethanol, propanol and mixtures thereof being suitable

examples.
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as surfact ants and/or rel ease aids. Suitable surfactants include inclsugdgi 2006
non- i oni c & ctants, such as betaines and am ne oxi desl&ﬁﬂg ég g

sur f act ant s {}ae TWEEN 80 (avail able from Anerchol) % g(1 vai | abl e

from Uni on Car bi deg Pl uronics, nethyl cellulose, mxtures thereof and the

like and may 10 Peéta @d&?'qcﬁn&mm%@uﬁéfmf%émm6"‘9@"@\3@@3‘9&1% and about 5%

based upon JoBi i eRlecSHbA 0O 200954 U ifibr dbolliregmbOd et e

| enses nmay be hydr using a "ste he solvent is

repl aced i n pedvihsg wﬂerﬂé&o&y@ﬁﬁesomgmmesmh asSbyistoaiahﬁbrﬁt'rmp down processes
have at Ieas | east th ee and in 5 enbodi,nents at | east four

steps, wher @ 59 qﬁe‘#‘@&iﬂ defrease dF lacking traes- é@uer F\@ﬁ"sd'éfl%’w Fhter. The

si | i coneshydpgpsd ﬁacﬁﬁﬁﬁfozflb!ﬁh%? BRH beluséd® lRfloveHelemesfRrPREY conprise
about 10 to about 60 wei ght percent water, nore preferably about 20 to

about 55 weiM¥ds.percent water, and nost preferably about 25 to about 20 50
wei ght percent water of the tot al weight of the silicone hydrogel. Further
details on the nmethods of producing silicone hydrogel contact |enses are
di scl osed i miluer reghadesenthydratidh, 313; 4, 680, 336; 4, 889, 664; and 5, 039, 459,
whi ch are hereby. |00ﬁ 8 rated eren red |oned|cal devi ce of

the present i nvehf?! & SHERG; tP\é;&agl?rbmx 'ESth?é?”E'PQRBWB'sf ouling in vivo,

even w t1b0UttreateﬁQﬁthlafmveHﬁeﬁerh5\% thé aifRmt Gﬁhsedf‘%ﬁfa@@teﬁ%oﬁ\ﬁom hal m ¢ devi ce,
resi stance to biof ouling be neasured b measurin e anmpbunt of surface

deposits on bVlPFQdﬂlféﬁs""qu 'H‘Q @ﬁ@yﬁiﬁ@&m%é@y@&' to fgAm thg hydmogels ed to as 1i pid
deposi t s” 'Aﬁ@ﬁ\ag\}bé{,/ aﬁﬁz@ﬁ@%‘tﬁés&ﬁ@n%ﬁﬁaﬁ%t@ﬁstﬁgoffﬂb'h%}‘é'ﬂellsenses were put on

30 human eyes an after nutes and one of wear using a
slit |anp. conponents, the solvehtinitialtyruset eapbe aswrganic liquidetich as bl i nk sever al

times and t e r lYon s gy d ' entiate

bet ween dep g‘.a{‘é"@%@’?ﬂ"@a@g&?ﬂ#ﬁ@f%@ﬁﬁﬁ%ﬁﬁ% 8'&?% t%%g ack surface
dep](c)si tsgar thegeaiderd rmxturé)eﬁdmg ol noee ok c(r?ar&c Iidtﬁslwithbwm/ Joliowed i } my. }:r ont
surface depogsits give 34 5 ril 200 3/ 022322 PCT/ US02/ 28614
reflection &K téacg%l?"tgﬂ é’%ée'd%'i&&'?%%ﬁ' ?f’gf'g %E(%Qaf@ IQHId R¥% f er ent i at ed
from back agbhacged b8BPSE-Bg0T V\&elddéfnhdldlng |éﬂsealma§rbeam'eﬂss§bdkedtest The
deposits wil|l rnove while the back surface trapped debris will remain still.

The deposi t §imgseup tgabaelBoi mingtes. prefeablydebreansabogteand phavt 88e per cent age of

the lens Supfi@fgs)in the organic liquid or a mixture of organic liquid and water. After
20 the pre-soak, the lens may be further hydrated using aqueous extraction
solvents.

In some embodiments, the preferred process uses an extraction
solvent that is predominately water, preferably greater than 90% water, more
preferably greater than 97% water. Other components may includes salts

25 such as sodium chloride, sodium borate boric acid, DPM, TPM, ethanol or
isopropanol. Lenses are generally released from the molds into this
extraction solvent, optionally with stirring or a continuous flow of the extraction
solvent over the lenses. This process can be conducted at temperatures from
2 to 121°C, preferably from 20 to 98°C. The process can be conducted at

30 elevated pressures, particularly when using temperatures in excess of 100°C,
but is more typically conducted at ambient pressures. It is possible to deblock
the lenses into one solution (for example containing some release aid) and
then transfer them into another (for example the final packing solution),
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5 which is effected: none (< about 1 %, slight (about 1 to about 50/@51Ap'i“li(§b6
(about 6% to about 15%, noderate (about 16%to about 25 and severe '
(greater WRAMEEBIt 259 . A 10%difference between the cBtEYYRIBY4; s
considered clinically significant. The ophthal m c devices of the present

i nventi on aakfoughstrhayalsobe passible toxieblpok thevensea into theysamedsalutionl us. Haze is

nmeasur ed by P t est ns in ac r . above a bl ack
background "r”?&‘xﬂﬁxtaf‘?@a*?%‘?ﬁes@'ﬁgwgﬁﬁ°5'ef'?°3e‘¥'{he‘§isie§‘ﬁ{a§l9§ at an angle 66
normal to t&svérmsaydss dondadiel oRApefidder fiom amsoeécdnhetdsm&tﬁrom above with
a video canera. The backg@;und subtracted scattered |i | mage was 15

quantitati v@iP)Sﬁ BW’?E@@‘* n Ahew grand; abguiifipintes. JeﬁtsPIgFteﬂo mm of the |ens,
and  theg C u&é\ﬂlo mazgoaggltlgh:ﬂ%r%n@ma-ﬁ@n‘ibdnmd&tlvc\!@f&h I's ar bitrarily

set at a ha e v ' ens set as a haze val ue of
Wet t abi | i t yas surfactanis antl/éryreleasesaids. nSuitable sudactants inclugledncludeon; typl caI |y

W th borate, a e The

wetting for'gg%bsé'?’r\?gtgﬂé #{QH|a§Hgtsay@?]aﬁg?mg%éx%;aggggﬁﬁ??@tagga%gal i ne i s

measur ed ulsunolgdeﬂNE@Bgyavmlalmwthmh cf:hdllylt DOEt120 (available fiom lbmormg FI mﬂér sed o
into or pulled,oyt_of the salin e fo atjon is use ypcos
or 0 = cos' J:?’ /‘%515"“@9'%@? y'lﬁeﬁ@sleh@"ﬂ}&gﬁfﬁﬁ °?8P‘g e likejand My surf ace

tensi onyf B@Sd@éﬂﬁ%rﬂduﬁ%‘ﬂétweeﬁ a'béuttd”'m Wé”bh!@féﬁd atfdut 59%oat8d0psh L the

meni scus and 0 is the contact angle. ypically, two contact angles are

obt ai ned fr@ﬁﬁ'&%@'ﬁéﬁh‘ﬂ@t@ﬂﬁﬁht}?@@@dn ment - advancing contact angle and
recedi ng cont act), %Bgleﬁrbom\éﬂﬂﬁé ms%er gs% Rgﬁggﬁgsg@fggﬁeg d&% fromthe

portion of the wet experi ment el'ng imrersed into
t he probe Imqthod wmarelthmsrﬂvem iseeplaceddn steasbvexdnmhggjrationrproeasa nmeasured and

he val d pred f
et tai |11y SO S0 ORHEbRas BEREE atessl e o et yo S0 B AP L0 T

(PLTF- NnBUTémbsdmﬁts?aE|e6st°ramnsltep’éo@ﬁer>é\¢a ) ZﬁtrFéGsUNéﬁO%/ 28614 neasure of
in vivo or "clinical" lens wettability. The PLTF-NIBUT is neasured using a

slit lanp a’r?Bla&e ¢ WItB WaLR'. f | uor escent tearscope for noninvasive view ng of

the tearfl!m (KepledifcBRaninans Slehlaaldortidiifhasgidehslicen the cye

opening after a blin ppear ance of firrst rk spot within the
tear 5 fil nﬁmnse@bpubmtogbwt&wmhtae@enttvaater mf@prle@rawmabtwéd as

PLTF- NI BUT. g {3, about 55 weight percent water, and most preferably about 25 to about
20 50 weight percent water of the total weight of the silicone hydrogel. Further
details on the methods of producing silicone hydrogel contact lenses are
disclosed in U.S. Patents 4,495,313; 4,680,336, 4,889,664; and 5,039,459,
which are hereby incorporated by reference.
The cured biomedical device of the present invention displays excellent
25 resistance to fouling in vivo, even without a coating. When the biomedical
device is an ophthalmic device, resistance to biofouling may be measured by
measuring the amount of surface deposits on the lens during the wear period,
often referred to as “lipid deposits”.
Lens surface deposits are measured as follows: Lenses were put on
30 human eyes and evaluated after 30 minutes and one week of wear using a slit
lamp. During the evaluation the patient is asked to blink several times and the
lenses are manually “pushed” in order to differentiate between deposits and
back surface trapped debris. Front and back surface deposits are graded as
being discrete (i.e. jelly bumps) or filmy. Front surface deposits give a bright
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PLTF- NI BUT was neasured 30-mnutes after the | enses were placed on egepipPgbe
after one week. Three neasurenments were taken at each tine |nterval and

wer e averag}%ﬁ%%ﬂ?zone readi ng. The PLTF-N | BUT was measuFeHU8R28¢4t n eyes,
beginning with the ri ggt eye and then the left eye. 10 Movenent is neasured

using the " friieptiomwhiledack surfa@e;dapos;tstdoslobylagposﬁsr areidifferentiated frathy gaze .
Gaing the | afoLRge PaeDiachiis Bufl¥ ot € by IR, Mo dpim Bt T

j udged and goseatiilethedadk sgfdce ttapped 0ébnswuh@nmdm$tm Tlhe deposits are/e,

t abl t t t 3 timal
Toveront ). 0RY RIGAYE CalfioHgR PEALFPD WRRAIREIGE olde R SEPCi cni

unaccept gbl §highYeemitied: an%@(<'®6§€19% fsln%hhfbb@ﬁﬁﬁfé@bohfﬁ%?%nﬂ’]aﬁ&ﬁI0| ay modul i
of at |east about 30 psi, preferab ween about 30 and about 90 psi, and

nore pref er %119 abpett ¥ Mmederate (abotaﬁ %etp abeut 28%) and seyaie(areates neasur ed by
using the 2 Mﬁ f f ensile testing
machi ne qu'll gpe Wt A Og/gl ng%gé'@ﬁmkﬁgﬁl owﬁgygtcoﬁgg?én tial gauge
hei ght. A sullmcabyeigmfe&nti ng machi ne includes an Instron nodel 1122 A

dog- bone shaped havi n 522 inch h, .0.,276 inch "ear" w dth
and 0.213 inch ﬁ@%‘ﬁ\m? Hew?gs qu%ed%r&sq ffwe?‘f?é'g%ﬁﬂl display,lgw. J\aﬁﬁgat ed at a
constanuoraE@od)wet@bﬂ.w dhddhoduliug)/ M n. 25 until it breaks The initial gauge
| ength of the sanple (Lo) and sanple length at break Laare measur ed.

Twel ve speci nendidze ighe %?ﬁTBbB'?P'“BﬁFS&PBse%aié'WéQIa&ﬁ‘ér eolkaboyer age i s
report od.  TaBuck s iAnBAP G SeBi i MeRbbiAbmbiaNgREnglr L on of {he

stress/strain curve.” The contact” | enses prepare his 1 nventi on have 02
Dk val ues 86 nomnakiothedensicelk endinaptaringuan iage b%thehans frdet ahavened by t he

pol ar ogr aphi hod es are positione nsor then covered on

t he upper s?”ﬁ}éav epﬁage%gﬁ\ ;%Egpﬁnfwgaﬁgﬁgcq% @Pﬁg'&?gﬁya{in at nosphere of
huni fi ed52. au%néﬁael EMyzvayayzmtédmtng@wérftuéeérnt@u@Moﬂtheldnera\dl s measured
using a poI ar %gr ap i C ox%aen SensQr _consi stin a. 4 nmdi aneter gold

cat hode and!§8 c8mpgredito 85580 dioptes (5 Dhin hepsd; Péﬁ’éstiif"yaseéﬁ?/er ring anode.
The ref er engg eMaliueest 1@0%&%@%’?&%%%2@%!@8@”0' al l'y avail abl e contact

| enses using this nethod. Bal af | enses avail able from Bausch & Lonb
gi ve a neasur emeMettabilityip mreasured byimeaasuiing thecentact@pale|csBESs gi ve a

measur ement y Rl wittPodrate BiFERE safirle, B8RS § Wiethty bitarkc& B823°C. The

20 wetting force between the lens surface and borate buffered saline is

measured using a Wilhelmy microbalance while the sample is being
immersed into or pulled out of the saline. The following equation is used

F = 2ypcos@ or  6=cos(Fl2yp)

25 where F is the wetting force, y is the surface tension of the probe liquid,
p is the perimeter of the sample at the meniscus and 6 is the contact angle.
Typically, two contact angles are obtained from a dynamic wetting experiment
- advancing contact angle and receding contact angle. Advancing contact
angle is obtained from the portion of the wetting experiment where the sample

30 is being immersed into the probe liquid. At least 4 lenses of each composition
are measured and the values reported herein.

However, DCA is not always a good predictor of wettability on eye.
The pre-lens tear film non-invasive break-up time (PLTF-NIBUT) is one
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5 of gas x cn2)/(cnB of polymer x s x cmHg). CGel tinme was neasured gglpr,quoos
the follow Qd. The photo- pol ynerization reaction itored wth
an ATS Str ‘gg?g@hyz?heomater equi pped with a photo-curi ng%@é@gﬁ“ whi ch
consists of a tenperature- controlled cell wth ahﬂuartz | ower plate and an
al uni num uppeasyesf 8 viverar “elinical” jengiwetiabilityd dihe T ?E)tTé?ﬁ"éa%H'?ﬁJed with a
bandpass fil, mercury arc
gﬁgwa s-l_thgmﬁ gﬂ& thirﬂgar AuBRsE t%ér%%c{b@?fﬁoﬁ?nvﬁsn?@%@ﬁﬁ .

| anp equip I'ris an comput er tter s delivered
to the quar bﬁthpltearﬁml(KeelbeTearmWrﬂLm) Vheatime lelapsedibétwgen tt‘gtﬁ'yde The filter

was a 420 nm FV\E n ass | ter Lch _si hellght
emtted froffP 'nlq &%am‘\%@#ﬁs geqrﬂqt‘@n%fﬁl?%,ﬂr\gqurgapqt%gtt %Haa nmeasur ed at
the surf gcefipd or fhe fmnﬁémféca\/bmgamamléhs iSfecbidbd Qe RLTANIBUE! #he Was control | ed
to 0.02 mMWcnP with an iris. The enperature was controlled at 45t 0.1C

Aft er approﬂmlﬁWaﬁﬂ‘eéﬁurﬁﬁéoﬂ'@ﬂ“tgﬁég%fdh? lenges wereplaced B e¥@s pl aced on
the lower phgad ?fté?fOBIeg:ng rrr?é'asurteﬁﬁnbsz\ﬁer@‘ﬁl@h%éﬁf mgﬂ?errvé?l ate was

| owered to 0.50 ovethe | ower plate re it was held until
after the rendwereravetaget indo omaregdingpJhatPLTﬂ’wﬂByamasenmgredldnowed to reach

Steady shaapobiet BeppfinB Wil E ot ElEH BRI MR SUE ' Srened and the react i on
begun. B0ring t Milovetrientiswhddsaret lusingametpashvap” teste Jtieipatierits@eyesl equi | i brium

th l'e ch d wi th nit 5 t te of 400
Duri ng Che. PBIR eRTTERLGRAScAROty ThE RYSROLIES) 5 = GFOle BOACERG! st yain

resul ting f e upNARs &%&H@%We@ ||§tTi?§Fésfsia?\%é o%ﬁ'léris% 'uﬁWardm)de) wher e
time segnents of l'ess than a co ete cycle were used cal cul ate the
strain at twvﬂpmtll%ﬂdgﬁ%@M accordingste thel‘fﬁ’@‘t'ﬂ@rﬁ‘iﬁ'@ﬂ cal cul ated the
dynami c she I L5eosity 30 (v), as a
function of ex%%g}éf%@&ériégblismﬁmmg d@@t% (?ggg%géiatﬁﬁe shear nodul us
i ncreasdd f moverméntRa (ophmalmbvmant) aﬂr‘(dnhamlﬁbL(tacre‘pﬁb)e iovgimend), br om near

LY £ OuhSRc PadepB FRRRITL S e, herepn the gel thre, 1 the
37 5 April 2006 “ﬁ@l@&é%ﬂtﬁ@%rd%@ifﬁh@ﬂbﬂ&ﬁﬁlﬁymmt G‘atﬂ%cﬁmﬂn 300 Pa (shortly
o e ek Belobb e ot 45 i el oh P SEP Bl BB ST eSS0, e
nonomer M Xpgtveem 6ol 40 bR abolit 70 p‘sif Méddlush@ naBieg bpusiAg tHeat all of the
tests specified above have a certa
0 crosshead of a constant rate of movement type tensile testing machine
equipped with a load cell that is lowered to the initial gauge height. A suitable
testing machine includes an Instron model 1122. A dog-bone shaped sample
having a 0.522 inch length, 0.276 inch “ear” width and 0.213 inch “neck” width
is loaded into the grips and elongated at a constant rate of strain of 2 in/min.
25 untilit breaks. The initial gauge length of the sample (Lo) and sample length
at break (Lf) are measured. Twelve specimens of each composition are
measured and the average is reported. Tensile modulus is measured at the
initial linear portion of the stress/strain curve.
The contact lenses prepared by this invention have O, Dk values
30 between about 40 and about 300 barrer, determined by the polarographic
method. Lenses are positioned on the sensor then covered on the upper side
with a mesh support. The lens is exposed to an atmosphere of humified 2.1%
O2. The oxygen that diffuses through the lens is measured using a

polarographic oxygen sensor consisting of a 4 mm diameter gold cathode and
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5 amount of inherent test error. Accordingly, results reported herei B apkif2006
not to be_taken as absol ute nunbers, but nunerical ranges based upon the
preci si on 30 (3/p223 6%1rt| cular test. In order to illustrate ¥¢HUSOHIMLi on t he
foll ow ng exanpl es are included. These exanples do not Iimt the invention.
They are rreaalveonms/amoﬂesnlgg;mreme velues@rethasemepsured oni ng t he i nventi on.

Those know Ln.c ties may find
ot her net ho@’ﬁ?’%ﬁ%ﬁ‘ﬁ"@ﬁ 3@%1 '?@gﬁf'ﬁéﬁ%WV%@ﬁhﬁgi‘gﬁ% hods are
dggrred t;) b@aﬂablélframt%‘aﬁsm?ﬁ.enmfgnidﬁ mebsur?méhtmglapﬁr&&\lz\ﬂféirer.lS_ The fgl | owi ng
abbrevi ati ops_are used in e exa : - propenoi £ acid,

> et byl - 2- EGPRXpSeY 8vq 2 mpaniTameRtal 2ade pg parer. (1 barter™ 10°F (cm

1-[tri h I [ R ropyl ester DVA

N, [N-dl gh%a?%lgﬂy 0$Elli/gfﬁglwhJg’/grleoxyet KH) rrg%/hac | at e 20 nmPDVS 800- 1000
MW (Mh) nononet mnmemmwynedwémmthmto&wmmhm Hymemhot%r m nat ed

pol ydi net hy,

2-(2' - hydr o@l’{% neF%‘acrthdyI%g%(‘c’yné?Woredh Wik ?r} A'Eﬁsgg%s;;)etcp |r%ez°g|' eeter Cd 1850 1:1
(wgt) bl endequippkd hgimrajptptofuirmbmyésspdyewmbh kernsiste obantémperature-

bi s(2, 6-di net e 4-4-tr t hyl pent I hos hj ne 5 oxi de PVP
pol y( N-vi nﬁ°"g9@%‘% @;q‘{aﬁzmeugla% ‘%?'ﬁ% P(?gﬁ:?l‘iﬁ product of
React i v) Bl ragiaflorpdélivEly’dps teﬁﬁedéib%éd Wimé bahgp@saml err(é radiatiénS. Pat, no.
5,944,853 | PA i sopropyl "al cohol di nmet hyl - 3- oct anol rrPDI\/S OH

nono- ( 3- net WAER 9m93&qﬂeszatra/u9‘@kyrﬁrwywm lﬁmmﬂwppéﬂ with@ndis andnopno- but yI
ai ot haor y1 TP ERiHIeR shiteh Afac Ao Bd the Lot BT 36 o 03/ 022322
PCTI JUSOZ/ 286Qameﬂer ﬂa:&lngdhlgbtrguldexﬁmedbgﬂ was a420 nme(ﬂwmms‘fWUMy) silane MPO
et et AR RS Mo STRED b T g
bi s- 3- mB hantepsityof e fadidtion ymgasped @xthersurfsde & tive Qyatzwihbow aith oxane
an |L1400A radiometer, was controlled to + 0.02 mW/cm2 with an iris. The
temperature was controlled at 45 + 0.1°C. After approximately 1 mL of the de-
gassed reactive mixture was placed on the lower plate of the rheometer, the
25 mm diameter upper plate was lowered to 0.500 + 0.001 mm above the
20 lower plate, where it was held until after the reaction reached the gel point.
The sample was allowed to reach thermal equilibrium (~4 minutes, determined
by the leveling-off of the steady shear viscosity) before the lamp shutter was
opened and the reaction begun. During this time while the sample was
reaching thermal equilibrium, the sample chamber was purged with nitrogen
25 gas at a rate of 400 sccm. During the reaction the rheometer continuously
monitored the strain resulting from an applied dynamic stress (fast oscillation
mode), where time segments of less than a complete cycle were used to
calculate the strain at the applied programmable stress. The computer
calculated the dynamic shear modulus (G’), loss modulus (G"), and viscosity
30 (v*), as a function of exposure time. As the reaction proceeded the shear
modulus increased from <1 Pa to >0.1 MPa, and tan é (=G"/G’) dropped from
near infinity to less than 1. For measurements made herein the gel time is the
time at which tan & equals 1 (the crossover point when G'=G"). At the time
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TRIS-HEMA 2-trinethylsiloxyethyl nethacrylate MVA methyl methacryl agepfitfoos
t et rahydr of uran TBACB t et rabutyl ammoni um 3-chl or obenzoate 10 TM

3-i sopr opeY® B3/H2827; net hyl benzyl isocyanate |PL isopropyfTVaK28¥ ca 819
2,4,6-trinethyl benzyl di phenyl phosphi ne oxi de Throughout the Exanples

i ntensity i $hatEnseaches R@{sanrﬂwaﬂmmegel paint}, dhe restsickion oniBephigPem XRL 140A
sensor. Exa - ' lfe‘ﬂmn | 0) listed in
Table 1 wer (ﬁ]@)a(%r té’é@t‘gﬁéﬁvﬁﬁ@s 1rrl ngggﬁp?%ﬂfj?dn%é}?ﬁteé east about 3
hours at 23Changeas the Bactied momomenmeintsbrinksrderiog swel ved. The reacti ve

conponents are r rted as.wejah rcent, of all, reactive conponents and the
diluent is wei ghlf‘?/ﬁ!aeca@mecg}feed ﬁaé@f&é@ ﬁ%g%tsapg{ied]%v?b%et?gﬁrt xture was

pl aced i Bt 0 atrdaRGTMHRNL GsEavmdra Rccordinglysredtitsiepbrtadiseréin @fe AstAas(r)

copol ynmers of ethyl ene and norbornene obtained from Ti cona Pol yners), and

i rradi at ed B8itatgnagiabsqlute-numbers, butinumerical rapgesthased ypAnibeat 45C for about 20

m nut es N2. Fsdfpc}; &l Q@gged and | enses were extracted into a 50: 50
(wt) sol utig;rllazmJ I iﬁaﬁ(ﬂz% and soaked in | PA at anbient tenperature for

about 15 hours tlo ordamtoillusteats theanvention the fellowing exemplesrase inpludedd i nt o

Sl ine for dnerseitsnts il Rved®smeite o Ebilc S8BT 30" ni ot es.

gge prOldelrtigg&hf}onfoftpgag/mgggt;i;tzihmti?mwmg#aog%a S hrcofrtabtllgréébs 63583% i I002006
5 Apri 322 Table | PCTIU 14 EX.#1234567891 mp.
Si GIVAZ83028.“@§9§? b §RR§ialies suaY %mdfﬁ%v@st'%@ﬂﬁe invention.

DVAZ3. 51724 Hagrdver2 hé8e théthods drrddniddts be aithihtfe Scobedf thisivention.

EXAMPLES
15 The following abbreviations are used in the examples below:
SiGMA 2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-
1-[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester
DMA N,N-dimethylacrylamide
HEMA 2-hydroxyethyl methacrylate
20 mPDMS 800-1000 MW (M,) monomethacryloxypropyl terminated mono-
n-butyl terminated polydimethylsiloxane
Norbloc 2-(2'-hydroxy-5-methacrylyloxyethylpheny!)-2H-benzotriazole
CGI11850  1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine
25 oxide
PVP poly(N-vinyl pyrrolidone) (K value 90)
Blue HEMA the reaction product of Reactive Blue 4 and HEMA, as described
in Example 4 of U.S. Pat. no. 5,944,853
IPA isopropyl alcohol
30 D30 3,7-dimethyl-3-octanol
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated,
mono-butyl terminated polydimethylsiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
TrEGDMA triethyleneglycol dimethacrylate
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30

MMA methyl methacrylate

THF tetrahydrofuran

TBACB tetrabutylammonium 3-chlorobenzoate

™I 3-isopropenyl- 0 O-dimethylbenzyl isocyanate
IPL isopropyl! lactate

CGl 819 2,4,6-trimethylbenzyldiphenyl phosphine oxide

Throughout the Examples intensity is measured using an IL 1400A
radiometer, using an XRL 140A sensor.

Examples 1-10
The reaction components and diluent (D30) listed in Table 1 were

mixed together with stirring or rolling for at least about 3 hours at 23°C, until
all components were dissolved. The reactive components are reported as
weight percent of all reactive components and the diluent is weight percent of

reaction mixture. The reaction mixture was placed into thermoplastic contact’

lens molds (made from Topas® copolymers of ethylene and norbornene
obtained from Ticona Polymers), and irradiated using Philips TL 20W/03T
fluorescent bulbs at 45°C for about 20 minutes N,. The molds were opened
and lenses were extracted into a 50:50 (wt) solution of IPA and H;0, and
soaked in IPA at ambient temperature for about 15 hours to remove residual |
diluent and monomers, placed into deionized H,O for about 30 minutes, then
equilibrated in borate buffered saline for at least about 24 hours and
autoclaved at 122°C for 30 minutes. The properties of the resulting lenses

are shown in Table 1.
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%EWC’ 36

33

39

40

36
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Modulus 68
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61

67

50

66

43
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% Elongation | 301
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10

1. Equilibrium water content
2. Dynamic contact angle, measured with physiological borate-buffered saline
using a Wilhelmy balance.
3. Oxygen permeability, edge corrected, in Barrers.

The results of Examples 1-10 show that the reaction mixture

components and their amounts may be varied substantially, while still

providing uncoated lenses having an excellent balance of mechanical

properties and wettability. The contact angle (DCA) of Example 9 may be too

high to form a lens that would be clinically wettable, and the modulus may be

lower than desired to provide a mechanically robust lens. Example 9
contained the lowest concentration of SIGMA (20%). Because the SiGMA
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wom on the contralateral eye. The lenses were worn by 6 patients in a daily

wear mode (nightly removal) for a period of one week. At one week the

PLTF-NIBUT was 3.6 (+3.0) seconds compared to 5.8 (+2.5) seconds for

15 ACUVUE® 2 lenses. The front surface deposition was graded none to slight
for 50% of the test lenses and 100% for the control lenses. The movement

was acceptable for both test and control lenses.

Example 12
20 Example 11 was repeated except that the cure intensity was reduced

to 1.0 mW/cm? The mechanical properties are reported in Table 2, below.
These lenses were clinically evaluated using ACUVUE® 2 lenses as controls.
The test lenses were worn by 15 patients in a daily wear mode (nightly
removal), in one eye for a period of one week and an ACUVUE® 2 lens was

25 wom in the contralateral eye. At one week the PLTF-NIBUT was 8.2 (11.7)
seconds compared to 6.9 (+1.5) seconds for ACUVUE® 2 lenses. The front
surface deposition was graded none to slight for all of the patients for both
test and control lenses. The movement was acceptable for both test and

control lenses.

30 Table 2
Ex.# 1 11 12
%EWC 36 36 36
Modulus (psi) 68 74 87
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Ex. #contai ni ng nononer conpati bi 1y
surface depositions. The Example 2 lenses (controlled, low intensity cure)

displayed significantly improved on-eye wettability, which was measurably

10  better than ACUVUE® 2 lenses (8.2 v. 6.9) and no surface depositions. Thus,
using a low, controlled cure provides an uncoated lens having on-eye
wettability which is as good as, and in some cases better than conventional
hydrogel lenses.

15 Examples 13-17
Reaction mixtures described in Table 3 and containing low or no

compatibilizing component (in these Examples SiGMA) were mixed with

constant stirring at room temperature for 16 hours. Even after 16 hours each

of the reaction mixtures remained cloudy and some contained precipitates.
20  Accordingly, these reaction mixtures could not be used to produce lenses.

Table 3

Ex. # 13 14 15 16 17
Composition

SiGMA 0 0 0 10 20
PVP (K90) 12 12 10 8.0 8.0
DMA 10 10 8.3 19 19
MPDMS 37 37 30.8 35 28
TRIS 14 14 11.7 17 14
HEMA 25 25 375 8.0 8.0
Norbloc 0 0 0 0 0
CGl 1850 0 0 0 0 0
TEGDMA 1.0 1.0 0.83 2.0 2.0
TrEGDMA 0 0 0 0 0
Blue HEMA 0 0 0 0 0
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Examples 13 through 15 show that reaction mixtures without any

compatibilizing component (SiIGMA or mPDMS-OH) are incompatible, and not

suitable for making contact lenses. Examples 16 and 17 show that

5

concentrations of compatibilizing component less than about 20 weight% are

insufficient to compatibilize signifincant amounts of high molecular weight

PVP. However, comparing Example 17 to Example 9, lesser amounts of high

molecular weight PVP (3 weight %) can be included and still form a

compatible reaction mixture.

10

Examples 18-26
A solution of 1.00 gram of D30, 1.00 gram of mPDMS and 1.00 gram

of TRIS was placed in a glass vial (Ex. 18). As the blend was rapidly stirred at
about 20 to 23 °C with a magnetic stir bar, a solution of 12 parts (wt) PVP

15

(KS0) and 60 parts DMA was added dropwise until the solution remained

cloudy after 3 minutes of stirring. The mass of the added DMA/PVP blend
was determined in grams and reported as the “monomer compatibility index”.
This test was repeated using SiGMA (Ex. 19), MBM (Ex. 20), MPD (Ex. 21),
acPDMS, where n=10 (Ex. 22), acPDMS where n=20 (Ex. 23), iSiGMA-3Me

20
TRIS.

Table 4

(Ex. 24) and TRIS2-HOEOP2 (Ex. 25) as test silicone monomers in place of

Ex.#

Test silicone-
containing monomer

Monomer
compatibility
index

Si:OH

18

SiGMA

1.8

3:1

19

TRIS

0.07

4:0

20

MBM

0.09

3.0

21

MPD

0.05

2:0

22

acPDMS (n=10)*

1.8

11:2
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was rolled for %5) m nutes. After 20 m nutes, 50% of the |PA, was renoved and
replaced with Dijjwater and the jar was rolled for another 2 m nut es. The
QE?ALf

| enses were erred Ki S, Outh f u~20 A put es and then
testied. 20 Table @Mﬁpm%g %S\ ep” 2 Mvangi ng Ex. #ntensity
OH '

OH

TRIS2-HOEOP2
10
0]

ﬁ)Lo/\/\Si(o\Si/\/\o/\/OH)
[ 1\ 2

iSIMAA3-Me

OMe

o .

The results, shown in Table 4, show that SiGMA, acPDMS (where n= 10 and
20) and mPDMS-OH more readily incorporate into a blend of a diluent,

15

another silicone containing monomer, a hydrophilic monomer, and an high

20 molecular weight polymer (PVP) than altemative silicone-containing
monomers. Thus, compatibilizing silicone containing monomers having a
compatibility index of greater than about 0.5 are useful for compatibilizing high
molecular weight hydrophilic polymers like PVP.
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alcohol/DI water. The lenses were transferred to a jar containing 300 g 100%

isopropyl alcohol (IPA). The IPA was replaced every 2 hours for 10 hours. At

15 the end of about 10 hours, 50% of the IPA was removed and replaced with DI

water and the jar was rolled for 20 minutes. After 20 minutes, 50% of the IPA

was removed and replaced with DI water and the jar was rolled for another 20

minutes. The lenses were transferred to packing solution, rolled for 20

minutes and then tested.

20
Table 5
Ex.# | Step 1 Step 1 Step 2 Step 2 Advancing
mtensuty time mtensny time Contact
(mWicm?) | (min:sec) | (mMWicm?) | (min:sec) Angle
27 1.1 6:55 5.5 1:28 5111
28 1.1 2:46 5.5 2:21 55+2
29 1.1 11:03 5.5 0:35 5511
30 1.7 6:30 5.5 0:35 501
3 1.7 1:37 5.5 2:21 551
32 1.7 4:04 5.5 1:28 5412
33 24 2:52 5.5 1:28 62+6
34 24 4:36 5.5 0:35 7619
35 |24 1:09 5.5 0:35 7846

The contact angles for Examples 27 through 232 are not significantly
25 different, indicating that step 1 cure intensities of less than about about 2
mW/cm? provide improved wettability for this lens formulation regardless of
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Examples 36 - 41
The reaction components of Example 1, were blended with either 25%

10  or 40% D30 as diluent in accordance with the procedure of Example 1. The
resultant reaction mixtures were charged into plastic contact lens molds
(made from Topas® copolymers of ethylene and norbornene obtained from
Ticona Polymers) and cured in a glove box under a nitrogen atmosphere, at
about 2.5 mW/cm? intensity, about 30 minutes and the temperatures shown in

15 Table 6, below. The lenses were removed from the molds, hydrated and
autoclaved as describe in Example 1. After hydration the haze values of the
lenses were determined. The results shown in Table 6 show that the degree
of haziness was reduced at the higher temperatures. The results also show
that as the concentration of diluent decreases the haze also decreases.

20
Table 6
Ex.# | %D30 | Temp _LC) % haze DCA(°)
36 25 25 30 (6) 99
37 25 50-55 12 (2) 100
38 25 60-65 14 (0.2) 59
39 40 25 50 (10) 68
40 40 50-55 40 (9) 72
41 40 60-65 32 (1) 66
"Haze (std. dev.)
25
The results in Table 6 show that haze may be reduced by about 20%
(Example 41 v. Example 39) and up to as much as about 65% (Example 37 v.
Example 36) by increasing the cure temperature. Decreasing diluent
concentration from 40 to 25% decrease haze by between about 40 and 75%.
30
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031022322 PCTI US02/ 28614 Exanpl es 48-52 Reaction m xtures were nmade using

the formul ati ons shown in Table 8 TablelY¥ a m xture of 72.5%t-anyl

and 27.5% PVP_(Mv = 2500)

into ther

20\WL03T fl
nol ds were
a period o

sal i ne sol

properties
10
15

as the diluent.

DPt#St | C (@@nt act 48 ens [A4n0l ds45 and |
ISIGRA% E11T| 28W DS | 26,045,281 B_| DAVOCTZ (2810 AP0 32
RPEN 38,0 CTE8%.0"CT[8.0 ©F £88.80 11108 01C[FRI(7e

Ty L L I €1 W LITETT CEU A aAall O
u&g orlogg m 1g'toes and aut ocl aveduaqjl 1224 an
OMA" ™ RS 935 (235 | 235 240 | 240
HEMA 6.0 6.0 5.0 5.0 6.0 6.0
TEGDMA |[1.5 15 1.5 15 0.0 0.0
Norbloc 2.0 2.0 2.0 2.0 2.0 2.0
PVP (K- 7.0 7.0 7.0 7.0 7.0 7.0
90)

CGI 1850 (1.0 1.0 1.0 1.0 1.0 1.0
D30 25.0 40 25.0 40.0 25.0 40.0
Properties

Haze 30 50 7.3 14 26 25
Modulus 74 56 148 104 74 NT

(psi)
Elongation | 326 395 188 251 312 NT
(%)
EWC(%) |38 41 33 35 38 39

al cohol

The reaction m xtures were pl aced
¥eadl dt4gd us$ing Philips TL

m nut es. The

wat er at 95C over
borat e buffered
30 m nutes. The

A comparision of the results for formulations having the same amount
of diluent and either TEGDMA or acPDMS (Examples 42 and 46 and
Examples 43 and 47) shows that acPDMS is an effective crosslinker and

provides lenses with properties which are comparable to those where

TEGDMA is used as a crosslinker. Examples 44 and 45 contain both

crosslinkers. Haze for these Examples decreased substantially compared to

the lenses made from either crosslinker alone. However, modulus and

elongation were negatively impacted (likely because the amount of crosslinker

was too great).
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10 | enses are shown in Table 9. Table 8 Ex.#48495051525354 Conponent & APril 2006
Si GVA3030308033@320 PVP6666766 DMVA31313130303131 MPDMS192PeRUSKRAR86192528
AcPDVS 2003000 (n=10) HEMA9. 858. 56. 959610. 512.5 Norbl oc1.51.51.521.51.51.5
CA 6190. 230.Exammpies384300. 230. 23 CAE 18500000100 EGDMAO. 40. 750. 8000. 750. 75

TEGDVAO0001 atflo Q%ré)rﬁQ@@Qs@&@nqumiﬂat%@ shown in Table 8
Di | uent 40. 040 027.339. 425. 94040 D |l uent™ co Properties EWC

cm5454749474‘91!9(a migluresof(72) 554 t-amyLaiaadiol sy 2.6 "‘?«:AP/\(PZQI\%H@Q Xasdbeinci ng) Modul us
( Ezlr 3 2%2;23%@3%@%@&3& }(@gen%\ggr?ﬂa%ﬁﬁg ﬁ?ﬂlg’silc%%cgg)wst anyl al cohol
and 27. 5 5PVimdlddvand raid)edAing Pilips TLZZDWH03T fluorescent bulbs at 45°C, 0.8

mW/cm? for about 32 minutes. The molds were opened and lenses were

released into deionized water at 95°C over a period of 20 minutes. The

lenses were then placed into borate buffered saline solution for 60 minutes

and autoclaved at 122°C and 30 minutes. The properties of the resulting

10 lenses are shown in Table 9.

Table 8

Ex. # 48 49 50 51 52 53 54
Components
SiGMA 30 30 30 33 34 25 20
PvP 6 6 6 6 7 6 |6
DMA 31 31 31 30 30 31 31
MPDMS 19 22 23.5 16.5 |19 25 28
AcPDMS 2 0 0 3 0 0 0
(n=10)
HEMA 985 |85 [6.95 9 6 10.5 | 12.5
Norbloc 1.5 1.5 1.5 2 1.5 1.5 1.5
CGI 819 023 (023 [0.25 048 (0 0.23 }0.23
CGI 1850 0 0 0 0 1 0 0
EGDMA 0.4 0.76 (0.8 0 0 0.75 [0.75
TEGDMA 0 0 0 0 15 |0 0
Blue HEMA 002 002 [0 0 0 0.02 {0.02
% Diluent’ 40.0 400 |27.3 394 [25.9 {40 40
Diluentcomp | A A B C D A A

Properties
EWC (%) 45 45 47 49 47 49 50
DCA 52(2) |51(7) | 74(10) | 108 | 75(6) | 47(2) | 56(11)
(advancing)

Modulus (psi) | 91 77 69 55 49 63 67

Elongation NT 232 | 167 275 254 (110 124
(%)
Dk (barrers) | 54 60 78 44 87 59 60

Diluents (weight parts):
A = 72.5% t-amyl alcohol and 27.5 PVP (My = 2500)
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WD 03/022322 PCT/ US02/ 28614 B = t-anyl al cohol C = 15/38/38% TNP/ 2M2B/apHiVIO06
(Mv = 2500)‘%9+2): 237/ 43 2MeP/ TMP 5 NT - not tested Thus, Ex s 48, 51 show
that fornul Lt 2?‘,orrpri sing both hydrophilic (EGDVA or 523%(1

hydr ophobi c_crosslinkers (acPDMS) provide silicone hydrogel conpositions -
whi ch di spl By taimdzaleeholent bal ance of 10 properties including good water
content, mo8é&r Ha/B/IBR%b TM/?MBPARVR/(MM@WQE and el ongation. Exanple 55 The

| enses of ERad®pH43 ARRMEME clinically evaluated. The |enses were 15 wom by
18 patients in a daily wear node (nightly renoval) for a period of one

week. At SonNTwawittdstesd PLTF- Nl BUT was 8.4 (2.9) seconds conpared to 7.0

(1.3) seconds for ACUWUE(r) 2 lenses. The front surface discrete deposition

was graded none Thasshiatiples 48, 59 SHowfthdthermuiitibaésmprising bowe t est | enses,
conpared with 89%in control | enses. The novenent was acceRﬁt§| ble for 20

both test ahydrepiic(5G0MAQLEECRMANBNG:hyssoPRRRIcICERsslinkers (AcRBMS)e 49 were
clinically ; m?l?o &?'Zﬁo ' ' dai ly wear
node (ni ght é@ibgﬁg%e) fordeg p r.s‘gﬁﬁﬁh%ﬁg’ SB%E%ﬁmegEé.Ihﬁgsﬂ?lde&gek t he

PLTF- NI praperdiestingiuging)good wated contentpmoderatedk; wettabiltly, medulusls f or  ACUVUE(r)
2 | enses. T%}ﬁd él @&t“ ﬁurface di screte deposition was graded none to slight
for 95% of eé QMts with the test | enses, conpared with 89%in control

| enses. The novenent was acceptable for both test and control |enses. 30
Exanpl e 57 Eksnplesses of Exanple 51 were clinically evaluated. The |enses
were wom by 13 n adaily ar node ightly renoval) for a period

of one week. At-'phghé!‘%\%&(é’fwlﬁ&wem '[’JiFaWa%VaW.gg - ThelensesWeres conpared to
9.6 35 (42 \dmIBCHphtienlin %@uﬁfdir}nﬁ@e}(@gﬁt%emw&lz fof aperisdbfighge di screte

deposition was ‘graded none to s t % of the patients with the test
| enses, coWeek: oM onevreel e PlnTFcUI&LﬂdNaS 844849) seeendanompared a0 accept abl e

for 49 5 Ap(tH.'3) s8%ds for ACUVUE® 2 lenses. The front surface discrete deposition
was graded none to slight for 97% of the patients with the test lenses,
compared with 89% in control lenses. The movement was acceptable for
20 both test and control lenses.

Example 56
The lenses of Example 49 were clinically evaluated. The lenses were

worn by 18 patients in a daily wear mode (nightly removal) for a period of one
25 week. Atone week the PLTF-NIBUT was 8.4 (+2.9) seconds compared to 7
(¢1.3) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
was graded none to slight for 95% of the patients with the test lenses,
compared with 89% in control lenses. The movement was acceptable for

both test and control lenses.

30
Example 57

The lenses of Example 51 were clinically evaluated. The lenses were
wom by 13 patients in a daily wear mode (nightly removal) for a period of one
week. Atone week the PLTF-NIBUT was 4.3 (+1.9) seconds compared to 9.6

35 (¢2.1) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
was graded none to slight for 70% of the patients with the test lenses,
compared with 92% in control lenses. The movement was acceptable for
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WD 03/ 022322 PCT/ US02/ 28614 both test and control |enses. Thus, thergpj Fil 2006
sone corre*vg):l on betvveen contact angle measurenents (108 for le 51
versus 52 Ie 48) and clinical wettability as me S (582 /W LTF- NI BUT

(4.3 seconds for nple 51 versus 8.4 seconds for npl e 48% S Exanpl es
58-68 Silicheb tﬁa’ﬂ%ﬁfﬂml lensess Thes.dhera ifcssoms enjrelatien é’S'i‘f'ﬁﬁﬂéﬁﬂ@c isted in

Tabl e 9 andadierbol HEAG(RIEPR Eisfiniell) EEsSORABSABle W end” Xo0, L 0get her

inajar tofor are ar contai ni reaction mxture
was pl aced dlinical wettabitityl ds medsues byaleITF-NIBUTe(d.Sasecondsgfot Exihpierseact ion mxture

was placed in a yacuumdgsiccatp nd the oxygen renoved by applying vacuum
for 40 ni nuYeé§”5él{§§e@€g?E’E§f‘ (ﬁfé@? 15 back filled with nitfrogen. Contact

| enses vgere formed by addi ng approximately 0.10 g of the degassed | ens
material to the concave front curve side of TOPAS(r) nold cavities in a
gl ove box Weidmdtéd 566N purge. The nolds were closed with polypropyl ene
convex base hal ves. Pol yneri zation was carried out under a
nitrogen purge &iigonmbydpigs! lenses wereanade28ingithércampaneoisdisted ivi si bl e | i ght

gener at ed uféﬂ?g%?%\éﬁlf&%@scené%d Véhts with a TL-03 phosphor. After curing

for 25 mnu re opened. The concave front curve

portiom®f the IThesomporentsaserglnmizettogether lmasja}rtbtcatairea!:tiobmlktu(eAquasoni c nodel
75D) contai RI N de| onl z d wat er rni)Bder th ndi t.i on

erature and
amount of (R raaiibR MU as Maced Sripal rat Bibe | s shoan i

Tabl e 10. Tiefled gygf@g htwer e cl ear and of the proper shape to be contact
| enses. Table 9 _Ex. 58Ex. 59Ex. 60Ex. 61 Si GVA3.053.23.23.0
MPDIVBL. 71. 71. 71.The reactiormixige was placedd. @ceumesiesiscatpnand the. 80. 81. 0

TEGDMAD. 20. 558193‘19 redV8d B{l Qﬁgﬁﬁn& Vit 16P4milites. The desiccator was

15  back filled with nitrogen. Contact lenses were formed by adding
approximately 0.10 g of the degassed lens material to the concave front curve
side of TOPAS® mold cavities in a glove box with nitrogen purge. The molds
were closed with polypropylene convex base curve moid halves.
Polymerization was carried out under a nitrogen purge and was photoinitiated

20  with 5 mW cm? of visible light generated using 20W fluorescent lights with a
TL-03 phosphor. After curing for 25 minutes at 45°C, the molds were opened.
The concave front curve portion of the lens mold was placed into a sonication
bath (Aquasonic model 75D) containing deionized water under the conditions
(temperature and amount of Tween) shown in Table 10. The lens deblock

25 time is shown in Table 10. The lenses were clear and of the proper shape to
be contact lenses.

Table 9
Ex. 58 Ex. 59 Ex. 60 Ex. 61

3.05 3.2 3.2 3.0
SiGMA
MPDMS 1.7 1.7 1.7 17
DMA 3.2 3.0 3.1 3.2
PVP 0.6 0.6 0.6 0.6
HEMA 1.0 0.8 0.8 1.0
TEGDMA 0.2 0.4 0.3 0.2
Norblock 0.156 0.2 0.2 0.2
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Example 69
The lenses of Example 59 which were deblocked in Example 66, were

further hydrated in deionized water at 65°C for 20 minutes. The lenses were
then transferred into borate buffered saline solution and allowed to equilibrate
for at least about 24 hours. The lenses were clear and of the proper shape to
be contact lenses. The lenses had a water content of 43%, a modulus of 87
psi, an elongation of 175%, and a Dk of 61 barriers. The lenses were found to
have an advancing contact angle of 57 degrees. This indicates the lenses
were substantially free of hydrophobic material.

Example 70
The concave front curve portion of the lens mold from Example 61 was

placed into a sonication bath (Aquasonic model 75D) containing about 5%
DOE-120 in deionized water at about 75°C. The lenses deblocked from the

frame in 18 minutes.

Example 71 (use of an organic solvent)

The concave front curve portion of the lens mold from example 61 was

placed into a sonication bath {Aquasonic 75D) containing about 10% of 2-
propanol an organic solvent in deionized water at 75°C. The lenses
deblocked form the frame in 15 minutes. When Tween was used as the
additive (Example 68) the deblock time was 18 minutes. Thus, the present

51
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propanol an organic sol vent in deionized water at 75C. The | enses 25°April2006
debl ocked WO /@2R2frane in 15 m nutes. Wien Tween was uskRCI/E022864 additive
(Exanpl e 68) the deblock tine was 18 mnutes. Thus, the present 51 5 April

2006 WO 03/ @Ratrple shéws M‘éﬂa/gaﬁéadlv@ft@ﬁﬁyelsaibe\mw tba@emwcmaéhs@s sol vents may
al so be used to debl ock | enses r@rl Si ng | ow nol ecul ar wei ght hydrophilic
Y

pol ymers. EWL@QZ'QW(TD@QQ%WY@'Q%“ ROMIMEE$: wei ght PVP) 5 Silicone
hydrogel |enses wee nade using the fornulation and procedure of Exanple 58,

but w t hout Fﬁgﬂ'ﬂ@\’g@l’@ﬁ“g% IdWhgﬁkulg\WelngP)f ol | owi ng procedure was used

t o debl ock ortion of the lens nold was
pl aced ibto a sﬁllmoclamydnoguaeriseQ mqamadalusmgmnkaforrﬁﬂﬁyorcm ai ni ng about 850ppm
of Tween in__10,dei bou d not rel ease
fromthe noP@cedye 0855 E%ﬁ%wﬁa‘?ﬁ?% olwdpglﬁ?"g? V&?{gth%’nt ai ned | ow

nol ecul ar  WejligWing plfdﬁéBQiélwéslu‘semdd'e"ch(tﬁé(Iaﬁidse 58 fornuation) under simlar
debl ock conditi ons (Exan;pl e 62 - tggm Tween and was 10 m nutes.

75C
Thus, the presenthe OREANS Eonéﬁéﬂl\%PQrH%ﬂO ‘b|96§mqlfbwéﬁﬁﬂ¢§Q3 plo Qaccorrpl i shed in
wat er only, sérgliattlgh %aﬂﬁAﬁﬁé&?ﬂ{p%dd& 7%)2&3%@)(?&10%%% gl ar wei ght

hydrophilic yner ornu concave front curve
porti on10f delemtemwateoatlalfqubﬁiﬁ°6xa'hpllensé$2dldmt ref@asp fracetiemoldc a soni cati on

bath (A | 0% I t
n det oni zed st Ry Hedolatednd WrichschBlned o FRFRIBLYBBHC 2 20" o 25
m nut es. Thhydroptitsslyrodr (Exempé 88 foniuationy ender similah deblockaconditiomsont ai n | ow
nol ecul ar melght h drophilic polyner nay be debl ocked using an aqueous

sol uti on coffp@Mpleee » Q)P%EWE‘*%QHQ/@F; was 1¢-minyiese sThus. the presetul ati ons were

made accord QAR toinitiator
(0.23, 0. 3858{’3“%9§'55‘9£%a?d€"3?“ﬁ aiihd} Be E6ckrtghe DS bR B85S 1) s socent
bul bs (#hi cfermuletien yuttmm ineluding lawomsolecular weightunydrophilic polgderindhiebl e | i ght used

to nmeasure f%zrjnu% &;F irradiating the nolds at 2.0 mWcn2. The advanci ng
contact ang he resulting | enses are shown in Table 11. Table 11

Example 73
The concave front curve portion of the lens mold from example 72 was

20 placed into a sonication bath (Aquasonic 75D) containing about 10% of 2-
propanol an organic solvent in deionized water at 75°C. The lenses
deblocked form the frame in 20 to 25 minutes. Thus, lenses of the present
invention which do not contain low molecular weight hydrophilic polymer may
be deblocked using an aqueous solution comprising an organic solvent.

25
Examples 74-76

Formulations were made according to Example 49, but with varying
amounts of photoinitiator (0.23, 0.38 or 0.5 wt.%), curing at 45°C with Philips
TL 20W/03T fluorescent bulbs (which closely match the spectral output of the
30 Vvisible light used to measure gel time) irradiating the molds at 2.0 mW/cm?.
The advancing contact angles of the resulting lenses are shown in Table 11.

Table 11

[ Ex# | Wt% | AdvancingDCA | Geltime (sec) |
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Ex. # W% Advancing OCA Gel tine sec 52 5 April 2006 WO 03/ 022322 5 April 2006
740. 2359(4) 65 750. 3862(6)57 760.580(7)51 PCT/ USQ2/ 28614 Exa Ie7 77-79 Cel
times were WRA¥R¥d for the formul ation of Exanple 1 at 43@%1502@6%.0, 2.5
and 5.0 mW The results are shown in Table 12 Table 12 Ex. #lntensity
gel tinme (dec)/4mN|ciP33 77152 A8A4b38 79534 1®5The results of Exanples 74

t hrough 76 [and577 |t Hr.3Bigh 79 &2ffhred |with B{anpl es| 27-35, show that as gel
times incrgasegb wett @i ity i rgr(@yes. |Thus, &el poi pts can be used, in
coordination wth contact angle neasurenents, to determ ne suitable cure
conditions for a given polymer fornulation and photoinitiator system 15
Exanpl e 80 (ByampRee7-# eparation) To a dry container, which was housed in a
dry_box under NI Gorids idre ntaBuRAYor iR RARGREG PO BRNpfet 440ct9 (0. 277 mol)
of 20 bi s(di net hylam no) nethyl silane (a water scavenger) , a solution of
13.75 ni Sof 1.& 215andB AmWiemii Thersaits geshowy imEatfB12n 1000 M dry THF),
61.39 g (0.578 nol) of p-xylene, 154.28 g (1.541 nol) nethyl nethacryl ate
(1.4 equivalents relative to ini t'!aépr , 1892.13 (9.352 nol)

2-(trinmethyl siloxy)ethyl nethacryl figle . 5 equi val ents relative to
initiator) and 4399. 78g(61-01 mpl)—of —FHE__This-—25 m xture was charged to
a dry, three-necked, rour%‘agottoff’é?i{s!'g)ask Q@bﬂmﬁﬁféﬂ)vﬁdth a t hernocoupl e and
condenser, all connectled to a niMWEEY kource  The ilnitial nixture was
cooled to 15 C while gtird¥ng and durgi hg witB2nitroden. After the solution

reached 15 C, 191.75 ¢ (17800 nol)256f 1 38
79 5 34
10 The results of Examples 74 through 76 and 77 through 79 compared

with Examples 27-35, show that as gel times increase, wettability improves.
Thus, gel points can be used, in coordination with contact angle
measurements, to determine suitable cure conditions for a given polymer
formulation and photoinitiator system.

15 '

Example 80 (Macromer Preparation)

To a dry container, which was housed in a dry box under nitrogen at
ambient temperature was added 30.0 g (0.277 mol) of
20  bis(dimethylamino)methylsilane (a water scavenger) , a solution of 13.75 ml of
a 1M solution of TBACB (386.0 g TBACB in 1000 ml dry THF), 61.39 g (0.578
mol) of p-xylene, 154.28 g (1.541 mol) methyl methacrylate (1.4 equivalents
relative to initiator), 1892.13 (9.352 mol) 2-(trimethyisiloxy)ethyl methacrylate
(8.5 equivalents relative to initiator) and 4399.78 g (61.01 mol) of THF. This
25 mixture was charged to a dry, three-necked, round-bottomed flask equipped
with a thermocouple and condenser, all connected to a nitrogen source.
The initial mixture was cooled to 15 °C while stirring and purging with
nitrogen. After the solution reached 15 °C, 191.75 g (1.100 mol) of 1-
trimethylsiloxy-1-methoxy-2-methylpropene (1 equivalent) was injected into
30 the reaction vessel. The reaction was allowed to exotherm to approximately
62 °C and then 30 ml of a 0.40 M solution of 154.4 g TBACB in 11 ml of dry
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tri met hyl si |l oxy- 1- met hoxy- 2- met hyl propene (1 equi val ent) was i nj ect eslApiilt2006

30 the rea 9%@?\5%%5@ The reaction was allowed to exot hﬁé?ﬁ’g@/zaﬂ‘fBACB i

appr oxi mat e and then 30 ml of a 0.40 M solution of
11 m of dry 53 5 April 2006 WO 03/022322 PCTI US02/ 28614 THE was netered in
t hr oughout trﬁ‘b':W@rr'ﬁ?ﬁt%’r'"&fowmur@ﬁéﬁmﬁﬂderﬁ thereaction. Altablbeat ure of reaction

reached 30 6 2.311 nol
2-(trimethylsi {ngy e?fﬁg &Bh?%a(:g?@?g? ?gqug%tgrrhﬂeegnﬂ Zs@lﬁ <g!tclsfve to the)

initiator), 46836.9d42.331 (&) @rimethylsiloxpyethyl methacrylate (2.1 equrvalents

nononet hacry y hy, .2 equivalents relative to the
initiator), nggﬂp‘%’ |§t8b géﬁ)g(b%bgcr}@qué uivalents relative to the

i ni tiatos) rﬂdﬁén%ﬂwa@ryﬂaxbpr&bﬂrpmrn%twmaﬁém(emféqﬂwawms reRvetdre. This

m xture was allowed_to exot zﬁr oximately 3842 C and then allowed to

cool to 30 dnitiger),:3648.8¢0,(8.688 moh) TRIp 9@9“'!@"*@%”?@%?@‘%!"?10' 10

bi s(di net hyl nol ) nethyl methacryl ate
(1. Y equi ér"@ﬁ?@?@%@ﬁ%"‘*ﬁ“’?ﬂé"‘%“??r"’f"*?’é?é"?%ag‘ﬂ%’- 1805, 15 o (9 352 mol) 2.
tri met hyl si | oxy) Biigipixturemas @ligwerd to exetherme tniappadximatelyr 3842 1zand o t he

appr oxi nat el EnARRES b Agf o BECT At frBEab R T B0 QI 2 el y 30
228 ggggb\l/\grﬁs(dil'nethﬁlam)mmwswahéeﬂ26 d ¢cS4bmol) methyy methasiylate A sol ution of

wms. addad il eaiARS reteg e iugon ano 1982 &%?@%ﬁ%ﬁ@&gq peoacetic actd

trimethylsi |trﬂiié’th§]§rlé§(ﬂ@¥hynﬁeth9ér9lﬁt¥(8%c:}u%leﬁ%‘\”élatn)@io@hé InfRatoMpas t hen renoved
and tol uene added I n réenoval the water until a vapor tenperature

of 110 C wafddedensihe midureragainalioved e exothexmi@appreximetelydQ®Gt appr oxi nmatel y

110 'C and a&h??éé&r{x?@ era‘hﬂi% éﬁoerfg%dﬁ?&pm%agy 3020 7 ?ngﬁgof) 10 rml )

di butyltin aur a € m Xt was reac
i socyandbe pétikwereaddeshto deyreaSﬂhe‘Piseosrtyl Wesolution of 43%pDg aatet, under reduced

pressure to. | d it € ctliv, romer. The
mer oner wad bR AN AR 5d B e EnoeBantf e e R Sp SR e IR i i el y 2 1
acetone to graa:nrr:rxm refldkédfor 28 Ho]grslto rem%\er thgamnetdylenbxycpmeamgpi tate out the
macronmer and t he r iltered an ried us vacuum oven '
ot ween 45 SFRYPE N e EMBo Blatias werelnartsrBeved and qalers SdBads Al 1t ur e
were made ify %n@vblrd?ﬂﬁr\rr/étbﬂ britifla GApor eriisratufd &910“@%‘%%5&%@ ions shown in
Table 12 with a D30 and/or |IPL as the diluent. The
20 The reaction flask was maintained at approxrmately 110°C and a
solution of 443 g (2.201 mol) TMl and 5.7 g (0.010 mol) dibutyltin dilaurate
were added. The mixture was reacted until the isocyanate peak was gone by
IR. The toluene was evaporated under reduced pressure to yield an off-white,
anhydrous, waxy reactive macromer. The macromer was placed into acetone
25 at a weight basis of approximately 2:1 acetone to macromer. After 24 hrs,
water was added to precipitate out the macromer and the macromer was

filtered and dried using a vacuum oven between 45 and 60 °C for 20-30 hrs.

Examples 81- 88
30 Reaction mixtures were made in a nitrogen-filled glove box using the

formulations shown in Table 12 with a D30 and/or IPL as the diluent. The
reaction mixtures were placed into thermoplastic contact lens molds, and
iradiated using Philips TL 20W/03T fluorescent bulbs at 50°C, for about 60

minutes. The molds were opened and lenses were released IPA, leached



reaction m xtures were placed into thernoplastic contact |ens nol ds,5 Apid 2006
I rradi ate S| Philips TL 20W 03T fluorescent bul bs at 5 about 60
m nut es. %’g)%@%dy wer e opened and | enses were rel eased |115%?U§02/§{%d 54 5
April 2006 WD 03/022322 PCTNS02/ 28614 and transferred into borate buffered
sal i ne, Thealstitansiermed inteporatfebyftesed saling Thepropertias ef thrsesilting Tabl e 13. Tabl e

13 Exanpl e 4%@@@;& onent Macroner1818131313131311
I\/PDI\/ISZSlSZS%@%%%% A§§%M0333555 (n=10) |1 RI S1414151515141314
DVA2727282930303332 HEMA55222222 Nor bl 0c22222222 PVP K- 9055765555 Bl ue

HEMAO. 020. 020. 020. 020. 020. 020 020. {)ﬂ IC% 185011111111
G

i | uent 2020303930363030-%-500-i--UIE 136010040616060200490-34 | PL i n
d||.4o4ooo%%$w. 3532210384740 848G 508 iarﬁsﬁnu ng) Modul us
(psi ) 14926 h7124129 Fl afgat i o > Lo 409k 002025 17a00

Macromer 18 {18 |13 13 13 13 13 1

MPDMS 23 [18 |29 |28 |28 |28 |26 |28

ACPDMS |5 |10 [3 |3 [3 |5 |5 |5

(n=10)

TRIS 14 |14 |15 |15 |15 |14 |13 |14

DMA 27 127 |28 |29 |30 |30 |33 |32

HEMA 5 (5 12 12 12 12 |2 |2

Norbloc 2 12 12 12 12 12 12 |2

PVP K-90 5 S 7 6 ) 5 5 )
Blue HEMA 10.02 {0.02 {0.02 10.02 {002 {0.02 {0.02 |0.02
CGl 1850 1 1 1 1 1 1 1 1

%Diluent 20 20 |30 30 30 30 30 30
% D30 in dil. | 60 60 1100 1100 [100 |60 100 100
% IPL in dil. | 40 40 10 0 0 40 0 0

EWC (%) 36 32 {40 40 39 37 40 38
DCA 48 46 45 50 57
(advancing)
Modulus (psi) | 149 | 268 | 85 90 91 107 [134 [ 129
Elongation 216 [149 [294 1300 {290 {251 (176 |209
(%)
Dk (barrers) |89 76 (114 [100 [116 | 117

Example 89 ‘
The lenses of Example 83 were clinically evaluated. The lenses were

womn by 10 patients in a daily wear mode (nightly removal) for a period of 30
10 minutes. For each patient, the test lens was wom in one eye and an Bauch &
Lomb Purevision lens was worn in the contralateral eye. At thirty minutes the
PLTF-NIBUT was 7.5 (+1.6) seconds compared to 8.6 (+1.6) seconds for the
Bausch & Lomb Purevision lens. . The front surface discrete deposition was
graded none to slight for 100% of the patients with the test lenses, compared
15  with 100% in control lenses. The movement was acceptable for both test and
control lenses. The lenses of the present invention are comparable in
performance to the B&L lens, which has a plasma coating. Thus, the present
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M Dk barrer58976114100116117 5 Exanple 89 The | enses of Exanple 83 wWexil 2006
clinically d The | enses were worn by 10 pati entﬁcf/{} gﬁl ly wear
node (nightly rem)val) for a per| od of 30 10 m nutes. For eac patlent t he

test |ens vv% vvolrn F %/ ta n Bauc& & Lo“rbb Pur evj si on | ens was worn
1t hecont EXPHblE sapws e eyes Aediiom A douaier FEWOH FHERIBOR wae. 7.5 (1 1. 6)
seconds congigxafe I:éhtﬁnﬁ (ﬁh%rcﬁherslﬁgt@ﬂﬂ%cﬁlﬁf wén@ﬁt hydraphitio p&lyhféﬁ’&nt?urew sion

|l ens. . The front surface di screte deposition was graded none to slight for
100% of t heagampatitilizing componentdisptay|gend wettakilfygad depossioni t h 100% i n cont r ol

| enses. The &Yﬁ@% m&g@g@table for both t est and control |enses. The

| enses of t[’ue presen I nven n are conparable in perfornmance to the B&L
| ens, whbch has a plasma coating. Thus, the present 55 5 April 2006 WO
03/ 022322 PEXampled028614 Exanpl e shows that |enses formed froma pol yner
net wor k conpri SiMuaothaﬁaanmm&cﬁdzm M) wasiddetto 2708 gh,3vol ecul ar wei ght

hydrophilic p ner and  a atibiliz conponent di spl ay good
wet t abi | ityP 'ﬁ&ﬂg@émlmt@met?g&@f‘mw Hb9t a coating. 5 Exanple 90

-l|)-|r ;‘E L;g; gg%&l}tﬁ@iﬁt Iéi/célgtrargfslléférﬁs Fr%g)%ﬂt%g%ﬁtléﬁdﬁgsﬁrféd%eﬁuéht1 3-
oct aret A C)*ybp@tf‘éazﬂé)ametﬂ@agi?d anddhe bdure wag stmdjfprgmem Abpbutr ed overni ght.
10 17.0 g e hour. About
50 mi hexawggﬁe%%égvﬁgﬁgg? %ﬁgjmgﬁﬁtmeﬁméagsﬁgét%%rs%op or a%gbttﬁ%hne hour, then
filtered. Thiteréd:xXEhechexase was podpbrated umdée redueed predsyre @ad oyaliceind cyclics were
renoved by heating tp 110C at < ar, for abqut,one ho t roduce

hydr oxybut ywefeépmgﬁ%‘f%hlﬁ?gp?@ﬁ h@ﬁ%? 1I’B§%[rf%r %Pgt e '%P“ég)pgpa‘t"ge flask 12.2 g
CH2OH term @@bﬁyp@f,ﬁ,hgtghbbwdlmméxanybdl fier DI0 with an average

equi val ent wei g 0 (Ausinont USA  equivalent to Fonblin(r) ZDOL) was

conbi neddwi th 11n 8 sagaratetﬂasw?m ChiQFhterminated Fileorolink@ Ralymeersol ut i on was
evacuat ed t gy 3RoUY1 ARt HRverihE Squivah weight of 500 (Ausimont USA,

equivalent to Fomblin® ZDOL) was combined with 11.8 mg dibutyitin
dilaurate. The resulting solution was evacuated to about 20 mBar twice, each
time refilling with dry N2. 5.0 ml isophorone diisocyanate was added and the

20  mixture was stirred overnight under N2 to produce a clear viscous product.

47.7 g of the hydroxybutyl terminated polydimethylsiloxane from above

was combined with 41.3 grams anhydrous toluene. This solution was
combined with the Fluorolink®-Isophorone diisocyanate product and the
resulting mixture was stirred under nitrogen overnight. The toluene was

25 evaporated from the product over about 5 hours at < 1 mBar. 3.6 g 2-
isocyanatoethyl methacrylate was added and the resulting mixture was stirred
under N for four days to produce a slightly opaque viscous liquid
fluorosilicone macromer.

30 Example 91
2.60 g of the fluorosilicone macromer made in Example 90 was

combined with 1.12 g ethanol, 1.04 g TRIS, 1.56 g DMA, 32 mg Darocur 1173

to produce a slightly hazy blend containing 18% diluent (ethanol). Contact

lenses were made from this blend in plastic molds (Topas) curing 30 minutes
35 under fluorescent UV lamps at room temperature in a N, atmosphere. The
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time refilling with dry N2. 5.0 nml isophorone diisocyanate was addedsff%'l%%os
20 mixture Y¥K0302333% ed” over ni ght under N2 to produce a cl F&A/UMYESs
product. 47.7 g of the hydroxybutyl term nated pol ydi nethyl sil oxane from -

above was combidswerenpened, and the lensesaeleaskdidsblochediinto etiianal. Ibé ut i on was

Fesul ting i SrE e bR MELCHCEIRIRRT B SR AP e RREN S Lone wos 25
evapor at ed frroomtérhﬂeratuﬁeilmﬁnmaﬁéﬂlr&bbdiatébmw&sahheﬁ)rbbdﬁaho@s6 g 2-
| socyanat oet hy| nethacryl ate was added and the resulting mxture was stirred

under N2 forafdghen M?@a‘{e@tﬂ?l)&@é:’%mm%t“&? inadensesware tackyui d
fluorosilgc | cone macroner
mde i Exand e B AR had ey sik 6 oath Sl ThBRl4APBCA PS™ 1 Be o
DVA, 32 ng I:efnhnsaﬂeriseﬁ’%smamredlandalseshSanhTatye hzy bl end containing 18%

di luent (ethanol). Contact |enses were made fromthis blend in plastic

nol ds (Topasé curi gg EO m nutes 35 under fluorescent UV | anps at room

t enperature ' Bhere The 56 5 April, 2006 WO 03/ 022322

PCT/ US02/ 28614 nbeadiopdnid @,gmmagﬁasmgg\q reactive cpPPeRets (amavBisocked) into
et hanol . 1Thepask§pdtSre4Bive coRipeREHs) %ﬁ@nml@1@9ﬁhbg@ﬁsb%ﬁuérﬁr about 30

m nutes each at roomtenperature, | aced Into borate buffered saline
for about 2 HeamounsatDIMisrbased updndbe total anmmffrgact@ecqmngm@és The resul ting
| enses were each ot her.
The advanci négr%erﬁ t'ﬂ? %gté @ﬁ@é@g&a@ﬂg%sg‘g%’?% ‘i%mb?pr&#g&ﬁe (?f(rjl Tabl e 14.
Exanpl e 92- SExarypdecd 1. oTheresultingdenses wererslipperydo thee tbbeh arebdid inetstickknmponent s
(amounts 1Q base&H on reactive conponents) shown in Table 14 and D30 as a
diluent. THOCAMRPME" of D30 i s based upon the total amount of reactive
conponems and qfhé H6Vincing DEA 6falfdsk Whseh Wal nfeadiived afd feshownri® nade usi ng
procedure of nBIe 91. The resulting |l enses were slippery to the touch
and did not .Eacbi'eb 14.belgWeach ot her. 15 The advanci ng DCA of these | enses was
nmeasured and is shown in Table 14, below Table 14 Exanpl €929394

Table 14
Example 92 93 94
Component (wt %)
Fluorosilicone macromer 49.7 28.5 19
TRIS 19.9 0 0
DMA 29.8 24.8 24.7
PVP (K90) 0 5 4.9
SiGMA 0 40.7 50.1
EGDMA 0 0.4 0.6
Darocur 1173 0.6 0.6 0.6
Diluent Ethanol | D30 D30
% Diluent in final blend 18 18 18
Advancing DCA 132 (8) | 69(7) 59 (9)
20 Examples 92 through 94 clearly show that hydrophilic polymer may be

used to improve wettability. In these Examples contact angles are reduced by
up to about 50% (Example 93) and up to about 60% (Example 94).
Compositons comprising higher amounts of fluorosilicone macromer and
hydrophilic polymer can also be made by functionalizing the fluorosilicone

25 macromer to include active hydrogens.
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Conmponent (wt Fluorosl|icone macroner49.728.519 TRI S19. 900 DVA29. 824 58l 2006
PVP (K90) 0 I 040. 750. 1 EGDMAQO. 40. 6 Darocur 11730.

Di | uent Et hiﬁgﬁﬁé% % Diluent in final blend181818 AdvaE&”ﬁgm%éﬂ“

1132(8) 69(7)59(9g) 20 Exanples 92 through 94 clearly show that hydrophilic

pol ymer may S5X8M " inprove wettability., In these Exanples contact
angl es ar e r educBeaatipn migures werpmade using reaskivel components hewn tno about 60%

(Exanmpl e 94 i | S i lgrasi | i cone

macr oner angabl%l rop#@@agmfé"gg%&%?g@’ﬁ%@%@n@k? ﬁig%gnal i zing the

fl uorosi | i caveholzis adiluentrand 1118 PYIE 2,506 (basedupom yehctiveecampdients). Apri | 2006 WO
03/ 022322 PCT/ USD2/ 28614 anpl es 95- Reaction m xtuces were nmade using
reactive co%?ﬂ‘r'@%t'Qégﬁﬁﬁ%gg%ﬁB?%wFﬁ'&ﬁmntpﬁgggt& f[ﬁ%ﬁeagflqn reactive
conponent s aiiktuféslweed placéd RBthernftipkti®tordéct Ren€ imdked) and irehdiatéd PVP 2, 500
(based upon reactive con&c{ments). 5 Anobunts indicated, are based upon 100%

reactive consipa&hilips TrR8W/efuossscentibuih at9°Guel-& mWiseé foriahed 30her mopl ast i ¢
Cact | . . . . e | X
bolb st cocT NS Ryl Airopéh “Hinpls e Astnpd ahd Rhsde welielialed 107 TN

opened and lirdmdeisnized watee i€ dver aperiodaif 48 mimdes\aTle lepsesWeele over a peri od
of 15 m_nut

. The | 10 then pl {nto borate buffered saline:
Sol ut 1 010 o eBP e 1B BOmRIBABIest Tl Aol LU Tach @irkies S aRavade br oper (1 s
of the resulat12m8 d R3O MIRT heSptapéHiediof tHeRisBitiAglendédhr shewlin #9596979899

Conponent s
w Table 15.
Table 15
Ex. # 95 96 97 98 99
Components
SIGMA 30 30 30 30 30
PVP 0 1 3 6 8
DMA 37 36 34 31 29
MPDMS 22 22 22 22 22
HEMA 8.5 8.5 8.5 8.5 8.5 i
Norbloc 1.5 1.5 1.5 1.5 1.5 ’
CGi 819 0.25 0.25 0.25 0.25 0.25
EGDMA 0.75 0.75 0.75 0.75 0.75
. Properties
DCA 122(8) | 112(6) 66(13) |58(8) 54(3)
(advancing)
Haze 18(4) | 11(1) 13(1) 14(2) 12(1)
15

Table 15 shows that the addition of PVP dramatically decreases
contact angle. As little as 1% decreases the dynamic contact angle by about
10% and as little as 3% decreases dynamic contact angle by about 50%.
These improvements are consistent with those observed for macromer based
20 polymers, such as those in Examples 92-94.

Example 100
Preparation of mMPDMS-OH (used in Examples 3)
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S| GVA3030303030 PVP01368 DMVA3736343129 MPDMS2222222222 HEMAS. 58. 58. 58 Al 5006

Nor bl oc1. 5 1.5 CE 8190. 250. 250. 250. 250. 25 EGDMAO 50. 750. 75
Properties]‘@yﬁz}ﬁ& 112(6) 66( 13) 58(8) 54( 3) (advanci ng) Hgﬁ%gﬁ%d‘
111(1)13(1)14 212 1 Tabl.e 15 shows fhat the addition of PVP dramatically
decreases cont a@@gé’igp@stMEBI‘EHGP“SE&@‘Q%’W‘P@’ QP ﬁ@eﬁynam'c contact
angl e by abquﬁninétea/?rgg@rygmﬁugahs(1eéo ﬁ\%)g.qqree&ma@wnaa%ie,ozw?act angl e by.

about 50% These | are consi'Stentw th t'hose obsefved for
macr oner baddethyiamiselape /02 g Bydroquinone manemiethylethenwese cgpbiged amkanpl e 100

pCT] soz 264 ERBE5 S T vt ST bibuk 308 Wi o B 28800 B propyl et her
term nat &d bkt was Sxtiastedwithefuraied abliious NeHGDandeC AL Mithec acid, 0.10 g
triethylamne and 0.02 griggdro ui none nonomnet ha/I et her were conbi ned and

heated to 14¢&Ualayerwas BYASYaa SOx30d Rianorated ko givg 94 g of produstours. The 5
product was pgpjt /%tﬁé@hgiggﬁﬁkhﬂaésﬁgdm s NaHCO3 and CH2Cl 2. The CH2Cl?2
t

| ayer was dried over and evaporated to give 94 g of product.
HPLC/ M5 was consistent with desired structure: 0 NNi° CA OH 10-15 10 59

0O
fo_ )} CdHy
gt

10
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5 April 2006 What is clained is: 1. A wettable silicone hydrogel coé%?Wg?R%F
the reaction product of at |east one siloxane containing nmacroner ; at

| east one hi gh nol ecul ar wei ght hydrophilic polyner; and at |east one
conpati bilizing conmponent in an anmount effective to conpatibilize said at

| east one sil oxane-containing macroner and said at | east one high nol ecul ar
wei ght  hygltedhhibieg ig2ol yner wherein said at | east one conpati bili zing
conponent is selected fromthe group consisting of 2-propenoic acid,
2-nethy|-2-hydroxv 3- [3 11, 3, 3 3-

tetranethyl BLd | di siloxan I repyl ester,

(3-net hacryl oxy Ett?{[ﬁé ?llcc)?(yp‘ryy %ﬁeo&m?%r}sbn Xtﬁ% F‘Jiagtffrpﬁ%&{‘ﬁﬁ?si | oxy) si | ane,

(2- met hacr yl oxyleast ohydnmebmyﬂnwm@ayﬂ bi s(trimethylsiloxy)mnmethylsilane
and conpounds of Formula I11: |WA-HB-[ | WA- HBI X | WA wherein X is 1 to 10;

IWA is a d|fuﬁ&kwﬁﬂaphﬁ@dﬂ@bﬁﬂﬂﬂﬁﬂBﬁﬂyﬁﬁwhﬂﬁﬁWHgnﬁlﬁﬁhber aver age nol ecul ar

G anct § onal: e a3l 2 il el B0 BalCadtar,

bondi ng andleﬁstbhélEldiﬁ(ahélebﬁeﬂ‘mngana&erMﬂfsﬁgﬁt 1kt @lediigh moldealaeiveighai d
si | oxane cont ai ni.ng mecr oner s present in an ,armunt between about 5% to
about 50% hydramuligp wherginsald at)least gne.cq "t 5

macr omer or
50% 4. The

ro, ct S ' )
sel.ected fr Jr&hﬁ')r Jﬂ/‘d?(%bfﬁﬁ’ﬂﬁ\sﬁﬁ.u%r wﬁiloy»‘)iltehﬁ'ﬁ?laﬂé mnﬁuKHA SForufups,

al kyl ene oxide groups, polyoxyal Kal'ene groups, aryl ene groups, al Kyl
esters, am Ok groups, carbamate groups, perfluoroal koxy groups, isocyanate
groups, conbinations thereof. G.EﬁhigaiﬂbggﬁJ laim5 wherein said at

| east one sil oxane cont ai ni ng FreT— - 3 via pol ynerizing said
sil oxane group with at | east one acrylic or nmethacrylic conpound. 60 5

April 2006 7. The hydrogel of claim5 wherein said at |east one siloxane
cont ai ni ng maarhsmin xjis1 to 10;

IWA is a difunctional hydrophilic polymer having a number average molecular

weight of between about 1000 and about 50,000 Daltons; and

HB is a difunctional moeity comprising at least one N which is capable of hydrogen

bonding and mixtures thereof.

2. The hydrogel of claim 1 wherein said siloxane containing macromer is present in an
amount between about 5% to about 50%.

3. The hydrogel of claim 1 wherein the siloxane containing macromer or prepolymer is
present in an amount between about 10% to about 50%.

4. The hydrogel of claim 1 wherein the siloxane contairiing macromer or prepolymer is
present in an amount between about 15% to about 45%.

5. The hydrogel of claim 1 wherein said at least on siloxane containing macromer
comprises at least one siloxane group, and at least one second group selected from the
group consisting of urethane groups, alkylene groups, alkylene oxide groups,
polyoxyalkalene groups, arylene groups, alkyl esters, amide groups, carbamate
groups, perfluoroalkoxy groups, isocyanate groups, combinations thereof,

6. The hydrogel of claim 5 wherein said at least one siloxane containing macromers is
formed via polymerizing said siloxane group with at least one acrylic or methacrylic

compound.
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sel ected fromthe group consisting of methacrylate functionalized, &APilRIAB-
fl uoroet her urethane macroners, nethacrylate functionalized, silicone

uret hane macroners, styrene functionalized prepol yners of hydroxyl

functi onal nethacrylates and silicone nethacrylates and vinyl carbamate

functionali di | si_| oxane 8. ehdr of claim]l conprising
about 1% td- ﬁb% qﬁ&@ Itfg) EREEFIA P21 8 Gﬁit ong§ ’@aﬁr:?'iﬂemmﬂ%%?me S The
hydr ogel of Cée’l’éc%dlfr&rﬂrmé %_:%'uﬁ'go Hx o?x??e&&c?@ér%né'?unlﬁo/ﬁng@ siRlogeul ar wei ght

hydr ophi l'i c pol ymer. he" hydr conprising about 5%to
about 12% hi gﬂuwméthemramamen@momewmedphrylatc fipotigmatized, silicomb eregliane cone

hydr ogel of claim 10 V\/nerel sai d. hydrophilic pol i s selected from t he
group consi stV‘ﬁ@rOHFrspSW 10n% Ipé?PPBﬁ%gS Ogl&f‘%/‘?’?ﬁl dhnetiong] mathacrylafes
functional i zeg, NgliyAR ﬁa 5; %/ﬁ@@iﬁ&l' c%?d%rr&@é Khegdanes %élymﬁietr@mbkiﬁd

pol yi m des, functiona l'actanms, and m xtures thereof. "12. Th
silicone h)ﬁdrﬁtﬁahydnbgcd Ioﬁc]mrflo oahmrlemg abwtd"/h;cdab@phl:’b%dugioﬂnykceular welghll ect ed

fromthe grou sting of poly-Nvinyl pyrrolidone, poly-Nvi nyI
pi peri done, Ek‘ﬂ I"LNLQ/P °2- caprol actam pol y- N-vi nyl - 3- net hyl -

caprol act arg ’fPHé H}f\cli_}%)%’ l%YEraﬁnlrE%hﬁ%lsmé aBb\R%'% dPadut P@%h%n’ﬁbl@&hlaf‘w thy|
pi peri done,” poly- nyl - 4- caprol actam pol y-®Nvi nyl 2-

pyrrolidone, hylido;pjoh(ypmymenyl 4 5 d| rret hyl - 2- pyrrolidone,

pol yacr vl 1 0 agramdhs ol i omeras oty Jo oyl Pl paBoRpsen,
pol ysacchari degdropHiRt ysgaehar i des, m xtures and copol ymers thereof 13 . The

hydrogel of claim1, whérein the hi gh nol ecul ar ht hydrophili cwgol ymer
is poly-NMihh¢ @ycm hydeogs! oiilealmrhlé) swhmmldﬂyﬁk lllc polyweris selectoher ei n

2o SOt Db D SRS By SR S o s Bl 2
R7- R6- C- R6- Si ﬁfn@ﬁbﬂaﬂlzed?ﬁol?a:R@eR?unctlonahzed polylactones, functionalized polyimides,
functionalized polylactams, and mixtures thereof.

12. The silicone hydrogel of claim 10 wherein said hydrophilic polymer is selected
from the group consisting of poly-N-vinyl pyrrolidone, poly-N-vinyl-2- piperidone,
poly-N-vinyl-2-caprolactam, poly-N-vinyl-3-methyl-2- caprolactam, poly-N-vinyl-3-
methyl-2-piperidone, poly-N-vinyl-4-methyl-2- piperidone, poly-N-vinyl-4-methyl-2-
caprolactam, poly-N-vinyl-3-ethyl-2- pyrrolidone, and poly-N-vinyl-4,5-dimethyl-2-
pyrrolidone, polyvinylimidazole, poly-N-N-dimethylacrylamide, polyvinyl alcohol,
polyacrylic acid, polyethylene oxide, poly 2 ethyl oxazoline, hepérin polysaccharides,
polysaccharides, mixtures and copolymers thereof

13. The hydrogel of claim 1, wherein the high molecular weight hydrophilic polymer is
poly-N-vinylpyrrolidone.

14. The silicone hydrogel of claim 1 wherein said compatibilzing component is a

compound of Formula I or II

R’ R?
| |
R'—R8-C-R8—si-R?
. Il?s Il?“

I
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RSR4 RR Il wherein: n is an integer between 3 and 35 Rl is hydbdyeh2006
Cl 6al kyl, R2,R3, and R4, are independently, C _6alkyl, triC, .6alkylsiloxy,
phenyl, naphthyl, substituted Cl.6al kyl, substituted phenyl, or substituted
napht hyl where the al kyl substitutents are selected fromone or nore nenbers
of the group consisting of C _ 6alkoxycasbonyl, G _g&alkyl, G .6alkoxy,
am de, hal ogen, hydroxyl, carboxy?, G Bal kyRzarbofyl and formyl, and where
t he phenyl or naphthyl subs%vi_é-_ge_g%_s_ resse '5 e_q;{a‘_r' m‘;{ar_lﬁmr mor e menbers
of the group consisting of C,.o6alkbxy ar%’o 'C, - 6al kyl, 'C, _6al koxy, am de,
hal ogen, hydroxyl, carboxyl, C, -6&%ylcaRbony?* and RIrnyl; R5 is a hydroxyl,
an al kyl group containing one or nore hydroxyl groups, or
(CH2( CROR10) YO x)-R11 wherein y is 1 to 5, lbreferably 1 to 3, x is an
integer of 1 to 100, preferably 2 to 90 and nore preferably 10 to 25; R9 -
R 1 are independently selected fromH, alkyl having up to 10 carbon atons
and al kyl s havipgetp to 10 carbon atons substituted with at | east one pol ar
functional group; R6 is a divalent group conprising up to 20 carbon atons;
R7 is a nonovah esrn igtegenpetiesn Tamd ¥ndergo free radicals or cationic
pol yneri zation,,. conprising to 20 carbon atons, and R8 is a divalent or
trival ent grpu% tot gg?’n_“ﬁﬂﬁg'{’o 20 carbon atons. 15. The hydrogel of claim
1 wherein sai dr? R jhg RACsrk VREEpERRRANY, O ANGT, @AT| calltyBéi HxpapiRAyDabphtiylyi ny
pyrrolidone and 6, (D-hydroxyl term nated pol yoxyal'kyl ene glycols. 16. The
hydrogel of clsubstituted Gvivetkel, subdsituted phetiyl, wnsubstifiied garbtiylsel ected from the
group consisting of. amdes, .imdes, car tes ureas._ and I | ons
Therof - 62 5 Wt st ietRie REERA TR apt pEfibrs ARRLFR Lo a?
conpat i bi | i zi ngrERARGHEOH sdlioXIERBEMI, Catiyl, RIKBKy hetiveanloxsnUiydfoxgd about
90 wei ght% 18.The hydro&el of claim1 further conprising at |east one
oxygen per neabtasbeohionakylcarhongandifoonylt didsai d sil oxane contai ni ng macr omer
or prepol ymer . e alh kil bafbhin bukticiem 18 sAOlatoh SRloflmiy gen per meabl e
conponent is selécted om the group consisting of am de anal ogs of 3-

met hacryl oxypr spmbersio$ (e growp borststing oy Csbalkadyearbsnylp&asutkyli Qiydalkoay eamt,e

nal ogs,
a d halogen, hydroxyl, carboxyl, C,¢alkylcarbonyl and formyl;
R’ is a hydroxyl, an alkyl group containing one or more hydroxyl groups, or
(CI-IZ(CR"R”’)yO)x)-Rll wherein y is 1 to S, preferably 1 to 3, x is an integer of 1 to
100, preferably 2 to 90 and more preferably 10 to 25; R’ - R'! are independently
selected from H, alkyl having up to 10 carbon atoms and alkyls having up to 10
carbon atoms substituted with at least one polar functional group;
R® is a divalent group comprising up to 20 carbon atoms;
R’ is a monovalent group that can undergo free radicals or cationic polymerization,
comprising up to 20 carbon atoms, and f

R® is a divalent or trivalent group comprising up to 20 carbon atoms.

. 15. The hydrogel of claim 1 wherein said IWA is derived from &,w-hydroxyl
terminated poly-N-vinyl pyrrolidone and &,w-hydroxyl terminated polyoxyalkylene
glycols.

16. The hydrogel of claim 1 = wherein HB is a difunctional group selected from the

group consisting of amides, imides, carbamates ureas, and combinations thereof.
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si | oxane vinyl carbonate anal ogs, and sil oxane containi ng nmononers, 5 April 2006
conbi nations and oligoners thereof. 20. The hydrogel claim 18 wherein said
oxygen. per neabl e conponent is selected from the group consisting of ‘
3-net hacryl oxypropyltris(trinmethylsiloxy)silane, nononethacryl oxypropyl

L1 e, Pl L o BBt B R BB rsnt

met hacr yl oxypr spylnéstvedetabplt Sasi dbdxagewaigdiconbi nat i ons thereof. 21. The
hydrogel of claim 18 wherein sai d oxygen perneabl e conponent is present in
an amount of 1% Thehydsegs! ofelaymilfHithescomprisingiag ledsing 9&y 2B¥ PEMERRS mBPRERk n
sai d oxygen pe Nk i 4 i .of about 5 to about
60% 23. The h{/n(rjgr%@gleq% tggﬁﬁgﬁgﬁﬁrféz%&ﬁagﬁggﬁﬁgﬂaoﬁgr§§§% ng'g}eef'neabl e conmponent is

present in BNTRIBWIbgdfof aladtt 180 Wwikeréiheaitl o498n pfmedble chiipsregels sefectedai m 1
further conprising at |east one hydrophilic nononmer. 25. The hydrogel claim

24 wherein sai &oaxthe gesp consistingeiopiie pralegsiedder conprises at | east one

acrylic group, _vinyl rarou r.a.comnbi i hereof . .26. | of
ol 5 m 25 wher e BRI BHGy R QiBRIVIB DRt o R vl B % 1
hydrogen or G sifsXdaky Vinghéhr¥oriase shadgs Mind3Tlox aeecohipaiHifg flonbiness edrbiddtiodser ei n

said at | east one hydrophilic nononer is selected fromthe group consisting
of N, N- di met hyeedeNgoanargiterepfhydr oxyet hyl met hacryl ate, gl ycerol

met hacryl at 27 hydr oxyet hyl t hacryl am | h 0
rononet haor yat b MAIBRAEIIH dSBoPREC A e RAmERBICER BPSRY i ¥electsd from
N-vi nyl - N-met hyHe Q6@ @fisidting BF Yiniirhachyetypydpyaeietametiglsilbk ybitank; N- et hyl
formam de, N-vinyl formam de, hydrophilic vinyl carbonate npnoners, vinyl
car bamat e nmonofeRemMehpeyHPIOPY! (§Raalcd Relydimeshdpidoxapey, palydimethylsifaxanes,
copol yners and. ' i her:E : ‘@Hf- . 2006 28. The hydrogel of
claim 24 Wnere?ﬁ%g@ﬁg’%ﬁg@{ﬂgﬁﬂ@%@g@ggﬁ. I c?}lgrlrlgﬁ%rrer conprises at |east
one pol yoxyet hyileeaerypadypedpylpeatantethyd disiloxanenané combinatotsthereofl hydr oxyl

Bond. 20, T Ry et of CBia 15 24+ HieR A o4 ReTFRAE SoBRRIR, BRBDRTI .
nononer is sel gﬁ:gﬁgumforf@%ta{;@utg;roq,p@glgt())@.si sting of polyethylene glycol,
et hoxyl ated al kyl gl ucoside, and polyethyl ene polyol s having one or nore
term nal pol 3%v&h¢ hadbgelof efaimi ¢8 grwhapein said deyizent permbablpcdmparient is pecspatligol .
|32 S‘é'lhgcthggr oggrl1 argfoun lo?"agnou%% t\g@%&l&%ﬁal d at | east one hydrophilic nononer
23. The hydrogel of claim 18 wherein said oxygen permeable component is present in
an amount of about 10 to about 40%.
24. The hydrogel of claim 1 further comprising at least one hydrophilic monomer.
25. The hydrogel claim 24 wherein said at least one hydrophilic monomer comprises
at least one acrylic group, vinyl group or a combination thereof.
- 26. The hydrogel of claim 25 wherein said acrylic group has the formula
CH,=CRCOX, where R is hydrogen or C;¢alkyl and X is O or N.
27. The hydrogel of claim 24 wherein said at least one hydrophilic monomer is
selected from the group consisting of N,N-dimethylacrylamide, 2-hydroxyethyl
methacrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid, N-vinyl
pyrrolidone, N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-
ethyl formamide, N-vinyl formamide, hydrophilic vinyl carbonate monomers, vinyl

carbamate monomers, hydrophilic oxazolone monomers, polydextran and copolymers

and combinations thereof,
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fromthe group consisting of N, N-dinethylacrylam de, 2-hydroxyethyl 5 April 2006
nmet hacryl ate, glycerol nethacrylate, 2-hydroxyethyl nethacryl am de,

N-vi nyl pyrrolidone, polyethyleneglycol nononethacrylate, nethacrylic acid,
acrylic acid and conbi nati ons ther eof . 31 The hydr ogel of claim 24 wherein

said at |ea r..con th I 32.
The hydrogel% ?R%Pé‘%/ %ZP? |'n s geese z to(?{lg Wﬁ?ﬁﬁﬁﬂﬁ%’@ﬁ%ﬁgm ﬁ?es
present in anpupissofd p@?&&%tf@leﬁ@p@lﬁ@l@‘haﬁggm&hﬁ(%e o8 the tdieind1 1Rl grodps
claim 24 wherein said at | east one hydrophilic nononmer is present in

anount's of abo[ﬂplased wntatacfumctl@@almtgmomauangaW@nnly@nb&ﬁg@ubbbe@dau m 24 wherein
said at |eas dr p nts abo to
30 e ght o6 551N AUREARS Sl orthe, ein el KAl ong MYBBHRHE Soringd Y Hjectd

wei ght % hi gh Wﬁbﬁc meagrouwoabrsuﬁyef%IyeIhlyrén@cglbzeapreu@da@la@ézpumqﬁ gh@oﬁ@@Udnd90
wei ght % hydroxyl - functionalized silicone-containing nmononmer. 36. The

hydr ogel of cl polyethylesopglyols hagngabaer m%tt@rmmd)golymé%&hlghleﬁmb@mﬂpabov@dght

hydrophilic po t 5 tqg about 90 wei ght % conpati bilizi ng conponent;
about 5 to abwgﬁlya@?'gﬂ?%@ id siloxane containing macronmer, 0 to about
80 wei ght % g Tﬁéﬁ?@ro% rbtf%laﬂhngzm'o\pﬁ’é}@ih s&iadht féﬁt%n@b@&ﬁopﬁ@ic‘f@rﬂﬂer%)selected
hydr ophi | i ¢ monomer 7. The hydrogel of claim1l conprising about 3%to

about 15% hi ghfrowl geugrmnp wengikting bl 8§ Nplimethylagplagids; :2-hsiveryethgl methasolate,80
wei ght % conpati bilizin nent bout 0 to boyt wej ht% sai d

si | oxane cont aP Fean %F&‘ﬁ'g’g'?&” p?eﬂ?’gf PI%tP 5’36‘& °60 hergAPEEUdBS ane
contai ni ng Mo éthﬂl@ﬂeg‘iycbpnmgyﬁethﬁ&yw thaﬁ/ hbléé'iﬂoﬂé?%'lhd fcidan® Behbinddord
April 2006 38. T ydrogel of claim 1 conpri$ing about 5%to about 12% hi gh

mol ecul ar wei gHereofiydr ophi | i ¢ pol yrrer about 15 to about 55 wei ght%

co at|b|I|zn aboyt 0 5 ht %,sal i

coﬁaI ni ng néacggﬁé?%gﬁﬁ (}fglaérﬂo% 48 CF&IQI gﬁt vﬁl\,\ﬁ‘ygrorpéehc %m(%:%errrﬁéng 1%and
o abou Nupe th fahi |l ic  nononer. silicone ydroge

10 t bout 50 dghé Ytabyythagd)i | 39. A I hyd I

contact |lens conprising the hydrogel of claim1 and wherein said _contact
lens is not ¥ulhabydmegeliofickim 24, whesein spid ableagiong hydrephidic megegesisPressat

contact |lens i ﬁl;ﬁnc?lﬂ{tﬁ ofEBLEE to 5@0%39 &lje}gh-fr/he | ens of claim39 wherein said

| ens has an advanci ng dynam c conta e of less than about 70.
33. The hydrogel of claim 24 wherein sald at least one hydrophilic monomer is present

in amounts of about 5 to about 60 weight%.

34. The hydrogel of claim 24  wherein said at least one hydrophilic monomer is present
in amounts of about 10 to 50 weight%.

35. The hydrogel of claim 1 comprising about 1 to about 15 weight% high molecular
weight hydrophilic polymer and about 5 to about 90 weight % hydroxyl-
functionalized silicone-containing monomer.

36. The hydrogel of claims 1 comprising about 1% to about 15% high molecular weight
hydrophilic polymer; about S to about 90 weight% compatibilizing component; about
5 to about 50 weight% said siloxane containing macromer, O to about 80 weight%
siloxane containing monomer and 0 to about 70 weight % hydrophilic monomer.

37. The hydrogel of claim 1 comprising about 3% to about 15% high molecular weight
hydrophilic polymer; about 10 to about 80 weight% compatibilizing component;
about 10 to about 50 weight% said siloxane containing macromer or prepolymer, 5 to
about 60 weight% siloxane containing momoner and 5 to about 60 weight %

hydrophilic monomer.
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42. The lens of claim 39 wherein said | ens has an advanci ng dynam c %ﬁ#ﬂlzo 6

angle of less than about 60. 43. The lens of claim39 wherein said |ens,
after about one day of wear, has a tear film break up tinme of at |east

about 7 seconds. 44. The Iens of claim39 wherein said | ens further
conpri ses a 3fodhe hwdregeljofskaim Hgompaismigrabont 3aito abpmit 13Hehigh molesulas weight 39

about 605 46, kel PEaRR oL B e b RO E PR RS ERER o8P bene Gt

hydr ophi lic pOhbﬁﬂefl.‘SIuSabdlitQS@\FHigHt% s simaﬂﬁcoﬁtafirﬁlhghﬁaforh& Py vdbdat 400
article formed fromsaid hydrogel with an advancing dynam c contact angle
which is at |ey§tgha/@mvgmmegm cempeneat andyH egdpuin @ Weisht Sdiydrappdicophi | i ¢
polymer. 47. The h drogel of claiml wherein said hydrogel is an

i nter penetrat|ﬂ1§ ﬂ%‘f’v\ork or a sem-interpenetrating network. 65

39. A silicone hydrogel contact lens comprising the hydrogel of claim 1 and wherein said

contact lens is not surface modified.
40. The lens of of claim 39 , wherein the contact lens is a soft contact lens.

41. The lens of claim 39 wherein said lens has an advancing dynamic contact angle of
less than about 70°.

42.  Thelensofclaim 39 wherein said lens has an advancing dynamic contact angle
of less than about 60°. )

43. The lens of claim 39 whe;ein said lens, after about one day of wear, has a tear film
break up time of at least about 7 seconds.

44, ‘Thelensofclaim 39 wherein said lens further comprises a modulus of less than
about 90 psi.

45.  Thelens of claims 39 wherein said lens further comprises a water content
between about 10 and about 60%.

46. The hydrogel of claim 1 wherein said high molecular weight hydrophilic polymer is
present in an amount sufficient to provide an article formed from said hydrogel with
an advancing dynamic contact angle which is at least about 10% lower than a
hydrogel without said hydrophilic polymer. |

47. The hydrogel of claim 1 wherein said hydrogel is an interpenetrating network or a

semi-interpenetrating network.
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